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ABSTRACT 

 
In the design phase of engineering structures, an understanding of extreme weather 

conditions that may occur at the site of interest is very essential, so that the structures can 

be designed to withstand climatological stresses during its life time. In this report an analysis 

of extreme values of meteorological parameters at Kalpakkam for the period 1968-’99, 

which provide an insight into such situations is described. 

 

The extreme value analysis reveals that all the variables obey Fisher-Tippet Type-I 

extreme value distribution function. Parameter values of extreme value analysis functions 

are presented for the variables studied and the 50- and 100- year return period extreme 

values are arrived at.    Frequency distribution of rainfall parameters is investigated.  Time 

series of annual rainfall data suggests a cycle of 2-3 years period.
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1. INTRODUCTION 

 

In any civil engineering work, for development of a site, the knowledge of extreme 

weather conditions juxtaposed with that of strength of civil structures to withstand such 

extremities forms the basis for the design of these structures.  Such study, apart from 

common weather variables like temperature, wind speed, rainfall and relative humidity, 

includes aspects like flood, earthquake, lightning etc. in the locality before actually designing 

the structures.  These weather conditions are characterised by suitable parameters after 

subjecting the relevant data to statistical treatment.  These studies provide an insight into 

the extreme values of the considered variable over a period, generally during the expected 

lifetime of the structure and help the designer to arrive at the design basis values of different 

parameters as regards the safety of the concerned structures.   

 

This report presents a study on the extreme value analysis for the meteorological 

parameters like air temperature, relative humidity, wind speed, daily, monthly and  annual 

rainfall.  A study of long term analysis of rainfall at any place finds use in many applications 

like prevention of floods, construction of dams, irrigation engineering, water harvesting, 

public health engineering etc.  They also help in planning pre- and post-flood operations. 

Results of statistical analysis of long term rainfall are presented in this report.  The 

daily collection of rainfall data for 32 years (1968-1999) forms the basic data set for the 

analysis.  Aspects covered in this analysis are annual, monthly and daily rainfall.  Extreme 

value analysis distribution functions of each variable are established and parameter values 

arrived at. Extreme values corresponding to 50 and 100 year return periods are derived.  

These values are particularly useful in arriving at design basis values to ensure safety of 

civil structure and siting of associated ancillary facilities taking care of future  stresses due to 

extreme weather conditions. 

 

2.  DATABASE AND ANALYSIS 

 

Hourly temperature and relative humidity data collected from continuous charts used 

to record these met variables form the raw data for these parameters.  For extreme value 

analysis of wind speed, hourly average and 5-minutes average values obtained from 



  
 

continuous wind charts are used.  While for wind speed, the period of data collection is 

1969-1990, for the rest, it is 1968-1999.  For rainfall analysis, hourly rainfall data collected 

from a recording raingauge forms the raw data.   

 

2.1.  Long Term Statistical Analysis 

 

From the raw data of daily maximum and minimum temperature and daily minimum 

relative humidity, yearly extreme values are obtained and used for extreme value analysis.  

From the raw data on rainfall, a) total rainfall in a day, month and year, b) maximum daily 

rainfall in a year, c) maximum monthly rainfall in a year and d) maximum rainfall intensity in 

a year are obtained, The maximum and minimum values, used for extreme value analysis, 

are shown in Table Ia and Table Ib respectively. The intermediate data i.e. daily, monthly, 

NE and SW monsoon data and annual values, presented in Tables IIa, IIb, III and IV is 

used for obtaining the mean and frequency distribution. 

 

2.2.  Extreme Value Analysis 

The met variables chosen for this analysis are maximum and minimum air 

temperature, minimum relative humidity, maximum hourly average and maximum 5-minutes 

average wind speed, maximum daily rainfall, maximum monthly rainfall and annual rainfall.  

The values are arranged in ascending order for maximum and descending order for 

minimum of the parameter and each data point is assigned a rank ‘m’.  For data with same 

value, though the rank is same, it is suitably designated so as to leave no gaps in the 

ordered data array.  The probability of non-exceedence of a particular magnitude x of the 

data point of rank m was obtained as  

P(x) = m / (M + 1) 

 

where M is the total number of data points. 

 

 

     This data was examined for a linear fit between the data values and probability of non-

exceedence. Correlation coefficient  between a) x vs Yp and b) ln(x) vs Yp for all the 

variables were found out in order to choose the best fit.i) It was found that the correlation 

coefficients range from 0.926 to 0.995.  Table V gives a summary of the correlation analysis 

results.  The coefficient is greater for x versus Yp in the case of maximum temperature, 

maximum daily rainfall, maximum monthly rainfall and annual rainfall.  For the rest of the 

variables, the difference between the correlation coefficients of x vs Yp and ln(x) vs Yp is not 

much appreciable as it differs only in the third place.  Ignoring the small differences in the 

   



  
 

coefficients for these variables, it is seen that all the variables obey Fisher-Tippet Type I 

distribution. 

 

Fig-1 shows the plots of extreme value distribution function for all the rainfall 

parameters and Fig-2 for the other met variables studied.   

 

Equation for the straight line in the plot of x versus Yp can be written as  

 

x = α + β1Yp 

where Yp is the reduced variate corresponding to P(x) defined as  

Yp = -ln(-ln(Px))) 

Substituting the value of Yp in the above equation of the straight line, yields 

 

P(x) = exp(-exp(-(x - α) / β1)      [Fisher-Tippet Type – I] ii) 

From the slope and intercept of the straight line, the probability of non-exceedence of 

a met variable with given value can be calculated.  The probability of non-exceedence 

known, the Mean Reference Interval (MRI) or return period related to P(x) as  

 

MRI = 1 / [1 - P(x)] years 

 

can then be found out.  Conversely, knowing the parameter values, the extreme value of the 

met variable for a given MRI can be worked out.    

 

3.  Results and Discussion 

3.1.  Long Term Rainfall Statistics 

3.1.1. Annual Rainfall 

 

            Temporal Variations 

 

From Tables Ia and Ib it is seen that the yearly rainfall varies widely at Kalpakkam.  

The lowest rainfall was 567.1 mm in the year 1968 and the highest was 2112.0 mm during 

1985.  The mean rainfall over the period of this report works out to be 1339.7 mm with a 

standard deviation of 385.1 mm.  The rainfall has been less than 1000 mm on only four 

occasions out of 32-year period.   The rainfall has been appreciably low (<1000mm) during 

1968, 74, 82 and 86.  On 10 occasions the rainfall has been less than 1100 mm.  But for a 

rainfall amount near this value during three consecutive years from 87-89, and a moderately 

higher rainfall (1726 mm) during 1998, the pattern with rainfall less than 1100 mm has a 

   



  
 

neat cycle with a period of 6 years (1968, 74, 80, 86, 92).  Similarly a rainfall near 2000 mm 

has occurred on 1970, 1978,1985.  During 1991 and 1997, though figures show an upward 

trend, the rainfall has been 1484.9 mm and 1748.0 mm respectively.  But for this digression 

of about 25%, the 2500 mm rainfall  pattern suggests a cycle of 6-7 years.  These patterns 

of rainfall are seen in graph of 3-year moving average rainfall in Fig-1.  

 

      Frequency Distribution 

 
 Percentage cumulative frequency distribution curves were drawn for the three 

rainfall aspects viz. Annual rainfall, monthly maximum rainfall and daily maximum rainfall 

with a class width of 250, 100 and 50 mm respectively. All the distributions were found to be 

unimodal with mode of 9, 6 and 12 respectively.    Fig-2 depicts the plots of the distribution.  

From the graphs, it is seen that the distribution for all of them is Gaussian. The high value of 

12 of the mode of daily maximum rainfall distribution is reflected in the distinct point against 

the class interval 100-150 mm.   

 

3.1.2 Monthly Rainfall 

 

The 32 years average monthly total rainfall is depicted in Fig-3, along with the 

monthly rainfall for the excess year (1985) and deficit year (1968).  The maximum and 

minimum of the monthly total rainfall averaged over the above period are 373.7 mm in 

November and 4.7 mm in March.     

 
Kalpakkam site receives rainfall both from SW (Jun-Sep) and NE (Oct-Dec) 

monsoons.  The rest of the rainfall is scattered over the remaining period of the year.  The 

monsoon activity is at its peak at Kalpakkam in the month of November during NorthEast 

monsoon.  During this monsoon the site receives an average rainfall of 815.3 mm with an 

S.D of 319.4 mm while during the South-West monsoon period, the average receipt of 

rainfall is 434.1± 160.6 mm.  The amount of rainfall received during NE monsoon works out 

to be 61.0% and during SW monsoon it is 32.0%.  Thus it is seen that the NE monsoon is 

the predominant contributor and over 90% of the rainfall at Kalpakkam is received during the 

two monsoons.  Tables IIa, IIb and Fig-4-6 present the data and plot of monsoon rainfall. 

 

It is often required to know the balance rainfall say, for a season or month for 

planning purpose.iii)  A cumulative rainfall chart based on a reasonably sufficient number of 

years may prove very useful in this regard.  Fig-7 shows the plot of 32 years cumulative 

average monthly rainfall.  Also shown in the graph is the balance rainfall, which is obtained 

by subtracting the cumulative value upto any chosen period from the total.  Hence the 

   



  
 

resulting overall pattern after plotting the latter is symmetrical about a line passing through 

the point of intersection of the two curves and parallel to the x-axis.  While the ordinate of 

the point of intersection of the two curves  has a value necessarily equal to half of that of the 

end point of the cumulative graph, the abscissa i.e. the time at which the cumulative value 

and balance are equal is decided by the shape of the graph i.e. the variation of slope at 

different points throughout the curve. 

 
The plot also shows the cumulative rainfall for a deficit year (1968) as a sample for 

comparison.  Though the trend shows that till the month of July the trend has been 

reasonably following the 32-year graph, after July there has been a slag in the rainfall.  It is 

also clear from the plot that 1968 cumulative rainfall has not quite caught up with even half 

of the 32-year cumulative value at the end of the year.  

 
3.1.3. Daily Rainfall 

 

Based on the number of rainy days in a month and the total rainfall in that month, the 

average daily rainfall is calculated.  For this purpose a rainy day is defined as a day having 

rainfall greater than or equal to 0.1 mm.  The average daily rainfall at Kalpakkam on an 

annual basis varies between 8.5 and 23.7 mm with a mean of 16.2mm.  Correspondingly the 

number of rainy days in a year ranges between 63 and 101 with a mean of 82.3.  The details 

are presented in Table III and IV.  That during November the rainfall activity is at its peak is 

reflected in the maximum rainfall value of 26.2 mm in the overall mean. 

 
3.2. Extreme Value Parameters 

The parameter values describing the distribution functions of extreme value 

analysis for all the meteorological variables studied are presented and compared with 

the data reported by Sharma et al. (1982) based on the period of 11 years (1968-78) 

studies   in Table VI. The extreme values for the return period of 50 and 100 years for 

all common parameters studied falls in the same range.   

   
3.3. Other Met Variables 

 
The maximum air temperature recorded at Kalpakkam during the 32-year period is 

43.5°C, while the minimum is 17.5°C. Similarly the minimum relative humidity and maximum 

wind speed at 30m level are 15% and 182 km/hr respectively.  The maximum and minimum 

values of 5-minutes average wind speed are 92.2 and 61.9 km/hr respectively.  The range of 

the variables analysed viz. maximum air temperature, minimum air temperature, minimum 

relative humidity and maximum wind speed are 38.1-43.5°C, 17.5-22°C, 15-40% and 43.0-

   



  
 

77.0 km/hr respectively.  Table Ib summarises the data.  The graphs pertaining to extreme 

value analysis of the respective met variable mentioned here are shown in Fig - 2.  

  

4.   Conclusions 
 

Based on the degree of correlation between Yp and x (or ln(x)), it is seen that all the 

meteorological variables studied obey Fisher-Tippet Type I distribution.  Extreme value 

distribution function parameters have been established for all the met variables routinely 

observed at Kalpakkam station.  These values are useful in arriving at the design basis 

values to ensure safety of civil structures in and around Kalpakkam.  The long-term analysis 

of rainfall reveals that the North East monsoon brings in the major share of rainfall at 

Kalpakkam. The results of the maximum rainfall analysis may be used for future plans in the 

water harvesting, irrigation and design areas. 
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