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Abstract 

 
Population growth and urban development are of the effective factors of 
increasing air temperature in urban areas that may cause formation of heat 
island which itself influences air quality and as a result, public health. In this 
research the minimum and maximum temperature of Tehran (Mehrabad and 
Dushantappeh) and Ghazvin stations have been observed in a long-term 
statistic period to investigate the possibility of the heat island existence in 
Tehran. The relation of heat island with population and with amount of surface 
ozone has been also investigated. The results of the research show that the air 
temperature of Tehran station has an increasing rate and that this increasing 
rate is faster comparing with that of Ghazvin station. The increasing rate of 
minimum temperature is more than the increasing rate of maximum 
temperature. The results also reveal that the relative humidity and precipitation 
are increasing too. Since the heat island increases the number of atmospheric 
contaminants and since this phenomenon affects the formation rate of surface 
ozone more than other contaminative elements, the variation of locale ozone 
was studied. The findings indicate an increase in the amount of surface ozone. 
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Introduction 
Heat island is one of the phenomena that affect human beings’ life environment in 
urban areas on a large scale. The Heat islands form when an extra percentage of 
surface natural covering is wiped out and replaced with buildings, roads and other 
urban constructions. This problem results in the trammel of the ripe solar radiation 
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into urban structures during the day and its reflection at night. Thus the natural 
process of earth surface getting cold during the night, happens more slowly and 
consequently, the air temperature of cities will be naturally upper than the air 
temperature of suburb regions (Oke, 1973). This temperature difference is sometimes 
up to 5 to 6 degree centigrade; and even in some big cities the difference of 6 to 8 
degree centigrade in clear and calm nights, has been reported (Barry and Chorley, 
1987). As a result, the intensity of heat island depends on the meteorological systems, 
which contains the maximum amount in calm (without wind) and clear nights (Yague 
et al 1991, Klysik & Fortuniak 1999, Montaves et al 2000). 

About one century ago, Haward coined the term heat island for the first time in 
1833 (Solecke, 2004). Afterwards, several researches were done in great and 
industrial cities the results of which reveal that urbanity causes considerable changes 
on meteorological parameters and characteristics of earth surface, and consequently, 
more variations in the situation of local weather and climate (Atwater 1972 & 1974, 
Changnon 1981, Cotton & Pielke 1995, Baik & Chun 1997, Tumanov et al 1999) 
.According to Oke, the influence of heat island on temperature is more than other 
meteorological parameters (Oke, 1982). Numerous factors such as latitude, time, 
topography, stability or instability, wind, air pollution, artificial and human-made heat 
sources, buildings height, diagram of streets, and the state of air ventilation of a city 
may cause the change of weather situation in urban environments. Each of these 
factors affects the heat island and also the process of temperature increase. For 
example, wind has an important role in the omission or reduction of heat island in a 
way that if the wind velocity is more than a threshold there will be no possibility of 
the heat island development. This threshold velocity is given by this empirical 
equation; (Oke & Hannel, 1970): 

11.6-logP  4.3=CU   (1) 

In which CU  is the wind threshold velocity (m/s) and P  is the city population. 

This empirical equation depends on the different factors such as the height of 
buildings. The high validity of this equation was approved by the results of Landsberg 
(1981) researches in some European, American, and Asian cities. 

Since the extent and development of a city is generally known as the most 
significant factor affecting the intensity of heat island; and since the population is a 
standard measure of city development, Oke (1973) for the first time, presented 
number 2 equations for the calculation of maximum heat island intensity in European 
cities: 

PT log  01.206.4 −=Δ   (2) 

In which P  is the population and TΔ  is the maximum heat island intensity or the 
maximum temperature difference between the city and the suburb areas. In the 
following researches, this equation was also obtained for the cities of the north of 
America and southeast of Australia. Therefore, it is possible to show the previous 
equation as follows: 

b-logP  aT =Δ   (3) 

In which the amounts of a and b for each region is calculated according to its 
special conditions. 
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On the basis of his studies Oke (1982) concluded that low puff and the existence 
of an anticyclone in a clear sky, may prepare the appropriate condition for the 
formation of a partly hard heat island. Oke also showed that the maximum of 
temperature difference occurs early in the morning. The results of other researches 
done in Seoul also revealed that the maximum amount of heat island occurs in autumn 
and winter and the minimum amount of it occurs in spring and summer (Kim & Baik, 
2001). 

When the heat island forms on a city, the hot air rises over the city and works as a 
heat low pressure system resulting in the suction of environs air into the city. In such 
condition, if there is enough humidity in air, it is predictable to have a thunderstorm 
event. Generally, the more intense a heat island is, the longer sunnier and warmer the 
summer will be. Thus, the formation of a heat island directly influences the situation 
and quality of the city’s weather. 

The findings of researches done in Arizona and Tucson in America showed that 
the local winds of low levels of atmosphere diminish the effects of heat island 
remarkably and that there will be no possibility of heat island formation, if there is a 
downfall of cold air from neighbor vales (Comrie, 2000). 

As said before, the heat island phenomenon has been studied in many cities of the 
world and the results of studies have proved its existence. For instance, the researches 
done in London showed that since1931 to 1960 the annual average of air temperature 
in this city was 11 degree centigrade; while in the suburb and in the village areas of 
environs it was 10.3 and 9.6 degree centigrade respectively. This temperature 
difference proves the occurrence of a heat island in London (Barry and Chorley, 
1987). 

Also, another study was performed in Beijing, China on the heat island. In this 
project, amounts of earth surface radiation temperature (SRT) were extracted from a 
TM image of Landsat satellite (Xiao, 2002). In Salamanca, Spain the heat island 
phenomenon was studied in a 3 years period (1996 to 1998) comparing the 
temperature of the city with its environs areas (Alonso, 2003). In Singapore also, a 
research was done on the effects of plant covering and landscape in reducing the 
probability of heat island formation (Wong, 2005). The analysis of the air temperature 
difference between Saint Juan, a coast city in Puerto Rico, and its environs proved the 
existence of a heat island and indicated that its temperature has been increasing at rate 
of 0.06 degree centigrade a year since forty years ago; and that totally in forty years, it 
has increased about 2.4 C (Velazquez, 2006). In different parts of the world, there are 
also other researches on the heat island in progress. For example, some local 
governments in Japan, such as Tokyo and Osaka are investigating different models for 
reducing the effect of the heat island in the next 15 to 30 years (Tamura, 2006). 

 
Materials and Methods 
The meteorological and climatological data provide some information about 
atmospheric characteristics of a region and their influence on human activities. 
Earning the homogenous data series is the first required step to access the reliable 
meteorological and climatological studies. A time series is called homogenous when 
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its variable factor is only a meteorological or climatological factor. A heterogeny in 
the time series can be of two forms: first, quick (Drastic) heterogeny which occurs 
when measurement instruments or meteorology stations are moved or changed; and 
second, gradual heterogeny which can be due to the gradual variations which occur 
around the meteorology stations, such as city warming that is a result of increasing 
population and its development. In fact the development of a city will lead to changes 
in the measurement of climatological variable series such as temperature (Alonso, 
2003). 

The Tehran Metropolis with a population of about 8,000,000 is one of the cities in 
which the formation of the heat island is proved. In the present study, the information 

from Dushantappeh station in east of Tehran (latitude N�42.35 , 

longitude E�20.51 ) and Mehrabad station in west of Tehran (latitude N�41.35 , 

longitude E�19.51 ) is compared to the information from Ghazvin station 

(latitude N�15.36 , longitude E�00.50 ). Although the existence of a suitable 
measurement network can be really helpful in the study of heat island pattern, due to 
the dispersal of meteorology stations in this research, only the observational data in 
these 3 synoptic stations has been inevitably used. For this purpose, the 
meteorological data including minimum and maximum air temperature, relative 
humidity and precipitation in a period of 31 years (1973 to 2003) was provided by 
Tehran (Dushantappeh & Mehrabad) and Ghazvin stations of Iran Meteorological 
Organization. Ghazvin station represents the suburb region and Dushantappeh and 
Mehrabad stations represent the downtown and populous regions of Tehran. In order 
to investigate the homogeneity of data the qualitative control tests were used. The 
number of statistical years was complete and there was no statistic gap in the data. 

The ozone data of Fatemieh station, which is measured by Tehran’s air Quality 
Control Company, was also used to investigate the relationship between heat island 
and increasing temperature with the amount of surface ozone. Since the amount of 
precipitation and relative humidity varies as a consequence of heat island occurrence 
the changes of these two parameters were investigated too. Then, the wind critical 
velocity was also calculated and on the basis of the results of this calculation, the 
relationship between wind velocity and the intensity of heat island was studied too. 

 
Results and Discussion 
Figure 1 shows the process of minimum and maximum temperature variation of 
Tehran (Mehrabad and Dushantappeh stations) since their establishments up to the 
end of 2003. As it is shown in the figure, the air temperature has an increasing rate 
and the amount of minimum temperature increase is more than the maximum 
temperature increase in both stations. Figures 2 and 3 illustrate the process of 
minimum and maximum temperature increase in Tehran (Mehrabad and 
Dushantappeh stations) during the years 1973 to 2003 in comparison with Ghazvin 
station. 
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Figure 1: The process of minimum and maximum temperature variations of Tehran: 
(a) Mehrabad station, (b) Dushantappeh station. 
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Figure 2: The comparison of the increasing process of (a) maximum and (b) 
minimum temperature in Tehran (Mehrabad station) with Ghazvin station (suburb). 
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Figure 3: The comparison of the increasing process of (a) maximum and (b) 
minimum temperature in Tehran (Dushantappeh station) with Ghazvin station 
(suburb). 

 
It is understood from the figures that during these 31 years, the amount of 

temperature increase in both observed stations of Tehran is more than that of Ghazvin 
station (suburb); and that this increase of temperature is more noticeable in minimum 
temperature. 

As said before, the wind velocity can change the effects of heat island. By using 
the equation (1) presented in the introduction section and the quantity of Tehran 

population, the threshold wind velocity was calculated to be 11.8 s
m . Therefore, the 
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wind velocity more than11.8 s
m , will prevent the formation of a heat island; and if, 

for any reason, a heat island is formed, it will have much lower intensity. 
In Figure 4, the variation process of dominant wind velocity with minimum 

temperature difference )( minTΔ  in Tehran (Mehrabad station) and Ghazvin since 
1973 to 2003 is illustrated. It can be concluded that, with the increase of wind velocity 
the difference of minimum temperatures )( minTΔ  between Tehran (Mehrabad 
station) and Ghazvin is reduced. It should be noted that since the majority of Tehran 
population is inhabited in the west of the city, it influences Mehrabad station more; so 
in order to get more consistent results only the data from this station was used. 
Accordingly, by using Tehran population (Mehrabad station) and minimum 
temperature of Mehrabad and Ghazvin stations, this equation was obtained: 

)912.02(R      78.10log 429.2 min =−=Δ pT   (4) 

It is well known that increasing temperature leads to the increase in the speed of 
chemical reactions, especially surface ozone formation and that it raises the number of 
this contaminant in the air of urban areas. 

 

 
 

Figure 4: The variation process of dominant wind velocity with minimum 
temperature difference )( minTΔ  in Tehran (Mehrabad station) and Ghazvin (1973-
2003). 
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A temperature decrease to 1 degree centigrade will reduce the process of ozone 
formation up to 90%. The increase of ozone in the earth surface is so deleterious for 
human health and can harm the vision and respiratory systems. Moreover, since ozone 
can be easily synthesized with other molecules and oxidize them it can cause serious 
damage to the living tissues of plants and animals. The surface ozone is a main 
contaminant which exists especially in non cloudy days of summer in big cities all 
over the world and its formation and expansion is closely related to the effects of heat 
island phenomenon. The results of the investigation of the relationship between the 
heat island and amount of atmospheric ozone in Tehran showed that when 
temperature increases in Tehran, the amount of surface ozone rises (Table 1). This 
data of surface ozone reveals that in 2000, the annual average of surface ozone of 
Tehran was 5.7 PPB and that it rose to 11.2 PPB in 2003. It also indicates that the 
maximum of daily ozone was observed between 12 pm to 14 which is the period of 
maximum temperature in a day. Moreover, the results show that generally in a year 
the amount of ozone in warm months (e.g. August) is more than cold months (e.g. 
February). In figure 5, the amount of ozone contaminant in Tehran is shown during 
the 5th to 8th days of August and February in 2000 to 2003. 

Temperature increase also provides an appropriate condition for air convection 
which can lead to the rainfall increase if there will be enough humidity in the region. 
In figure 6, the increasing rate of relative humidity and as a result, the precipitation 
increase in Tehran (Mehrabad station) during 1951 to 2003 is illustrated. 

 
 

Table 1: The monthly and annual average of surface Ozone concentration in Tehran 
(PPB). 

 

 Surface ozone 2000 2001 2002 2003 

January 3.6 2.3 2.9 20.9 
February 5.1 2 14.6 14.9 

March 7.2 2 13.9 12.8 
April 8.2 4.8 11.8 9.4 
May 7.7 6.4 14.8 13.8 
June 6.7 5.9 12.5 15.8 
July 7.1 5.8 ** 15.7 

August 8 4.3 16.1 12.6 
September 5.7 3.3 11.7 8.9 

October 3.7 6 7.3 5 
November 2.5 4 4.4 2.9 
December 1.9 2.3 2.8 1.9 

Annual 5.7 4.1 10.3 11.2 
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Figure 5: Daily variations of surface ozone contaminant of Tehran in 5th to-8th days 
of (a) August (warm month) and (b) February (cold month) in 2000 to 2003. 
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Figure 6: The increasing rate of (a) relative humidity and (b) precipitation of Tehran 
(Mehrabad station) in 1951 to 2003. 

 
Conclusion 
The findings of the present research reveal that urban development and population 
growth in Tehran Metropolis has lead to the formation of heat island which affects the 
climate and life condition of the region. The increase of surface ozone amount is, for 
instance, one of the most dangerous consequences of this phenomenon, which has 
been observed in recent years. Although the increase of relative humidity and rainfalls 
has been observed, it should be noted that because of high amount of air pollution in 
Tehran, these rainfalls are often acidic and can have their own particular risks. To 
avoid the heat island phenomenon and to reduce its undesirable effects it is 
recommended to apply the previously presented solutions, such as planting trees, 
using white or green roofs (hanging gardens) and expanding the cities in bunch shape. 

 
References 
 
[1] Alonso, M. S. et al, 2003. Characteristics of the urban heat island in the city of 

Salamanca, Spain. Atmosfera: 137-148. 
[2] Atwater, M. A, 1974, Thermal changes induced by urbanization pollutants, J. 

Appl, meteor, 14:1061-1071. 
[3] Baik, J. J., H. Y. Chun, 1997, a dynamical model for urban heat island, Bound, 

Layer, Meteor, 83: 463-477. 
[4] Barry, R. & R. J. Chorley, 1987. Atmosphere, Weather and climate. London: 

Methuen and co. Ltd. 



200 Mohammad Mousavi-Baygi et al 

[5] Changnon, S. A., Jr., Ed., 1981: METROMEX: A Review and Summary, 
Meteor, Monogr, No. 40, Amer. Meteor. Soc, 181 PP. 

[6] Comrie, A. C, 2000, mapping a wind modified urban heat island in Tucson, 
Arizona, (With comments on integrating to search and under graduate 
learning, bulletin of American Meteorological society, 81:2417-2431. 

[7] Cotton, W. R. and R. A. Pielke, 1995: Human Impacts on Weather and 
Climate. Cambridge, University Press, 288 pp. 

[8] Kim, Y. H. and Baik, J.J, 2001. Maximum Urban Heat Island intensity in 
Seoul. J. Appl. Meterol 43:651-659. 

[9] Klysik, K. and K. Fortuniak, 1999, Temporal and spatial characteristics of the 
urban heat island of Lodz, Poland. Atmos. Environ, 33: 3885-3895. 

[10] Landsberg, H.E, 1981. The Urban Climate. Academic press.288 PP. 
[11] Montaves, J. P. A. Rodriguez, and J. I. Jimennez, 2000: A study of the urban 

heat island of Granada. Int. J. Climatology, 20, 889-911. 
[12] Oke, T. R, 1973. City size and the urban heat island. Atmospheric 

Environment, No 7: 769-779. 
[13] Oke, T. R, 1982. The energetic basis of urban heat island. Journal of the 

Royal Meteorological Society, No 108: 1-24. 
[14] Oke, T. R. and F. G. Hannel, 1970, the form of the urban heat island in 

Hamilton, Canada, in urban climates, WMO Tech, Note, No 108: 113-126. 
[15] Solecki, W. D, C. Rosenzweig, G. Pope, M. Chopping, R. Goldberg and A. 

Polissare, 2004. Urban Heat Island and Climate Change: An Assessment 
Interacting and Possible Adaptations in the Camden, New Jersey Region. New 
Jersey’s Environmental Decision Making. 
http://www.state.nj.us/dep/dsr/research/urbanheat.pdf 

[16] Tamura, H, 2006. Predicting the Effect of Measures to Suppress the Heat 
Island Estimation of the Effect in 15 Years and 30 Years. Research Engineer, 
Fluid Dynamics Sector, CREIPI News, 429. 

[17] Tumanov, S & Stan-Sion, A. & lupu, A. & Soci, C. & Oprea, C, 1999. 
Influences of the city of Bucharest on weather and climate parameters. 
Atmospheric Environment, 33: 4173-4183. 

[18] Velazquez-Lozada, A. et al 2006. Urban Heat Island effect analysisng for San 
Juan, Puerto Rico. Atmospheric Environment, No 40: 1731-1741. 

[19] Wong, N. H. & Ch. Yu, 2005. Study of green area and urban heat island in a 
tropical city. Habitat International, No 29: 547-558. 

[20] Xiao, R. et al, 2002. Detecting and analyzing urban heat island patterns in 
Beijing, China. Research Center for Eco-Environmental Sciences, Chinese 
Academy of Sciences, Beijing 100085, China. 
http://www.isprs.org/commission8/workshop_urban/xiao.pdf. 

[21] Yague, C. & E. Zorita & A. Martinez, 1991, statistical analysis of the Madrid 
urban heat Island, Atmos, Environ, 25B, 327-332. 


