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Abstract 

This study investigates the effect of urban vegetation on thermal comfort in a neighbourhood of 

Lahti (Finland) by means of modelling simulations performed with the Computational Fluid 

Dynamics-based and microclimate model ENVI-met. A scenario without vegetation and the 

current one (with vegetation) are considered to assess the effects of vegetation in different seasons 

and provide suggestions for thermal comfort improvement. 

1   Introduction 

Urban vegetation could be a strategy to improve microclimate, air quality and mitigate the ef-

fects of climate change and Urban Heat Island (UHI). A careful planning of vegetation planting is 

necessary because its effects are strictly dependent on the interaction of local factors, such as site 

geometry and meteorological conditions. This study aims to investigate the effects of urban vege-

tation on the microclimate through modeling simulations in a neighborhood of Lathi (Finland) 

under typical winter and summer days. Specifically, the Computational Fluid Dynamics (CFD)-

based and microclimate model ENVI-met is employed to evaluate the optimum scenarios tailored 

to the improvement of thermal. 

2   Methodology 

2.1   Description of the study neighborhood 

The neighborhood analyzed here is located in Lahti, a medium-size city of southern Finland, 

representative, for the climate and architectural design, of European Northern cities (Figure 1, top 

left). The neighborhood (referred to as “Aleksanterinkatu” hereinafter), is located in the city center 

(Figure 1, bottom left). Buildings, despite the different heights, are distributed in a rather regular 

pattern. The neighborhood is characterized by buildings heights ranging from 16m to 22m and by 

rows of Tilia cordata Mill., with an average height of 15 m and a Leaf Area Density (LAD) equal 

to 1.00m2m–3 (Figure 1, right). Two scenarios have been investigated (Figure 1): (i) the current 

scenario, (ii) a no vegetation scenario for comparison and evaluation of the effects of vegetation.  
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Figure 1. Top left: The city of Lahti located in southern Finland; Top center: the study area located in the 

city center and here referred to as “Aleksanterinkatu” (from Google Earth); Top right: some pictures of Tilia 

cordata Mill. (top) and of the square inside the study area; Bottom: investigated scenarios. 

2.2   Numerical simulations 

ENVI-met is a prognostic non-hydrostatic model for the simulation of surface-plant-air interac-

tions composed by a 3D main model and in addition a one dimensional (1D) atmospheric bounda-

ry layer (ABL) model which extends from the ground surface up to 2,500m. ENVI-met has a typi-

cal horizontal resolution from 0.5 to 5mand a typical time frame of 24 to 48 hours with a time step 

of 1 to 5s, which meet the criteria for the accurate simulation of physical processes, suitable for 

microclimate studies at the neighborhood scale. The atmospheric system solves Reynolds-

averaged Navier-Stokes equations using a turbulence closure k-ε model. See the ENVI-met official 

website (http://www.envi-met.info/doku.php?id=kb:review) for a complete review of validation 

studies. 

The 3D simulation area (computational domain) has a dimension of 400m × 450m and a verti-

cal height of 30m. The area was meshed with a grid resolution of 2m × 2m × 2m, except for the 

lowest five cells whose vertical resolution was 0.4m. To improve model accuracy and stability, 5 

nesting grids were also employed. Hourly air temperature and relative humidity were forced at the 

model boundary to drive the simulation with meteorological input obtained from a 10m high me-

teorological station (FMIdata®Finnish Meteorological Institute) located at about 4km far from the 

study area. 18 February and 17 July were selected as representative of a typical winter and summer 

day. The cyclic type method was selected for the Lateral Boundary Conditions (LBC) because the 



 37th ITM 3 

study area is located in the city where the neighborhood space layout is similar to the residential 

district. For each case, ENVI-met was run for a 16h period, starting at 06:00 (see Table 1). The 

model set-up was previously validated with field measurements (Buccolieri et al., 2019). 

 

Table 1. Initial and boundary conditions used in ENVI-met simulations. 

Parameter Definition Value 

Simulation time 

Start Date 18 February 2018 (winter) 

17 July 2018 (summer) 

Start of simulation (h) 06:00 

Total simulation time  16h (4h spin-up + 12h) 

Meteorological conditions 

Wind speed 1.1m/s  

Wind direction 0°  

Temperature of atmosphere  

(forced) 

Daily profile  

Roughness length  0.1 (urban area) 

Relative humidity (%) 

(forced) 

Daily profile  

Computational domain and grid 

Grid cells (x,y,z) 200 x 225 x 15  

δx x δy x δz 2m x 2m x 2m (equidistant: 5 cells 

close to the ground) 

Nesting grids 5 

Boundary conditions Cyclic 

3   Results 

3.1   Spatially-averaged values of microclimate variables 

Air temperature, relative humidity, wind velocity and mean radiant temperature were obtained 

from ENVI-met at 1.4m (pedestrian level) and used to calculate the predicted mean vote PMV 

(Jendritzky and Nübler, 1981) for the evaluation of the thermal comfort. It takes into consideration 

also the personal factors heat resistance of clothing and human activity. Outdoor PMV ranges from 

-4 (very cold) to 4 (very hot), with 0 being neutral.  

The spatial distribution of PMV is shown in Figure 2 for all the scenarios investigated at 11:00. 

As expected, since the simulations were performed for a hot summer day, mean values are high, 

indicating that overall the area is characterized by very hot (PMV=4) to hot (PMV=3) conditions. 

The presence of vegetation leads to an average PMV reduction in summer and an increase in 

winter day. The average improvement of thermal comfort in summer is equal to 0.1 in the current 

scenario and it is more evident looking at the maximum and minimum values and occurs especial-

ly within the street canyons due to the effect on air temperature and relative humidity (through 

shading and evapotranspiration) and wind velocity (through obstruction to the wind). In winter, an 

increase equal to 0.1 and so an improvement of thermal comfort is appreciated. This improvement, 

equal to 0.30, is larger in the street canyon at the bottom of the study area. 
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Figure 2. PMV spatial distribution for the no veg (left) and current (right) scenarios at 11:00.  

4   Conclusions 

This study analyses the effect of vegetation on thermal comfort in the city of Lahti. Results 

show that the vegetation has an effect on thermal comfort where it is located, but the effect can 

spread over the whole neighbourhood. The presence of trees can improve the thermal comfort both 

in summer and winter. However, the effects of vegetation are highly dependent on the urban ge-

ometry. In fact, different effects are observed inside street canyons both in winter and summer day. 

We also expect further different effects by changing the wind direction and speed. Therefore, it is 

necessary to study the effects of vegetation on a case-by-case basis. This study will compare, in 

the near future, with those obtained for the city of Lecce, as well as other urban and suburban 

neighbourhoods in order to provide adaptation and mitigation solutions to improve citizens’ quali-

ty of life and urban planners’ decisions. 
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