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Abstract: The use of trees in cities is an important strategy for beauty and health in the urban context. The 
shading strategy provoked by the trees, in turn, promotes besides the beauty, thermal gains important for the 
increase of the sensation of comfort of the user, and the quality of the air of the city. In the city of Lisbon, an 
important avenue - Republic Avenue will undergo urban intervention, with an increase in the area of 
afforestation and expansion of mobility corridors (bike path and pedestrian sidewalks). In this sense, the 
objective of this article is to evaluate the thermal gain of the increase of afforestation along the Republic avenue. 
For this, the research method uses the ENVI-met microclimatic modeling software, through the tool it is possible 
to compare the current situation of the road with the urban afforestation increment project - where double the 
number of trees in the avenue. The results show that the intervention in the avenue provided an increase in the 
level of comfort by reducing the PMV index and reducing the air temperature in addition to increasing the 
relative humidity rate of the air. The article concludes that other places around Republic Avenue were also 
benefited by the reduction of air temperature values ??and increase of humidity. The research proves that the 
alteration of the urban design of a road can positively influence the comfort of the surroundings. With the new 
avenue project there was a reduction of up to 3 degrees celcius in the afternoon hours. There was an increase 
in humidity from 50 to 70% in the morning and from 40 to 50% in the afternoon. This article show that the use 
of trees in this climatic type creates more comfortable areas and mitigating the negative effects of the urban 
heat island. 
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Introduction 

There are many ways of assessing the quality of the urban climate. For example, changing 
the surface of materials can be one of the most impacting factors for user comfort. In this 
sense, surfaces with higher albedo tend to reflect more solar energy, therefore, create a 
worse thermal discomfort condition. 



The studies by Conry, Sharna and Potosnak (2015) assess the impact of the urban 
heat island in the Chicago metropolitan area. In this area, impacts were observed in the 
Chicago Climate Masterplan. The study evaluated the meso and microclimatic scales in the 
ENVI-met 3.1 software. The study used the PMV Fanger indicators and the PPD to assess the 
number of people dissatisfied. 

The other parameter can be measured the urban quality in terms of thermal comfort 
is the surface temperature and albedo. The albedo is the ratio of reflected radiation to 
incident radiation from at a surface. The use of heat absorbing materials, the reduction in 
vegetated or green spaces, the characteristics of urban canyons and the production of 
anthropogenic heat have caused the UHI potential to markedly increase in metropolitan 
areas (Razzaghmanesh et all, 2016; Santamouris et all, 2011, 2014). 

In this study (Razzaghmanesh et all, 2016) the heat potential of three common urban 
environmental materials was investigated. The results show that low albedo materials are 
one of the main causes of increased temperature in cities. Furthermore, urban development 
and the reduction of vegetated green spaces also contribute to increasing temperatures. 

Furthermore, the results show that the thermal distribution is quite stable at deeper 
layers within the growing media but it fluctuated more in the upper substrate layers. This 
UHI mitigation potential of green roofs was used in the development of a numerical model 
to investigate the effects of adding green roofs to the top of buildings (Razzaghmanesh et 
all, 2016). 

In this sense, it is possible to demonstrate how cities have been concerned with 
assessing their degree of comfort in open spaces. This research therefore intends to 
evaluate the degree of thermal comfort and the consequent reduction of areas of heat 
islands with the new proposal of avenue forestation in the Lisbon city. 

 

Method and Lisbon Climate 

Lisbon has a Mediterranean climate, with mild winters and hot and dry summers, 
classified as Csa according to Köppen system. According to the climatological normal for the 
period 1970-2000, August was the hootest month, with an average temperature of 22.5ºC.  

The study area is located in Avenidas Novas neighbourhood, and includes part of the 
Central Business District of Lisbon, thus concentrating commercial and tertiary activities. 
The urban requalification project impact in the thermal comfort of the zone was evaluated 
in an area of 11,4 ha (Figure 1), including part of the square area and the two first blocks of 
Republic Avenue. 

 It presents differents pictures about the changes of avenue. In the first collumn, 
we show the current situation, and in the second collumn we show the hypothetical project. 
The main changes between the two scenarios were: increase in number of trees and 
reduction of impermeable low albedo surfaces (Figure 2). 

 



Figure 1. Lisbon and the study area 

 
 

Scenario 1 – Avenue in Current situation Scenario 2 – Avenue with trees  

Scenario 1 – Avenue in Current situation Scenario 2 – Avenue with trees  
Figure 2. Current and projected scenario. Source: Costa, 2015 

 

 

For this month, the parameters air temperature, wind speed and direction, and 
relative humidity in 2 m above ground were retrieved from www.portalclima.pt. And about 
the value for the roughness length was retrived from the Wyoming University site was 
consulted (http://weather.uwyo.edu/upperair/sounding.html).  

 
Table 1. Parameters about Lisbon climate archive 

Parameter Value 

Initial atmospheric temperature (K) 295.65 

Wind speed measured at 10m height (m/s) 4.27 

Wind direction (deg) 315 

Roughness length of study area (m) 1 

Specific humidity at 2500 m (g/kg) 3.28 

Relative humidity at 2m (%) 62 
Source: Santos, T, Silva, C, Tenedorio, A. (2017) 



 
Table 2. PMV Parameters by thermal perception 

 
Source: Hirashima (2010, p. 455) 

 

PMV Analysis 

 
The PMV index of Fanger was developed from statistical analysis of the thermal 

conditions preferred by most people (BITTENCOURT and CÂNDIDO, 2008). The index is 
based on international standardization. One can cite, for example, the reference in the 
standard ISO1 - 7730 "Moderate thermal environments - Determination of the PMV and 
PPD indices and specification of the conditions for thermal comfort". 

In this sense, Águas (2001) discusses this norm, stating about the standard has the 
general principles been adapted by ASHRAE in the standard 55-1981 "Thermal environment 
conditions for human occupancy". The verification of ISO-7730 requires measurements of 
thermal parameters. The definition of the quantities to be measured and the instruments 
were subject to ISO-7726 "Thermal environments - Specifications relating to instruments 
and methods for measuring physical characteristics of the environment" published in 1985. 
Finally a third standard, ISO-7243 "(1982), defines the level of environmental discomfort 
and applies in situations where for technical-economic reasons it becomes impossible to 
apply the standard ISO-7730 (Águas, 2001, p.17). 

The Fanger index represents one of the most used indices in the thermal comfort 
literature. It was used in a survey conducted in the city of Cambridge, where about a 
thousand people were analyzed. The results indicated that in addition to the 
thermophysiological response, people respond subjectively to the election of the places 
where they walk and usually stay. 

 

Results and Discussion 

 
Three pictures and graphs are presented as results of this research: air temperature, relative 
humidity and PMV index (Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8). The 
values recorded in the graphs were the maximum and minimum values in the central area 
of the sidewalks of the avenue. 



About the air temperature (Figure 3 and Figure 4), the pictures show the 
temperature reduction along the day, especially during the morning and afternoon, about 2 
degrees less than current scenario. 

 

 
 
 
 
 
 
 
 
 
 

 
 

Figure 3. Air Temperature maps along of day 

 
 

 
Figure 4. Air Temperature along of typical summer day 
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About the specific humidity (Figure 5 and Figure 6), we can see the humidity increase 
along the day, especially at night, about 10 percent more than current scenario. 
 
 

 

 
 
 

Figure 5. Specific Humidity maps along of day 

 

 
 

Figure 6. Specific Humidity along of typical summer day 
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We can see that the projected scenario (with more trees) was more comfortable than 

the current scenario. At morning, the difference is bigger (Figure 7 and Figure 8). 
 

 

 
 

Figure 7. PMV Index maps along of typical summer day 

 

 
Figure 8. PMV Index along of day 
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Conclusions 

Planting trees is critical to reducing environmental extremes, mainly during morning 
and afternoon. At night, the powder of plants can be support the humidity parameters for 
air quality and preserved the environmental systems. 

In the case, it was concluded that the planting of trees reduced the maximum air 
temperature along the day and increase the humidity parameter along the night. About the 
urban form, we can proven the east side of the avenue had better thermal performance 
than the west side, which shows the influence of the shading of the buildings on the 
sidewalk. 

Regarding the level of thermal stress, it is stated that the design of the avenue with 
more trees made the environment more comfortable all day. The projected scenario made 
the avenue with more humidity of the air at night proving the reduction of the effect of the 
urban heat island. 

It is recommended that the government implement further improvements in order 
to assess the gains after the actual implementation of afforestation in the area. 

It is also worth noting that other studies of urban simulations have made this 
assessment for other climatic periods in the city of Lisbon, making it possible to overcome 
the comfort gains for other periods that characterize the city's climate. 
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