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ABSTRACT 

 

The urban heat island (UHI) effect increases the city temperature comparing with rural areas around the cities. 

This phenomenon originates in replacing the rural areas with dense buildings which increases impenetrable 

surfaces and using materials with enormous heat capacity.  Therefore, applying strategies to mitigate the urban 

temperature is inevitable.  The research methodology is based on field studies, using data loggers and simulation 

software ENVIMET. Three parks with different sizes in KHOMEIN city with cold-arid climate were 

investigated; MODARRES park (Macro-scale), GOOSHEAZIM Park (MESO-scale) and SABZIKAR Park 

(Micro-scale). Due to different sizes of three parks, different effects were found in terms of temperature 

mitigation. The effect size was 5.5 ◦C for Macro-scale Park, 6.1 ◦C for MESO-scale Park and 1.4 ◦C for Micro-

scale Park. The reasons behind temperature mitigation were proper vegetated areas, wind velocity, surrounding 

buildings and height differences. The temperature reduction of MESO-scale Park was created by suitable land 

uses around the park; however it was smaller than large-scale park but the effect was greater. The effect size of 

temperature mitigation in surrounding areas was twice the width of the park. 
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1- INTRODUCTION 
 

In 2007, it was estimated that 50% of earth habitants were living in cities [1]. The modification of surface 

materials results in climate changes. Due to the Urban Heat Island effect (UHI), urban areas are significantly 

warmer than rural areas [2]. Different methods were examined to reduce the UHI. Some of them are green roofs, 

white roofs (to reflect the solar radiation) and vegetated surfaces in cities[3]. In KHOMEIN, the vegetated 

surfaces are mainly used for leisure time. In order to specify the role of park area on temperature mitigation, 

three parks with different sizes were investigated. The temperature inside the parks and their surrounding areas 

were measured. By measuring the temperature differences, it would be easier to make policies for parks and 

vegetated surfaces in urban areas. 

 

2- Statement of problem 
Parks in urban areas play an important role in ecological balance of urban areas. Remote sensing analysis 

and field survey show that the air temperature of parks is one to two ◦C cooler than their surrounding areas. [4]. 

OKE has named this phenomenon "Park Cool Island" [4]. The larger the park areas, the lower the air 

temperature will be. Other variables include the area of vegetated surfaces, as the vegetated surface enlarges, the 

shady surfaces will increase which consequently leads to temperature mitigation [3]. There are some studies that 

bring about different opinions in terms of the effect of parks on air temperature, however all these researches 

conclude that the greenery system has positive effect on UHI. Parks are as the respiratory system of new urban 

areas which sprawled without any preplanning and have created all the pollution sources and unpredictable 

environmental heat. These parks are not as effective as they must be and even if they can help, it is negligible. 

Consequently, there is an urgent need for studies focusing on the effect of parks on all hidden and visible 

aspects of the urban areas. This paper investigates the effect of urban greenery system UHI based on results 

gained from field measurement and software simulation in order to design a model for locating urban parks and 

determining their size in cold-arid climate. 

 

3- REVIEW OF LITERATURE 

 

3-1-Urban Heat Island (UHI) 
Urban Heat Island effect is one of the environmental phenomena which are the outcome of urban areas 

sprawl. This phenomenon causes some problems such as amplification of energy consumption for cooling the 

residential spaces, increasing of air pollution in atmosphere and weakness of environmental sustainability [5]. 

The key factor in creating this phenomenon is the transformation of solar radiation to heat. In under-
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development urban areas, the materials used in construction and their facades create a suitable environment for 

heat generation and consequently UHI [6]. In this respect, by increasing the urban surfaces, the UHI effect is 

intensified.  One of the most useful and recent solutions for solving this problem  is applying the natural 

elements such as plant species in urban areas [7] These effects are originated in potential of vegetated surfaces 

such as shading, environmental cooling, mitigation of reflective heat and evapotranspiration [8]. Therefore, 

different plant species are the optimum solution in order to prevent the strike of solar radiation on different 

surfaces. The greenery system absorbs the carbon dioxide through photosynthesis process and consequently 

decreases the air temperature [9]. Using plant species properly, choosing the proper types of plants in different 

cases and applying new strategies could be very effective in mitigation of indoor and outdoor air temperature 

[10]. 

 

3-1-1- Urban Heat Island effect in KHOMEIN 

Field measurements prove that the average minimum temperature for 24 hours in KHOMEIN Central 

Business District (CBD) is 3 ◦C warmer than the neighboring areas. However, there was not a significant 

difference between maximum mean air temperature of CBD and neighboring areas which originates in blowing 

breeze. Finally, like previous studies, this research proved that the blowing breeze is effective on mean 

temperature of MESO-scale districts. 

4- Evaluation of parks variability 

In order to evaluate the variability of targeted parks, three field stations were chosen and two methods were 

applied. All the stations were located in southeast, center and south-west of KHOMEIN city. The experiment 

date was on summer solstice 21st June 2014 in a six hours interval between 12 P.M to 18 P.M. 

Two methods include: A-By using mini-data loggers in targeted area and extraction data from them. Data 

loggers were set on 15 minutes interval to measure air temperature variable. The specifications of data loggers 

are as below: 

 
Fig1. A list including HOBO data logger specifications 

 

B-Using virtual receptors in software ENVIMET 

For simulation purposes, ENVI-MET software was applied. Through this software, it’s possible to simulate 

all the climatic parameters in a specified location with minimum deviation from real data. In this paper, both 

real and simulated data were used which these quantities have a very little difference and could introduce this 

software as reliable reference.  

ENVI-MET is also able to extract a map of climatic parameters fluctuations which leads to have access to 

a reliable source of these parameters in a defined location. In these maps, the climatic parameters are precisely 

analyzed and are available which leads to more accurate results and interpretation. Through the data, the role of 

a parameter and its strength in a determined geographical point is measurable.  

 

4-1-Description of field stations 

In this research, three parks with different areas were investigated. 

MODARRES Park with the area of 29,056 square meters as the Macro-scale park, GOOSHEAZIM Park 

with 19,924 square meter as the MESO-scale Park and SABZIKAR Park with 5,288 square meter as a pocket 

park (Micro-scale) were analyzed. 
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5- Data Analysis 

The mean daily air temperature of all stations was27.6 ◦C. The mean daily maximum air temperature 

(Tmax) was 28.7 ◦C and the mean daily minimum air temperature (Tmin) was26.3◦C.These quantities are the 

representatives of air temperature variable at summer solstice time in KHOMEIN area. This period were mainly 

effected by different climatic systems which were existed in this district with their special atmospheric 

conditions. During this period, measurements are known as the characteristics of early summer in KHOMEIN. 

This period was effected by different systems in the area and had its own atmospheric condition. During this 

period, an arid air mass was existed in KHOMEIN area. The characteristics of arid air mass include dry and 

mild weather. 

5-1- historical base-line of KHOMEIN/comparison with atmospheric standards 

Several tests were conducted in order to ensure that there is no significant error in instruments. The mean 

daily air temperature was calculated through raw data. Consequently, this figure was compared with the climatic 

normal of KHOMEIN in the same day. The average temperature of the day was measured by basic data and then 

compared with climate normal in that day. The null hypothesis claims that there is no significant difference 

between measured data and climatic normal. According to alternative hypothesis, there is a significant 

difference between measured data and climatic normal. 

By using T test with confidence level of 95%,the P ratio was equal to 0.744. Therefore, there is no 

significant difference between the historical base-line and measured data. Accordingly, the instruments which 

were used in this research did were accurate and precise. In addition, the data were recorded during this period 

could be the representative of all recorded data within last 30 years in this area. Finally, the results showed that 

the distance between the field stations had a negligible effect in temperature fluctuations. 

The wind velocity and direction were other important factors which were investigated in this research. 

Since the on-site instruments used in the research weren’t able to measure the wind speed and direction, the 

climatic station data were been employed for targeted period. Wind data are important as the wind is able to 

conduct heat through convection to neighboring areas. Generally, the wind direction showed that the wind speed 

was between 11 to 13.5 km/h (mild breeze). During the targeted period, the winds from the South and South-

West directions were prevailed directions (180-225◦).  

5-2- Overall temperature fluctuations of three parks 

During the research period, the mean diurnal air temperature of Macro-scale, MESO scale and Micro scale 

Parks were 26.5˚C, 25.9 ˚C and 30.6 25.9 ˚C respectively which these quantities were compared between real 

on-site data loggers and virtual receptors in software for different times during the day. These figures are existed 

in table one for Macro-scale park, table two for MESO-scale park and table three for Micro-scale park.The 

different components of tables one to three in appendix one include date, time, mod time, recorded temperature, 

recorded mean temperature in virtual receptors and on-site data loggers respectively. 

The data proved that during the research period, Micro-scale Park was the warmest one and MESO-scale 

Park was cooler than others. 

Unlike the MESO-scale Park had a smaller size than Macro-scale Park, but it was cooler than Macro-scale 

Park in simulation day which referred to surrounding land uses. These land uses include bare lands which 

expose the park to blowing winds and enable it to breathe and exchange the heat. 

Regarding the location of on-site data loggers in parks and extracted data from them, it was concluded that 

the central parts were cooler than the other parts and towards the edges the air temperature rose. 

 

 
Fig2. The aerial photo of Macro-scale Park (MODARRES Park) retrieved from GOOGLE map website in2014 
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Fig3. A photo of HOBO data logger installed on a pole in Macro-scale Park 

 

 
Fig4. The thermal map of MESO-scale Park extracted from ENVI-MET software 
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Fig5.The aerial photo of MESO-scale Park (GOOSHEH AZIM Park) retrieved from GOOGLE map website in 

2014 

 

 
Fig6. A photo of HOBO data logger installed on a pole in Macro-scale Park 
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Fig7. The thermal map of MESO-scale Park extracted from ENVI-MET software 

 

 
Fig8. The aerial photo of Micro-scale Park retrieved from GOOGLE map website in 2014 

 

 
Fig9. A photo of HOBO data logger installed on a tree trunk in Micro-scale Park 
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Fig10. The thermal map of MESO-scale Park extracted from ENVI-MET software 

 

The data extracted from the data loggers showed the Park Cool Island (PCI) effect in these parks and the 

temperature difference was between four to six ˚C. The parks produced heat shield, which is around the park 

within a radius equal to twice the width of the park. 

 

3-5- diurnal temperature fluctuations 

In order to evaluate the effectiveness of parks in temperature mitigation during the day, hourly mean 

temperature in three parks were calculated and analyzed.  

At 3pm,Micro, Macro and MESO-scale parks were the warmest ones respectively. 

Striking the solar radiation with urban surfaces like concrete, asphalt and pavements causes them to absorb 

the heat as a consequence of low albedo which leads to higher temperature. Micro-scale Park which is a pocket 

park with surrounding bare lands has a less potential in decreasing temperature in neighboring areas. However, 

Macro and MESO scale parks have more capability for PCI effect. 

 

6- Conclusion 

The recorded temperature data and their analysis proved that employing parks and urban green spaces 

ameliorate the urban heat island effect drastically. The size of effect depends on the size of the park and with 

expansion of green areas the PCI effect amplifies. The Macro scale park was able to decrease the air temperature 

up to 5.5˚C. MESO-scale Park mitigated the air temperature up to 6.1˚Cand Micro-scale Park decreased the 

ambient temperature up to 1.4˚C.The land uses around the parks were effective on cooling impact as well. So that, 

MESO-scale park was cooler than Macro-scale Park. The higher temperature in Macro-scale Park was due to the 

neighboring residential buildings against the bare lands surrounded the MESO-scale Park which led to make it 

cool. Data analysis showed that the PCI effect is within a radius equal to twice the width of the park. This effect 

was visible in all parks in mentioned distance. Finally, it was concluded that applying urban greenery system has a 

key role in mitigation of air temperature in urban areas and consequently ameliorating the UHI effect. 
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Appendix 1 
Receptor 

Atmosphere 

Date Time mod time(min) T(°K) TV(°C) TR(°C) 

22.06.2015 13:00:00 60 299.008 25.858 25,892 

22.06.2015 14:00:00 120 300.045 26.895 26,645 

22.06.2015 15:00:00 180 300.391 27.241 27,468 

22.06.2015 16:00:00 240 300.178 28.498 28.124 

22.06.2015 17:00:00 300 299.415 26.538 26,641 

22.06.2015 18:00:00 360 298.688 25.538 25.748 

Table No.1 

 
Receptor 

Atmosphere 

Date Time mod time(min) T(°K) TV(°C) TR(°C) 

22.06.2015 13:00:00 60 298.576 25.426 25,391 

22.06.2015 14:00:00 120 299.343 26.193 26,254 

22.06.2015 15:00:00 180 300.771 27.621 27,325 

22.06.2015 16:00:00 240 299.613 26.463 26,742 

22.06.2015 17:00:00 300 298.908 25.758 25,586 

22.06.2015 18:00:00 360 297.11 23.96 23,835 

Table No.2 

 
Receptor 

Atmosphere 

Date Time mod time(min) T(°K) TV(°C) TR(°C) 

22.06.2015 13:00:00 60 303.102 29.952 29,936 

22.06.2015 14:00:00 120 304.176 31.026 31,164 

22.06.2015 15:00:00 180 304.529 31.379 31,056 

22.06.2015 16:00:00 240 304.336 31.186 31,413 

22.06.2015 17:00:00 300 303.715 30.565 30,389 

22.06.2015 18:00:00 360 302.821 29.671 29,584 

Table No.3  
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