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ABSTRACT  

One of the most influencing factors of climate is temperature.  Global warming is a 

consequence of temperature rise. The trend analysis of temperature has key role in urban 

areas since the urban areas are emerging as ‘Heat Island’. The cities are recorded higher 

temperature than its rural surroundings. In this paper, an attempt is made to analyze the 

climate change of a mega city of Hyderabad city with special emphasis on temperature 

trends. The study is based on the analysis of time series data obtained from Indian 

Metrological Department (IMD) for 63 years i.e. from 1951- 2013. To analyze the 

temperature anomalies, the cool and warm events are identified based on the deviations of 

temperature values from mean. The analysis is done for the annual average temperature 

(Tavg), annual maximum temperature (Tmax), and annual minimum temperature (Tmin). 

Linear regression method is used to analyze the projected trend   of Tavg, Tmax, and Tmin. 

To analyze the pattern of long term distribution of temperature, skewness values are used. 

The major observations from the analyses revealed that the years, before 1980 revealed 

positive temperature change in case of   Tavg, Tmax, and Tmin. The period of accelerated 

warming is associated with years after 2000 onwards due to rapid phase of urbanization and 

increase in built up area and sprawl. 

 

KEYWORDS: Climate Change, Temperature Variability, Cool and Warm Temperature 

Phases, Projected Temperature 

 
INTRODUCTION 

Urban centres all over the world are growing at an unprecedented rate. Today, nearly 

half the world population lives in urban areas. Urbanization and industrialization is one of the 

major drivers of economic growth, but this trend is also associated many environmental 

issues and concerns. Urban centres generally have a climate which is different from the rural 

surroundings. The climate of urban areas in metamorphosed   from its rural counterpart due to 

densely built-up area, paved surface, high rise buildings, vehicular traffic etc. Spatial growth 

of urban areas alters the thermal radiative and moisture balance. The urban areas are 
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becoming more vulnerable   to weather related anomalies. One such problem is temperature 

variability and warming tendency, which is more produced in urban areas than its 

surroundings. The study of urban temperature trend   is significant since global warming is a 

contemporary   issue in climate change which is drawing attention of researchers, scientists, 

planners etc. Among   climatic parameters, temperature is playing a major role in indicating 

climate change. 

 
Study Area 

Hyderabad is one of the mega cities of India and is the capital of newly formed 

Telangana state. It was also the capital of undivided State of Andhra Pradesh. The city lies at 

17°.36' N latitude and 78°.47’ E longitude. Hyderabad is located on Deccan plateau with an 

average altitude of 536 m above mean sea level. Municipal Corporation of Hyderabad 

became Greater Hyderabad with the amalgamation of 12 peripheral municipalities covering 

an area 650 sq.km (Fig 1). Greater Hyderabad   witnessed rapid urban development and land 

transformation due to demographic, spatial and economic growth.  Today, with rapid phase of 

urbanization and industrialization, there is an increasing pressure on land. Hyderabad has  

emerged  as an important  Information Technology (IT) , business  educational and cultural  

destination, Inadvertently , this  situation is culminated into  alarming growth  in built up  

area, loss of  agriculture  land, water bodies,  vegetative  cover  along with increasing  levels 

of air  pollution, suspended particulate matter and emission  of greenhouse gases.  Climate 

change  and  global warming   arising  from anthropogenic  driven emission of  greenhouse 

gases and land use / land  cover  changes  is one of the  contemporary  issues  discussed  and 

debated  at various  national  and international  forums. Among climatic variables, 

temperature plays key role in urban areas since urban areas emerging as ’Heat Island’. The 

study attempts to study long-term   temporal variations in temperature over Hyderabad 

 

 
. Fig 1: Study area  
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Data base and methodology 

This paper  attempts  to study   temperature  variability  at Hyderabad city by  

analyzing  the time   series  data obtained from Indian Metrological Department (IMD) which 

is related to  annual  maximum and minimum  temperatures  . For  better    understanding  of 

observed  trends in temperature  variability , mean values  of annual temperature (Tavg) ,  

maximum temperature (Tmax)  and  minimum  temperature (Tmin)  is computed. To analyze 

the temperature   anomalies and extreme temperature events, standard deviation values are 

used. To analyze the pattern of long term distribution of temperature, skewness values are 

used. The  temperature  data  pertains   to a  long  term  period  extending  from 1951  to 2013  

.Linear regression   method  is used  to analyze  the trend and  nature  of annual minimum , 

maximum and annual  average temperature  for 63  years   based  on which  the future  trend 

is  predicated. 

 

Annual Average Temperature (Tavg) Trend: 

Average for the long term annual temperature is used to   assess the temperature variability 

from the normal. The mean value for annual temperature i.e. for 63years is 26.56 oc. As seen 

from the   Table 1a, nearly 50%   of the   years under   consideration, recorded temperature 

around 27oc, which is close to the mean temperature (x̅) values. 

 

Fig 2: Distribution of Tavg 
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Table 1a: Distribution of Tavg 
 

  
 
 
 
 
 
 
 
 

 
 

Tale 1b:Extreme events of Tavg 
Cool  years (25 oC)  Warm Years (28 oC) 

1962 
1963 

2009 
2012 
2013 

 
     Table 1c: Projected Tavg 
 
 
 
 
 
 
 
 

Table 1d: Statistical analysis of Tavg 
Years Minimum  Maximum  Range Mean (x̅) Std. deviation (σ) Skewness 

63 25 oC 28 oC 3 oC 26.56 .642 -0.25 
 

Out of 63 years, 27 years recorded temperature to the extent of 26oc constituting about 

43% of the years under consideration. Only  2 years  i.e. 1962,63 recorded  temperature 

around  25oc , whereas on the other extreme  3 years  i.e. 2009,2012,2013 recorded  

temperature  around 28oc .To analyze temperature anomalies and related cool and warm 

temperature phase, standard deviation (σ) is used. The temporal distribution of temperature 

varies between x̅ ±2σ. The years experiencing extreme high temperature are associated with x̅ 

+ 2σ. Three years i.e. 2009, 12, 13 were the years associated with accelerated warming or 

rising temperature (Table 1b). The years 

with x̅ - 2σ of Tavg values  are 1962, 63, which is considered as cooler phase of 

average temperature. Skewness is the measure symmetry of distribution .The skewness 

values between  

- ½ to+ ½and therefore shows that the distribution Tavg is approximately symmetric. In Table 

1c and Fig 4 the trend of projected Tavg shows   that there will be further rise of temperature 

and by 2050 the projected Tavg temperature will be 27.76 ( Table 1c) by the year 2050. 

Tavg(oC) No. of 
Years  

Percentage  

25 2 3.2 
26 27 42.9 
27 31 49.2 
28 3 4.8

Year  Temperature oC 

2020 
2040 
2050 
 

27.23 
27.58 
27.76 
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Fig3: Trend of Tavg 
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Fig4: Projected trend Tavg 

 

Average annual temperature is affected by   Tmax and Tmin   temperatures. The 

linear trend of long term annual average temperature indicated a   increasing trend over the 

period under observation. Year 2012 was the warmest year with the temperature recorded is 

27.9oc higher than 1.34oc the mean temperature. In comparison with long term mean average 

temperature  up to 1975, the temperature  recorded  were much less than the mean values  and  

therefore  can be considered as cool phase . The year 1975 to 2000 emerged as a warming 

phase whereas 2000 onwards can be considered as an extreme warming phase. The warming 

phase is due to rapid phase of urbanization 

 

Annual Maximum Temperature(Tmax) Trend: 

The annual Tmax trend is presented in Fig 6. The long term annual maximum 

temperature recorded for Hyderabad is 34 oC in the year 2013.  Over a period of 63 years, the 

range of temperature is 4oc (Table 2b). The distribution of maximum temperature reveals 
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some anomalous temperature values. Extreme annual maximum temperature events are 

associated with x̅ ± 2σ. One of the exceptional observations is that, in the earlier years i.e. 

1950, 60, the temperature recorded were around 31oc which is about 3 oc less as compared to 

the year after 2010. x̅ + 2σisassociated with extreme warming years, such as 2009,10,11,12 

and 13 (Table 2c). These years recorded temperature around 34oC. 

The annual maximum temperature trend line shows peaks and valleys indicating 

fluctuations and anomalies, with associated years of warming and cooling. It is seen form the 

Fig 6 that over all the temperature recorded are less than the mean value with few exceptions 

i.e.  during 1985 and 1975 , the temperature recorded was around 33 oC . The years from 

1950 to 1995 can be considered as   cool phase of Tmax. 

The trend of temperature rise accelerated after the year 2000.The long-term trend 

mean for the Tmax is 32.43oc. Out of 63 years, 30 years recorded temperature to the   tune of 

30oc constituting 47.6% of the years under consideration. 36.5% of years registered 

temperature around 33oc. 

 

Fig5: Distribution of Tmax     Table 2a: Distribution of Tmax 

 
Table 2b: Statistical analysis of Tmax 

 

 
 
 
 
 
 
 
 

Tmax(oC) No. of years Percentage  

30 1 1.6 

31 4 6.3 

32 30 47.6 

33 23 36.5 

34 5 7.9 

Years Minimum  Maximum  Range Mean (x̅) Std. deviation (σ) Skewness 

63 30 oC 34 oC 4 oC 32.43 .797 0.601 
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Table 2c: Extreme events of Tmax     Table 2d: Projected Tmax 
  

 
 

 

The standard deviation value is 0.797, which showed a considerable deviation from 

the mean value. The skewness value is 0.601 which indicates that the distribution of data is 

moderately skewed. Projected score using regression (Fig 7 and Table 2d) revealed a 

continuous upward trend in temperature rise with Tmax temperature reaching 34.01oc by 

2050. 

Fig.6: Trend of Tmax 
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Fig 7: Projected Trend of Tmax 
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Cool  years (31oC)  Warm Years (34oC) 

1955 
1956 
1961 

2009 
2010 
2011 
2012 
2013 

Year  Temperature  oC 

2020 
2040 
2050 

33.32 
33.76 
34.01 
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Annual Minimum Temperature (Tmin) Trend: 
The mean value of minimum temperature is 20.70oc. Nearly 36 years out 63 years 

recorded Tmin values which are falling near the mean value (Table 3b). The range of annual 

minimum temperature varied between 19oC to 22oC .Lowest annual minimum temperature is 

recorded in the year 1963 and highest and mean value registered in the year 1988. The range 

of annual minimum temperature is 3oC. The period with accelerated rise in annual minimum 

temperature is associated with  temperature values falling around x̅ + 2σ. These years mostly 

associated with 1970 -1990.  x̅ - 2σ values are associated with   lower minimum temperature 

years, which are associated years around 1960’s.The years 1960-70 are associated with 

extreme cool phase. It is further corroborated from Fig 9 that, after year 2000onwards, the 

annual minimum temperature has revealed a decline trend. The skewness value is -0.263 

which indicates that the distribution is   approximately skewed 

 

Fig 8: Distribution of Tmin     Table 3a: Distribution of Tmin 

 
Table 3b: Statistical analysis of Tmin 

Years Minimum  Maximum  Range Mean (x̅) Std. deviation (σ) Skewness 

63 19 oC 22 oC 3 oC 20.70 .663 -0.263 
 

Table 3c: Extreme events of Tmin    Table 3d: Projected Tmin 
 

 
 
 
 

 

 

 

 

The trend line analysis of annual minimum temperature revealed a highly skewed 

pattern with fluctuations   in temperature values. Two general phases of temperature are 

Tmin(oC) No. of years Percentage  

19 2 3.2 

20 20 31.7 

21 36 57.1 

22 5 7.9 

Cool  years (19oC)  Warm Years (22oC) 

1963 
1968 

1973 
1979 
1980 
1986 
1988 

Year  Temperature  oC 

2020 
2040 
2050 

21.12 
21.56 
21.86 
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discernable from Fig 9.  Up to 1975, the overall temperature values were much less than 

mean temperature values. During 1950-75, the temperature recorded were much lower than 

the mean values, signifying the cooling phase.1980 onwards, the temperature values 

registered rising trend with higher temperature values in comparison to mean minimum 

temperature. This period reflects the general warming trend.  Interestingly, it is noticed form 

Fig 9 that the mean temperature recorded after the year 2000 onwards is much lower than the 

decade 1981-90 

Fig 9: Trend of Tmin 
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Fig 10: Project Trend   of Tmin 
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The projected mean minimum temperature is expected to be 21.12oc in year 2020 and will 
rise up to 21.86oc in 2050 (Fig 10 and Table 3d) 
 
Conclusion  

In this study temperature data from 1950 to 2013 were used to identify temperature 

variability, trends in Greater Hyderabad. From analysis of annual average temperature 

(Tavg), annual minimum temperature (Tmin), annual maximum temperature (Tmax) data 

series it can be concluded that temperature of the area reflected higher temperature 

variability. Taking 1951 as base year, the annual average temperature (Tavg) has increased to 

the extent of 0.85oc in 2013.  In case of Tmax, the rise is temperature is to the tune of 0.87 oc. 

The most striking feature of the Tmin temperature trend is that, it has registered highest 

increase in temperature with 0.92oc in 2013.The projected Tavg will be 27.76oc by 2050 
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which is  0.85  higher than  Tavg  value for 1951. The Tavg registered lower values up to 

1975 which can be considered as a cooler phase whereas 2000 onwards is considered as a 

warming phase of Tavg. The trend of Tmax has shown many fluctuations and anomalies. The 

temp trend of Tmax revealed less warming up to1975. It revealed an upward trend after 2000 

indicating warming phase. The Tmin has shown a declining trend after the year 2000 

onwards, indicating cool years. This trend of Tmin is quite dissimilar to that of Tavg and 

Tmax. The overall trend after 2010, indicated extreme warming in Tavg, Tmax and Tmin, but 

the warming is more pronounced in case of Tmax. 
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