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ABSTRACT. The recent decades have witnessed significantdeera temperatures both on global and regional
scale. Some specific locations in India like Oriagd Andhra Pradesh have experienced unusuallywsaes conditions
resulting in increase in heat stress associatedsi#ies and mortality. There is a general belidf ¢ti@s have become
more uncomfortable during summer, particularly e tecent years. The present study is an atteangtamine the
trend in discomfort over the Indian cities measurgdn index (Thermo-Hygrometric Index: THI). Rkswshow that in
general there is an increasing trend in the disodnfifom the last 10 days of April to June over tafsthe Indian cities.
Further, frequency and maximum length of continupeisods exceeding abnormal discomfort values aveumber of
stations are steadily increasing particularly dyfitay and June.

Key words— Discomfort indices, Uncomfortable condition, Maikendall test, Trend analysis.

1. Introduction report of 2001 has concluded that over the twenmntiet
century, there has been a rise of 0.6° C (x0.2inGhe
The predicted fallouts of global warming include mean global surface temperature. The rise is very
increase in frequency of extreme events like cyelon spectacular in recent years and the 1991-2000 deuasi
heavy rainfall, flood, heat waves, etc. across edéit been reported as the warmest decade of the twentiet
parts of the world on varying scale / Intensityhefefore, century. Further, 2002 and 2003 were the secomd an
it is desirable that trend in the meteorologicalapaeters  third warmest years on record (the year 1998 was th
be examined. Various studies iy, Sen Roy and Prasad warmest year). Combined with the increased humidity
(1991), Srivastava and Sinha Ray (1994), Srivastheh abnormal high temperatures during summer couldterea
(1992, 1994), Subrmaniaet al. (1992), Sinha Ragt al. more uncomfortable conditions and may even become
(1997), De and Rajeevan (1997), Sinha Ray andlethal attimes.
Srivastava (2000), Srivastawa al. (2000, 2002) have
examined the trend in meteorological parameters / The present study aims to examine the trend in the
extreme events. However, inspite of the generdiebe discomfort condition over Indian cities during suemn
that summer over cities in our country is becomimgre measured by well defined thermo-hygrometric index.
uncomfortable / intolerable in recent decadesetlaee not  There are other discomfort indices developed bylighi
many studies to either support or discard thiselbeliln and Crowe (1984) and Gilest al. (1990) etc which
this context, it may be mentioned that the involve hourly values of temperature and humidity.
Intergovernmental Panel on Climate Change (IPCGin  However, we have used formula used by Bmsaot

(335)



336 MAUSANSS, 3 (July 2007)

° ° 1Significant Increasing Trend
35N 35N
IJMUe oDHS JMUe ¢DHS
AMRe R AMRe :
30° .LDN‘DDN go .LDNODDN
wsre |
HSR®  obLH R o I I
A *DBH t, @AGR &LKN *DBH
. . GR-R:'«'5N oGRK ooHT R PR KNpe GRK oGHT
25 ALBe gy c#PTN 25 ALB PN
B oUDP *GYA eUDP oGYA

AHM saHP.JsP

CALe CAle

o
SRT oJLG  eNGP®RPR SRT tJLG ONGPORPR

20 CTKe 20 CTKe
BMBy e *NND BMB

15" 15’
10 e '

0 Q D Q

- ° o o ) o LA o ° o ° y

79° W 75 80 185 190 195 E 170 175 80 185 190 195E
Fig. 1. Stations used in the study Fig. 2. Significant increasing trend observed in discamifidices

during last ten days of April

(1990), in which only maximum temperature and re¢at  for well distributed 44 major Indian Cities (Fig) for the
humidity at the time are used to have an idea ef th period 1969-2002 were used for the study.
optimum discomfort.
Discomfort index viz,, thermo-hygrometric index

Earlier Srivastavat al. (2001) using daily data from  “THI” for each day from April to June for all theagions,
the year 1969 to the then latest available yeata(far has been calculated by using the following formgiteen
Delhi and Calcutta were available only up to 198a) by Besancenot (1990).
calculated discomfort indices for pre-monsoon msrith

6 major cities of Indiaviz, Delhi, Kolkata, Mumbai, THI = Tpax— [(0.55 - 0.0055RH)T(max— 14.5)] °C
Chennai, Bangalore and Pune and examined tretttein
same. On the monthly scale, no significant trends wa From the daily values of discomfort index, moving

noticed for stations under study except for Mumishére averages for ten days and mean monthly disconidetx

an increase in discomfort conditions was obsenad f values for each year were calculated. These valags

May and June months. However, on pentad scaegeth subjected to the Mann-Kendall trend analysis (WMO,

was an increasing trend (significant) in the disfarin 1966; Technical Note No. 79) for examining trericdiy.

indices over Pune and Bangalore in one or two psnta

Delhi, Calcutta and Chennai did not show any sigaift It may be mentioned that for each city, first, we

trend on both the scales. examined trend on the monthly scale and if meanthipn

discomfort indices for a city did not exhibit angrificant

Therefore, the present study is an extension of thetrend, trend in moving averages of the ten daysodigort

above study as it aims to examine the trend in theindex values were examined.

discomfort during summer over well distributed 4dlibn

cities for which regular daily data for more thah years It is to be mentioned here that Besancenot (1990)
from the year 1969 are available. classified discomfort situations as moderate (268.3HI

< 28.5° C) and severe (THI > 28.5° C), which aredvidr
2. Dataand methodology extra tropical countries. THI values for tropicaluntries

like India are found to be generally greater th&b52 C
Daily data of maximum temperature and relative over major parts of the country, particularly dgrin
humidity at 1200 UTC for April, May and Jun@nths summer. Therefore, threshold values fdifferent
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Fig. 3. Significant increasing trend observed in discamifedices
during May
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Fig. 4. Significant increasing trend observed in discamifedices
during June

discomfort conditions for tropical countries need lie
evaluated. This is beyond the scope of thegmtestudy
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Fig. 5. Significant increasing trend observed during test days
of May and first ten days of June

which simply aims to find the trend in discomfantlices
only.

3. Reaultsand discussion

(i) Trendin the discomfort indices

For the month of April, on monthly scale only 3
cities viz,, Jaipur, Agra and Thiruvananthpuram showed
significant increasing trend in the discomfort el
suggesting that April is becoming more uncomfortdior
these 3 cities. These stations also showed signifi
increasing trend in almost all 10 days running
average values of discomfort indices. Howeveryalmer
of cities viz, Lucknow, Gorakhpur, Gaya, Allahabad.
Varanasi, Bhopal, Jalgaon, Mangalore, Chennai,
Thiruvananthapuram and Hyderabad showed an
increasing trend in the discomfort in the last Hys of
April (Fig. 2).

For the month of May, a number of citiés : New
Delhi, Hyderabad, Jaipur, Lucknow, Gorakhpur, BHppa
Allahabad, Varanasi, Gaya, Raipur, Panjim, Chennai,
Mumbai, Cochin, Dibrugarh and Cuttack showed
significant increasing trend in almost all the tdays
running averages of discomfort values. These statadso
showed significant increasing trend in mean monthly
discomfort indices (Fig. 3) of May. Some metations
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Figs. 6(a&b). Significant trend observed in the discomfort indiéer (a) May & (b) June over four selected cities, Jaipur, Gorakhpur,
Bhopal and Thiruvanathapuram

viz., Udaipur, Mangalore, Bangalore and Coimbatore als Cuttack, in first ten days running averages otaiisfort
showed significant increasing trend in running teys values. Further, Mangalore, Coimbatore, Cochin, New
averages since May 20. Delhi also showed significant increasing trend e t
averages of discomfort indices of the last ten adydune
For the month of June, significant increasing trend also. On monthly scale, significant increasing drevas
was observed in discomfort indices over New Delhi, observed in discomfort indices over New Delhi,
Gorakhpur, Varanasi, Panjim, Chennai, Mangalore, Gorakhpur, Varanasi, Panjim, Chennai, Mangalore,
Cochin, Mumbai, Bangalore, Dibrugarh, Agra, Bhopal, Cochin, Mumbai, Bangalore, Dibrugarh, and Agra
Jabalpur, Jalgaon, Indore, Surat, Ahmedabad, Udaima (Fig. 4).
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Fig. 9. Significant trend observed in relative humidityridg May Fig. 10. Significant trend observed in maximum temperatlinéng May

Thus, significant increasing trend in the discomfor continuous periods exceeding mean monthly discamfor
indices were observed over as many as 26 citiesfot#4 values +1 standard deviation, mean monthly discamfo
cities under study, for the last 10 days of May thwdfirst values +2 standard deviation and mean monthly
10 days of June (Fig. 5). This suggests that mbshe discomfort values +3 standard deviation, etc. I fizaind
Indian cities are becoming more uncomfortable duthe that both the frequency and the maximum length of
last ten days of May and the first ten days of June continuous period exceeding the above said values
Significant trend in the four selected citieiz., Jaipur, showed significant increasing trend over a numbkr o
Gorakhpur, Bhopal and Thiruvananthapuram during May stations in all the three months.
and June is shown in Figs. 6(a&b).

For April month, Jaipur, Udaipur, Mangalore,

It is to be mentioned here that the whole study hasCochin, Chennai, Thiruvananthapuram showed sigmific
been made using the data from existing meteoradbgic increasing trend in the maximum length and frequeofc
observatories, which were considered to be reptates continuous periods exceeding mean monthly discamfor
of the city. But there might be several pocketdimithese  values +1 standard deviation.
cities itself where in smaller spatial scales, @ase in the
discomfort due to heat island [Daniel & Krishnanmyrt For May month, Amritsar, Hissar, Agra, Jaipur,
(1973) and Mukherjee & Daniel (1976)] and otheeefs Lucknow, Udaipur, Kolkata, Hyderabad, Panjim,
may also be noticed. To examine the same, simdtane Mangalore, Coimbatore and Rajkot stations showed
observations in various parts of the cities, ugudly significant increasing trend in the maximum length

mobile observatories are needed. continuous periods exceeding mean monthly discamfor
values +2 standard deviation and more. Howevesva f
(i) Trend in the frequency and maximum length of lesser number of stationgz. : Jaipur, Lucknow, Gaya,
continuous periods exceeding a specified Panjim, Bhopal and Mangalore stations showed
threshold value of discomfort value significant increasing trend in the frequency of

discomfort indices exceeding mean monthly discatnfo
For all the stations under study, we calculated values +2 Standard deviation and more.
monthly averages and standard deviations of the
discomfort indices for all the three months. WetHar For June month, Jaipur, Jalgaon, Panjim, Chennai,
examinedtrend in the frequency and maximum length of Mangalore, Bangalore, and Thiruvananthapuranostat
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Figs. 11(a&b). Difference in mean monthly (a) Relative humidégd (b) Surface temperature, for the
period 1971 to 2000 and 1951 to 1970. NCEP reaisafiita has been used to prepare this
diagram
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showed significant increasing trend in the maximum of temperature and humidity for two periods. Foe th
length of continuous periods exceeding mean monthlymonth of May, results are shown in Figs. 11(a&t)may
discomfort values +2 standard deviation and more.be seen that relative humidity over the northerrispaf
Similarly Jaipur, Lucknow, Hissar, Hyderabad, the country has increased in the later period while
Coimbatore, Panjim, Bangalore, Thiruvananthapuram,temperature has risen over the peninsular and south
New Delhi and Bhopal stations showed significant parts of the country. Similar results were obtdifer the
increasing trend in the frequency of discomfodides month of June also. This confirms the finding afr o
exceeding mean monthly discomfort values +2 Stahda study that over the period, humidity has increasethe
deviation and more. northern and central parts and maximum temperdtase
risen over the peninsular and southern parts of the
It may be mentioned that during June some stationscountry.
viz. : Jaipur, Hissar, Thiruvananthapuram, New Delhi,
Bhopal, Panjim, and Bangalore showed significant These two factors appear to be probable causes for
increasing trend in the frequency of discomfodides this increasing trend in the discomfort indices rove
exceeding even more than mean monthly discomfortdifferent cities of India.
values +3 standard deviation, indicating increasehie
severe discomfort conditions over the stations he t We have also examined trend in daily rainfall serie
month of June. Fig. 7 shows significant increagnegd of different cities under study for the month of Wand
in the frequency of discomfort indices exceedingame June. It was found that most of the stations aesntral
monthly discomfort values +3 standard deviatiorerov and northern Peninsulaviz, Nagpur, Ahmedabad,
some stations during June. Hyderabad, Bhopal, Patna, Raipur etc. showed a
decreasing trend in rainfall in the first ten dajfsJune.
This may also be one of the reasons for the obderve
Similarly, Fig. 8 shows significant increasing tden increasing trend in the values of discomfort indice
in the maximum length of continuous days exceeding However, even when, there is no significant treitigee in
mean monthly discomfort values +2 standard dewviatio maximum temperature or humidity for a station,
over some stations during month of June. discomfort indices may show an increasing trendds
is non-linear function of maximum temperature and
humidity.
(iii) Trend in the maximum temperature and relative
humidity
4. Conclusions
As the discomfort is the integral impact of
temperature and humidity, we have examined trerttién This study has found that in general, on ten days
maximum temperature and relative humidity of thiesi scale, there is an increasing trend in the discanfifom
under study similar to the trend in discomfort o, on  the last 10 days of April to the June over mostthef
monthly and ten day scales. This was done to &@deer Indian cities. On monthly scale, many cities hatiewn
the specific probable causes (whether temperature osignificant increasing trend in the discomfort el for
humidity or the both) for the increasing trend imet the month of May and June. Further, the trend was
discomfort conditions. significant over as many as 26 cities (nearly 60fies
under study) for the last ten days of May and fiest days
It was interesting to note that the most of theesibf of June. This clearly shows that the last ten d#ySlay
the northern and central India showed an increasamy and first ten days of June are becoming more
in humidity, while cities of the peninsular and gwrn uncomfortable for most of the cities of India. Fat,
India report an increasing trend in the maximum frequency and maximum length of continuous periods
temperature values (earlier also reported by Raar exceeding abnormal discomfort values over a nunofber
et al. 1994). Cities showing significant trend in huityd  stations are steadily increasing particularly dgriay
and maximum temperature for the month of May are and June.
shown in Fig. 9 and Fig. 10 respectively.
This study has also highlighted that it is increase
To confirm above results, we examined NCEP the relative humidity which appears to enhanceadigort
reanalysis surface temperature and humidity datahie over the northern Indian cities while it is theeri; the
period 1951 to 2000 down loaded from NCEP website. maximum temperature which is mainly responsible for
We simply divided the data into two periods 1957419 increasing discomfort over the central and soutiedran
1971-2000 and calculated difference in the monthdans  cities.
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