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Abstract: The Sustainable Development Goals (SDGs) and their indicators provide opportunities to
best combine the available knowledge and data to monitor and estimate different metrics and track
their progress. The overall picture can be complex as some indicators are often interconnected (e.g.,
rural and/or urban development with a water body’s status). Two factors can play a crucial role in
achieving the SDGs: the use of new technologies for database building and multidisciplinary studies
and understanding. This study aims to explore these factors, highlight their importance and provide
an example as guidance of their proper and combinative use. Ireland is used as an example of a
data-scarce case with poor–slow progress, especially on the environmental SDGs. Two “non-reported”
SDG indicators (lack of data) are selected and estimated in this work using freely available data
(remote sensing, satellite imagery) and geospatial software for the first time in the country. The results
show improvements in rural and urban development; however, this is accompanied by negative
environmental consequences. A more holistic approach is needed and a broader conceptual model is
presented to avoid any misleading interpretations of the study of SDGs. The transition to the modern
technological and multidisciplinary evolution requires respective knowledge and understanding,
strongly based on complex systems analysis.

Keywords: SDGs; Ireland; remote sensing; satellite imagery; environmental management; land
changes; SDG15.3.1; urban development; SDG11.3.1; FILLM; multidisciplinary approach

1. Introduction

The Sustainable Development Goals (SDGs) of the United Nations (UN) are 17 action-
oriented goals, universal, integrated and transformative, and applicable to all nations, and
that cover the whole sustainability agenda: poverty, human development, the environ-
ment and social justice [1]. The 2030 Agenda for Sustainable Development was formally
adopted by 193 heads of government in 2015 [2] and in 2017 the UN Statistical Commission
adopted their measurement framework comprised of 232 indicators designed to measure
the 17 SDGs and their respective 169 targets. Ban Ki-moon, the former Secretary General of
the UN, described them as the “to do list for planet and people” [3]. The criticism around
the SDGs refers to their concise and objective character, the achievement of country-effective
measurements and the difficulties for setting priorities, and the measuring, validating and
communicating of 232 indicators [4,5]. On the other hand, there are several positive views
justifying their optimism by the fact that SDGs mark the first time in human history that
the nations of the world have reached an accord on a comprehensive vision, supported by
goals and targets [6]. The SDGs provide the general recommendations, and each country
best combines the available knowledge, data and techniques to achieve them through
proper application, measurement and progress tracking. This creates many opportunities
in terms of science and practical research to overcome the various challenges (e.g., indi-
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cators’ estimation and monitoring) and indicates a transition to more interdisciplinary
studies, as SDGs involve different scientific fields [7].

In Ireland, the 17 SDGs are already being addressed through national policies (e.g.,
the Sustainable Development Strategy and the National Development Plan). Moreover, a
stakeholder group from across the various networks (national SDG Stakeholder Forum) was
developed (first half of 2018) to inform on and be engaged with the SDGs’ achievement [8].
However, recent findings show certain shortcomings in the efficient achievement of the
SDGs in the country: The National Plan for the implementation of the SDGs [8] recognises
that meeting all the SDGs, especially the environmental goals, is a challenging task. In
fact, Ireland scored very low on the environment index and the improvement of some
indicators is progressing at a much slower rate compared to other countries [9]. In fact,
Ireland currently ranks 11th out of 15 in overall SDG progress and 15th out of 15 on the
environmental SDGs; however, this seems not to reflect the environmental efforts of the
country. Poor performance on goals relating to responsible production and consumption,
clean energy and climate change are among the key factors driving the poor results [9].
The Irish Environmental Protection Agency’s (EPA) research on the issue indicates two key
findings [10]: (i) Awareness of the SDGs remains low but is slowly growing within national
enterprise agencies, within the private sector and among the wider public. (ii) Ireland’s key
national enterprise strategies align with a number of the SDGs (mainly the economic SDGs);
however, there is a lack of policy and strategy alignment with the targets of the SDGs that have been
independently identified as challenging for Ireland to meet by 2030 (particularly the environmental
SDGs). Data limitations complete the picture of the main challenges. According to [8]:
“while data on health and education ensures we can use at least 4 indicators per goal, data
for some SDGs is covered in a very limited way. Particularly some environmental SDGs
have not been updated or have insufficient coverage . . . All countries face challenges, even
the best ranked performers in the SPI (Spatial Precipitation Index). Yet, as we argued at the
beginning of this report, if it counts, we must count it”.

Summarising the above, the room for improving the SDGs’ progress in Ireland refers
mainly to: (a) increasing awareness, (b) building data capacity to overcome data limi-
tations that hinder the estimation of indicators, (c) further support the environmental
related SDGs, and (d) achieve the above timely, as the progress has been relatively slow
so far. The database capacity refers more to the actual record keeping of basic parameters
(environmental, social, economic, etc.) by the Local Authorities (usually small agencies,
responsible for that). This combination of limited awareness–understanding, data and
lack of strategic alignment, is risky because it can result in misleading interpretations or
estimations of SDG indicators and metrics. On the other hand, as mentioned, the SDGs
themselves are an opportunity to exploit new technologies, create integrated databases,
and enhance understanding. Thus, this work aims to provide useful insights for improving
the aforementioned challenges in Ireland by using these opportunities.

More specifically, we use Remote Sensing (RS) technology to estimate some indicative
SDG indicators (relevant to the environmental issues) and give a simple example on how
the results can be misleading if there is lack of multidisciplinary understanding. RS has
been increasingly used for estimating SDGs. There are many examples demonstrating that
RS data and satellite imagery provide essential information for monitoring directly or indi-
rectly (through sub-indicators) the SDGs. Land cover, land cover and carbon changes [11],
vegetation and integrated land use changes [12], water-related parameters [13], rural and
urban development or other socio-economic factors [14], etc., have been increasingly used
in the last decade [15]. Additionally, the United Nations (UN) and the partner institutions
have been working extensively with RS technologies to monitor the different SDGs [16,17]
and the Global Geospatial Information Management (UN-GGIM) initiative is also in place
(http://ggim.un.org/ accessed on 18 July 2021). Ishtiaque et al. [18] reviewed the different
RS-based research approaches that have been used for monitoring the progress of SDG 15.
They noted the advantages of the advances of RS regarding their reliability and increasing
quality capabilities, especially for data-scarce areas. To our knowledge, this is the first

http://ggim.un.org/
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application of RS in Ireland for estimating SDG indicators. The above studies recommend
that satellite observations must be used carefully in a broader context of understanding the
examined problems.

Subsequently, we present a broader conceptual model that avoids any misleading
interpretations from the study of SDGs, arguing that the transition to the modern technolog-
ical and multidisciplinary evolution requires the respective knowledge and understanding.
The analysis is performed with free and publicly available data and software, using simple
techniques, in order to demonstrate a way to estimate SDG indicators in the case of facing
serious data limitations. The use of satellite data, and their mapping and analysis in QGIS
to estimate SDG metrics, is a novel element and, to our knowledge, it has not been applied
in Ireland. Moreover, it is a preliminary exploration of the potential of satellite data to
strengthen the monitoring of certain goals. Finally, the procedure and findings of this
study can also be used for increasing awareness and making policymakers, analysts and
practitioners more familiar with the SDGs.

2. Materials and Methods
2.1. Identifying the Need—Selecting SDG Indicators

The need for enhancing the environmental progress in Ireland has been noted, as well
as the importance of following integrated approaches [8,19]. Land management SDGs call
for consistent tracking of land cover metrics, including productivity, land cover, soil carbon,
urban expansion, etc., and have direct impact on surface and groundwater resources.
This, their study can provide a useful and indicative example for approaching them as
challenging objectives. SDGs 11 and 15 relate to sustainable urbanisation, and land use
and cover change, respectively. A description of the examined sets of goals, targets and
indicators follows [20]:

• SDG 15: Life on Land: Protect, restore and promote sustainable use of terrestrial
ecosystems, sustainably manage forests, combat desertification, and halt and reverse land
degradation and halt biodiversity loss. Target 15.3: Land Degradation Neutrality (LDN):
By 2030, combat desertification, restore degraded land and soil, including land affected
by desertification, drought and floods, and strive to achieve a land degradation neutral
world. Achieving LDN will require avoiding or reducing new degradation and restoring
and rehabilitating lands that were degraded in the past. Indicator 15.3.1: Proportion
of land that is degraded over total land area. It aims to maintain or improve the sus-
tainable delivery of ecosystem services; maintain or improve productivity, in order
to enhance food security; increase resilience of the land and populations dependent
on the land; seek synergies with other social, economic and environmental objectives;
reinforce responsible and inclusive governance of land.

• SDG 11: Sustainable Cities and Communities, refers to inclusive, safe, resilient and
sustainable cities and human settlements. In the same way as living organisms, cities
evolve, transform, adapt, innovate and change with emerging trends. Target 11.3: By
2030, enhance inclusive and sustainable urbanization and capacities for participatory,
integrated and sustainable human settlement planning and management in all coun-
tries. Indicator 11.3.1: rate at which cities are expanding spatially versus the rate their
population is growing. It aims to understand urban transition dynamics, enhance the
study of the speed of growth for different settlements, the direction and type of growth.
Understanding growth can help estimate demand for services, direct investments;
support development of policies for sustainable urbanisation; support vulnerability
assessment and disaster preparedness/response.

2.2. Indicator 15.3.1

SDG15.3.1 is the proportion of land that is degraded over total land area. It involves
land cover and land cover change, land productivity and carbon stocks above and below
ground. A combination of satellite Earth observations and site-based data were used to
(a) set baselines to determine the initial status of the sub-indicators; (b) detect change in
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each of the sub-indicators; (c) derive the indicator by determining what areas of change are
considered land degradation. Its estimation requires three basic datasets: land cover (area),
land productivity (Net Primary Productivity—NPP), and carbon stock (soil organic carbon—
SOC). Metrics are used for each dataset to see if they were changed or not compared to the
baseline conditions (satellite data), and then if the change was positive, negative or stable.
Synthesizing them, the negative and stable conditions combinations refer to a degradation,
so this portion compared to the total area is the indicator SDG15.3.1. More specifically, each
one of the three datasets and the criterion for evaluating its change follows:

• Land Productivity: The biological productive capacity of the land, the source of all
the food, fiber and fuel that sustains humans. It is assessed through the NPP. NPP is
the net amount of carbon assimilated after photosynthesis and autotrophic respiration
over a given period of time and is typically represented in units such as kg/ha/yr [21].
In satellite imagery, NPP is assessed by the NDVI (Net Difference of Vegetation Index),
which is estimated as the ratio of the “green-reflection” (healthy—higher NDVI)
vegetation to the “red- reflection” (stressed—lower NDVI) vegetation. These increases
or decreases in the NDVI is the metric used to evaluate the land productivity changes
over time [22].

• Land Cover Change: This describes changes in the observed biophysical character of
the earth’s surface to help identify areas that may be subject to change. A transition
from one land cover type to another may be considered an improvement, a neutral
change or degradation, depending on the perspective of the country in question.
The procedure followed was to use satellite data from different years, estimate the
changes and, according to the transition criteria (Figure 2), estimate the potential
land degradation map. This takes into account the various land cover types and
assigns a positive, negative or neutral state for each possible change (this is the
evaluation metric).

• Carbon Stocks: Above and Below Ground Carbon (Soil Organic C) Carbon stocks
reflect the integration of multiple processes affecting plant growth and the gains and
losses from terrestrial organic matter pools. The metric used to assess carbon stocks
adopted for Indicator 15.3.1 is soil organic carbon (SOC). For this, an initial measure
of SOC and a time series of land cover change are needed. The data from a time series
of land cover for the selected area were used to estimate the land cover change over
the examined time period. The change in SOC stocks compared to the initial baseline
value was estimated using the conversion factors of Figure 1 (Table), which evaluate
the land cover changes in terms of C stock change. With the use of remote sensing
data these calculations are performed for each pixel of the map of the area of interest.
Reduction of SOC greater than 10% indicates a degradation.

In this routine, the SOC is estimated as follows (Equation (1))

SOC f inal = SOCre f × FLU (1)

where FLU is the land use factor that reflects carbon stock changes associated with type of
land use.

The final estimation of SDG15.3.1 was achieved by synthesising the changes in land
productivity, land cover and SOC, using a “one-out-all-out” principle. This means that if
there is a degradation to just one of these sub-indicators, then the overall indicator 15.3.1
is considered to be in decline (Table 1). In the geospatial software, these estimations are
translated into a different signal, e.g., green–red pixels in the map.
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Figure 1. The methodology for the SOC evaluation metric. Carbon change relation to land degra-
dation (up) and conversion factors with different satellite image colours (down). The parameter
f converts C emissions to C stock changes, according to the international database of the routine
Trends.Earth, in line with the IPCC’s guidelines. Source: Adapted from [22].

Figure 2. Potential land degradation map, using the land cover change relation to land degradation,
according to the criteria matrix.
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Table 1. The relations used for the spatial characterization of SDG15.3.1.

Productivity Land Cover SOC Output: SDG15.3.1

Improving Improving Improving Improving

Improving Improving Stable Improving

Improving Improving Declining Declining

Improving Stable Improving Improving

Improving Stable Stable Improving

Improving Stable Declining Declining

Improving Declining Improving Declining

Improving Declining Stable Declining

Improving Declining Declining Declining

Stable Improving Improving Improving

Stable Improving Stable Improving

Stable Improving Declining Declining

Stable Stable Improving Improving

Stable Stable Stable Stable

Stable Stable Declining Declining

Stable Declining Improving Declining

Stable Declining Stable Declining

Stable Declining Declining Declining

Declining Improving Improving Declining

Declining Improving Stable Declining

Declining Improving Declining Declining

Declining Stable Improving Declining

Declining Stable Stable Declining

Declining Stable Declining Declining

Declining Declining Improving Declining

2.3. Indicator 11.3.1

SDG 11.3.1. This target has many aspects but portions of the indicator 11.3.1 can be
monitored via remote sensing.

The measurement of the indicator 11.3.1 is achieved by the rate at which cities are
expanding spatially versus the rate their population is growing. Landsat data can be used
to determine the “built-up area” over multiple years. The satellite images can provide
the necessary information regarding impervious index, built-up area, city extent and
population, using a 5 year measurement interval. Thus, the estimation of SDG11.3.1
requires the following three parameters:

population growth rate

PRG =
ln
(

Popt+5
Popt

)
y

(2)

land use consumption rate

LCR =
ln
(

Urbt+5
Urbt

)
y

(3)

SDG 11.3.1
LCR/PGR =

Annual LCR
Annual PGR

(4)
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where Pop indicates the population in different time steps (t, t + 5), for a given year period
(y). The urban extent is denoted by Urb.

The estimates are not continuous but a single “point” at a given 5 year period (t, t + 5)
is obtained, e.g., SDG11.3.1 for 2000–2005, or SDG11.3.1 for 2005–2010, 2010–2015, etc.

Initially, satellite images are used to define the built-up environment, depending on the
perviousness (e.g., imperviousness indicates built-up). Then, the user inputs the customised
study area, a city or urban area of interest. Three parameters influence how a map of the
built-up area is produced from the map of impervious surface index: (a) impervious surface
index (ISI): higher values reduce built-up areas; (b) night-time lights index (NTLI): higher
values mean darker areas are excluded from built-up; (c) water frequency: higher values
allow areas with more frequent occurrence of water to be included in the built-up area.
Built-up density is classified within a 500 m radius: urban for >50%, suburban for 25–50%,
and rural for <25%. Next, the built-up area and the city extent are identified and combined
with the global population data [23], Equations (2)–(4) can be estimated. The final output is
the summary maps and tables for the indicator SDG 11.3.1. Further details on these data
can be found in [24,25].

2.4. Tools and Data

A freely available plugin to the open-source software QGIS, Trends.Earth, was used
for the above estimations. This tool was created by Conservation International (CI) in
partnership with Lund University, NASA, and with the support of the Global Environment
Facility (GEF) as a decision support tool for SDGs’ reporting [22]. Trends.Earth can be
used to plot time series of key spatially explicit (sub)indicators of land change (including
degradation and improvement) and to produce maps and other graphics that can support
monitoring and project implementation to address land degradation. The tool can also,
potentially, be used to overlay other relevant and spatially explicit indicators. It uses NASA
Earth Observations [26] to track land degradation and urban development; it provides
an ‘urban extent series’ with population growth data from the “Gridded Population of
the World V4”. Thus, a combination of satellite Earth observations and site-based data
were used to set baselines to determine the initial status of the sub-indicators, detect their
changes and estimate them.

Satellite data and remote sensing in Ireland have been applied so far for forest cover
estimation [27], for assessing the potential for groundwater discharge to lakes [28,29],
assessing the urbanisation effects on rainfall-runoff [30], and for modelling managed
grassland biomass estimation (local, farm scale) [31]. Additionally, there are applications
on geology and glaciation studies [32], stratiform warm clouds in marine and continental
air monitoring [33], and surface water [34]. However, to our knowledge, this is the first
application for SDGs’ estimation. The use of satellite data and publicly available statistics
is an advantage in cases of limited data. Another advantage is the statistical database-
building opportunities that the implementation of the SDGs requires [6]. A coordinated
and integrated statistical system is required to enable their measurement at the national
and subnational levels. In Ireland, an online SDG platform [35] was developed to provide
comprehensive and accessible information on the SDGs; how Ireland is responding to
them (e.g., key priorities, relevant policies, national reports, etc.) and news regarding
SDG-related events taking place at the global, national and local levels. SDGs11.3.1 and
15.3.1 are not reported in national or international databases, and still, no data sources are
provided (Figure 3) [36].
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Figure 3. The statistical capacity for Ireland’s SDG Indicators (reporting and database sources), according to FAO’s statistical
capacity assessment [36].

The Central Statistical Office (CSO) has direct responsibility for sourcing, developing
and quality assuring the data for the Irish SDG Indicator set. To date, data for 211 Indicators,
(86% of the total), have been sourced, of which some have a more detailed geospatial
reference, either administrative County or Electoral Division [37]. A major step towards
open databases and transparency is the CSO’s initiative to release online data on the
UN Indicators, including an annual report, which will inform DCCAE’s (Department of
Communications, Climate Action & Environment) Irish SDG Voluntary National Report
(VNR). The IISDG has also provided tutorials in the use of open-source programming
languages, R and Python, for the visualisation of SDG Indicators from CSO’s PxWeb
Platform, StatBank [38]. However, the available StatBank tables and shapefiles refer mainly
to demographic factors, some are available only at country or county scales, and SDGs11
and 15 were absent, hence, currently not allowing a complete analysis–estimation of the
indicators mentioned. In this study, the StatBank data were used, where available, to
cross-check and validate the used satellite data from Trends.Earth.

2.5. Towards the Integration of Database Capacity into Applicable Models and Tools

Urbanisation, urban pollution and runoff from different land uses (SDGs 15.3.1, 11.3.1)
are stressing both water quantity and quality [39], which majorly defines SDG 6 “clear
water and sanitation”. For the purposes of this study, the results of the estimated indicators
are examined under the prism of the water issues, to provide a simple and understandable
example for the paper’s point on a more spherical consideration and interpretation of
the SDG indicators. Although the estimation of SDG15.3.1 is used at a country scale,
SDG11.3.1 requires big data and computational power, and was therefore examined on a
city-scale. Limerick was chosen for that purpose; the reason being that Limerick combines
a fast population growth and potential water stress conditions. Limerick is located in the
Mid-West region, covering an area of 59.2 km2. According to the 2016 census, the city has
a population of 94,192 and, with the suburbs, it reaches around 105,000. It is the third
most populous urban area in the state and the fourth most populous city on the island of
Ireland. It has observed lower rainfall, higher temperature and higher water consumption
per household (and per person) than the country’s averages [40]. As mentioned, the aim of
this analysis is to highlight the importance of studying different outputs and indicators in
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a broader human–environmental system, ensuring the development of all factors together
and not at the expense of others that may not be monitored.

In addition to the advantages and the potential of the remote sensing and statistical
datasets regarding the ability to work when other data are not available, they are sup-
porting the integrated character of databases (record keeping and validating) that will
enable systemic monitoring–modelling approaches using the numerous solutions and tools
available. In the context of integrated and sustainable environmental management and
resilience, the National Water Forum of Ireland (An Fóram Uisce—AFU) [41] proposed
the FILLM (Framework for Integrated Land and Landscape Management) [42,43]. (AFU
was established in June 2018. It is the only statutory body representative of all stakehold-
ers with an interest in the optimal management of Ireland’s water bodies/catchments
(26 members/representatives from all organisations, levels and disciplines, and staff pro-
viding scientific support). AFU is required to advise the Minister on policy having regard
to, among other things, water quality and conservation, domestic, marine and rural water
services, optimum implementation of the National legislation and compliance with the EU
legislation). The FILLM suggests a whole of environment approach (soil, water, land uses,
air, climate, etc.) with stakeholder analysis and engagement, all supported from scientific
excellence and education. It relates to several SDG indicators, e.g., on water (SDG6), urban
(SDG11) and land use (SDG15), etc. Here, the FILLM and the expanded picture of such
integrated approaches is briefly presented and discussed as a way to facilitate the envi-
ronmental, socio-economic, demographic–behavioural and policy aspects towards more
balanced planning.

3. Results
3.1. SDG15.3.1

The methodology described above was applied, as was the data regarding land
productivity, land cover degradation, SOC degradation and the changes based on the
criteria tables (indicating improvement, decline, stable, no data states). The inputs are
shown in Figure 4a and the output map in Figure 4b, while Figure 5 provides further
information and detail on the outputs. The output is the estimated SDG15.3.1 indicator,
spatially showing the improvement, stable, degradation and no data states of land.

Figure 4. (a) Input Data for the estimation of the SDG15.3.1 (the disclaimer refers to the use of
data from Natural Earth repository [44]). (b) The output map with the results of SDG15.3.1. Note:
Northern Ireland is under a separate jurisdiction to the Republic of Ireland; thus, its data are not
shown in the map.
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Figure 5. Indicative summaries of the results of SDG15.3.1 indicator, as produced by the Trends.Earth,
using the same colours as the map of Figure 4b. (a) Overall statistics of the indicator, and statistics of
changes in (b) SOC, (c) productivity, (d) land cover.

The tool can produce diagrams with the MODIS NDVI degradation over the years for
the entire study area or for a specific pixel of the map. In the case of Ireland, the results
indicate an improvement, not degradation (around 34% overall). The table in Figure 5
shows the overall changes and the summaries of the sub-indicators estimated. More
detailed tables are produced with the specific land uses and changes in SOC, productivity,
areas, etc. per land use, per year, allowing us to see how exactly these changes were made.

The summaries show that around 34% of land has improved over the examined period
(2001–2018), according to the criteria of Table 1, for the estimation of the SDG15.3.1 as
provided by the Trends.Earth tool. This happens mainly due to the increased productivity
(estimated according to the NDVI as mentioned), as the land cover has been mostly stable
and SOC may not have been degraded more than 10%.

According to the Irish SDG National Plan [8], regarding SDG 15 “Life on land”, “the
only indicator that we can comment on over time for this SDG is the share of land under forestry.
Some improvement is evident—there has been steady growth in the proportion of land covered by
forestry. However, it remains very low by European standards with only 10.5% of land under
forestry, implying there is considerable scope for improvement”. The official platform in Ireland
to monitor SDG data and progress [35] reports just a high-level description of Targets 15.1
and 15.3 (mentioning their goal), while for the indicator 15.3.1 it reports “no results”. Thus,
this work provides a method and an estimation of this indicator for the first time in the
country and showcases a way to start monitoring more factors and indicators using free
remote sensing datasets.

3.2. Indicator SDG11.3.1

This indicator expresses the ratio of land consumption rate to population growth
rate. For the estimation of SDG11.3.1, the information on the built-up environment
is readily available—the process is pre-computed from 2.3M Landsat scenes using dif-
ferent images and Trends.Earth applies random forest regression trees to estimate the
impervious index maps.

The data in Figure 6a shows that most Irish built-up areas were developed after 2015
following the recovery from the bank crisis. In the case of Limerick, this development
covers mostly the cities’ suburbs. The other input data for the analysis refers to the selection
of a satisfactory scale and classification for the area of interest regarding the Impervious
surface index (ISI), night-time lights index (NTLI), and water frequency. These values were
set to ten, five and two, respectively, as satisfactory values to address the studied changes,
providing an imagery of 30 m showing the built-up areas before 2000, by 2005, and the
newer ones by 2010 and 2015, as well as the water bodies (five classes) (Figure 6).
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Figure 6. (a) Preparing input data, (b) zoom in the examined scale (Limerick).

The results refer to the urban area extent and types, population and land change
rate, also available in tables per category and per year (Figure 7). Additionally, more
detailed tables can be produced by Trends.Earth, regarding the specific areas, population
and change over the years and per land class.

The maps in Figure 7 show the expansion of Limerick city and its suburbs, in particular
for the urban class, followed by the suburban.

In Figure 7, the trends of the city population growth rate (yellow), the land consump-
tion rate (green) and SDG11.3.1 (red) are shown in the Table and the diagram over the
examined time period. The population increment is accompanied by a respective expan-
sion of the city’s area, with an almost stable land consumption rate, which results in a
“sustainable” evolution of the 11.3.1 indicator.

The Irish SDG National Plan [8] refers to SDG11 as a goal on progress “towards
meeting its sustainable development objectives”. The data are more focused on the air
pollution in urban areas after 2010, while there are no mentions of SDG11.3.1. In the official
online SDG platform [35], the SDG11.3.1 is described (ratio of land consumption rate to
population growth rate); however, its type is “not sourced”. Therefore, again, the proposed
method and estimation could be helpful and novel for the country.



Earth 2021, 2 646

Figure 7. The evolution of Limerick’s urban expansion maps. The grey circle around the map of Limerick City indicates
the buffer that needs to be applied for computational reasons (threshold of estimated area). The trends of population and
land use changes are also analytically presented in a table and a diagram form, together with the results of the estimated
indicator SDG11.3.1.

3.3. Towards an Integrated Approach

The results of both indicators, SDG15.3.1 and SDG11.3.1, showed an improvement.
Practically, this means that: (a) there is no land degradation, rather there is improvement
with respect to the overall land changes in Ireland; (b) the population growth rate of Limer-
ick can be sustained by its observed land consumption. These could be seen as indicative
examples for a comparison with the broader environmental context, and, in this work, the
water bodies’ status and water services are presented as a simple example. The above
results were compared with the overall picture of water resource management in order
to check if the sustainable rural and urban development converges with environmental
development. Water is chosen because it is a tangible environmental element with strong
interconnections with land (rural) and urban changes, and with several other environmen-
tal components (e.g., soil, geosystems, air, atmosphere, etc.). Furthermore, there are known
and generally acceptable issues on water, and facts that we can use here as arguments,
supported both by academics and national reports, as explained below.

For the first finding on land use, the general situation in the country’s catchments
can be the most acceptable comparison measure for water resources’ management. The
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River Basin Management Plan (RBMP) covers 46 catchment units (583 sub-catchments),
with 4829 water bodies [45]. The RBMP’s assessment indicates the water deficits and
quality deterioration for certain catchments and water bodies, finding land use changes
and intensified agriculture as the major causes (accounting for more than 56% of the
water bodies being below good status) [45]. The same findings have been reported for
soil degradation, mainly from agricultural and forest land use [46–48]. The land cover
changes as shown in SDG15.3.1 are strongly connected with the degradation of surface
and groundwater quality [49,50], where agriculture is the main concern [51], while the EPA
notes the need for alternative, more environmentally friendly agricultural practices [52].

On the other hand, the city of Limerick is projected to increase its population by
61% by 2040 [40,53]. Historically, according to Met Éireann’s data on climate change (for
the period 1981–2010), Limerick has observed a rainfall decrease and increasing tempera-
ture [54]. Moreover, its daily water consumption per household (330 l/h/d) and per person
(125 l/h/d) are increasing and are already higher than the country’s average [40]. The Irish
Water Utility (Irish Water) still reports high leakage losses in Limerick (around 40–50%).
Moreover, the negative impact of the suburb expansion on water quality is a general issue
that has been observed in the country [55].

The situation in the broader catchment scale (relevant to the SDG15.3.1) and, specifi-
cally, for the studied case of Limerick (relevant to the SDG11.3.1), is contradictory to the
improved and sustainable SDG indicators that are estimated. This indicates the necessity
to move from the “narrowed” information provided by an indicator or a single metric
referring to a specific discipline, to a “wider” picture of the environment or the system. As
mentioned, towards that direction of integrated, sustainable environmental management
and resilience, AFU adopted the FILLM [42,43] as a whole of environment approach (soil,
water, land use, air, climate, etc.) with stakeholder analysis and engagement, all supported
from scientific excellence and education. On that basis, several SDG indicators, e.g., on
water and aquatic systems, urban and rural areas, industry and agricultural practices must
be examined in their broader context. The detailed description of the FILLM concept and
its technical aspects and tools can be found in [34,35], respectively. Thus, here we just
outline its central ideas, which are to:

• understand the environmental components (air, atmosphere, land, soil, water) and
their interactions or cause–effect relations (becoming conscious);

• model them with environmental and engineering models that will provide a detailed
catchment characterisation, assess and optimise the different measures, and support
the decision-making process;

• provide scientific and committed stakeholder analysis (parallel process) with con-
tinuous feedback for the decision making (co-design common long-run visions) and
measures’ implementation;

• provide continuous progress tracking (inspection and re-feeding the described loop).

Part of the first bullet is the pressures on the various environmental components,
hence the land use changes and urbanisation, as discussed above.

4. Discussion

This work proposed two indicative methodologies to estimate, respectively, two
SGD indicators that have not been reported in Ireland so far. The methods, resources
and tools are supported by NASA’s projects with an add-in of QGIS and Trends.Earth,
which can work as a calculator for these SDG indicators, meaning reliability of the results
can be ensured. In addition, the methods and tools are applicable globally, which is
particularly useful as the considerations presented in this work are not unique to Ireland;
many countries globally face issues of limited awareness on the SDGs, poor progress and
data limitations [3–5,7].

Besides the novel elements in terms of freely-usable resources, software, calcula-
tion procedure and results interpretation within the broader environmental–systemic
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picture, there are certainly some limitations. These create space for future improvements,
analysed below.

For the estimation of the indicator SDG15.3.1, remotely-sensed data of the vegetation
index NDVI, land cover and productivity metrics were used. Although these are easily
accessible and widely applied metrics, their use for monitoring production for SDGs’
assessment requires further development. A recent review [56], identified four areas of
such monitoring methodologies that need to be improved; for example, the derivation of
primary production from vegetation indices, their translation into goods and services, the
baseline reference conditions to specify the productivity in the absence of anthropogenic
degradation and distinguishing the anthropogenic causes of degradation from potentially
similar effects of natural environmental processes. Such findings are further supported
from the literature, with more studies doubting if the current use of certain indices is
adequate to remotely sense ecosystem functions and services [12,56]. It will be important
to examine this again in the future in the case of Ireland, with respect to the improvements
estimated by SDG15.3.1, where land cover and SOC were actually stable. However, such
a test can only be made with local scale data of finer resolution, which are currently
not available. Another aspect, highly relevant to the land cover datasets improvement,
is their validation [57]. Hakimdavar et al. [58] highlighted the challenging validation
processes, especially for water-related indices. Fehri [59] used wetland mapping (lakes,
rivers, estuaries, artificial water bodies, vegetated wetlands) as an example to emphasise
the location-based data validation. The selection of validation data is a critical step to
appraise map accuracy as it serves as a reference dataset and is deemed to be the “truth” for
what is being mapped [60]. A combination of the remotely-sensed data, a location-based
validation by users and data from Local Authorities is recommended. Such database-
building processes are becoming increasingly achievable in many countries. In Ireland,
a major step towards open databases, validation and transparency is the CSO’s (Central
Statistical Office) initiative to release online data. The CSO has also provided tutorials in the
use of open-source programming languages, R and Python, for retrieving and visualising
data and shapefiles. Such databases could be helpful for demographic factors, relevant
for statistical support and monitoring, e.g., for SDG11.3.1 [61], which must be further
enhanced with local scale databases, monitored by Local Authorities [62]. Of course the
suggested methods can be used and are encouraged to be used for data-scarce areas or
areas where those parameters are not being monitored—poor record-keeping progress is
the main cause for not reporting most SDG indicators. Thus, local database building is
even more encouraged, as the Authorities and the stakeholders will start to understand
their systems and be able to estimate various parameters (not only SDG related). Handling,
working with and performing such applications is becoming more and more feasible with
the recent technology and computer advances [63,64].

Overall, the qualitative analysis and the reality of the Irish context indicates the
necessity to further consider its environment-related SDGs and associated policies. As
mentioned, this is also a finding of the RBMPs, IW’s studies and plans, Met Éireann and
academic research. Issues on water quality must be a priority, also recognised in the SDG
National Plan [8]. The official results on SDG6 (availability and sustainable management
of water and sanitation), target 6.4 (increase water-use efficiency) are reported by the
indicators 6.4.1 and 6.4.2. These refer to “change in water-use efficiency over time” and
“level of water stress—freshwater withdrawal as a proportion of available freshwater
resources”, respectively. Both are under “Type: Not sourced”.

Of course, these elements can be improved in the future, together with the databases
required and the tools used. However, it is very important to consider the current methods
and results as a starting basis both for monitoring progress and for more integrated
developmental–environmental approaches. The overall goal of future efforts should be to
use the modern technological and multidisciplinary evolution under the prism of a more
integrated environmental–systemic development approach.
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5. Conclusions

In this work, the need to increase awareness, build data capacity, and overcome data
limitations for Ireland’s sustainable development was described through the example of the
SDGs. There is also a need to further support the environment-related SDGs, and progress
with those tasks in a timely fashion. SDGs15.3.1 and 11.3.1 were estimated to showcase a
remote sensing methodology to start monitoring and reporting on various parameters that
are currently ignored. The use of free satellite data, and their mapping and analysis in free
software was preferred to prove that these tasks are directly applicable in practice.

Furthermore, the interpretation of the results, that show improvement and “sustain-
ability” in the growth and changes happening in urban and rural areas, can be misleading
if not examined within the broader environmental context. Water quality, quantity, water
services and broader environmental issues must be studied (as proposed with the FILLM
concept). A whole of environment, and even better, a whole of systems approach is rec-
ommended, including environmental, social and economic systems and analyses. The
spherical interpretation of indicators and metrics, etc., is essential and can play a huge
role for more reasonable decision making and allocation of development investments. The
need to proceed with careful and scientifically-supported knowledge will have significant
benefits, especially in an era of technological advances and multidisciplinarity.

In the future, there is room for improving most of the aspects discussed, both as
approaches and technically. Technical improvements on the quality and control of RS data,
their connection to existing SDG indicators and the local database capacity are required,
and several countries are already committed to these improvements. Researchers analyse
ways, the technology provides the means to achieve these improvements, so achieving
them will be up to the political will. The key to be on top of these advances is the right
approach, as mentioned: multilevel and integrated. Increasing awareness from the public
and decision makers, sensitisation on the environmental SDGs and the examination of
as many factors as possible will lead to wiser and socially acceptable solutions. Such an
approach is described under the principles of systemic theory, including the FILLM and its
extended economic, social and behavioural sub-systems. At this point the combination of
scientifically analysing these sub-systems is highlighted. The approach to the stakeholders
must follow a two-way principle of “inform and being informed”. This can develop a
suitable setting to unfold stakeholders’ perspectives, seeking to understand the challenges
in a holistic manner, the benefits of participatory planning and the individual and group
benefits of more reasonable management.

The above do not aim to criticise the SDGs as misleading; rather, we believe that they
are useful measurement indices and, most importantly, provide an opportunity to increase
database capacity, use new technologies and apply critical and multidisciplinary approaches.

Of course, such approaches are partially based on integrated environmental assess-
ments but also rely on stakeholder engagement, and the importance of moving from
opinion-based to knowledge-driven decision makers is recognised. This assumption is
essential in order to avoid blindly-defended positions and cultivate the need of each in-
dividual to find optimal ways to reconsider and self-improve. The necessary scientific
support in methodological terms (the “know-how”) guided by the necessary experience,
must be ensured at every stage of the process. This process of moving to a more integrated,
modern and multidisciplinary management through a stakeholder platform, scientifically
supported, often reveals and addresses deeper shortcomings of the institutional frame-
works, authoritarian behaviours of the State, misleading perceptions about natural resource
management and the weakness of cooperation between stakeholder groups. Thus, many
opportunities are created to strengthen and secure the future of sustainable development
in multiple levels.
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