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ABSTRACT: In the framework of a national level plan for the improvement of urban open spaces based on bioclimatic 

criteria, a redesign project for two public squares, in the campus of the Aristotle University of Thessaloniki, in Greece 

(400 N.), has been proposed. The proposal has been evaluated in terms of microclimate improvement, pedestrians’ 

thermal comfort and building energy savings in hot summer conditions. The proposed interventions include a variety of 

shading canopies, the addition of diverse types of trees, low vegetation as well as green walls, water elements such as 

ponds, fountains and wet pavements, replacement of most hard pavements with pervious surfaces and natural soil and 

replacement of the remaining pavements by “cool” materials of high albedo and high emissivity. The effects of the 

proposed redevelopment on air and surface temperatures and on thermal indices were examined by comparing 

microclimate simulations of current and proposed conditions using the ENVI-met v3.1betaV software, for two mid 

summer days (typical and extremely hot). Simulation results revealed, mean air temperature reduction of 2.6oC and 1.7oC 

in the two squares and mean surface temperature reduction of approximately 14oC and 18oC during extreme conditions. 

In addition, a 36% and 34% improvement on pedestrian comfort was revealed based on the mean PMV indices reduction 

on a typical summer day, as well as a 32% and a 26% reduction of the cooling degree hours daily sum, in typical summer 

conditions, indicating significant savings on cooling energy demand of the surrounding buildings. 
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INTRODUCTION  

The urban climate is a combination of the microclimates 

that develop in the streets and the open spaces between 

buildings, depend on the characteristics of their 

immediate surroundings, morphological, physical and 

functional features, and often form the urban heat island 

[1]. Many studies have presented the effects of building 

morphology, surface materials, vegetation and water in 

the urban microclimates [2-9]. An attempt to utilize 

urban design to restrict heat islands and improve the 

urban environment in Greek cities has been initiated by 

the Greek Ministry of Environment in collaboration with 

the Centre for Renewable Energy Sources, with a 

national level plan for the redevelopment of urban areas 

focusing on open spaces microclimates, pedestrian 

comfort and energy savings in buildings: the 

“Bioclimatic improvement program for public open 

spaces”.  

 

The program called for proposals for the redesign of 

urban open spaces to meet specific requirements for air 

and surface temperature reductions, cooling degree hours 

reductions, thermal comfort enhancement and wind field 

improvement in the summer period. In particular the 

goals to be achieved by the redevelopment were area 

weighted average air and surface temperature reductions 

by 1.5
o
C and 5

o
C respectively at noon of  the hottest day 

of the year, 20% cooling degree hours mean daily sum 

(6:00-20:00) reduction and 15% mean daily (10:00-

18:00) improvement of thermal comfort indices on a 

typically warm summer day. Site selection would focus 

on thermally and climatically degraded areas in highly 

populated dense urban centers. 

 

In this framework the Aristotle University of 

Thessaloniki proposed a project on the redevelopment of 

two busy squares in the university campus which are 

considered downgraded in terms microclimate and 

thermal comfort, all year round and especially in the 

summer period. The microclimate improvement of the 

squares would have significant effects both on the 

comfort of numerous pedestrians using or passing 

through the areas and on the thermal loads of the 

surrounding buildings.  

 

 

THE SITES  

Two public squares in the campus of Aristotle University 

of Thessaloniki (lat. Ν40
ο
), named “Chemistry square” 

(Fig.1) and “Administration square” (Fig.2) because of 

the neighboring buildings, were selected for 

redevelopment based on bioclimatic criteria. The first 
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one is a large rectangular area of 17000m
2
 located near 

the NW corner of the campus and open on the NW side 

adjacent to a street with heavy traffic and a dense part of 

the city centre. Almost all of the area is covered with 

hard pavement, several large and small trees are scattered 

on the sides near the buildings and the street and a 

fountain is located in the centre. The second is a smaller 

square area of approximately 6500m
2
 situated in the 

heart of the campus, open on the SE side which is 

adjacent to the main street across the campus and near a 

major artery of the city. Half of the area is located above 

an underground car parking space and covered by hard 

surfaces, and the other half is also used as parking area 

but contains trees and low vegetation as well. 

 

 

 
 

Figure 1. Existing conditions in the large square 

 

 

 
 

Figure 2. Existing conditions in the small square 

 

 

Both squares are extremely busy spaces, mostly due 

to their location and use of the neighbouring buildings. 

The large one is one of the major entrance points to the 

campus surrounded by highly populated schools; the 

other in is the administrative centre of the university and 

near the central library. Both areas are key meeting 

points and venues for various events. However currently 

these open spaces with hard pavements overexposed to 

solar radiation almost all day, lack of shading devices 

and minimum vegetation, present uncomfortable 

conditions for pedestrians who use or walk through these 

areas especially during daytime in the summer period. 

The surrounding buildings are also severely affected by 

high temperatures in the summer period resulting in high 

cooling loads, extended use of air conditioning and 

further degradation of the microclimate of the two 

squares. 
 
 

CLIMATE DATA AND MICROCLIMATE 

An overview of the climatic conditions in the university 

campus is obtained by data from AUTh meteorological 

station [10], during the summer of 2007 which was a 

period of very high temperatures. In particular the 

maximum air temperature in July rose above 43
o
C and 

the mean monthly value was 28
o
C. Mean relative 

humidity in the area fluctuated between 25% and 88% 

and mean wind velocity was 1.5m/s with a maximum 

value of 6m/s indicating possible need for wind shelter. 

Maximum solar radiation in the afternoon hours in July 

fluctuated between 1099 and 896W/m
2
 with a mean 

monthly value of 989W/m
2
. According to the project 

requirements, the sites were examined for two specific 

days: the 21
st
 of July which was considered a typically 

warm summer day, and the 25
th

 of July as the hottest day 

in the specific period (Table 1). 

 

 
Table 1. Climate data for a typically warm summer day and the 

hottest day of the year in Thessaloniki 

 

Thessaloniki 

climate data 

Typical 

summer day 

Hottest day 

of the year 

Source of 

data 

 
21 JULY 

2007 

25 JULY 

2007 
 

Tair (oC) 29.0 33.2 
A.U.Th. 

met. station 

Tair.max 

(oC) 
35.2 43.2 

A.U.Th. 

met. station 

RH (%) 47.5 32.0 
A.U.Th. 

met. station 

Wind 

velocity 
1.5 1.3 

airport 

met. station 

Wind 

direction 
SW NW 

airport 

met. station 

 

 

The campus’ meteorological station is located in a 

vegetated area therefore presents better conditions than 

those actually observed in the two squares where 

different microclimates develop. Simulations of the 

existing conditions using the station’s climate data as 

input, show air temperatures up to 36.3
o
C and 35.7

o
C in 

the large and the small square respectively on a typically 

warm day, and the surface temperatures up to 52.5
o
C and 

57.6
o
C respectively on the warmest summer day. Area 
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weighted average PMV values on a typical day indicate 

very hot conditions in both cases at all times and the 

mean daily values (10:00-18:00) reach 6.2 in the large 

square and 5.8 in the small one. Finally, the Cooling 

Degree Hours sum on a typically warm day, with a base 

temperature of 26
o
C, was calculated 92.4DH for the large 

square and 96.4DH for the small, almost double than a 

typical CDH sum for the city of Thessaloniki [11], 

indicating severe consequences on the cooling loads of 

surrounding buildings.  

 
 

PROPOSED INTERVENTIONS  

The proposed interventions in the two squares include a 

variety of shading canopies, the addition of diverse types 

of trees, low vegetation as well as green walls, water 

elements such as ponds, fountains and wet pavements, 

replacement of most hard pavements with pervious 

surfaces and natural soil and replacement of the materials 

of the remaining pavements with “cool” materials which 

are basically concrete products of high albedo and high 

emissivity. In particular the area of soil and pervious 

surfaces increase by 30% (from 28% to 58%) in the two 

squares and cool materials replace almost 18% of the 

existing pavements. 225 new trees are added, new 

fountains, water ponds and wet pavements are proposed 

almost at 5% of the total area of the squares and 

additional shading canopies cover more than 5% of the 

space. In addition, shading devices are proposed on all 

buildings in both squares, as well as a vegetated wall on 

the building located in the SW part of the small square. 

Also in all parking spaces of both squares asphalt is 

replaced by pervious surfaces with cobble stones and 

grass.  

 

 

a 

b 

 
Figure 3. Proposed interventions in the large square (3d 

views): shading canopies (a),  fountains and wet pavements (b) 

 

 

In the large square (“Chemistry square”) the addition 

of a 184 new trees (from 88 to 272) and 600m
2
 extra 

shading canopies (almost 4% of the square) increased 

dramatically the shaded areas which are essential to 

provide comfort in the summer period. Furthermore, 

fountains in the central and the north part of the square 

are proposed to sprinkle and keep wet a large part of the 

hard pavement (750m
2
, almost 5% of the whole area) to 

induce evaporative cooling.  

 

In the small square (“Administration square”) the 

underground parking space restricts the possibilities to 

increase the amount of trees and vegetation therefore 

only 41 new trees are added (from 28 to 69). To 

overcome this deficit, 640m
2
 of extra shading canopies 

are proposed (almost 10% of the space) and 310m
2
 of 

water ponds (almost 5% of the square) and the maximum 

possible replacement of hard pavements with cool 

materials.  
 

a 
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b 

 

Figure 4. Proposed interventions in the small square (3d 

views): shading canopies (a), water ponds (b)  

 
 

The proposal of shading canopies and trees aims to 

reduce surface temperatures as well as to improve 

comfort by decreasing the amount of solar radiation on 

pedestrians, but the trees also contribute to air 

temperature reductions by leaves’ evapotranspiration. 

Low vegetation, soil, pervious surfaces and wet surfaces 

are proposed to decrease both surface and air 

temperatures by allowing humidity evaporation from the 

ground while the addition of fountains and ponds also 

aims for evaporative cooling of the air. Cool materials 

are proposed for limit the overheating of ground surfaces 

by reducing solar radiation absorption and increasing 

heat emission. Shading devices on buildings are 

proposed to reduce walls’ reflectivity and its effect on the 

thermal conditions and comfort in both squares while 

reducing building cooling loads.  

 
 

PROJECT EVALUATION 

The effects of the proposed redevelopment on air and 

surface temperatures and on thermal indices were 

examined by comparing microclimate simulations of 

current and proposed conditions (Fig. 6) using the ENVI-

met v3.1betaV software[12], for the two mid summer 

days (typical and extremely hot). Surrounding buildings’ 

cooling load reduction was estimated by calculating 

cooling degree hours daily sum from morning to evening 

(6:00 – 20:00) with a base temperature of 26
o
C.  

 

a 

 

b 

 

Figure 5. Maps of geometric, material and vegetation input 

data for current conditions of the large (a) and small (b) square 

simulations (ENVI-met), with indication of nine spots 

considered for area weighted averages.  

 

 

The comparison of simulation results revealed, mean 

air temperature reduction of 2.6
o
C and 1.7

o
C in the large 

and the small square respectively and mean surface 

temperature reduction of approximately 14
o
C and 18

o
C 

respectively during extreme conditions, at noon on the 

hottest day, July 25
th

. These results exceed the project’s 

requirements for 1.5
o
C and 5

o
C reductions of air and 

surface temperatures respectively at noon of the hottest 

day of the year. In addition, a 36% and 34% 

improvement on pedestrian comfort was revealed based 

on the mean PMV indices reduction on a typical summer 

day from morning to afternoon (10:00-18:00) for the 

large and small square respectively, far exceeding the 

goals for 15% improvement, as well as a 32% and a 26% 

reduction of the cooling degree hours daily sum, in 

typical summer conditions, well above the requirement 

for 20% reduction, indicating significant savings on 
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cooling energy demand of the surrounding buildings. 

Wind field was also improved with higher wind velocity 

at several spots, the effect of which is reflected in the 

comfort indices reduction.  

 

The area weighted average values of temperatures 

and comfort indices for each square were calculated 

based on hourly simulation results at nine evenly 

distributed spots (Fig. 5), where different interventions 

were applied. The comparison of spot values also 

revealed the effects of the various interventions 

separately. The highest air and surface temperature 

reductions are caused by tree shading with replacement 

of hard surfaces by soil, low vegetation or cool materials, 

and the highest comfort improvement by tree shade and 

in some cases by pavement replacement by soil and 

vegetation.  

 

It was also observed that cool materials exposed to 

solar radiation reduced surface temperatures but in some 

cases caused slight increase of the thermal indices 

(PMV). The effect of water ponds was mostly surface 

temperature reduction and comfort improvement due to 

reduced reflectivity. All water bodies were represented as 

still water in the models so the effect of evaporation from 

flowing water was only partly taken into account by the 

software calculations but the extended replacement of 

hard pavements was simulated not only with material 

change but also with an increase of soil humidity with 

major effects on all microclimate variables.    
 
 

FUTURE ASSESSMENT  

The project is currently candidate to become part of a 

wider plan on national level and in the case of selection 

for funding and construction it will be followed by 

extensive monitoring studies. Monitoring will include 

continuous measurements of air and surface 

temperatures, wind velocity and solar radiation in the two 

squares and will be used for further evaluation of both 

the current conditions and the interventions’ effects.   

 

 

 

 
 

a 
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b 

 
Figure 6. Air temperature simulation results (ENVI-met) of current (a) and proposed (b) conditions in the small square at 1.8m above 

ground at noon of the hottest day. 
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CONCLUSION 

A redesign project of two public squares in the university 

campus in Thessaloniki has been prepared in the 

framework of a national program for the improvement of 

urban open spaces in terms of microclimate conditions, 

pedestrian comfort and building energy savings in the 

summer period. The evaluation of the proposed 

interventions with specialised microclimate simulation 

software has shown that the improvement in air and 

surface temperatures, comfort indices and cooling degree 

hours daily sums exceeds the redevelopment program’s 

requirements. The highest improvements observed were 

attributed to tree shading and pavement replacement by 

soil as well as to soil humidity increase. Further 

evaluation will take place in the case of construction and 

may reveal more detailed real scale effects of the design 

proposals on microclimate and comfort in and around the 

squares.  
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