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Abstract 

The urban fabric of the Greater Dublin Area (GDA) has expanded rapidly over the past 20 years. In an 
effort to coordinate development across the region the “Strategic Planning Guidelines for the Greater 
Dublin Area” were introduced in 1999. These were updated in 2004 as the “Regional Planning 
Guidelines: Greater Dublin Area 2004-2016” and are currently in the process of another review to 
become the “Regional Planning Guidelines: Greater Dublin Area 2010-2022”. As part of the review a 
Strategic Environmental Assessment (SEA) was undertaken to evaluate the effect of several future 
settlement patterns on the region’s environment. The MOLAND model was used to simulate four 
scenarios of possible future settlement patterns for the GDA. These four scenarios were then evaluated in 
terms of several indicators of sustainability and the results discussed in terms of the implications of these 
future settlement patterns on the environment of the region.   

Keywords:  urban planning; strategic environmental assessment; policy options; scenario development; 
regional planning; MOLAND model 

1. Introduction 

The Greater Dublin Area (GDA) has experienced rapid urban expansion over the past 20 years. The 
development pattern has been described as economically driven and developer led (Bartley and Kitchin 
2007). As urban fabric expanded within the GDA increasing pressure was placed on regional resources, 
such as transport infrastructure, social services and the environment (Dublin and Mid-East Regional 
Authorities 1999). The seven local authorities within in the GDA were each producing a development 
plan for their own territory, which related only to the area administered by the local authority (Dublin and 
Mid-East Regional Authorities 1999). The need for overall strategic guidance was recognised by policy 
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makers and in 1999 the Strategic Planning Guidelines for the Greater Dublin Area were introduced to do 
just that (Dublin and Mid-East Regional Authorities 1999). The guidelines sought to promote the 
principles of sustainable development, as set out in the National Sustainable Development Strategy 
(Government of Ireland 1997), i.e. increased housing density, economic growth directed toward selected 
development centres and such centres separated by strategic green belts. Subsequent to the introduction of 
the Strategic Planning Guidelines for the Greater Dublin Area, the National Spatial Strategy was 
introduced in 2002 which aimed to provide a national level strategic planning framework over a period of 
twenty years (Department of Environment and Local Government 2002).  To give regional effect to the 
National Spatial Strategy, Regional Planning Guidelines (RPGs) were put in place across the Country and 
the Strategic Planning Guidelines for the Greater Dublin Area were reviewed and reworked as the 
“Regional Planning Guidelines: Greater Dublin Area 2004-2016”.  To ensure their continued relevance 
the RPGs must be reviewed not later than six years after the making of the guidelines i.e. by 2010 
(Government of Ireland 2000). Beginning in 2009 the Dublin and Mid East Regional Authorities 
(D&MERAs) began conducting the Review of the RPGs. As part of the Review a Strategic 
Environmental Assessment (SEA) was undertaken. An SEA is “a systematic, on-going process for 
evaluating, at the earliest appropriate stage of publicly accountable decision-making, the environmental 
quality, and consequences, of alternative visions and development intentions incorporated in policy, 
planning or programme initiatives, ensuring full integration of relevant biophysical, economic, social and 
political considerations” (Scott and Marsden 2003). Full details of the SEA process can be found 
elsewhere (Scott and Marsden 2003) but of relevance to this paper is step 3, which concerns the 
identification, prediction, evaluation and mitigation of potential impacts.  The MOLAND model  
(Shahumyan et al. 2009a)was used as part of step 3 of the SEA to evaluate four scenarios describing four 
possible future development patterns. Following extensive consultations with D&MERA and attending 
focus groups of stakeholders the following scenarios were evaluated as part of the SEA process:  

1. Baseline/Continued Trends Approach. 

This Scenario explores the consequences of continuing the current settlement patterns, whereby 
actual settlement patterns have diverged from RPG policy (Convery et al. 2006).  

2. Finger Expansion of Metropolitan Footprint 

Development is focused within the metropolitan footprint, with minimal growth in other areas 
and expansion of the metropolitan footprint (MF) along key transport corridors. 

3. Consolidation of Key Towns & the City 

Scenario 3 explores a settlement pattern similar to that proposed in the original SPGs published in 
1999 (Dublin Regional Authority and Mid-East Regional Authorities 1999). This settlement 
pattern entails development to be consolidated within the existing MF and a small number of 
development centres along major transport routes. The metropolitan footprint is not expanded 
along these corridors. 

4. Consolidation & Sustainability and some expansion at nodes on Transport Corridors. 

In Scenario 4 dispersal of development is managed by focusing new growth within the existing 
MF and several development centres across the region. Strictly enforced Strategic Green Belts 
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were used to prevent the merger of towns and ensure corridors remained between urban and rural 
natural areas. 

 
Fully detailed descriptions of the Scenarios, including the premise and methodology behind their creation, 
can be found in section 2.6. 

In this report the operation of the MOLAND model is described and each Scenario is evaluated in terms 
of several indicators of sustainability. This is followed by a discussion of the implications of these future 
settlement patterns on the environment of the region.   

1.1 The MOLAND model 

Rather than give full details of the MOLAND model, which can be found elsewhere (Barredo et al. 2003) 
the model’s requirements and outputs are summarised below. 

MOLAND comprises two sub-models working at different scales.  At the macro (regional) scale, the 
model takes as inputs the population and the economic activity (number of jobs) in a region, this 
population and activity is then split between the sub-regions encapsulated in the model area. In the 
Greater Dublin Area (GDA) application, the sub-regions are the administrative counties within the region.  
At the micro scale the provision for population and economic activities is translated into a number of land 
uses; for example, estimates of the population will be provided for within residential land use types and 
estimates of the economic activity generated will be provided for within commercial, industrial and 
service land uses. The micro model is based on the cellular automaton algorithm.  The land use type 
assigned to any given cell is determined by an algorithm which aims to satisfy the demands for land use 
in each time step (Engelen et al. 2007) 

At the regional level, the model requires socio-economic data for each of the modelled counties. This 
includes population, job data by place of work and additional distance measures. Most of these data for 
the GDA were obtained from the CSO Census 1991, 1996, 2002 and 2006 datasets. 

At the local level the detailed allocation of economic activities and people is modelled by means of a 
cellular automata1 based land use model. To that effect, the area modelled is represented as a mosaic of 
grid cells of 4ha each (200m on the side). Together they constitute the land use pattern of the area. Land 
use is classified in 24 categories for the GDA, 8 of which are land use functions, 7 are vacant land uses 
and 9 are land use features. This model is driven by the demand for land per region generated at the 
regional level. Four elements determine whether a piece of land (each 4ha cell) is taken in by a particular 
land use function or not: 

• the accessibility for each land use function calculated relative to the transport network;  

• physical suitability determining the physical, ecological and environmental appropriateness of 
cell to support a land use function and associated activity;  

• zoning status or institutional suitability (e.g. legal constraints);  

                                                            
1 Simplified mathematical models of spatial interactions, in which sites or cells on a landscape are assigned a particular state, 
which then changes stepwise according to specific rules conditioned on the states of neighbouring cells. 
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• dynamics at the local level representing the reality on the ground. For each location, the model 
assesses the quality of its neighbourhood: a circular area with a radius of 8 cells. For each land 
use function, a set of rules determines the degree to which it is attracted to, or repelled by, the 
other functions present in the neighbourhood. 

Based on these elements, the model calculates for every simulation step, typically 1 year in a land use 
change model (White and Engelen 2000), the transition potential for each cell and each function. In the 
course of time and until regional demands are satisfied, cells will change to the land use function for 
which they have the highest potential. 

Calibration is achieved by running simulations over a known historical period (in this case 2000–2006). 
The simulations are initiated using the historical dataset (2000) in order to test the simulation results using 
the reference dataset (2006). Subsequently the simulations are validated by running the model forward (to 
2050) and checking the consistency of the resulting map  The future simulation of land-use can then be 
performed using the parameters of the already calibrated model assuming, however, that the calibrated 
factors will remain relatively stable during the studied period. A detailed description of the calibration 
technique and the datasets used in the GDA application are presented in a separate paper (Shahumyan et 
al. 2009a). 

2. Methodology 

2.1 Calculating populations for the region in 2026 

D&MERAs provided population projections based on Central Statistics Office (CSO) estimates to 2022, 
with a high/low range which were used in all scenarios. For use in MOLAND these were extrapolated to 
2026 based on the linear projection of the growth from 2006 to 2022. In consultation with D&MERAs 
and in light of the current economic down turn it was decided to present results for scenarios run with the 
low projection in this paper. This population was used in all Scenarios.2 

2.2 Greater Dublin Area (GDA) versus MOLAND study area 

The GDA, comprising the Mid-East region and the Dublin region, is of similar, though not identical 
extent to the MOLAND study area, the so called Greater Dublin Region (GDR). The GDA consists of the 
Dublin counties, Meath, Kildare and Wicklow. The GDR consists of the Dublin counties, Meath, Kildare, 
Wicklow and Louth. Thus it was necessary to estimate the population for Louth in 2026 and add it to 
projected GDA population in 2026. This was done as follows: 

Louth’s population in 2006 was known from CSO data at 111267 people. To estimate Louth’s population 
in 2022 under each scenario we used the formula: 

2022 population = (Border region 2022 population / Border region population 2006) * (Louth 2006 population) 

The resulting values for each scenario were added to the corresponding GDA population projections (see 
table 1).  

                                                            
2 Regional Planning Guidelines Review,  Gateway and Hub Population Targets, October 2009, DoEHLG 
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Table 1 – Projected populations in the GDR by 2022 under the four regional population projections. 

 2022 Population 
 (Wicklow County Council) (High) 
Border 2022 population 595,000 611,400 
Louth Multiplier 1.26 1.30 
Louth 2022 population 140859 144741 
GDA 2022 population 2103900 2161700 
GDR 2022 population 2244759 2306442 
Linearly extrapolated GDR 2026 population 2362498 2439596 

     

Figure 1 – Actual 2006 land use map of GDR used in MOLAND model. 
 

2.3 Implementing transport networks for each Scenario 

Each of the four scenarios required different transportation networks to be derived from existing road and 
rail datasets. The existing road and rail datasets along with the future proposed Transport 21 network 
(Figure 2) datasets were obtained from the Dublin Transportation Office and the National Roads 
Authority. Using the ArcGIS platform these datasets were manipulated to suit the required transportation 
network for each individual scenario. 
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Figure 2 – Transport 21 purposed network used for scenario development 

The following network links were used in scenario development;  
• Dunboyne Spur (rail) 
• Metro North  
• DART underground 
• Navan Rail 
• Outer Orbital Route 

 
Each proposed network change was added in to each modelled scenario at the approximate date it would 
be implemented. 
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Figure 3 – Strategic Green Belts as implemented for Scenario 2, 3 & 4 displayed clockwise from top left. Strategic 
Green Belts, protected areas and Metropolitan Footprints (MF) are represented by light green, dark green and grey 
polygons respectively. Note the expanded MF in scenario 2. 
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2.4 Implementing Strategic Green Belts for each Scenario 

For each scenario a specific Strategic Green Belt design was employed, these are detailed in the 
Scenario descriptions. Strategic Green Belts performed many roles within the scenarios. Large belts 
were used to discourage excessive development in rural areas, wide strip belts were used to direct 
development toward the MF/growth areas and smaller ribbon-like belts were used to preserve 
connections between natural areas. In Scenarios 2 & 3, where consolidation of development was a 
primary goal, areas where Strategic Green Belts may be expected (e.g. Northern County Dublin) were 
left vacant so that development space near the MF was accessible. Strategic Green Belts were 
constructed using ArcGIS software. They consist of polygons which were used to create restricted 
zoning maps for the MOLAND model. As a result, within the area covered by the Strategic Green 
Belts development was prohibited from occurring. Strategic Green Belts for each scenario are shown 
in Figure 3. 

2.5 Creation of Metropolitan Footprint and Designated Growth Centres layers 

2.5.1 Metropolitan Footprint 

The boundary of the MF is based on the Metropolitan Area defined in the existing Regional Planning 
Guidelines (Dublin Regional Authority and Mid-East Regional Authority 2004). The MF includes all 
of the Dublin City Council administrative area, substantial parts of South Dublin and Dún Laoghaire 
Rathdown administrative areas and certain District Electoral Division (DEDs) in Fingal, Kildare, 
Meath and Wicklow. The methodology employed here was based on Electoral Division (ED) 
boundaries. Therefore parts of a number of EDs in South Dublin and Dún-Laoghaire Rathdown 
officially excluded from the MF (Dublin Regional Authority and Mid-East Regional Authority 2004), 
are included here. These townlands are located in the Dublin mountains area. For the same reasons, all 
of Kilmacanogue ED was included within the MF, although only certain townlands are officially 
included.  

Scenario 2 allows for expansion of the MF to include Rush, Lusk and an unspecified area to the north 
of Swords. For this purpose a separate ‘Metropolitan Footprint expansion’ layer has been created 
including Rush, Lusk and Ballyboghil EDs. Other areas of proposed expansion (Pace, Hazelhatch, 
Fassaroe) are already included within the designated MF. 

The layers described above were created in ArcGIS using ED boundary data provided through the 
Ordnance Survey and freely available online, through the Central Statistics Office website 
(www.cso.ie). A table listing all EDs in the UEP study area was generated in MS Excel with an 
additional column indicating the status of each ED with regard to the MF boundary as shown in Table 
2 below. A categorical map layer was produced based on the data in this column.  

Table 2 – Status of each ED with regard to the MA boundary 

Code ED Status 
0 Hinterland Area plus Louth 
1 Metropolitan Area 
2 Additional EDs for proposed MA expansion 
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2.5.2 Designated Growth Centres 

The primary data source for geographical location of the towns designated as growth centres was the 
‘Places’ geodatabase, located in the URBIS spatial database at UCD Urban Institute Ireland. In a 
small number of cases the locations of urban centres were determined through use of additional 
sources including official planning documents (in the case of Cherrywood) and Google Maps 
(http://maps.google.com). Point locations for Pace, Fassaroe and Hazelhatch were also included. The 
‘Buffer’ function in ArcGIS was used to create a map layer with 5 km radius buffers, defined for each 
urban centre.  

It is proposed that the strength of the designation of each category of urban centre and the MF can be 
simulated and varied to create differentiated scenarios, through incorporation in the ‘suitability’ 
function within the MOLAND model, which operates on a probability basis, rather than the standard 
‘zoning’ function which is limited to absolute permitted/non-permitted designations.  

 

2.6 The Scenarios 

2.6.1 Scenario 1: Continued Trends 

As the name suggests, Scenario 1 explores a continuation of the current, dispersed settlement patterns. 
Although both Strategic Planning Guidelines for the Greater Dublin Area (SPGs) in 1999 and the 
subsequent RPGs in 2004 emphasised a move toward a consolidated settlement pattern, strong green 
belt policy and improved transport links (Department of Environment and Local Government 2002, 
Dublin Regional Authority and Mid-East Regional Authority 2004), a number of recent studies have 
suggested that there has been a divergence between policy and practice (Convery et al. 2006, Scott et 
al. 2006). Scenario 1 therefore simulates a “business as usual” future, whereby implementation of the 
SPGs/RPGs has been weak in places. Reflecting the current economic climate, delivery of Transport 
21 projects has been delayed in this scenario: Metro North and the DART Interconnector are not in 
place until 2020; the opening of Dunboyne Spur by 2012.  With the divergence of policy and practice 
concerning Green Belts in mind, Scenario 1 does not contain a special greenbelt layer. The decision 
not to include a special greenbelt layer was taken to explore what the current trend of developer led 
settlement patterns might lead to if left unchecked. Those areas that enjoy legal protection (National 
Heritage Areas [NHAs], Special Protection Areas [SPAs], Special Areas of Conservation [SACs] and 
to a lesser extent proposed NHAs [pNHAs]) were zoned such that development was prohibited from 
occurring within them.  

For this scenario MOLAND default suitability and zoning maps were used and are presented in Figure 
4 (Shahumyan et al, 2009). The default transport network of 2006 was updated in 2012 adding the 
Dunboyne Spur. 
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Figure 4 – Default suitability (left) and zoning (right) maps for urban land uses in the MOLAND model. 

 

2.6.2 Scenario 2: Finger Expansion 

In this scenario the effects of a firm policy of consolidation are explored. Development is strongly 
directed toward an expanded MF, which is extended along key transport corridors. In support of this 
stance on consolidation, all Transport 21 projects are included and two sub-scenarios were explored 
for the timing of T21 project delivery; projects were delivered in 2016 and 2020 in sub-scenarios 1 
and 2 respectively. The Outer Orbital Route (OOR) was not included and large, strictly enforced 
Strategic Green Belts are used to discourage excessive development in rural areas and link protected 
areas. Since the theme of this scenario was to focus development in an expanded MF and along key 
corridors, large Green Belts were placed between the major roads to encourage development adjacent 
to transport links. Two types of Green Belts were created; large Outer Green Belts designed to 
designate areas where development should be kept to a minimum; and smaller Connector Green Belts, 
designed to preserve links between urban green space and rural areas. The area around the airport and 
Rush/Lusk is poor in green areas as this area was incorporated into the MF. 

Suitability and zoning maps used for this scenario are presented in Figure 5. The default transport 
network of 2006 was updated in 2016 (1st sub-scenario) or 2020 (2nd sub-scenario) adding all 
Transport 21 links as presented in Figure 2. 



Regional Planning Guideline Review  Brennan et.al 
 

UII 0907 |  | 11 

          

Figure 5 – Scenario 2 suitability (left) and zoning (right) maps for urban land uses in the MOLAND model. 
 

2.6.3 Scenario 3: Consolidation of Key Towns & Metropolitan Footprint  

The original SPGs published in 1999 called for future development to be consolidated within the 
existing MF and development centres along major transport routes (Dublin Regional Authority and 
Mid-East Regional Authority 1999). Scenario 3 simulates a similar pattern of development. This 
scenario explored a strong consolidation policy, whereby growth was focused within the existing 
envelope of the MF and towards a limited number of key towns in the Hinterland. The key towns 
were Drogheda, Navan, Naas, Wicklow and Arklow. Key Transport 21 projects which facilitated 
public transport to the City from key towns was included in this scenario (see Table 3).  In 
consultation with D&MERAs, two versions of the OOR (short- and long-OOR) were implemented as 
sub-scenarios. 

Table 3 – List of Transport 21projects included in Scenario 3. 

Type Project name Date Implemented 

Rail Dunboyne Spur  2012 

  Navan railway  2016 

 Metro North 2016 

 DART Underground/Interconnector  2016 

   
Road Outer Orbital Route: sub-scenario 1 (short OOR) links Drogheda, Navan, Naas  2021 

 
Outer Orbital Route: sub-scenario 2 (long OOR) links Drogheda, Navan, Naas & 
Wicklow , Arklow 

2021 
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Increased densities were delivered by infilling areas within the MF and in the main towns of the 
Hinterland. The MF was not expanded. Green Belts are more extensive than in Scenario 2, the Green 
Belts promoting consolidated development and to reinforce brownfield focus except in key identified 
expansion locations. Some connector Green Belts do penetrate the MF, again to preserve links 
between urban green space and rural areas (Figure 6). 

          

Figure 6 - Scenario 3 suitability (left) and zoning (right) maps for urban land uses in the MOLAND model 
 

2.6.4 Scenario 4: Managed Dispersal 

In Scenario 4 consolidation is once again promoted; development is focused within the existing MF 
and development centres. Growth in the Mid-East at public transport nodes within the MF 
(Dunboyne, Maynooth, Kilcock, Leixlip, Bray , Greystones) and in designated towns on high quality 
public transport routes (Swords, Blanchardstown, Lucan, Clondalkin, Tallaght, Dundrum, 
Cherrywood, Dún-Laoghaire Bray, Navan, Naas, Wicklow, Newbridge, Greystones, Arklow, 
Balbriggan, Drogheda) and also continuing to build the critical mass of county towns in each local 
authority area (Wicklow, Tallaght, Dún-Laoghaire, Naas, Navan, Swords). To enhance connectivity 
between development centres and the MF several key Transport 21 projects are included (Table 4). 
Although consolidation within the existing MF was a focus of this scenario, there was a drive to keep 
towns distinct from one another. With this taken into consideration several strictly enforced Strategic 
Green Belts are included in Scenario 4 whose function is to prevent the merger of towns/areas distinct 
in 2006 (Figure 7). 

 

 



Regional Planning Guideline Review  Brennan et.al 
 

UII 0907 |  | 13 

Table 4 – List of Transport 21 projects included in Scenario 4. 

Type Project name Date Implemented 

Rail Dunboyne Spur  2012 

 Metro North 2016 

 DART Underground/Interconnector  2016 

 Navan railway  2019 

   
Road Outer Orbital Route: sub-scenario 1 (short OOR) links Drogheda, Navan, Naas  2021 

 
Outer Orbital Route: sub-scenario 2 (long OOR) links Drogheda, Navan, Naas & 
Wicklow, Arklow 

2021 

 
 

          

Figure 7 - Scenario 4 suitability (left) and zoning (right) maps for urban land uses in the MOLAND model. 
 

2.7 Indicators of sustainability 

2.7.1 Encroachment on protected areas (SPAs/SACs/NHAs)  

To investigate the extent of encroachment upon protected areas all SPAs/SACs/NHAs within the 
study area were merged using GIS. To allow a by county analysis this polygon was intersected with a 
County shape file to produce five polygons, representing the protected areas of each county. A special 
tool (UEP Cell Count Tool) was developed using ArcGIS Model builder to calculate cell statistics 
within these buffers. The results were compared using MS Excel. 
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2.7.2 Development proximity to public transport corridors  

One of the goals of the RPGs is to promote sustainability with improved transport efficiency being a 
major priority. To assess this, a 1km buffer was created around the transport nodes for each scenario. 
Cell counts within these buffers were calculated using the UEP Cell Count Tool. The results were 
compared using MS Excel. Since the different scenarios used different patterns of transport nodes 
(motorway junctions or railway stations) it was decided to find what percentage of urban cells was 
within 1km of nodes for each scenario.  

2.7.3 Metropolitan Footprint vs. Hinterland Population Split 

To assess the effectiveness of encouraging more consolidated development the approximate 
proportion of the population occupying the MF and the hinterland (i.e. all areas outside the MF) was 
calculated for each scenario. The MF was merged into a single raster layer in GIS and cell counts for 
Residential Continuous Dense, Residential Continuous Medium Dense, Residential Discontinuous 
and Residential Discontinuous Sparse within the MF and for the entire study area were found using 
the UEP Cell Count Tool for each scenario. To find cell counts for the hinterland, MF cell counts 
were subtracted from total cell counts for the region. Since MOLAND treats Residential Continuous 
Dense, Residential Continuous Medium Dense, Residential Discontinuous cells identically for the 
purposes of distributing population these cell counts were aggregated. These aggregations will be 
referred to as ResOther and ResSparse in the case of Residential Discontinuous Sparse, in the 
following text. The percentage of ResOther, ResSparse and total residential cell counts in the MF and 
hinterland were then calculated.  

The 2026 activity outputs “Population (Other)” and “Population (Sparse)” for each scenario were 
determined using MOLAND. Population (Other) refers to the population that is distributed by the 
model among ResOther cells and Population (Sparse) is the population distributed by the model 
among the ResSparse cells. 

For each scenario the percentage of ResOther and ResSparse cells within the MF were multiplied by 
the 2026 activity outputs “Population (Other)” and “Population (Sparse)” to find the approximate 
number of people within the MF. The process was repeated for the hinterland. 

These estimates were then compared to population projections for the MF supplied by the RPA. The 
RPA provided projections to 2022 which were linearly extrapolated to 2026 to facilitate comparison. 

3. Results 

3.1 Land use 

Visually, the differences between the Scenarios are clear. In Scenario 1 by 2026 development has 
dispersed across the region in many small clusters and formerly separate urban areas have merged 
(Figure 8). The situation is different in the other Scenarios; here development by 2026 is concentrated 
within the MF and key towns, with little of the small pockets of development found under the 
Scenario 1 simulation (Figures 9-11). In Scenarios 2-4, but particularly in Scenario 2, development to 
the West of Dublin city is heavy. Coastal development close to Dublin city is also more pronounced 
in Scenarios 2-4 compared to Scenario 1.  
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Figure 8 - Comparison of actual GDR landuse in 2006 with simulated 2026 landuse under Scenario 1 
conditions. Actual landuse in 2006 is in green, simulated additional urban development by 2026 is in blue. Note 
the dispersed settlement pattern and merger of formerly separate urban areas. 

 

Figure 9 - Comparison of actual GDR landuse in 2006 with simulated 2026 landuse under Scenario 2 (sub-
scenario1) conditions. Actual landuse in 2006 is in green; simulated additional urban development by 2026 is in 
blue and red is reduced rural settlements. Development is extensive to the West of Dublin city and North and 
South coasts. 
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Figure 10 - Comparison of actual GDR landuse in 2006 with simulated 2026 landuse under Scenario 3 (sub-
scenario1) conditions. Actual landuse in 2006 is in green; simulated additional urban development by 2026 is in 
blue and red is reduced rural settlements. Development to the West of the city is less intense than in Scenario 2, 
with this development focused into the growth centres of Drogheda, Navan, Naas, Wicklow and Arklow.  

 
Figure 11 - Comparison of actual GDR landuse in 2006 with simulated 2026 landuse under Scenario 4 (sub-
scenario1) conditions. Actual landuse in 2006 is in green; simulated additional urban development by 2026 is in 
blue and red is reduced rural settlements.  While development is dispersed across the region, it is consolidated 
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into several growth centres of Arklow, Balbriggan, Drogheda, Navan, Naas, Newbridge and Wicklow. This 
contrasts with Scenario 1 where development is widely dispersed in small pockets across the region. 
 

3.2 Indicators of sustainability 

The consolidation and sustainability of development is a primary theme of both the National Spatial 
Strategy (Department of Environment and Local Government 2002) and the RPGs (Dublin Regional 
Authority and Mid-East Regional Authority 2004), and while Scenarios 2, 3 & 4 outperform Scenario 
1, their performance with regard to indicators of sustainability was not uniform. 

 

3.2.1 Encroachment on protected areas (SPAs/SACs/NHAs)   

Encroachment was most pronounced in Scenario 1, least in Scenario 3 while Scenarios 2 & 4 
performed similarly (see Figure 12).  

 
Figure 12 - Encroachment of development within 1km of protected areas by scenario. Results are in cell counts. 

When compared on a county by county basis further differences between Scenarios became evident.  

In Scenario 1 encroachment is most pronounced in Meath and Wicklow. This pattern is shared in 
Scenario 4, but to a lesser degree. In Scenario 2 & 3 it is Dublin and Wicklow that experience the 
most encroachment, particularly in Scenario 2. Here protected areas in Dublin and Wicklow 
experienced almost double the level of encroachment than those in Meath, Louth and Kildare (figure 
13). 
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Figure 13 - Encroachment of development within 1km of protected areas by scenario and county. Results are in 
cell counts. 

3.2.2 Development proximity to public transport corridors  

By 2026 all scenarios showed an increase in urban cells within 1km of transport nodes compared to 
2006. The greatest gain of urban cells was in Scenario 2 and the least in Scenario 1 (Figure 14). When 
the percentage of urban cells was compared this pattern was repeated, however the percentage of 
urban cells within 1km of a transport node fell in all scenarios compared to 2006 indicating the 
occurrence of at least some dispersed development (Figure 15). 

 

Figure 14 - Urban cell counts within 1km of transport nodes for 2006 and each 2026 scenario. 
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Figure 15 - Percentage of urban cell counts within 1km of transport nodes for 2006 each 2026 scenario. 
 

3.2.3 Metropolitan Footprint vs. Hinterland Population Split 

 The Regional Planning Authority (RPA) estimated the population of the MF in 2022 to be 1,486,800. 
By extrapolating this figure to 2026 it was found that the estimated population for the MF is 
1,547,823. When compared with the population counts in the scenarios differences were observed 
(see Table 4). Scenarios 2 & 3 were closest to the RPA target; in fact in all but Scenario 2 (sub-
scenario 1) the MF populations in these Scenarios exceeded the RPA provided value. The MF 
populations of Scenarios 1 & 4 fell below the RPA target though Scenario 4 performed substantially 
better than Scenario 1. Overall the divergence in estimated MF population and the RPA target was 
highest in Scenario 1 (-196,014) and lowest in Scenario 2 (sub-scenario 2) (+3,603).  

Table 4 – Population division between MF and hinterland by scenario. 

Metropolitan 
Footprint 

Scenario Population allocated 
to ResOther cells

Population allocated to 
ResSparse cells 

Total Population

  Sc1  1268455 83355  1351809
  Sc2‐1  1324583 207059  1531642
  Sc2‐2  1344720 206705  1551425
  Sc3‐1  1352647 215967  1568614
  Sc3‐2  1344078 212722  1556800
  Sc4‐1  1296733 147832  1444565
  Sc4‐2  1294162 150133  1444295
     
Hinterland  Scenario Population allocated 

to ResOther cells
Population allocated to 

ResSparse cells 
Total Population

  Sc1  645474 365214  1010689
  Sc2‐1  589346 241510  830856
  Sc2‐2  569209 241864  811072
  Sc3‐1  561282 232602  793884
  Sc3‐2  569851 235847  805698
  Sc4‐1  617196 300737  917933
  Sc4‐2  619767 298436  918203
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4. Discussion 

4.1 Scenario 1: Continued Trends 

Should development proceed as simulated, i.e. dispersing to a greater or lesser degree across the 
region, it would imply a continuation of current unfavourable trends (Scott et al. 2006). These trends 
imply increased isolation of residents within urban centres from the surrounding natural areas and 
relatively less green space within the urban centres (Brennan et al. 2009). This could lead to negative 
social effects such as increased crime rates, increased stress, decreased physical activity and decreased 
longevity (Frumkin 2001, Kuo and Sullivan 2001, Humpel et al. 2002, De Vries et al. 2003). 

Commuting in the GDA is already a significant problem (O’ Regan and Buckley 2003), with time lost 
due to congestion costing the economy an estimated €640m (DTO (Dublin Transportation Office) 
2001). An increase in car dependency implied by the dispersed nature of the forecasts would likely 
exacerbate the situation.  

Waste water provision over such a dispersed area would be extremely difficult and expensive, 
necessitating septic tank use in a large number of dwellings. Even though technology is improving, 
this higher number of tanks can be expected to increase the rates of groundwater contamination (Yates 
1985, Jamieson et al. 2002). Furthermore, work has already been carried out that suggest that growth 
in the several areas across GDA will outpace future wastewater treatment provision (Shahumyan et al. 
2009b). Similar deficiencies could be expected for other services such as waste disposal, education, 
health service provision and emergency service response time. 

4.2 Scenario 2: Finger Expansion 

This Scenario represents the result of a strict enforcement of consolidation within the MF, which is 
expanded along key transport corridors, and improved transport links both within the MF and to 
adjacent urban centres. This is in-line with current European policy promoting the “compact city” 
(Commission of the European Communities 1990). Compact Cities have been advocated as a way of 
increasing space for city dwellers while at the same time reducing transport, energy and material 
consumption (Katz 1994). Development within an existing urban centre benefits from pre-existing 
infrastructure (drinking and waste water pipes, electricity, street lighting, etc.) which is easier to 
extend to adjacent areas, in this case the towns along key transport routes (e.g. Drogheda, Greystones, 
Rush, Maynooth, Dunboyne, etc.). In addition numerous studies have tested hypotheses regarding the 
relationship between urban structure -especially density- and energy consumption in the transportation 
system. Under these hypotheses, raising urban densities is expected to lead to a decrease in energy 
consumption (e.g. Newman and Kenworthy 1989). From the indicator analysis it can be seen that, 
compared to Scenario 1, Scenario 2 performs better in all categories. In fact Scenario 2 performs 
better than any other Scenario in terms of promoting settlement near transport nodes.   
 
There are a number of factors that should be born in mind however.  A number of authors have raised 
questions as to whether or not the “Compact City” is more sustainable than a sprawl pattern 
(summarised in Neuman 2005). Since this question is at present uncertain, pursuing a strict policy of 
consolidation may not be advisable. In addition while encroachment upon protected areas is lower 
overall than in Scenario 1 the SPAs and SACs located in the coastal areas of the region are more 
heavily impacted than in Scenario 1. This has not only ecological effects (Burton et al. 2002, Northern 
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Ireland Executive 2003, Burton et al. 2006) but has implications for Ireland’s European obligations 
under the Birds & Habitats Directives.   

4.3 Scenario 3: Consolidation of Key Towns & Metropolitan Footprint 

In Scenario 3 consolidation is also examined, but in contrast to Scenario 2 where all growth was 
focused toward the MF, here a small number of key towns act as growth nuclei. This is in line with 
the NSS, RPGs and government policies of decentralisation. While the same questions remain 
regarding “Compact City” settlement patterns discussed above, Scenario 3 addresses these somewhat 
with the addition of the key towns. From an ecological perspective protected areas are encroached 
upon least in this Scenario, while in terms of promoting settlement near transport nodes it is on a par 
with Scenario 4. Both underperform in terms of promoting settlement near transport compared to 
Scenario 2.  

4.4 Scenario 4: Managed Dispersal 

Scenario 4 represents an intermediate between the unregulated sprawl of Scenario 1 and the strong 
consolidation policies of Scenarios 2 & 3. While development in this Scenario does occur across the 
region the goals of the RPGs (i.e. consolidation within the existing MF and development centres along 
major transport routes and limiting the uncoordinated sprawl that had become a feature of the Celtic 
Tiger era) are realised. As noted in the literature there has been a divergence between policy and 
practice (MacLaran and Williams 2003, Convery et al. 2006).  Scenario 4 may represent a settlement 
pattern that is an achievable goal, marrying the objectives of sustainability, development and shared 
prosperity across the region. The indicator analysis performed shows that the Scenario 4 settlement 
pattern is a substantial improvement on continued trends (Scenario1) with development in both the 
MF and Hinterland adopting a denser form, which is comparable to the other Scenarios in certain 
aspects. Finally, it could be argued that Scenario 4 is the most “equitable”, in that development is 
divided more evenly between the counties while still addressing the goals of the RPGs and NSS. 

5. Conclusion 

The four Scenarios presented here represent hypothetical end points of different policy directions. 
There are associated costs and benefits with following any of these paths and the exact direction 
pursued will be decided by the interaction between planners, policy makers and the public working 
together. As the Greater Dublin Area has undergone such massive change in the recent past 
(McInerney and Walsh 2009) and recent literature has noted a divergence between policy and practice 
(MacLaran and Williams 2003, Scott et al. 2006) it would be useful to simulate development into the 
future, expose potential issues before they occur and structure policy accordingly. As shown above 
the MOLAND model allows diverse policy options to be evaluated before concrete decisions are 
made and provide a useful basis for discussion on the issues facing planners. 
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