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Abstract 
 
Despite the growing development of tools that can integrate land use and transport, 

the desired integration is still illusive in daily practice. To address this gap, the 

current study uses spatial metrics, a set of methods traditionally used for studying 

changes in the spatial structure of landscapes, which are translated into the domain 

of transport planning. It examines how spatial metrics can be integrated into “Land 

Use Transport” strategy-making, and how useful they are according to the 

practitioners’ perceptions. A Light Rail Transit corridor in Granada (Spain) provides 

the empirical focus of this research. Land use characteristics such as: land use 

mixing, land use diversity and green areas connectivity were successfully studied 

using spatial metrics, and they were used to map three “Land Use Transport” 

strategies: (i) proximity dynamics and non-motorised modes; (ii) modal shift from 

cars to Light Rail Transit system; (iii) shared spaces between motorised and non-

motorised modes. Practitioners perceived that spatial metrics could improve the 

“Land Use Transport” strategy-making process in comparison with traditional 

methods used in practice. However, certain shortcomings related to the usability of 

spatial metrics are also highlighted and discussed. This study concludes with a 

reflection on research challenges for adapting spatial metrics to transport practice.  
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1. Introduction 

In the field of transport research there is a growing interest in unravelling the 

complex relationships between land use and transport (e.g. Bertolini and Djist, 2003; 

Cervero and Kockelman, 1997; Hrelja, 2015; Van Acker et al., 2007). This is 

supported by the idea that if the land use and transport sector are reciprocally 

supportive, important benefits of mobility can be increased (e.g. access to amenities, 

jobs, etc.), while negative impacts could be reduced (e.g. pollution, congestion, noise, 

etc.). In particular, Banister (2005, p. 97) discusses six groups of land use factors 

that are interconnected with transport: settlement size (Hickman and Banister, 2007); 

urban density (Oakes et al., 2007), land use diversity (Pitombo et al., 2011), urban 

design (Jones et al., 2007), local accessibility to public transport (Cervero et al., 

2009); and the provision of parking (Albert and Mahalel, 2006). While academia 

eagerly explores how the abovementioned factors affect travel behaviour and the 

use of different transport modes, the translation of those findings into daily practice is 

still lagging behind, and shared “Land Use Transport” (LUT) visions and concepts 

are often absent in practice (e.g. Ewing and Cervero, 2012 Su et al., 2014; Waddell 

et al., 2007; Te Brömmelstroet and Bertolini, 2008).  

 

Regarding LUT, the lack of spatial perspective during the planning process is seen 

as one of the crucial barriers. This addresses the need to translate abstract land use 

characteristics that impact travel behaviour, such as: land use mixing or land use 

diversity into a more intuitive language for the professional groups in practice (Silva 

and Pinho, 2010;  Soria-Lara et al., 2015; Straatemeier, 2008). If this barrier persists, 

the desired LUT integration will be very difficult to achieve in practice, especially in 

the context of emergent communicative planning approaches that demand support 

decision tools to facilitate the interaction and debate of professional domains 

(Bertolini et al, 2008; Curtis, 2011; Habermars, 2007). In contrast, if the lack of a LUT 

spatial perspective is overcome, this can help to reinforce transport practice as a 

collective process, where different actors and professional groups can more easily 

deliberate and exchange views in order to effectively design LUT strategies (Te 

Brömmelstroet and Bertolini, 2010). An important consideration here is to find 

methods and tools that can provide new insights into the described knowledge–

practice gap.  



Spatial metrics, operationalised by the moving-window approach, are shown here as 

a promising solution. They provide a set of spatial indicators that are traditionally 

used for studying landscape processes and patterns (Turner, 2005). Over the past 

years, spatial metrics have been used more frequently in urban studies to 

characterise urban growth patterns (e.g. Barreira et al., 2015; Aguilera et al., 2014; 

Herold et al., 2005; Li et al., 2008). However, their effectiveness at the transport 

practice level is largely unexplored (Soria-Lara et al., 2014). 

Accordingly, this paper will explore the following research questions: How could 

spatial metrics be integrated into LUT strategy-making, and how do practitioners 

consider their usability and outcome for spatial planning practice? We answered this 

by applying three spatial metrics (interspersion and juxtaposition index; shannon 

diversity index; and aggregation index for green areas) on the Light Rail Transit (LRT) 

corridor in the metropolitan area of Granada (Spain). The aforementioned spatial 

metrics were used to analyse and study three specific land use characteristics that 

are strongly related to transport systems, but are not always taken into consideration 

in transport practice: land use mixing, land use diversity and green areas 

connectivity. First, the results from spatial metrics were combined to identify and 

locate three LUT strategies: (i) proximity dynamics and non-motorised modes; (ii) 

modal shift from cars to LRT; (iii) shared spaces between motorised and non-

motorised modes, on the LRT corridor. Second, a set of practitioners were asked to 

indicate their views on both the usability and outcomes of spatial metrics for LUT 

strategy-making. 

In the next section, recent academic insights on the use and limitations of spatial 

metrics in urban studies are discussed. In section 3, the research method is 

described, while section 4 presents both the application of the three spatial metrics 

to the context of Granada and the perceptions of practitioners on their usability and 

outcomes. This paper closes with several concluding remarks and recommendations 

for further enquiries.  

 

 

 



2. Spatial metrics: Definition and limitations in the urban context 

The concept of spatial metrics comes from the application of “landscape metrics” to 

the context of urban areas. These widely-known landscape analysis tools gained 

importance during the last decades for analysing spatial characteristics and patterns 

of urban growth (e.g. Wu et al., 2011; Kaza, 2013), triggering the use of the so-called 

spatial metrics (Herold et al., 2003; Seto and Fragkias, 2005). According to Herold et 

al., (2003), spatial metrics can be defined as “measurements derived from the digital 

analysis of thematic-categorical maps exhibiting spatial heterogeneity at a specific 

scale and resolution”. Consequently, spatial metrics have become a popular tool in 

urban studies (e.g. Aguilera et al., 2014; Dietzel et al., 2005; Wu et al., 2011).  

A literature review of more than 50 publications from ISI web of Knowledge 1 

(Pascual et al., In progress) shows a frequent use of spatial metrics in the following 

fields: 

i) Analysing and describing urban growth patterns at city level (e.g. Xu et al, 

2007; Shrestha et al., 2012; Aguilera et al., 2014). The consulted studies in 

this field offer abundant insights into aspects related to urban growth, such as: 

urban sprawl, fragmentation of natural areas, conurbation, etc.  

ii)  Comparing and classifying different cities across the world  (e.g.  Taubenböck 

et al., 2009; Schwarz, 2010). These studies aim at comparing urban growth 

patterns in different cities according to several spatial characteristics of urban 

land uses that are measured by spatial metrics. 

ii) Simulating urban growth patterns (e.g. Petrov et al., 2009; Aguilera et al., 

2011; García et al., 2011; Kong et al., 2012). These studies mainly aim at 

using spatial metrics to calibrate urban growth simulations, comparing spatial 

metrics results from simulation models with real urban growth patterns.  

Despite the growing application of spatial metrics from “landscape analysis” to the 

study of urban phenomena, certain shortcomings, negatively affecting the 

applicability of spatial metrics in urban contexts, can be seen.  

                                                           
1Relevant journals are e.g.  Landscape and Urban Planning; Applied Geography; Computers, Environment and 
Urban Systems; Landscape Ecology; Ecological Indicators.  



First, unlike natural landscapes, the urban context has a vertical variability of land 

use activities (e.g. shared buildings between commercial and housing activities). 

However, spatial metrics are only able to capture the horizontal variability of land 

uses. This makes it necessary to elaborate a new cartographic legend for each case 

study that represents the vertical variability of land use activities in the urban context 

before applying spatial metrics.  

Second, spatial metrics can estimate a single value for each urban patch, land use 

class or urban landscape. Nonetheless, a single value is insufficient in the urban 

context, given its extremely high spatial heterogeneity. To overcome this, authors 

have used specific methodological approaches for applying spatial metrics based on 

both urban transects (e.g. Pham et al., 2011; Yang et al., 2010) and buffering zones 

around the urban centre (Ji et al., 2006; Xu et al., 2007). Nevertheless, in the last 

years, the use of moving-window metrics seems to be a more adequate solution to 

this problem. In the case of moving-window metrics, the spatial unit of calculation is 

each pixel, facilitating the study of contexts with very high spatial heterogeneity 

(Figure 1).   

 

Figure 1. Illustrating methods for applying spatial metrics in urban contexts 

 

 



Moving-window metrics are based on a Kernel that passes over every positively-

valued cell in the grid dataset, estimating a spatial metric value based on the land 

use activities under the window. Furthermore, the moving-window method enables 

the generation of continuous grid maps from each processed spatial metric (Pham et 

al., 2011) that can be used during LUT strategy-making. The latest can also facilitate 

the interaction of the different professional groups due to abstract spatial concepts 

can be easily translated into graphical and intuitive schemes.   

  



3. Research method 
 

3.1. Case study, LUT strategies and cartographic sources 

The transport corridor in the Metropolitan Area of Granada (MAG), located in 

southern Spain (Figure 2), served as the case study. Since the 1970s, MAG has 

been undergoing a significant urban transformation, with an origin in an intense 

growth in real estate development, the creation of new transport infrastructures, and 

the growth of the private vehicle market (Aguilera et al., 2010; 2011). In parallel, the 

environmental impacts associated with urban transportation (e.g. congestion, air 

pollution, respiratory and health problems, etc.) have become more prominent 

(Soria-Lara, 2012; Soria-Lara and Valenzuela-Montes, 2014).  

 
Figure 2. LRT corridor in the Metropolitan Area of Granada 

 



To reduce these impacts and promote sustainable mobility patterns, regional and 

local institutions decided to implement a LRT along the main transport corridor, 

made up of 4 municipalities: Albolote, Armilla, Granada and Maracena. Furthermore, 

they sought to initiate a strong urban transformation within a 500 m radius around 

LRT stations, based on locating the corridor using three LUT strategies: (i) proximity 

dynamics and non-motorised modes; (ii) modal shift from cars to LRT; (iii) shared 

spaces between motorised and non-motorised modes. 

 

Spatial metrics will be used to locate and map the aforementioned LUT strategies on 

the LRT corridor. To address this, each LUT strategy will be mapped according to 

three land use characteristics interrelated with the local transport system (Figure 3): 

 

i) Land use mixing or the closeness and mixing of the land use activities. 

ii) Land use diversity or the likelihood of finding different land use activities in 

a specific place, although land use activities are not necessarily well-mixed  

iii) Green areas connectivity or the contiguity of green areas (parks, 

boulevards, etc.) in a specific place. 

 

The first LUT strategy, “proximity dynamics and non-motorised modes”, means the 

understanding of a mobility space as a place where short-distance travels are 

predominant and the population can spend time and interact, rather than only 

transiting. In such places, land use mixing, land use diversity and green areas 

connectivity are expected to have very high values, and motorised transport should 

not be an essential mode. This LUT strategy would encourage investment in 

upgrading the quality of green areas as well as promoting new facilities and 

commercial activities (small shops, bars, spaces for children, etc.). The second LUT 

strategy is inspired by promoting a “modal shift from cars to LRT”. The idea would be 

to identify places around the corridor where high values of land use mixing, land use 

diversity and green areas are not relevant, as well as where motorised transport 

modes are predominant. The main aim of this LUT strategy would be to keep these 

places as spaces focused on motorised traffic, but encouraging a “modal shift”, for 

example through park-and-ride systems. Finally, the third LUT strategy is based on 

identifying “shared spaces between motorised and non-motorised modes”. In such 

places, values of land use mixing, land use diversity and green areas connectivity 



should be in between the two previous LUT strategies. It is aimed at designing more 

friendly transport infrastructure for both motorised and non-motorised modes (e.g. 

multimodal public transport stations; multimodal street design, etc.). 

 

 
Figure 3. Land use characteristics for LUT strategies 

 

Spatial metrics will be applied to an area of 500 m around the LRT itinerary, 

according to both the decay-distant effect of LRT in urban contexts, as 

recommended by several authors (see Hass-Klau and Crampton, 2002; Vuchic, 

2005), and the dimension of the area recommended by local institutions involved in 

LUT strategy-making with context information on the LRT project. Land uses 

datasets from the municipalities’ official database were used during the analysis. The 

date of the datasets is 2013. They provided us with information on housing, mixed 

housing (housing and commercial activities), industrial facilities, intermodal facilities, 

sport facilities, cultural facilities, institutional facilities, health care facilities, 

educational facilities, commercial facilities, green spaces and non-specified areas.  

 

 

 

 

 

 

 



3.2. Selection of spatial metrics 

As indicated, spatial metrics will measure the three spatial characteristics (land 

mixing, land use diversity and green areas connectivity) that will help us to map and 

determine which areas are more suitable for each of the described LUT strategies.  

 

The selection of spatial metric was based on the catalogue of the free software 

FRAGSTATS 4.2 (Table 1). As the calculations of both land use mixing and land use 

diversity are affected by the full spectrum of land use activities considered in this 

study, the catalogue of spatial metrics at “landscape/mosaic level” was used in this 

respect. However, as green areas connectivity is only affected by green spaces, the 

catalogue of spatial metrics at “class level” was used in this case. Two specific 

boundary conditions were followed in order to select the spatial metrics from the 

FRAGSTATS catalogues: (i) User-friendly metrics to reinforce the transfer of 

knowledge from academia to practice; (ii) Intuitive interpretation of the spatial metrics’ 

results.  

 

First, since land use mixing refers to the closeness and mixing of land use activities, 

the spatial metric interspersion and juxtaposition index (IJI) was selected (Table 1). 

Higher IJI values show that distances between land use activities are more 

homogenous and shorter. Second, Shannon diversity Index (SHDI) was selected to 

measure land use diversity. Higher Shannon values mean a greater number of 

different land use activities in a specific space. Third, the spatial metric aggregation 

index (AI) was selected to study the land use characteristic of green areas 

connectivity. Again, higher AI values mean higher contiguity of green places for 

transiting.   

 

 

 

 

 

 

 

 



 

Table 1. Detailed description of the selected spatial metrics (based on McGarigal et 
al., 2012) 

 
Land use 

characteristics 
Spatial 
metric Equation Unit Description 

Land use mixing 

 
Interspersion 
and 
juxtaposition 
index (IJI) 

𝐼𝐼𝐼𝐼𝐼𝐼 =
−∑ ��

𝑒𝑒𝑖𝑖𝑖𝑖
∑ 𝑒𝑒𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
𝑘𝑘=1

�𝑙𝑙𝑙𝑙�
𝑒𝑒𝑖𝑖𝑖𝑖

∑ 𝑒𝑒𝑖𝑖𝑖𝑖
𝑖𝑖𝑖𝑖
𝑘𝑘=1

��𝑚𝑚
𝑘𝑘=1

𝑙𝑙𝑙𝑙(𝑚𝑚−1)
  

 
where eik is the total length (m) of the edge 
in landscape between patch types (classes) 
i and k. On the other hand, m is the number 
of patch types (classes) present in the 
landscape, including the landscape border, 
if present.  

Percent 

IJI >0.  
 
IJI equals minus the sum of the length (m) of each unique 
edge type involving the corresponding patch type divided 
by the total length (m) of edge (m) involving the same type, 
multiplied by the logarithm of the same quantity, summed 
up over each unique edge type; divided by the logarithm of 
the number of patch types minus 1; multiplied by 100 (to 
convert to a percentage). In other words, the observed 
interspersion over the maximum possible interspersion for 
the given number of patch types.  

Land use 
diversity 

Shannon 
diversity 
index 
(SHDI) 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  −∑ (𝑃𝑃𝑖𝑖 ∗ 𝑙𝑙𝑙𝑙𝑃𝑃𝑖𝑖)𝑚𝑚
𝑖𝑖=1   

 
where Pi is the proportion of the landscape 
occupied by patch type (class) i. 

None 

SHDI >0.  
 
It increases as the number of different patch types 
increases and/or the proportional distribution of area 
among patch types becomes more equitable. 

Green areas 
connectivity 

Aggregation 
index 
(AI) 

𝐴𝐴𝐴𝐴 = � 𝑔𝑔𝑖𝑖𝑖𝑖
𝑚𝑚𝑚𝑚𝑚𝑚𝑔𝑔𝑖𝑖𝑖𝑖

� 100  
 
where gii is the number of like adjacencies 
(joints) between pixels of patch type (class) 
i based on the single-count method; max gii 
is the maximum number of like adjacencies 
(joints) between pixels of patch type (class) 
i based on the single-count method.  

Percent 
AI increases as the focal patch type is increasingly 
aggregated and equals 100 when the patch type is 
maximally aggregated into a single, compact patch. 

 
 
3.3. Application of spatial metrics: the moving-window method 

We employed the moving-window method (Diaz-Varela et al., 2009). A rectangular 

window was passed over every cell in the grid dataset (all cells inside the 500 m 

around the LRT were of interest. See Section 3.1). Within each window, each 

selected metric is computed and the value returned to the focal (centre) cell. Every 

central pixel of the output thematic map records a metric value of land use mixing, 

land use diversity and green areas connectivity. New thematic maps were produced 

during the analysis, showing the results from spatial metric (Figure 4).  

 

 

 

 

 

 



 
Figure 4. Moving-window method applied to the Granada case study  

 
A methodologically crucial issue in using the moving-window computed metrics is the 

window size (Diaz-Varela et al., 2009). The use of different window resolutions (e.g. 

Wu et al., 2011) or even different scale maps (Aguilera et al., 2014) can affect the 

results obtained from the selected spatial metrics; therefore, the smallest possible 

window size should be applied in order to limit the scale dependency of the results. 

Inspired by Diaz-Varela et al. (2009), the spatial metric SHDI was used to determine 

the window size.  

The dissimilarity (S) observed between the maps obtained from different windows 

sizes (100 m, 200 m, 300 m, 400 m and 500 m) was analysed using the following 

equation: 

S =
M500 − Mi

[Perc75−500 − Perc25−500] 

 

 



 

where M500 is the median value of SHDI index for a map generated with a 500 m Ø 

window; Mi is the median value of SHDI index for a map generated with other 

windows; and Perc75−500 − Perc25−500 is the deviation of SHDI index value for a map 

generated with a 500 m Ø window. Because S expresses the difference among the 

results obtained, the observation of marked changes in S indicates differences in the 

response of spatial metrics to the window size. Changes in the values of S were 

studied according to the following equation: 

pi =  �
∆Vi
∆Wi

� − 1 

∆Vi is the percentage increase in the values of S with respect to its maximum value 

with each change in window size (hence, the change in scale); ∆Wi is the percentage 

increase in moving window sizes, and i is each increment in scale. Pi shows the 

variation of the slope of the curve of S, hence pi >0 would imply a variation in 

dissimilarity that is more than proportional with respect to scale (window size), and pi 

<0 is a variation that is less than proportional with respect to scale. Thus, at least two 

different domains of scale could be defined: one domain in which pi>0, where the 

moving window only detects local effects, and furthemore is very scale dependent, 

and another domain in which pi<0, where the heterogeneity trend is progressively 

less dependent on window size, thus showing a tendency towards self-similarity in 

the response of heterogeneity across scales.  

In sum, the change in the tendency of pi would determine the minimum window size. 

In our particular case study, pi was < 1 for a moving-window size of 400 m (p400 = -

0.05). This means that the minimum moving-window size to avoid effects associated 

with high scale dependency is 400 m. Since the analysis of spatial metrics that cover 

an area around the corridor is equivalent to 500 m, due to the decay-distant effect of 

LRT in urban contexts (Hass-Klau and Crampton, 2005; Vuchic, 2005), the moving 

window size was finally set at 500 m. 

3.4. The identification and mapping of LUT strategies on LRT corridor 

The data analysis included frequency analysis and non-parametric descriptive tests. 

During the first step, frequency analyses distributed the values for each spatial 



metric into three groups of percentiles: i) values<perc.25 for low values; ii) 

perc.25>values<perc.75 for medium values; iii) values>perc.75 for high values.  

Subsequently, the application of “If…Then…” rules on the obtained results identified 

suitable locations on the corridor for each of the three LUT strategies. When the 

results of two of the three considered spatial metrics were high (>perc.75), these 

locations would be classified as suitable for the strategy based on ”proximity 

dynamics and non-motorised modes”. When the results of two of the three spatial 

metrics were low (<perc.25), those spaces would be classified as suitable for 

promoting a “modal shift from cars to LRT”. Lastly, when the results of two of three 

spatial metrics were neither high (>perc.75) nor low (<perc.25), these locations are 

deemed suitable as “shared spaces between motorised and non-motorised modes”  

 

3.5. Methods for the validation of spatial metrics  
 

The validation of the usability and outcomes of the spatial metrics will be based on 

the active involvement of practitioners. This part of the research focuses on 

responding to questions such as: could spatial metrics work (or they could not work) 

in transport practice? and why. Based on the experiences and reflections of 

practitioners, we can further discuss the main strengths and shortcomings of spatial 

metrics in the case study.  

To address this, both surveys and semi-structured interviews with practitioners were 

conducted (Bryman, 2008). In total, 10 practitioners were asked to participate in this 

phase of the research. They were divided into 3 groups: (i) transport planners (4 

participants); (ii) land use planners (4 participants); (iii) Policy-makers (2 participants). 

Aspects such as age and the level of experience in the field were taken into 

consideration in order to preserve the right variability. The participation of each 

practitioner consisted of: 

(i) Phase 1 - Pre-interview and “ex-ante” survey: stakeholders were 

contacted by researchers twice (via telephone, skype and e-mail). First, 

the research and the interview themes were introduced to them. Second, 

they filled out an “ex-ante” survey on the use of traditional spatial 

indicators without using spatial metrics. The content of the “ex-ante” 

survey can be consulted in Appendix A.  



(ii) Phase 2 – Training session (15-20 min): Researchers showed 

practitioners what spatial metrics are and how they could be included in 

transport practice. To do that, a video (prepared for the particular case) 

and illustrations from mobility-plans in the context of Spain were used as 

support material2.  

(iii) Step 3 – Interview (20-25 min): Researchers asked practitioners to 

respond to a set of generic questions related to the spatial metrics’ 

usability in the transport sector, as well as their outcomes in the context of 

Granada. Clarifications of why and how were also made in order to focus 

the participants’ responses on the main aim of the research. Specifically, 

the following five general questions were formulated: 

a. General perception: What is your general perception of the 

effectiveness of spatial metrics in transport practice? 

b. Usability: How usable can spatial metrics be in transport practice? 

c. Outcomes: Do you think that the outcomes of spatial metrics have 

mapped appropriately the land use characteristics such as land use 

mixing, land use diversity and green areas connectivity in the 

context of Granada? And in the context of LUT strategies?   

d. Final remarks: What are the main strengths and weakness that you 

have perceived? 

(iv) Step 4 – “Ex-post” survey: participants filled out an “ex-post” survey on the 

potential of spatial metrics in the current state of transport practice. The 

content of the “ex-post” survey can be consulted in Appendix A. 

Two complementary types of measures were employed to validate the spatial 

metrics: (i) the comparison between “ex-ante” and “ex-post” surveys summarising 

and ranking the participant’s perceptions; (ii) an in-depth discussion with participants 

about their experiences of the process. The combination of these two 

complementary types of measures provides us with the construction of narratives on 

the usability and the outcomes of spatial metrics in the case study.  

  
                                                           
2 A translation into English from the original video (in Spanish) used during the validation of spatial metrics can be 
consulted in the following link: https://goo.gl/pfV0ES 

 

https://goo.gl/pfV0ES


4. Results 

4.1. Results according to each spatial metric 

 

The first spatial metric to be analysed was the Interspersion and juxtaposition index 

(IJI). It was used to explore the land use mixing on the LRT corridor. IJI is measured 

in percentages (Figures 5 and 6). The median of IJI in the corridor was 43.2%, the 

perc.25 was 32.5% and the perc.75 was 51.8%. The lowest IJI values (IJI < perc.25 

were found in locations that displayed either very strong residential activities or a 

weak mix of residential with other land use activities. The density of dwellings in 

these areas was the highest in the entire corridor (between 95 and 300 dwellings/Ha). 

Two relevant patterns were identified: i) places with the lowest IJI values in the 

municipality of Granada were located more than 200 m from a LRT stop; ii) places 

with the lowest IJI values in the other municipalities (fundamentally, Maracena and 

Armilla) were located at distances of less than 200 m from a LRT stop. This finding 

can be explained with the layout of the LRT, the Municipality of Granada tried to 

optimise the location of LRT stops in places where the population can reach a wider 

range of activities at shorter distances. However, the criterion followed by the funding 

institutions in the other municipalities was to connect their town centre (fewer land 

use activities, but more residents) with the municipality of Granada (the 

administrative capital of the region). The town centres of Maracena (LRT stops 

Anfiteatro and Blas de Otero) and Armilla (LRT stops Nevada and Granada) are 

such examples, along with the LRT stops Caleta and Recogidas in the centre of the 

transport corridor in the municipality of Granada. Second, the highest IJI values (IJI > 

perc.75) were mainly located in the municipalities of Granada and Albolote. In both 

municipalities, the obtained results were higher than its perc.75 in distances shorter 

than 200 m to LRT stops. This is especially significant for the Campus de la Salud 

stops, which have the highest concentration of land use activities accessible on foot 

(LRT stops Los Carmenes, Campus Salud I and Campus Salud II).  

 

The second spatial metric is the Shannon diversity Index (SHDI) which was used to 

measure land use diversity (Figures 5 and 6). SHDIhas no specific units. The median 

of SHDI in the corridor was 1.24, the perc.25 was 0.95 and the perc.75 was 1.47. As 

did occur with IJI, SHDI had its lowest values (SHDI < perc.25) in the municipalities 



of Maracena and Armilla, at distances shorter than 200 m, where the density of 

dwellings was always higher than 128 dwellings/Ha and the percentage of 

commercial facility activities was lower than 23%. However, in the municipalities of 

Albolote and Granada, values of SHDI < perc.25 were scarcely found. In these 

places, the density of dwellings was always between 60 and 150 dwellings/Ha and 

the percentage of commercial facility activities was higher than 30%. Regarding the 

values of SHDI > perc.75, these values were found fundamentally in the city of 

Granada, mainly concentrated around the LRT stops Villarejo and Caleta, which are 

close to public facilities with important presence (e.g. hospitals, public administration 

and government offices, schools, university campus, etc.) and commercial activities 

(e.g. small shops, bars, etc.). Other important locations along the corridor, where 

SHDI showed values higher than its perc.75, were between the LRT stops Hípica 

and Campus de la Salud. This can be explained by the high concentration of 

commercial activities (small and large shops and leisure venues such as bars and 

sports facilities), as well as the incremental expansion of the university into the so-

called Campus de la Salud over the past year.  

 

The third and last spatial metric was the green areas aggregation index (AI), which 

analysed the connectivity of green areas, measured in percentages (Figures 5 and 

6). The median of AI in the corridor was 84.3%, the perc.25 was 81.97% and the 

perc.75 was 85.89%. On the one hand, the lowest values of AI (AI < perc.25) were 

always found in the historical centres of the 4 municipalities (Albolote, Armilla, 

Granada and Maracena) where the density of dwellings is the highest in the corridor 

(>125 dwellings/Ha), for example, around the LRT stations Jacobo Camarero, 

Anfiteatro, Estación Renfe and Poniente. This is mainly due to the fact that the 

promotion of green areas in the historical cities has been limited by the existing built 

environment in the municipalities. The highest AI values (AI > perc.75) were found in 

areas developed from the 1970s onwards, when green areas and the city’s 

environmental qualities became much more important. The highlighted LRT stops 

included Palacio de Deportes and Campus de la Salud in the south of the Granada 

municipality, as well as in the north of the city around the LRT stop Cerrillo de 

Maracena 

 



 

Figure 5. 3-D representation of the obtained results for each spatial metric

 



 

Figure 6. Frequency analyses distributed into three percentile groups  

4.2. Identification of locations for the LUT strategies 

The obtained results from each spatial metric were combined using the “If…Then” 

rules (see section 3), allowing us to map the suitable areas according to the following  

three LUT strategies: (i) proximity dynamics and non-motorised modes; (ii) modal 

shift from cars to LRT; (iii) shared spaces between motorised and non-motorised 

modes. Figure 7 summarises the obtained results.  

 

Suitable locations for “proximity dynamics and non-motorised modes” were found 

around the LRT stops Jacobo Camarero (municipality of Albolote), between the 

stops Cerrillo de Maracena and Estación de Autobuses, between the stops Mendez 

Nunez and Rio Genil, and between the stops Palacio de los Deportes and Campus 

de la Salud (municipality of Granada). In these places, residents can cover the 

majority of their daily needs (working, shopping, leisure, etc.) on foot or with public 

transport. Cars and other motorised transport are not essential and walking could 

become a recurrent activity as a travel mode. With green spaces and low levels of air 

pollution, these locations provide children and aged people with good conditions for 

leisure and socialising activities. 

 



 
Figure 7. Strategies mapped through spatial metrics results. Left: grid dataset from 

the combination of spatial metrics following “If..then…” rules. Right: translation of the 
mentioned grid dataset into the urban configuration of the case study 

 
Two main areas were identified for the “modal shift from cars to LRT”, located at the 

north (municipalities of Albolote and Maracena) and south portion of the corridor 

(municipality of Armilla). The former is around the LRT stops Juncaril and Anfiteatro, 

while the latter is around the stations Nevada and Poniente. Essentially, these are 

purely residential places where people can meet their daily-shopping needs with 

difficulty. The absence of open spaces, poor air quality, and high noise levels, make 

these areas less desirable for leisure activities. 

The third transport strategy, “shared spaces between motorised and non-motorised 

modes”, would be applied in all other areas that are not covered by the previous two 

strategies. It is especially relevant in the municipalities of Maracena and Armilla (the 

LRT stops Blas de Otero and Poniente), as well as in some parts of the city of 

Granada (LRT stops Argentinita and Villarejo). Both a reduction of traffic as well as 

promotion of pedestrian and cycling infrastructure would be pursued. 

 



4.3. The validation of spatial metrics according to the perception of the practitioner  

GENERAL PERCEPTION 

The findings from the practitioners’ views showed different results on the usability 

and outcomes of spatial metrics (Figure 8). A vast majority of participants (80%)  

agreed that the incorporation of spatial metrics in the transport decision-making 

process could be very promising to achieve a more effective integration of land use 

and transport. In the voice of practitioners, “spatial metrics seem to be more effective 

than the traditional method used in daily practice. In particular, spatial metrics can 

provide us with a useful instrument to study very relevant land use characteristics for 

designing LUT strategies, which are frequently unexplored in daily practice, such as: 

land use mixing and land use diversity”. The group of transport planners were the 

most enthusiastic in this respect, highlighting that “the grids generated by spatial 

metrics were very intuitive, facilitating a better understanding of urban phenomena 

associated to transport planning”. However, the group of policy-makers seemed to 

be the most sceptical on the potential incidence of spatial metrics to successfully 

integrate land use and transport, signalling that “although spatial metrics showed 

very accurate information on the case study’s land use characteristics, traditional 

indicators, e.g. buffers to public transport stations, can provide us with a similar 

knowledge on land use characteristics impacting on the transport sector.” Meanwhile, 

the group of urban planners signalled that “the potential of spatial metrics is during 

earlier phases of the transport planning process, when strategic decisions should be 

taken into consideration”. 

THE USABILITY OF SPATIAL METRICS 

The usability level of spatial metrics received the lowest rating by practitioners 

(Figure 8). In total, 70% participants agreed that traditional indicators were more 

user-friendly than spatial metrics were. Four main shortcomings can be summarised 

among participants’ views. First, more than 60% of participants highlighted that the 

cartographic sources provided by institutions had to be manipulated before the 

application of spatial metrics. This was a consequence of the vertical variability of 

land use activities in urban areas, impeding a straightforward use of spatial metrics. 

Second, for 85% of practitioners it seemed problematic that specific free software 

was needed to process the spatial metrics, even though the used software was 

totally free. Third, 70% of participants saw the spatial metrics catalogue as having 



too much complexity, reclaiming a specific catalogue that exclusively incorporates 

useful spatial metrics for transport practice. Fourth, it was perceived that the 

application of spatial metrics in transport practice could be a highly time-consuming 

process. 

 

THE OUTCOMES OF SPATIAL METRICS 

The participants’ views showed different results on the consideration of the 

outcomes of spatial metrics (Figure 8). While the grids of land use mixing and land 

use diversity were highly rated by more than 70% of participants, the grid of green 

areas connectivity received the lowest rating. Nevertheless, a vast majority of 

participants (80%) agreed that the three spatial metrics used were very appropriate 

for the study of land use mixing, land use diversity and green areas connectivity, as 

well as they recognised that the areas mapped by each strategy corresponded quite 

well to the real context of the Granada LRT corridor. Most of the participants 

signalled that “spatial metrics seemed to be a very relevant contribution in how to 

measure and map land use mixing and land use diversity, offering additional insights 

into the design of LUT strategies”. They indicated that “although the importance of 

land use mixing and land use diversity is huge for LUT strategy-making, there is a 

lack of indicators to measure those land use characteristics. In this respect, spatial 

metrics can be a new and fresh approach”. However, most of the participants, and 

fundamentally the group of urban planners, considered that “the used spatial metric 

to map green areas connectivity did not give any additional support to the existing 

indicators in daily practice”.  

 



 

Figure 8. Practitioner perceptions of the effectiveness of spatial metrics  



Concerning the use of spatial metrics to define the following three LUT strategies: (i) 

proximity dynamics and non-motorised modes; (ii) modal shift from cars to Light Rail 

Transit system; (iii) shared spaces between motorised and non-motorised modes, 

more than 75% of participants agreed that the location of the three spatial metrics 

along the corridor “makes sense according to the real characteristic of the 

metropolitan area of Granada and its LRT corridor”. Accordingly, they signalled that 

“the cited locations and the spatial metrics’ results in Granada could be a good 

starting point for discussing more in-depth effective LUT strategies in the corridor”. 

However, there was unanimity in saying that “the design of LUT strategies not only is 

dependent on land use characteristics, but other social and economic factors are 

also very important”. In this respect, participants concluded that “spatial metrics can 

be one of the tools used to elaborate LUT strategies, but should not be the only one”. 

5. Conclusions and discussion 

More effective actions that facilitate the integration between land use and transport 

should be taken sooner, rather than later, at both technical and planning process 

levels, as LUT visions are frequently absent in daily practice. Accordingly, this paper 

aimed at providing additional insights into this knowledge-practice gap by examining 

the following research questions: How could spatial metrics be integrated into LUT 

strategy-making, and how do practitioners consider their usability and outcome for 

spatial planning practice?  Potential answers were explored by applying three 

specific spatial metrics (interspersion and juxtaposition index; Shannon diversity 

index and aggregation index for green areas) to the case study of the LRT corridor in 

the metropolitan area of Granada (Spain). Furthermore, practitioners were involved 

to assess the usability and outcomes of such spatial metrics. The obtained results 

described along this paper demonstrate two interesting tiers of findings: (i) the 

suitability of spatial metrics to translate the existing connections between land use 

and transport into a more intuitive language for the practitioners; (ii) the potential 

limitations of spatial metrics to be used in current transport practice.      

 

First, moving-window spatial metrics proved to be a very helpful technical solution for 

analysing and mapping a set of land use characteristics (land use mixing, land use 

diversity, and green areas connectivity). Moreover, practitioners signalled how the 

combination of the spatial metrics’ results could be very useful as a starting point to 



discuss the location of three potential LUT strategies in the LRT corridor of Granada. 

While an effective transfer of knowledge from academia to practice has been 

scarcely achieved in LUT strategy-making (e.g. Ewing and Cervero, 2012; Jones et 

al., 2007; Pitombo et al., 2010), an improvement in the LUT spatial perspective for 

transport practice was observed by practitioners through the use of spatial metrics. 

This is fundamentally relevant in the context of emergent communicative transport 

planning paradigms, based on interaction and debate between the professional 

groups involved (Wilson, 2001). In this respect, spatial metrics can be recognised as 

promising instruments to bridge the major gap between the explicit knowledge 

(formal education and the dominant epistemological framework) and tacit knowledge 

(personal experience gathered in a specific context and time) of professional groups 

involved in LUT strategy-making (Te Brömmelstroet and Bertolini, 2010). According 

to participants, spatial metrics provided end-users with both quantitative information -

frequently desired by transport planners- about different land use characteristics (e.g. 

specific quantifiers of land use patterns) and qualitative information, which is more 

preferred by urban planners (e.g. the spatial distribution of such spatial 

characteristics on the corridor). Further experiments to test how spatial metrics can 

reinforce a more communicative approach in transport planning would be timely and 

relevant. 

 

The second tier of findings focuses on the contested usability of spatial metrics 

according to the practitioners’ perceptions. The usability problems highlighted in the 

study are similar to other LUT tools, such as accessibility indicators and Planning 

Support Systems (e.g. Soria-Lara et al., 2015; Marquet and Miralles-Guasch, 2015; 

Te Brömmelstroet, 2010; Vonk et al., 2005). Firstly, one specific problem of spatial 

metric is how to capture the vertical variability of land use activities in urban areas. 

This was undertaken by the definitions within the ad hoc cartographic legend in this 

study. The solution was seen as a barrier by practitioners, who declared problems of 

subjectivity in the cartographic definition, as well as being a highly time-consuming 

process. Inspired by the Structural Accessibility Layer, as proposed by Silva (2013), 

a suggestion to improve this barrier can be the implementation of spatial metrics 

according to vertical layers of land uses. Those vertical layers should be later 

combined into a unique value.. Secondly, the need to use specific software is also 

seen as a crucial shortcoming for practitioners. Suggestions to overcome this aspect 



can be based on studies related to the application of Planning Support Systems to 

LUT strategy making (Te Brömmelstroet and Bertolini, 2008). Progress should be 

based on the development of a tool with the ability to be implemented in free GIS 

software, while being flexible, user-friendly, transparent and having high 

communication value. Furthermore, it seems convenient that the tool can include a 

catalogue of specific spatial metrics interested for LUT strategy-making. The test of 

the aforementioned innovations in “experiential workshops” that represent “close-to-

real-life” LUT strategy-making process, as well as in real transport project across 

different planning systems, could provide more robust findings on the level of 

usability of spatial metrics.   
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APPENDIX A 

EX-ANTE EVALUATION EX-POST EVALUATION 

General perception on spatial metrics  

 
-Please indicate what are the main indicators/metrics 
that you use in transport daily practice to analyse the 
following land use characteristics: land use mixing; 
land use diversity; green areas connectivity: 
 
 
How effective are traditional indicators/metrics that 
you frequently use in transport practice to analyse 
land use characteristics such as: land use mixing, 
land use diversity and green areas connectivity?  
 
 

Very poor:  1   2   3   4   5 : Very good 
 

 
 
 
 
 
 
 
 
How effective can spatial metrics be in transport practice 
to analyse land use characteristics such as: land use 
mixing, land use diversity and green areas connectivity?  
 
 
 

Very poor:  1   2   3   4   5 : Very good 
 

Block 1: The usability of spatial metrics 

 
How usable are traditional indicators/metrics that you 
frequently use in transport practice to analyse land 
use characteristics such as: land use mixing, land 
use diversity and green areas connectivity? 
  
 

Very unusable:  1   2   3   4   5:  Very usable  
 
 
 
 

 
How usable can spatial metrics be in transport practice 
to analyse land use characteristics such as: land use 
mixing, land use diversity and green areas connectivity? 
 
 

 
Very difficult:  1   2   3   4   5:  Very easy 

 
 
 

Block 2: The outcomes of spatial metrics:  

 
How appropriate are traditional indicators/metrics that 
you frequently use in transport practice to map land 
use mixing?  
 
 

Very poor:  1   2   3   4   5:  Very good 
 

 
How appropriate are traditional indicators/metrics that 
you frequently use in transport practice to map land 
use diversity?  
 
 

Very poor:  1   2   3   4   5:  Very good 
 

 
How appropriate are traditional indicators/metrics that 
you frequently use in transport practice to map green 
areas connectivity?  
 
 

 
How appropriate are spatial metrics in transport practice 
to map land use mixing?  
 
 

 
Very poor:  1   2   3   4   5:  Very good 

 
 
How appropriate are spatial metrics in transport practice 
to map land use diversity?  
 
 

 
Very poor:  1   2   3   4   5:  Very good 

 
 
 How appropriate are spatial metrics in transport practice 
to map green areas connectivity?  
 
 

 



Very poor:  1   2   3   4   5:  Very good 
 
 
 
How appropriate are traditional indicators/metrics that 
you frequently use in transport practice to map 
transport strategies?  
 
 

Very poor:  1   2   3   4   5:  Very good 
 
 
 

Very poor:  1   2   3   4   5:  Very good 
 
 
 
How appropriate are traditional spatial metrics to map 
transport strategies?  
 
 
 

Very poor:  1   2   3   4   5:  Very good 
 
 

Which transport strategy (proximity dynamics and non-
motorised ) 
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