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Abstract: Many applications in Urban Boundary Layer (UBL) air quality studies, e.g. using mesoscale and air quality 

simulation models, require an urban area characterization. This can be based on morpho-metric parameters calculation, 

used to compute fluid dynamic parameters on the basis of empirical equations derived in laboratory. When used in a 

real context, mean representative morphometric values have to be computed. We here show how adaptive grids can 

better represent roughness elements with respect to regular ones, which are often used in literature. We considered here 

a street graph derived grid, in order to isolate single buildings or, at least, a small group of buildings. Through a Digital 

Surface Model analysis, it is possible to get a statistic of main morpho-metrics, such as the mean height, Plan Area 

Index (𝜆𝑝), Frontal Area Index (𝜆𝑓) and various types of Aspect Ratio for canyon characterization (𝐴𝑅). Once the 

elementary components of urban texture has been marked, they can be grouped together following a spatial-nearness 

criterion, based on similar values of the parameters or on the date of construction of the buildings. In this paper, the 

target is to study if homogeneous date of construction and/or architectural type of buildings correspond to similar values 

for the above-mentioned parameters. As a case study, we considered two areas in the Italian towns of Rome and 

Cagliari, areas with similar characteristics in this sense, both being included in second post-war period typology. In 

other words, we investigate the possibility to associate typical values for morpho-metric parameters to buildings of the 

same historical period and with similar architectural characteristics.  

 

INTRODUCTION 

Air quality and city breathability are an important and current topic (e.g., Mi et al. 2019 and Miao and Liu 

2019) and, as it is well known, a poor environmental air state has damaging effects on human health and 

well-being (Dockery et al. 1993). Moreover, it is important to mention potential architectural heritage 

damages caused by a pollutant stressful environment (Striegel et al. 2003). 



As a consequence, the scientific community has recently developed methods and practices to analyse urban 

air quality (Chen et al. 2011, Soulhac et al. 2017, Blocken 2015). The direct monitoring of pollutant levels 

in cities can be difficult, expensive and, in any case, able to show only a partial information with respect to 

the whole extension of an urban texture. Because of those disadvantages, a modelling approach has been 

established in order to predict aerodynamic quantities and pollutant concentrations also where pollution is 

not monitored, or measurement cannot be achieved due to technical and practical reasons (Soulhac et al. 

2017).  

With the aim to characterize in depth the surrounding area of a specific site under investigation, reliable 

and detailed description and parameterisation are essential. Modelling the average effect of urban canopy 

in large-meso-scale problems is a critical issue, and it  should be treated carefully especially in case of 

unstable and convective boundary layers, in which more complex spatial structures may arise even in the 

case of flat terrain (Badas and Querzoli 2011). Eventually, the positive effect of an adequate 

characterization for these purposes has been widely demonstrated (Salamanca et al., 2010; Chen et al., 

2011). Moreover, a detailed characterisation of the urban areas is fundamental for microscale models too. 

Here the proper description of the urban context is still necessary for setting the urban roughness length in 

the larger area surrounding the target one, which are not explicitly modelled although included in the 

simulation domain, as well as to define appropriate approaching wind boundary condition (Gousseau et al. 

2011; Petenko et al. 2011; Pelliccioni et al. 2015; Blocken 2015). 

Appropriate parametrization are also necessary to set an averaged effect of urban canopy on air flow 

turbulent structures in pollutant dispersion on urban scale modelling (Chen et al. 2011b), which can be very 

complex, due to the nonlinear processes involved as well as to land heterogeneities, especially in urban 

context (Arnfield 2003; Pelliccioni et al. 2016). The study of appropriate parametrization and their 

implications on the urban ventilation and pollutant dispersion is useful to define better urbanistic protocols 

and practices, and it might help to shape the built environment considering aerodynamic and air quality 

topics (Shen et al. 2017; Salvati et al. 2019).  

Urban canopy parameterization and fluid dynamic parameters are generally developed on the basis of 

simple urban configurations, considering the urban canyon as fundamental unit. The broad division of urban 

canopy models, used in large scale numerical simulations, into single-layer (e.g., Masson, 2000) and multi-

layer (e.g. Martilli et al., 2002) models, leads to the conclusion that studies performed on simple 

configurations, including two-dimensional urban canyons, are valuable (Ferrari et al., 2016; Badas et al., 

2017; Garau et al., 2017; Ferrari et al., 2017; Garau et al., 2018; Badas et al., 2018, Garau et al., 2019). 

It is possible to derive fluid-dynamics parameters, necessary for the above discussed applications, through 

empirical equations which involve morpho-metric ones (Grimmond and Oke 1999). We show here a 

summary of the main parameters defined for urban characterization, which completely describe an urban 

texture: 

 Mean buildings height (𝐻) is the average of the discretized height data within a polygon which 

defines building boundaries; 

 Plan area index (𝜆𝑝) is the built to total area ratio in a planar projection, within a certain extension; 

 Frontal area index (𝜆𝑓) is the ratio between the frontal building area referring to a specific wind 

direction and the total planar projection of a defined extension; 

 Canyon Aspect Ratio (ARc) is the ratio between canyon width and building height; 

 Building Aspect Ratio (ARb) is the ratio between canyon building width and building height. 

We investigated if it is possible to associate a certain set of parameters values to a specific building period 

and/or architectonical style.  

CASE STUDY 

As a comparative case study, the choice of two zones with similar construction date is necessary. With this 

purpose, we have considered two areas in two Italian cities: an area in Cagliari, slightly further north than 

“San Benedetto” neighbourhood (hereinafter A1), and an area in Rome, nearby “Piazza dei Re di Roma” 

and between “Tuscolana” street and “Appia” street (hereinafter A2). Both these areas are characterized by 

modern-regular architectonical buildings, dated second post-war years (according to available data on 

“UrbisMap”).  

 



Figure 1. The two areas chosen for comparison. (a): Cagliari study area A1; (b): Rome study area A2. 

Table 1. Comparison of the basic morpho-metric parameters of two areas under investigation (A1: Cagliari; A2: Rome) 

Site Mean Height [m] Height standard  deviation [m] Plan Area Index [-] 

A1 17,78 10.44 0,587 

A2 21,47 10.02 0,613 

The comparability of the two zones is highlighted also by the similarity of the basic morpho-metric 

parameters (such as 𝐻 or 𝜆𝑝), reported in Table 1. Figure 1 displays the planimetric views of the two areas. 

METHODS 

Getting information about urban textures implies to manage geographical data and often to pre-process 

them in order to achieve the right form of the dataset (depending on the investigated city, a different type 

of representation could be found). Moreover, this kind of data elaboration allows the definition of specific 

morpho-metric parameters, which are supposed to be representative for the urban environment in an aero-

dynamic sense (Grimmond and Oke 1999). Starting from discretized information on building heights, it is 

possible to determine zonal statistics for some key parameters, as proportions and distances between 

buildings (Ratti and Richens 2004). This kind of information are available on national or local datasets, e.g. 

“Sardegna Geoportale” for the Cagliari case. When the street graph representation is available, it can be 

very useful especially to calculate 𝜆𝑝 on an arbitrary town-subpart, and to study 𝜆𝑓 as a function of the wind 

direction. As shown in previous studies, the use of the adaptive grid instead of the regular one, is better 

(Badas et al., 2019).  

RESULTS AND DISCUSSION 

Results show how parameters values in area A1 and A2 are comparable. Referring to 𝜆𝑓, we obtained mean 

values (computed as averaged values on the whole extension and among all wind directions) of 0.210 [-] 

for A1 and 0.205 [-] for A2. Obviously, 𝜆𝑓 value for different directions is an important aspect, as well as 

the mean value. Figure 2 shows the polar diagram of frontal area index on the two zones: even if the 

principal direction is different in two cases, approximately the same trend can be detected. The difference 

between maximum and mean value is similar, too (9% for A1 and 12% for A2, normalized with respect to 

the mean value). 

Figure 3 shows the probability density function for the two areas of two different types of aspect ratios, 

namely 𝐴𝑅𝑐 and 𝐴𝑅𝑏: it can be noticed how the form of the two distributions is very similar, and the modal 



value can be detected in a short range for both of 

them. In particular, modal values are smaller than 

the unitary ratio, and for building aspect ratio it 

can be detected in proximity of 0.5). 

CONCLUSIONS 

This study is a first step to define and test possible 

methods to get morpho-metric parameters on a 

region of interest for aerodynamic, micro-climate 

and pollutant dispersion analyses. The adopted 

case studies show how it is possible to derive a 

characterization based on the knowledge of built 

date of the chosen urban zone. Main results show 

how, for the case study, the date of construction 

similarity is reflected into a morpho-metric 

parameters comparability too. Obviously, to 

achieve a precise correlation more efforts are 

necessary, but this two areas comparison 

highlights this feasibility. As a consequence, we are currently performing an extended study on the same 

parameters on various areas in the same two cities, in order to understand if a quick determination of values 

to use in studies and simulation, as above discussed, can be reached. The target would be to get an important 

simplification to the entire process, as well as a more detailed and pertinent results in simulations, based on 

more realistic input parameters, which better represent the larger area into the smaller one is included. This 

is important in order to improve our prediction capability, e.g. in the data extension process starting from a 

few monitored points, and our urban environment aerodynamic phenomena comprehension, allowing a 

better urbanistic practice in this sense. 

                   

Figure 3. ARc (a) and ARb (b) probability density functions for the two different investigated areas. 
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