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ABSTRACT: Prediction of site specific wind speed plays a key role in the determination of 
wind-induced response of structures. The wind speed value is typically taken from the local code 
of practice, which is IS:875 - Part 3 [1] in India. Considering that this code hasn’t been updated 
for the last 25 years, a revisit of the wind speed including the last three decades of data is war-
ranted. In this paper, the design wind speeds for the metro cities of India have been assessed 
based on the local airport data.  
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1 INTRODUCTION 
 

India is witnessing an unprecedented amount of construction in the tall building area to meet up 
with the ever increasing demand for housing in the Indian metros (Mumbai, Delhi, Kolkata, and 
Chennai – see Figure 1). Significant growth in tall building sector is connected to the growing 
economy, and this is expected to persist for long time. 

 

 

 

Figure 1.  Map of India showing metros. 



In connection with this growth, tall building construction requirements are changing frequent-
ly. Tall building committee is set up in Mumbai to review all the design and regulate the tall 
building construction in Mumbai. Also, many tall building designs are nowadays confirmed 
through wind tunnel tests determining wind loads and accelerations precisely. Challenges behind 
the wind design of tall buildings are emerging as well in the form of complex geometries, sur-
roundings and structural forms. 

One another important parameter for wind design is the wind climate itself. Indian wind load-
ing standard [1] provides the basic wind speed (3-sec gust) for all the locations in India with the 
help of a wind map. This has been widely used for design by most of the practitioners. Note that 
10% change in speed can alter the subjected load at least by 20% and also this has significant im-
pact on acceleration prediction as well. In view of this there exists a dire need to assess the wind 
speed accurately across the subcontinent based on authentic data. Note that the wind map of India 
in the IS:875 – Part 3 [1] is based on the measured wind speed data at the airports up to early 
1980’s. In addition to this data, another 30 years of data spanning between 1980 and 2010 were 
included in this study.   

 

2 WIND CLIMATE OF INDIA 
 

India is situated roughly between 8
o
N and 37

o
N latitude, where there are four climatic zones 

namely alpine, sub-tropical, tropical and arid. In India, synoptic climate drivers cause pressure 
system winds. The synoptic climate drivers are (1) North-east monsoon (Winter monsoon) and 
(2) South-west monsoon (Summer monsoon). In case of north-east monsoon, the cold dry air 
over North Asia during October and March creates high-pressure areas blowing winds from 
north-east to south-west. Though winds lost their moisture while crossing central Asia, gets hu-
midity from Bay of Bengal while crossing and resulting into showers in south India. In case of 
south-west monsoon, the hot air that rises over south Asia during April and May creates low-
pressure areas into which the cooler, moisture-bearing winds from the south ocean flow. These 
climate drivers are pictorially shown in Figure 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 2.  North-east monsoon, South-west monsoon.                                         

 
In addition, thunderstorm winds are common in India. Thunderstorm winds are localized phe-

nomenon caused by temperature gradient in cloud resulting in vertical convective motions. Trop-
ical cyclones (rotating type wind) are also common in India especially in the east coastal regions.  
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Mumbai is located in the west coast (Lat 19
o
 04’N, Lon 72

o
52’ E) and the wind climate is in-

fluenced by synoptic system monsoons and thunderstorms. In the past, cyclonic systems never 
made a landfall in Mumbai. Most of these cyclonic systems made landfall further north of Mum-
bai and Mumbai is only affected by the very outer bands of the cyclonic systems. The frequency 
of occurrence of cyclones over Arabian Sea is lower than that over the Bay of Bengal on the east 
coast of India due to the colder water currents in Arabian Sea. 

Delhi is located in the interior of north India (Lat 28o 38’N, Lon 77o13’ E). Delhi wind climate 
is influenced by monsoons and thunderstorms. Kolkata is located in the north east coast (Lat 22

o
 

34’N, Lon 88
o
21’ E). Kolkata wind climate is influenced by monsoons, thunderstorms and cy-

clones. Chennai is located in the south east coast (Lat 13
o
 04’N, Lon 80

o
15’ E). Similar to Kol-

kata, Chennai wind climate is also influenced by monsoons, thunderstorms and cyclones.  
Synoptic system monsoons and cyclonic systems cover a vast area and prolong for several 

hours/days and therefore, anemometer measurements from airports likely can capture the wind 
characteristics of these systems at least at lower levels. However, in the case of thunderstorms, 
considering its local nature and short duration, airport measurements alone may not be sufficient 
to capture its strength in case when this happens on another part of the same city away from air-
port. Therefore, other means of measurements such as wind profiler, radiosonde, doppler radars, 
GPS receivers, aircraft reconnaissance, and meso-scale regional numerical prediction should be 
explored. The design wind speed predictions based on airport data shall be checked against other 
measured data to confirm the inclusion of the severity of the thunderstorm activity in the region. 

3 DESIGN WIND SPEED FOR MUMBAI 
 

Traditional methods for assessing the wind climate for wind engineering purposes are based on 
analysis of long term surface records from a nearby meteorological station, typically measured at 
a height of 10 m above ground. For this assessment, hourly surface wind data from the following 
stations were used: (1) Chhatrapati Shivaji International Airport (CSI, Station Index: 43003, be-
fore known as SantaCruz Airport) for a period of 1969 – 1999 provided by India Meteorological 
Department (IMD) at Pune, (2) Chhatrapati Shivaji International Airport (CSI) data for a period 
of 2000 – 2007 provided by NCDC (National Climatic Data Center of USA), and (3) Colaba Ob-
servatory (Station Index: 43057) data for a period of 1969 – 2007 provided by IMD at Pune. Pro-
vided hourly surface wind data were carefully reviewed and subsequently filtered to avoid the 
contamination of reliable data with the potentially erroneous readings. 

Measured wind speeds are adjusted by direction to compensate for the effects of upwind ter-
rain and surface characteristics using ESDU [2] methods.  This correction for site-specific ter-
rain effects generates winds corresponding to standard open terrain condition. Extreme value 
analyses are then performed for the determination of wind speeds with respect to return period.  
Site-specific Weibull climate models are also developed to assess the relationship between wind 
speed and return period, as well as to establish the directional distribution of strong winds. 

Monthly peak mean hourly wind speeds were analyzed using the standard Gumbel method by 
fitting Fisher-Tippet Type I distributions to the data. Various fitting methods were used which 
included fitting velocity squared ( 2V ) instead of velocity (V ), and using a least-squares fitting 
versus the method of moments.  A comparison of the various fitting methods was used to eva-
luate the best fit to the data. The V least-squares fitting method as shown in Figure 3 provides 
the closest fit to the data. 



 
 

Figure 3.  Extreme value fit of wind speed – Mumbai. 

 

 
Based on this analysis, it is found that the estimated 50-year return period mean-hourly wind 

speed is 18.9 m/s and 22.5 m/s corresponding to CSI and Colaba data respectively. Recognizing 
the fact that the current structural design practice of India IS:875 - Part3 (1987) [1] is widely 
adopted as a reference document, the relationship between gust and mean-hourly speeds must be 
defined. Based on the ASCE 7-05 Standard [3] conversion factor of 1.52, the equivalent 3-
seconds gust speeds are 28.7 m/s and 34.2 m/s corresponding to the CSI and Colaba data respec-
tively.  Further, the factor of 1.52 is confirmed by checking the gust/mean ratio obtained from 
the measurements as shown in Figure 4. These predicted speeds are similar to the recent predic-
tions made by Lakshmanan et al. [4] for Mumbai based on the uncorrected gust data. However, 
note that these speeds are significantly lower than the IS code [1] recommended speed of 44 m/s 
for Mumbai. The hand book published by Standards Australia on the design wind speeds for the 
Asia-Pacific region [5] suggests a 3-sec gust wind speed of 39 m/s for Mumbai, which is about 
11% lower than the suggested speed in the IS code. Recently, Aurelius and Cammelli [6] pre-
dicted considerably lower speed for Mumbai than those stipulated in the IS code. As per the cur-
rent study, the best estimate 50-year return period Basic Wind Speed (3-seconds gust) for Mum-
bai is 39 m/s. This best estimate speed is higher than the predicted speed based on airport data 
and this is to account for uncertainties in the data. Similar wind speed values have also been ob-
tained by analyzing the measured gust data.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4.  Gust to Mean Ratio – Mumbai. 
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4 DESIGN WIND SPEED FOR DELHI 
 
For the assessment of wind speed for Delhi, hourly surface wind measurement data from the fol-
lowing stations were used: (1) Indira Gandhi International Airport data (IGI, Station Index: 
42181, before known as PALAM Airport) for a period of 1969 – 1996 provided by IMD at Pune, 
(2) Indira Gandhi International Airport (IGI) data for a period of 1996 – 2009 provided by NCDC 
USA, and (3) Safdurjung Airport (Station Index: 42182) data for a period of 1969 – 2006 pro-
vided by IMD at Pune. Similar analysis as previously discussed was carried out, and the 
V least-squares fitting method as shown in Figure 5 provides the closest fit to the data. 

Based on this analysis, it is found that the estimated 50-year return period mean-hourly wind 
speed is 27.1 m/s and 29.1 m/s corresponding to IGI and Safdurjung data respectively. The 
equivalent 3-seconds gust speeds are 41.3 m/s and 44.3 m/s corresponding to the IGI and Safdur-
jung data respectively.  These predicted speeds are closer to the recent predictions made by 
Lakshmanan et al. [4] for Delhi based on the uncorrected gust data. RWDI also performed ex-
treme value analysis on the uncorrected peak daily gust data for 38 years. The IGI gust data 
yields a 50-year gust value of 46 m/s at 10 m height, while the Safdurjung data yields a 50-year 
gust value of 44 m/s. These gust speeds are in the same range as the earlier predictions based on 
mean-hourly data. Also, note that these speeds are closer to the IS code [1] recommended speed 
of 47 m/s for Delhi. The hand book published by Standards Australia on the design wind speeds 
for the Asia-Pacific region [5] suggests a 3-sec gust wind speed of 44 m/s for Delhi, which is 
about 6% lower than the suggested speed in the IS code. As per RWDI’s analysis, the best esti-
mate 50-year return period Basic Wind Speed (3-seconds gust) for Delhi is 44 m/s. 
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Figure 5.  Extreme value fit of wind speed – Delhi. 

5 DESIGN WIND SPEED FOR KOLKATA 

For the purpose of this assessment, 3-hourly/1-hourly surface wind measurement data from the 
following stations were used: (1) Netaji Subhash Chandra Bose International Airport data (Sta-
tion Index: 42809, before known as DUM DUM Airport) for a period of 1969 – 1987 provided 
by IMD at Pune and (2) Netaji Subhash Chandra Bose International Airport data for a period of 
1987 – 2010 provided by NCDC USA. Similar analysis as previously discussed was carried out, 
and the V least-squares fitting method as shown in Figure 6 provides the closest fit to the data. 

 



Based on this analysis, it is found that the estimated 50-year return period mean-hourly wind 
speed is 30.5 m/s. The equivalent 3-seconds gust speed is 46.4 m/s. This predicted speed is 
matching the recent predictions made by Lakshmanan et al. [4] for the Kolkata Dum Dum station 
based on the uncorrected gust data.  Note that these speeds are about 5% lower than the IS code 
[1] recommended speed of 50 m/s for Kolkata. The hand book published by Standards Australia 
on the design wind speeds for the Asia-Pacific region [5] suggests a 3-sec gust wind speed of 44 
m/s for Kolkata, which is 12% lower than the suggested speed in the IS code. As per RWDI’s 
analysis, the best estimate 50-year return period Basic Wind Speed (3-seconds gust) for Kolkata 
is 47 m/s. 
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Figure 6.  Extreme value fit of wind speed – Kolkata. 

6 DESIGN WIND SPEED FOR CHENNAI 

For the purpose of this assessment, 3-hourly/1-hourly surface wind measurement data from Mi-
nambakkam International Airport (MIA) for a period of 1973 – 2010 provided by NCDC USA 
were used. Similar analysis as previously discussed was carried out, and the V least-squares fit-
ting method as shown in Figure 7 provides the closest fit to the data. 
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Figure 7.  Extreme value fit of wind speed – Chennai.  
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Based on this analysis, it is found that the estimated 50-year return period mean-hourly wind 
speed is 27.1 m/s. The equivalent 3-seconds gust speed is 41.2 m/s. This predicted speed is in be-
tween the recent predictions made by Lakshmanan et al. [4] for two stations (MIA and Harbour) 
in Chennai based on the uncorrected gust data.  However, note that these speeds are significant-
ly lower than the IS code [1] recommended speed of 50 m/s for Chennai. The hand book pub-
lished by Standards Australia on the design wind speeds for the Asia-Pacific region [5] suggests 
a 3-sec gust wind speed of 44 m/s for Chennai, which is 12% lower than the suggested speed in 
the IS code. As per the current study, the best estimate 50-year return period Basic Wind Speed 
(3-seconds gust) for Chennai is 44 m/s. 

7 DISCUSSION 

The summary of the findings are shown in Table 1. In general, the wind speeds in the IS code 
map seem higher than reality. Mumbai and Chennai basic wind speed values in the code appear 
conservative. Based on all the evidence that we have provided in this paper, the basic wind speed 
for  Mumbai  and  Chennai can be at least  10% lower than the current value in the code. In  
 
 

Table 1.  50-yr Return Period Basic Wind Speed Data 

    

Location Based on 

Basic Wind Speed 

(m/s) 

IS: 875 44.0 

HB 212 39.0 

Lakshmanan et al. (CSI Airport) 35.0 

Mumbai Lakshmanan et al. (Colaba) 28.0 

RWDI (CSI Airport) 28.7 

RWDI (Colaba) 34.2 

  RWDI - Best Estimate 39.0 

IS: 875 47.0 

HB 212 44.0 

Lakshmanan et al. (Safdurjung) 39.0 

Delhi Lakshmanan et al. (IGI Airport) 45.0 

RWDI (Safdurjung) 44.3 

RWDI (IGI Airport) 41.3 

  RWDI - Best Estimate 44.0 

IS: 875 50.0 

HB 212 44.0 

Kolkata Lakshmanan et al. (Calcutta) 41.0 

Lakshmanan et al. (Dum Dum) 46.0 

RWDI (Nataji Subhash Chandra Bose) 46.4 

  RWDI - Best Estimate 47.0 

IS: 875 50.0 

HB 212 44.0 

Chennai Lakshmanan et al. (Minambakkam) 39.0 

Lakshmanan et al. (Harbour) 45.0 

RWDI (Minambakkam) 41.2 

  RWDI - Best Estimate 44.0 



RWDI’s opinion, further studies utilizing upper air data and meso-scale modelling [7] would be 
helpful in reinforcing the current findings and recommend appropriate speed for strength design 
of structures. In addition, a special dispensation from local building authorities of the correspond-
ing cities to use the lower speed is warranted. Until then for strength design, we recommend IS 
code specified speed for all the cities. 

The data reported in Table 1 corresponding to Lakshmanan et al. [4] is based on uncorrected 
gust data. In their work, it was assumed the peak wind data as the speed sustained over 1- minute 
duration and subsequently converted to 3-seconds format by multiplying all the peak data by a 
factor of 1.16. So, their prediction based on corrected data is the value reported in Table 1 fac-
tored by 1.16. On the other hand, based on discussions with IMD, it is our understanding that the 
data has been measured at the end of every hour for a two minute period and subsequently, two 
minute average has been reported on every hour and also a maximum gust speed is recorded for a 
day. Although the gust data doesn't specify an averaging time, the trend of the ratio of the peak 
gust to the maximum mean hourly speed is towards approximately 1.5 which indicates it is likely 
close to a 3-seconds gust. So it is of our opinion that the gust speeds reported by IMD need not 
undergo any correction as done by Lakshmanan et al. [4]. 

Recently, government of India initiated STORM programme [8] for better understanding of 
the structure and characteristics of the severe local thunderstorms in the eastern and north-eastern 
India covering West Bengal, Jharkhand, Orissa, Assam and parts of Bihar. These areas were af-
fected by severe thunderstorms during the pre-monsoon months (in particular April & May). 
These thunderstorms are locally named as “Kalbaishakhi” meaning calamities in the month of 
Baishakh. These storms are also called “Nor’wester” meaning travelling from north-west to 
south-east. These severe thunderstorms bring thunder, squall lines, lightening and hail cause ex-
tensive losses in agricultural, damage to structure and also loss of life. The STORM programme 
includes both observations and numerical predictions. These data can be explored in the future. 
The squalls associated with Nor’wester are mostly from a northwesterly direction. The highest 
winds in these squalls are reported to be 140-150 kph [8]. Note that Kolkata is prone to 
Nor’wester storm where the code suggested speed is 50 m/s (180 kph). Note that the highest re-
ported speed must be associated with a higher return period than 50-year return period used in the 
code. Further, Sutapa Chaudhuri and Anirban Middey [9] reported the peak gust speed during 
thunderstorm activity in Kolkata based on radiosonde and rawinsonde data. They reported peak 
gust speeds ranging between 40 to 120 kph. This is based on 140 thunderstorm activity over Kol-
kata during pre-monsoon season (April-May) for the years 1997-2009.  

In contrary to the current results of this study, Prem Krishna [10] and Subhash and Tamura 
[11] reported the occurrence of high wind speed cyclonic storms in the eastern coast of India than 
the recommended basic wind speed for the region specified in IS:875 – Part 3 [1]. Though the 
risk associated with the occurrence of these extreme storms is not completely understood, they 
are of the opinion that the applicability of the IS: 875 – Part 3 wind speed map especially at the 
east coast needs to be investigated further.  

With regard to Cyclonic storms on the east coast (between Thoothukudi and Kolkata) and 
west coast (between Trivandrum and Daman Diu), the best track data of tropical cyclone distur-
bances over the north Indian ocean published at the web site of IMD has been investigated. The 
published data is for the duration from 1990 till 2010. The landfall of cyclonic disturbances has 
been categorized based on the coast and the speed. The maximum sustained surface speed has 
been converted to 3-sec gust speed and the frequency of occurrence of different intensity storms 
has been determined and plotted in Figure 8.  

Note that very few low intensity storms made landfall on the west coast in comparison to the 
east coast. The maximum 3-sec gust wind speed resulted out of these storms are much lower than 
the maximum IS:875 speed of 44 m/s for the west coast below Daman and Diu. Many significant 
cyclonic activities were originated in Arabian Sea but majority of those storms were swept away 



 

The Seventh International Colloquium on Bluff Body Aerodynamics and Applications (BBAA7) 

Shanghai, China; September 2-6, 2012 

 

by the prevailing easterly winds expected in latitudes below 30
o
. As a result, many of these 

storms originated in Arabian Sea made landfall in Yemen, Oman and east of Africa. 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
Figure 8.  Frequency of cyclonic disturbances on Indian coast between 1990 and 2010. 
 

On the other hand, significant number of cyclonic activities originated in Bay of Bengal, tra-
velled with the prevailing easterly wind and made landfall on the east coast of India. Figure 8 de-
picts that occasional severe storms made landfall on the east coast of India. The speed corres-
ponding to some of these storms are indeed higher than the IS code speed of 50 m/s for these 
regions. However, the return period associated with these storms are unknown. Further investiga-
tions in this regard using simulations are essential.  

8 CONCLUDING REMARKS 

The design wind speed for four metro cities of India (Mumbai, New Delhi, Kolkata and Chennai) 

has been investigated based on data measured at the airports. In summary, the design wind speeds 

for metro cities of India have been found to be about 5-10% lower than the wind speed provided 

in Indian standard. This can have significant impact on the prediction of wind-induced 

loads/motions of structures.  
In general, the quality of the data prior to couple of decades is poor. This restricts the duration 

of years of good data to 10-20 years. Further, there is little dialogue between the community who 
uses the data and the community who measures them. For instance, three hourly wind direction 
measurements are still ongoing which is basically not useful for knowing the wind directionality 
with certainty. Considering the numerous uncertainty in measured data, further study of wind 
climate is recommended using upper air data and meso-scale modelling. This study will be ex-
tremely beneficial for all the future developments in metros and nearby regions. Further, this will 
provide adequate confidence to lower the speed than what is in the code currently and also help 
to change the wind speed map in the code. 

9 REFERENCES 

1  IS:875 – Part 3, Code of Practice for Design Loads for Buildings and Structures – Part 3 Wind Loads, Bureau of 
Indian Standards, New Delhi, 1987.  



2 ESDU, Strong Winds in the Atmospheric Boundary Layer, Part 1 & 2: Mean Hourly Speeds & Discrete Gust 
Speeds, Items 82026 & 83045, Engineering Sciences Data Unit, ESDU International, 27 Corsham Street, London 
N16UA, 1982 & 1983. 

3 ASCE 7-05 Standard, Minimum design loads for buildings and other structures,  Published by the American So-
ciety of Civil Engineers, 1801 Alexander Bell Drive, Reston, Virginia, USA, 2005. 

4 Lakshmanan et al., Basic wind speed map of India with long-term hourly wind data, Current Science, 96-7 (2009) 
911-922. 

5 HB 212, Design Wind Speeds for the Asia-Pacific Region, Standards Australia, Sydney, 2002. 
6 L. Aurelius, and S. Cammelli, A detailed assessment of design wind speeds for Mumbai, 13

th
 Int. Conf. of Wind 

Engineering (13 ICWE), Amsterdam, The Netherlands, 2011. 
7 M. Lepage, X. Qui, and V. Sifton, What’s the latest tool in wind engineering: A new role for weather simulations 

to assist wind engineering projects, RWDI Publications, Technote #28, 2006. 
8 Expert Committee, Severe Thunderstorms – Observations & Regional Modelling (STORM) Programme, De-

partment of Science & Technology, Government of India, New Delhi, December 2005.  
9 Sutapa Chaudhuri and Anirban Middey, Adaptive neuro-fuzzy inference system to forecast peak gust speed dur-

ing thunderstorms, Meteorology and Atmospheric Physics, 114-3/4 (2011), 139-149. 
10 Prem Krishna, The Indian wind loading standard: A case for review, Proc. 3

rd
 Nat. Conf. on Wind Engineering, 

Kolkata, India, 2006. 
11 C.Y. Subhash and Y. Tamura, Some issues concerning to the Indian wind loading standard [IS:875 (Part 3) – 

1987], Proc. 12
th
 Int. Conf. on wind Engineering, Cairns, Australia, 2007, pp. 2679-2686.  

 
 
 
 

 


