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 Abstract: The relationship between water body (fountains) scale and climate parameters like 

wind speed, air temperature, relative humidity, as well as thermal comfort index was modeled and 

analyzed via Envi-met code. Taking the water impact and factors analysis as a research object, the 

factors mainly discussed in this research are square area to water-body area ratio and the location 

of the water element. However, the computational fluid dynamics simulations were conducted on 

the following scenarios: 3% (original base case), 6%, and 9% of the total square’s area, then the 

outputs of the two simulation results were compared to the original base case. The results 

revealed that water scale has a slight effect on the micro-climate of the built environment in the 

summertime in moderately warm-wet climate zone. However, it is beneficial to adjust 

temperature and humidity in public spaces of central European cities. Nonetheless, the main aim 

of this paper is to quantitatively investigate the impact of the water bodies on the urban weather 

parameters and human thermal comfort under the influence of different scale ratios in Pecs-

Hungary. 
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1. Introduction 

 The energy demand of the built environment is almost 50% of the total energy 

demand of a national economy [1]. Water bodies have the ability to adjust the 

surrounding microclimate. The temperature mitigating capacity of water bodies in an 

urban environment can potentially reduce energy consumption, increase outdoor 
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thermal comfort and mitigate the Urban Heat Island (UHI) effect [2]. X. Sihan 

conducted studies on the water effects of China’s traditional Lingnan garden and found 

that water can effectively adjust the microclimate environment of garden [3], [4]. H. Du 

taking Shanghai, for example, found that with a fixed area of the water body, the 

geometry of the water body should be relatively simple. However, the existing studies 

mainly focus on the climate effect of large-scale waters, the researches on the influence 

of small-scale water on the public spaces are rare [3], [5]. Moreover, Mirela Robitu 

found that greening and water have certain effect on the sunshine, temperature, 

humidity and wind speed of square in summer through the simulation analysis on two 

models which the difference is whether having the greening and water [3], [6]. 

1.1. Physical characteristic of water 

 The physical characteristics of the water include the area, depth, and shape. The 

expansion of the water area can increase the evaporation area of the water surface, and 

then increase the latent heat exchange between water and atmospheric environment [7].  

1.2. Water body effects on urban microclimate 

 In order to control the urban temperature, architects and urban planners have 

employed water bodies in their design [8]. A study in Singapore found that air 

temperatures near water features, like ponds and water walls, were found cooler by up 

to 1.8°C as compared to surrounding built areas during sunny, clear days [9]. 

Furthermore, a study by Nishimura [10] shows that air temperatures above an urban 

water pond was 1°C to 2°C lower as compared to the surrounding park during the 

daytime and with the introduction of water sprays the reduction is increased. Although 

most of the researches have shown clear evidence of water bodies’ cooling effect, there 

is still a need to have a better understanding of the issues of thermal environments being 

influenced by the urban water bodies and its association with the microclimate. 

Therefore, the effective use of urban water bodies could be established within limited 

spaces in urban areas needs more investigation. 

2. Methodology 

 As a practicing architect, who have to deal with energy efficiency in real urban 

condition [1], the heterogeneity makes it difficult to assess the cooling benefits and to 

isolate the effects of the individual parameters (like shape, surface area, wind condition 

or solar radiation) under the complex physic process involved in the urban meteorology 

[2]. As an alternative method, an outdoor numerical model was conducted in the 

summertime at Széchenyi square in Pécs-Hungary. In this section, the methodology is 

presented.  

2.1. Model description 

 The weather parameters namely (air temperature (TA), relative humidity (RH), 

Wind Speed (WS), Main Radiant Temperature (MRT), as well as the Predicted Mean 
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Vote (PMV) will be studied. However, in order to investigate the effects of water, 

different scales are simulated to evaluate the role of the water body in the case study’s 

area.  

2.2. Numerical simulation and settings  

 Problem-solving matrix creates sustainable solutions without common and widely 

used technical systems is employed [11], with the aim to predict the microclimatic 

changes in an urban environment, the work started by creating a simulation model via 

ENVI-met and unified set parameters, the original case study being used in this work is 

the urban setting and water body of Pécs city center as shown in Fig. 1. In addition, the 

Original Base Case (OBC), two more scenarios were posited, in all cases, the wind 

direction is 5◦ (blowing North-East), Geographic coordinates of Pécs, Hungary’s 

Latitude: 46°04′59″ N, longitude: 18°13′59″ E, elevation above sea level is 153 m, and 

the total area is almost 11222 m
2
. 

 

Fig. 1. ENVI-met original base case model  

 On one hand two independent water bodies in the public square had previously 

designed and constructed. However, they were modeled by the author for simulating 

water area occupancy, the case was named the original base case (the real situation in 

the square at the present). On the other hand, two more of water body scales are 

simulated and compared with each other as well as with the original bas case. The water 

area is divided into three occupies of 3%, 6%, 9%, in order to illustrate the effects of 
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water surface on the surrounding microclimate. Nonetheless, Fig. 2 shows the satellite 

image of the real scenario (original base case), in this case, water constitutes around 3% 

of the total site’s area as it can be seen in Table I. 

 

Fig. 2. The water bodies location of the case study’s site [12] 

Table I 

The water element analysis of the case study’s site (original case) 

Water element number Area m2
 

1 169 

2 120 

Total 289 m2 (3%) of the total study area 

 In additional to the original case two more scenarios were modeled, which can be 

seen in Fig. 3. They are 6% and 9% water-square area ratio as it can be seen in two, 

three, and four rectangles. However, the water elements will be positioned in a way not 

to block or hinder the motion in and around the square with achieving the highest water 

body area ratio as shown in Fig. 3.  
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Fig. 3. The original case, first scenario and second scenario from left to right, respectively 

3. Results and discussion 

3.1. The effect of water body on air temperature and relative humidity 

 The simulation results of the air temperature and relative humidity on the original 

base case 3%, 6%, and 9% of the water-square area ratio are shown in Fig. 4 and 

discussed below: 

• On average the air temperature on the 21st of July at 14:00 PM is 305 K, which 

means the temperature ranges from warm to hot; 

• Moreover, the relative humidity is 34.5%, which falls within the comfort range 

in the summertime; 

• It can be noticed from the mentioned figure that the air temperature over most of 

the spaces is constant or with little enhancement 0.3 K compared to original 

base case; 

• The average relative humidity was found to increase with increasing the water 

element scale; 

• Nine percent water-square ratio scenario has achieved the minimum temperature 

among the set of scenarios 304.5 K as well as the higher relative humidity 

36.7%; 

• It can be noticed from the mentioned figures that the air temperature over most 

of the spaces is constant or with little enhancement 0.3 K compared to original 

base case; 

• The temperature of the water element is lower than the temperature of the 

surrounding built-up area by 0.6-1.5 K; 

• Relatively large water has shown a high temperature impact close to their edges 

and in downwind areas;  

• The average relative humidity was found to increase with increasing the water 

element scale; 
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• Evaporation from open water bodies may lower the temperature, but on the 

other hand also increases the humidity, which dampens the positive effect on 

thermal comfort. 

 It can be clearly seen from Fig. 4 that areas close to water body experienced a lower 

air temperature and higher relative humidity than other cases. However, the water 

element has a significant impact on TA and RH just within 1-2 meters distance from the 

water body. It can therefore be concluded that the evaporation cooling effect on water 

body is strongly impacted nearby spaces.  

 Furthermore, this research shows a very little thermal response due to the larger 

scale of the square when compared with the water scale.   

 Original (3%) 6% 9% 

 
 

 

Fig. 4. The effect of water body current situation, 6%, and 9% water-square ratio on air 

temperature and relative humidity 

3.2. The effect of water body on wind speed and mean radiant temperature  

 Three parameters of the water body were conducted and analyzed. However, Fig. 5 

shows the average wind speed and mean radiant temperature in the cases after applying 
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the proposed water scales to the selected square. In general, it can be seen from the 

results below that: 

• The water body has no effect on increasing or decreasing the wind speed 1.4 m/s 

was seen in almost all scenarios;  

• Water body has a significant impact on MRT, the improvement of (7 K) 

compared to the original base case was observed (Fig. 5); 

• On average radiant temperature was found to decrease with increasing the water 

element scale; 

• Areas close to water body experienced to lower mean radiant temperature than 

other cases of the public place. However, the water element has a significant 

impact on MRT just within 1-2 meters distance from the water body. It can 

therefore be concluded that the evaporation cooling effect on water bodies is 

strongly impacted nearby spaces. 

 Original (3%) 6% 9% 

 

 

   

Fig. 5. The effect of water body current situation, 6%, and 9% water-square ratio  

on wind speed and mean radiant temperature  
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3.3. The effect of water body on predicated mean vote and CO2  

 Numerical simulation was used to analyze the water body effect on predicated mean 

vote and CO2 in the summertime. Nevertheless, results revealed that: 

• The water body has only minor effect on increasing or decreasing the predicted 

mean vote and negligible impact on CO2 in this particular work. Moreover, 

water body has a modest effect on PMV, the enhancement of 0.4 when 

compared to the original base case was spotted (Fig. 6). 

 Original (3%) 6% 9% 

 

 

 

Fig. 6. The effect of water body current situation, 6%, and 9% water-square ratio  

on PMV and CO2 
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• Water body has only a slight effect on increasing or decreasing the predicted 

mean vote and other weather parameters except on relative humidity and air 

temperature; 

• The temperature of a water element is lower than the temperature of the 

surrounding built-up area by 0.6-1.5 K; 

• The water element has a significant impact on TA and RH within 1-2 meters 

distance from the water body; 

• Water body has a great effect on mean radiant temperature, the improvement of 

7 K compared to the original base case was observed. 

5. Recommendation for future study 

• More investigations are needed in different climate zones especially in hot-dry 

regions; 

• Further researches are required to study the large water bodies like (rivers and 

lakes) effects on microclimate in Central Europe. 
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