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ABSTRACT: The design of open space in the city is primarily based on systems of relationships that, in the case of 

public space, often do not deal with physical elements of a specific shape, volume, size. 

It is a space  composed of air, and underground infrastructure running through green elements, fences and 

thresholds. These elements are often not visible, but offer quality, liveable urban spaces. 

The complexity of energy and environmental phenomena demands an integrated approach to their analysis and 

resolution. The environmental/architectonic section seems to be the most appropriate tool. It should be used in a 

repetitive, continuous mode throughout the urban area, along with environmental cross-sectional tomography, in 

order to manage urban project requalification. Tomography is a method of exploring a phenomenon through a large 

number of perspectives. The sections, repeated at close range, explore deep into and above the earth, measure 

distances and heights, determine relationships between what is immaterial and material and define the intrinsic 

qualities of individual objects. Environmental tomography applies this approach to the study of urban areas and can 

be considered a methodology of diagnostic practice for a new environmental strategy. 

In this paper, a preliminary evaluation of this new approach to planning is considered and some case studies are 

presented using a 3-D numerical simulation model (namely ENVI-met), which is able to extrapolate cross sections 

and evaluate the microclimate in urban structures and open spaces.  
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INTRODUCTION  

For many years a complex vision of urban design has 

challenged the unitary view of the phenomena of cities’ 

growth and development, beginning with an 

interpretation in a multidisciplinary manner: the theories 

of geographers, architects, engineers and sociologists 

have been involved to answer questions such as: how 

does the place affect the individual and the community? 

How can man change his environment? [1]. 

In recent years urban climatology has become a field 

shared between meteorologists (climatologists) and 

urban-architecture designers. Both have dealt for a long 

time with this issue in a number of different ways, 

including an analysis scale, relevant variables and the 

object of study [2]. Urban meteorology concentrated first 

on the urban heat island (UHI) and moved progressively 

to micro-scales as the urban geometry and urban form 

were found to be decisive in the UHI [3]. Attention was 

then directed towards understanding the surface-air 

energy exchanges and mass exchanges between the urban 

canopy and the overlaying boundary layer [4]. 

On the contrary, designers focused initially on the indoor 

climate of individual buildings, design strategies, and the 

resulting energy needs for maintaining internal comfort. 

Only in recent years have they attempted to apply that 

environmental approach to a larger scale, i.e., urban 

environments, to achieve environmental quality in urban 

open spaces, something that has become an important 

boundary condition for energy-saving design. 

In this respect, outdoor space appears as the interface 

between the urban and architectural scales, and it can be 

considered an active place between building envelopes. 

Hence, designing outdoor space can represent a key issue 

in a global approach to environmental urban design [5]. 

In this paper, a preliminary assessment of the 

Tomographic ENvironmental Section (TENS) 

methology, is conducted in order to identify the deep 

relationships between the urban open space and 

buildings. 

The shape of street canyons, open spaces and squares 

may influence both outdoor and indoor environments, 

e.g., the potential for passive solar gains inside and 

outside buildings, the permeability to wind flow for 

internal and urban ventilation, urban absorption versus 

reflectance of radiation, as well as the potential for 

cooling of the whole urban system. 

Two applications of the proposed methodology have 

been carried out in Rome (a central Italian city) in order 

to emphasize urban meteorology and its relevance to 

urban design and planning. 
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Tomographic ENvironmental Section (TENS) 

By definition, the tomographic imaging of objects 

offers the opportunity to analyse structural complexities 

without the need to invade the object. It can be 

considered a method of exploring a phenomenon through 

a large number of examples or perspectives. In medical 

tomography two-dimensional slices of a three-

dimensional organ are used to envision the organ itself. 

The same approach can be applied to study both 

meteorological dynamics and urban spaces. 

The contemporary city in many parts of the world, in 

contrast to the historic city, has left many areas without a 

plan, areas with a high potential to be used, but which are 

totally abandoned due to a lack of comfort. 

 What are the parameters that can define the 

qualities of an urban open space? 

 Is there a relationship between dimensional, 

formal and functional characteristics of an 

urban area and its climate? 

 Can a biunivocal relationship be established 

between perceptual (nonobjective) 

parameters arising from contemporary urban 

theories and scientific parameters arising 

from thermodynamic studies? 

 How can we transfer these qualities to urban 

sprawl? 

To identify a new and effective method of 

investigation, we have to start from the historical city, 

where, even if in a consolidated and almost unchangeable 

context, there are areas such as the riverbank areas of the 

great cities, which are still under-used although they have 

great economic value and play an important role in 

communication and relationships. 

The goal we set ourselves is to find a new tool to 

increase research aimed at the design of urban open 

spaces. This new tool will have to create relationships 

between the dimensional and functional data of open 

spaces accessible to everybody (such as squares, 

boulevards, streets and the climate and environmental 

conditions. 

Both of these values, estimates from different 

disciplinary approaches, can co-exist and find a melting 

point in the whole novel: an open space in the city that is 

habitable (size, function) and liveable (environmental 

wellness). 

If we take some of the most famous Italian squares as 

an example, they are very interesting from an 

architectural point of view, but are not very functional as 

they do not offer adequate climatic comfort and therefore 

do not compel users to remain there for a long time. 

A significant example is Piazza del Popolo in Rome; 

despite its exceptional beauty, it is rarely occupied or 

really experienced by its visitors, but is instead used as a 

crossing place. 

The space is too large and dilated, does not provide 

shade in the summer and is too windy in winter 

Moreover, the lack of feature attractions causes it to be 

inhabited only along the areas near the trident, where 

they form the fronts of buildings. 

 

Piazza Navona, however, represents a synthesis of 

function, size and environmental conditions, as happens 

in many Italian squares: the long sides (270 m) are 

alternately exposed to the east and west, so when one 

side faces the sun, the other side is shaded, except in a 

short summer period. 

The distance between the two sides is relatively small 

(55 m); the buildings are high enough to offer the right 

balance of shadow and sunshine. 

On the long sides are cafes and restaurants, which are 

often chosen by tourists for their exposure rather than for 

the intrinsic quality of the space. 

Three fountains are located at the center, south and 

north of the square, which play an important role in 

controlling climate. 

The Tomographic ENvironmental Section (TENS),  

is a tool that we have used to try to identify these 

relationships. It melts the urban open space with its 

physical limits and materials (buildings, walls, hollows, 

green elements), and tries to measure the sequence of 

climatic conditions, which can be determined as a result 

of even small modifications to the fabric and to urban 

fronts, such as an enlargement of a road, inlet, or 

intersection. 

In the vision of Franco Purini [6], an Italian architect 

and theorist, the urban landscape devoid of a regular 

structure finds in the “section’ its emblematic location, to 

which the contrast between light and shadow, the 

character suspended between the external and internal 

and the ambiguity between open and closed, gives a 

dramatic sensation”. 

It is a space composed of air and underground 

infrastructure running through green elements, fences 

and thresholds: “the section becomes the key tool to 

describe the project as a streamlined design vacuum 

according to the principle of inclusion. The 

interpenetration (between indoor and outdoor space) 

disguises the origin of the building, looks at a whole and 

cancels the boundary between spaces that no longer have 

(apparently) unconnected reasons for existence 

particularly the street and square, the heart of the city's 

public space, found in many insights, overlap 

hybridization solutions.” [7]. 

The complexity of energy and environmental 

phenomena demands an integrated approach to their 

analysis and resolution. TENS seems to be the most 

appropriate tool, because it can identify elements that 

often are not visible to the human eye, but which offer 

quality and make urban spaces liveable. 

With this tool, one can reach into the depth and 

texture of materials to calculate the climatic functions 

arising from thermal masses, air flow, and sun exposure. 
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The goal is not only qualitative synthesis, based on 

"urbanistic" or formal parameters, but also a new 

methodology, based on parameters that can be defined as 

“environmental”. 

TENS should be used in a repetitive and continuous 

mode along the urban cavity, along with environmental 

cross-sectional tomography in order to manage urban 

project requalification. Tomography is a method of 

exploring a phenomenon through a large number of 

perspectives. The sections, repeated at close range, 

explore deep into the earth and above, measure distances 

and heights, determine relationships between what is 

immaterial and material and define the intrinsic qualities 

of individual objects. Environmental tomography applies 

this approach to the study of urban areas and can be 

considered a methodology of diagnostic practice for a 

new environmental strategy. 

 

 

URBAN CLIMATOLOGY AND URBAN THERMAL 

COMFORT CONDITIONS  

It is well known that the physical form of a city 

influences its microclimate and that there is a close 

relation between the built form and sun, wind and water. 

The latest advances in meteorological science have 

brought more sophisticated understanding of the physical 

mechanisms through which planning variables such as 

street width, building materials, building height and 

form, and ground cover combine to affect the climatic 

outcomes of temperature, wind, precipitation, humidity 

and air quality [8]. 

In addition, a lot of simulations predict a significant 

increase in extreme summer heat waves in Central 

Europe. This situation is intensified locally through the 

urban heat island effect, thereby influencing the quality 

of life of urban dwellers more often. 

It is necessary to develop a new interdisciplinary 

methodology applicable to specific design tasks, such as 

determining the ratio of green space to built coverage, 

defining the physical configuration of green space, 

orienting roads and buildings, and optimizing the height-

width ratio of street canyons in relation to energy 

conservation or pollutant dispersal [9]. There is strong 

public interest in creating pleasant open spaces, and in 

this sense, thermal comfort is as important as acoustic or 

visual comfort. Appreciation for and use of open spaces 

is influenced by the microclimatic conditions provided, 

whereas microclimate and thermal perception definitely 

depend on the urban design and show a high temporal 

and spatial variation. The outdoor thermal environment, 

in fact, is impacted by the built environment, e.g. 

anthropogenic heat, ground surface covering [10], 

evaporation and evapotranspiration of plants and shading 

by trees or man-made objects [11]. 

With this aim, the first step is to consider thermal 

comfort analysis in urban planning to identify the 

precautionary principles that could reduce outdoor and 

indoors thermal stress for people to a tolerable degree. 

Many thermal indices have been reported in the literature 

and they are all well documented and include important 

meteorological and thermo-physiological parameters [12, 

13]. 

Efforts have been made to use physiologically significant 

indices that derive from meteorological parameters, and 

different parameters have been developed to estimate 

thermal comfort and microclimates in open space. These 

indices are based either on single or multiple 

meteorological parameters such as equivalent 

temperature and wet bulb temperature. 

It is important to remember that outdoor thermal comfort 

is not only influenced by physiological responses to 

highly variable microclimatic parameters, but also by 

psychological and cultural adaptation, which sets a wide 

range of environmental stimulus fluctuations to avoid 

thermal stress and discomfort. Therefore, there are many 

possibilities to obtain a certain value calculated with 

different parameters without having the same thermo-

physiological effect. Every climatic region has its own 

characteristics and meanings of an index. It has to be 

adjusted to the local situation and cannot be used 

globally. 

In this paper we will consider Fanger’s equation and the 

Predicted Mean Vote (PMV) index to simulate thermal 

comfort conditions in outdoor spaces. 

A Predicted Mean Vote (PMV) around zero (-0.5 to 

+0.5) indicates comfort. Deviation from zero is referred 

to as thermal stress and varies on a seven-point scale 

from -3 (cold stress) to +3 (heat stress). 

Microscale urban climatic mapping, thermal condition 

analysis can be carried out to identify a mitigation-

compatible design using fluid dynamics simulations. 

To this end, Computational Fluid Dynamics (CFD) can 

be used to gain insights into most dynamic processes and 

associated phenomena through cross-section analysis and 

associated fluid dynamic phenomena. It is important to 

analyse the vertical cross section through the atmosphere, 

because the density of information in the vertical 

dimension greatly exceeds that in the horizontal. ENVI-

met software was considered for this research because of 

its user-friendly approach. ENVI-met is a three-

dimensional microclimate model designed to simulate 

surface-plant-air interactions in an urban environment 

and presents a number of opportunities for environmental 

urban planning. As a non-hydrostatic model whose 

typical resolution is 10 sec in time and varies from 0.5 to 

10 m in the x-, y- and z-directions, the model functions 

over a range of spatial scales.  

The first approach was to evaluate influences of certain 

urban structures or elements on human thermal comfort 

conditions. This was realized through measurements of 

meteorological parameters with a reference weather 

station and CFD simulations generating vertical cross 
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sections. The meteorological parameters are air 

temperature, wind, humidity and radiation. 

The microclimatic conditions include mesoscale 

information about the urban heat island and ventilation. 

 

 

THE CASE STUDIES 

The goal of this study was to evaluate the practical 

applications of TENS and to generate an innovative 

framework for its use. 

In order to test and evaluate the proposed methodology, 

an existing linear area along the river (Tiber) was 

adopted as a basic study area in the context of Rome 

(metropolitan), Italy. 

 
Figure 1: The study area along the river (Tiber).  

 

The idea of linear area along the river is crucial from a 

city design perspective, for both socio-cultural and bio-

climatic reasons. This provides a proper context for the 

experiment. The linear area is surrounded by 

miscellaneous residential and commercial developments 

as well as abandoned spaces along its edges. 

The research started from a brief study and modelling of 

the area with its present qualities (ante operam model) to 

see the basic output character of the model.  

 

 
Figure 2: The ENVI-met Interpretation of the area.  

 

Figure 3: The ENVI-met output (PMV values). 

 

 

The ENVI-met model requires ambient air temperature, 

horizontal solar radiation, mean wind speed, relative 

humidity and the surrounding ground surface 

temperature. 

The study area was transformed into a model grid of 

80x80x20 cells with a resolution of 4 m x 4 m x 2 m, 

resulting in a total area of 320 m x 320 m in the 

horizontal extension and 20 m in the vertical one. This is 

shown in Figure 2. 

The simulation is preferably started at 6:00 LST when 

most atmospheric processes are slow and a very low 

wind speed value is considered (0.9 m/s) according to 

meteorological data. 

Simulations are run during daytime hours, because 

daylight hours represent the time of the day with regular 

frequent use of outdoor spaces. 

In order to describe a typical summer scenario, the 

representative day technique was used [14]. Summer 

monthly periods were analysed over five years (2005-

2009). The possibility of studying a few scenarios, 

suggestive of standard conditions, can be helpful, at least 

in reducing the amount of data needed to tune the study 

for actual scenarios. 

The calculated PMV indices and meteorological data 

measured during July and August 2007 were employed 

as an example. 

The TENS methodology allows investigations of the 

microclimatic conditions and provides insight into any 

thermal discomfort. With this method, comfortable and 

uncomfortable (discomfort) areas could be deduced. 

The next step was a concrete planning proposal 

implementing vegetation and shading devices (Figure 4). 

The locations for actions to reduce long-wave radiation 

and mitigate direct sunlight radiation are marked by the 
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circles in Figure 5. Important effects on thermal comfort 

are building structure, surface conditions and ventilation 

during the hottest hours of the day (in the early 

afternoon, 2:00 pm). 

In this case, the mitigation of heat loads near facades and 

uncomfortable sites are assumed and solved by using 

green facades, small trees and shading devices (Figure 

6).  
 
 

 

 

 

 

Figure 4: The ENVI-met output (PMV values). 
   

 

Figure 5: The ENVI-met section output (PMV values ante 

operam, 14:00). 

 

 

Figure 6: The ENVI-met section output (PMV values post 

operam, 14:00). 

 

 

 

The useful advice achieved using TENS methodology 

aims to improve the thermal comfort conditions in the 

open space along the river.  

 

 

 

DISCUSSION 

The result obtained can be characterised by an improved 

quality of life and energy savings through the use of low-

energy architecture. 

The graphs in Figure 7 show the daily distributions of the 

PMV index for the ante operam and post operam ENVI-

met simulations. 

 

Figure 7: PMV value distribution for ante operam (left) and 

post operam (right) evaluations. 

 

 

In the post operam scenario (Figure 7, right panel) the 

thermal sensation of people during the day shows an 

improved comfortable situation in the hottest hours of the 

day. Hot and uncomfortable situations decrease 

compared to thermal conditions simulated in the ante 

operam scenario. This is due to the reduced radiation, 

and wind by that time also was reduced. The TENS 

methodology can help planners and architects to identify 

the correct policies to design comfortable open urban 

spaces. 

Local climate characteristics, position, and orientation 

are closely linked to temperature conditions and 

thermoregulation of the building, as well as the 

possibility of ventilation and cooling capacity, and these 

parameters can be examined using cross section analyses. 

This approach can lead to different plans of action in 

order to obtain environmental well-being through 

adjustment of the outdoor microclimate. 

 

 

CONCLUSION 

The TENS methodology is powerful in understanding the 

richness of microclimatic and formal characteristics in 

outdoor urban spaces. It can be employed in the early 

design stages to evaluate different generic strategies to 

incorporate comfort requirements in architectural 

projects. 

In the TENS methodology, shape, size and materials 

making up urban areas are melted and remodulated, 

according to climate response and comfort. 

At this level, the methodology presented can create both 

insights and evaluative data for better design decisions, 

from the general layout to a detailed choice of technical 

devices.  
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In this paper, a preliminary evaluation of the proposed 

methodology made on an existing linear area along the 

river (Tiber) in the city of Rome (Italy). 
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