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A study on Human Comfort of some places in India

K. SIVARAMAKRISHNATAH
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ABSTRACT. An attempt hasbeen made formaking astudy of human comfort of 27 stations in India
using the strain chart of Lee. Using the mean monthly temperature and vapour pressure data of these
stations, elimograms were drawn on thestrain chart and comfort foreach individual month of the year, of the

stations is determined.

1. Introduction

The important climatic factors that come into
consideration of human comfort or discomfort are
temperature, humidity, radiation and wind. The
problem is toget a quantitative estimate of the
relative strain which these climatological factors
bring about upon the body’s metabolism and heat
regulating mechanism. Attempts have been made
to represent different ranges of cooling power of the
atmosphera in terms of human sensation. Malhotra
(1955) defined the environmental comfort zone in
warm and humid atmospheres. Lee (1958) put
forward a strain formulation for the study of
human comfort, Banerji (1959) approached the
problem of the definition of the comfort zone using
the condition of ventilation. Subrabmanyam and
Sivaramakrishnaish (1964) made a study of the
comfort zones of India and the neighbourhood
using the method of Lee.

2. Theory
Lee has suggested a formulation, based partly

on heat transfer mechanisms, partly on observations
of the way in which the human body evinces
strains of various kinds as conditions get progres-
gively hotter and using the same, he prepared a
atrain chart for a man acclimatized, doing moderate
work, with moderate air movement, and wearing
normal elothing. From such a chart the significance
for that man of any combination of temperature
and vapour pressure can be read off in terms ot
strain index number. The strain to the individual,
of any given temperature and vapour pressure,
is given by the value of the sloping strain line
running through that point. The significance of the
strain value can be determined from the following
list —

None comfortable below : 13-3
Most comfortable at . 44}
None comfortable above : 6-8%

The above strain ranges for different degrecs of
comfort are given by the author as shown below
for the purpose of present study —

Below 11 : discomfort

14-3 : poor comfort
34 : comfortable
44} : most comfortable
416 : comfortable
6-8% : poor comfort
above 8% : discomfort

3. Material

The present study is aimed at making a study
of the comfort, for cach individual month of the
year, of some selected places in India, using the
above mentioned strain chart of Lee. The climatic
data of 27 selected stations were used for the present
study. Mean temperatures and vapour pressures,
for twelve months, of these stations were collected
from the publications of the India Meteorological
Department (1953) and are given in Table 1.
Using the temperature, vapour pressure data,
climograms were drawn on the strain chart, and
comfort, for each individual month of the year,
of each station was determined from the strain
ranges for different degrees of comfort given above.
Fig. 1is the strain chart of Lee on which climograms
for New Delhi and Bangalore were superimposed
and months were also indicated.

4. Discussion

1. New Delki (714 ft asl)— It is comfortable
in April and most comfortable in October. Condi-
tions of discomfort prevail from May to September,
and November to February due to high and low
temperatures respectively.

2. Bangalore (3021 ft asl) — It is comfortable from
March to October and most comfortable in June.
Conditions of poor comfort prevail from November
to February, the zone of poor comfort being on the
low temperature side of the comfort zone,
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Fig. 1. Thermal Strain Chart — In relation to atmospheric temperature and vapour pressure

3. Bombay (37 ftasl) -1t is comfortuble in
February and November and most comfortable
in January and Decomber. but it experiencos
conditions of discomfort from April to October
due to warm wet conditions, Condirions of poor
comfort provaeil in March, the zons of poor com-
fort being on the high temperature side of the
comfort zone.

4. Mahaluddesicar (4334 ft asl) - The place situat-
ed at a height of 4534 £t in Westorn Ghats s
comfortable in April and May. but it experiences
conditions of discomfort from July to Seprember
and November to February due to low tempera-
tures. Conditions of poor comfort 1;1-0\-;.1][ i March.
June and October, the zone of poor comfort being
on the low temperature side of the comforr zone.

5. Alimedabad (163 £t asl) — March and November
are comfortable months, but conditions of dis-
comfort PI'('\"ﬂvil from )Iﬂ}' to H!,'l_!‘#l]l})s]' ]Ll(';“]-u-
of high temperatures. It experiences con litions
of poor comfort in April and October, and from
December to February, the corresponding two
zones of poor comfort being on the high and Jow
temperature side of the comiort zone respective-
ly.

6. Bhopal (1643 ft asl)—-It is comfortable in
April and October and most comfortable in Sep-
tember. Conditions of discomfort provail in January
and December due to low temperatures, but
the discomfort in June is attribured o high tem-
peratures. It experiences conditions of poor comfort
m May, July and August, and February, March

and November, the corresponding two zones of poor
comtort being on the high and low tamperature
sides of the comfort zone respeetively,

T. Al (3945 fr asl) — The place situated at an
altitude of 3945 ft is comfortable in Mav and July
anil most comfortable in June, but it experiences
conditions of discomfort from November to March
beranse of low temperatures. Conditions of poor
covifort prevail in April and from Auguost to Octo-
ber, the zone of poor comtort being on ths low tem-
perature side of the comfort zone,

8. Lel (11.529 ft asl) — The place located at a
height of 11,529 ft in the Himalayan Rango
experiences conditions of discomfort throughout the
vear, and the conditions particularly in winter
are unbearably cold and dry producing maximum
discomfort.

9. Srinagar (53205 [t asl) — It is comfortable in
July and August, and it experiences conditions
of diseomfort from October to May, but ths condi-
tions in winter are unbearably cold and dry
causing maximum discomfort. Conditions of poor
comfort prevail in June and September, the zone
of poor eomfort being on the low temperature side
of the comfort zone,

10, Luckiow (371 ft asl) — October is the comfort-
able month,  Conditions of discomfort from
May to September, and December to February,
are due to high and low temperatures respectively.
It experiences eonditions « £ poor comfort in March
and November, the zone of poor comfort being on
the low temperature side of the comfort zone,
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TABLE 1
Climatic Data
NSo.. Station Jan TFeb Mar Apr May Jun Jul Aung Sep Oet Nov Dee
1 New Delhi
(‘.’%8:35?1, 56-9 62-0 71:0 82-2 91-8 92-5 877 85-7 84:5 78-4 675 59-4
T1°12°E,
Ht. 714 ft) 7-8 10:5 10-9 12:6 17-1 22+9 30-5 206 25:6 15-3 9-9 9-6

2 Bangalore
gl".’:“;':S’N, 688 728 774 8068 80-1 755 73:5 73:6 737 73-7 70-5 68-2
7351, N
Ht. 3021 ft) 13-8 13:8 14-4 17:9 19:9 20-6 20:5 20-4 20-4 20-1 17-9 15-0

3 Bombay .
(18°54'N, 75-0 75:3 791 826 85-4 83:6 81-1 806 80- 2.2 . .
St ] 82.2 81-0 77
Ht. 37 ft) 19-3 19-9 22-9 2740 29-5 31:0 307 29-6 20-5 28-3 238 20-2

4 Mahabaleswar
(17°56°N, 65-8 67-8 725 758 74-3 665 63-9 63-6 64- . . .
s, 3 678 664 G616
Ht 4534 ft) 10-6 9.9 10-9 13-8 17-0 20-8 202 18:7 19-8 16-6 12-3 10-5

5 Ahmedabad

(23°02'N, 71-2 73:9 82.3 89-2 93-0 . 5- 83- 4- 5¢ .
oty 3 91-4 85-8 83-4 843 85-0 79-1 73-0

Ht. 163 ft) 8-4 95 101 13-1 20-5 27-6 29.2 27-7 26-4 17-6 12-2 9-7
6 Bhopal

(23°16°N, 64-6 68-7 76-6 85-3 91-7 87-4 79-9 78-7 . . 39

Ve 79-0 77-0 69-4 64-3

Ht. 1643 ft) 8-9 8-9 7-7 78 12-2 22-8 26-9 260 14:6 15-5 11-6 9.7
7 Abu

D40 L B, . . . 5 . (). 4

%4“43:',,{@, 58-3 606 3-8 76-3 795 761 70:7 68-2 70-0 71-8 65-8 60-5

Ht. 3945 ft) 6-3 7-0 7-5 8-3 12-8 20-2 22-6 21-2 19-4 11-4 8-2 7-9
8 Leh

(34°09°N, 18:7 21-7 32:6 42-9 504 a7:8 63-4 628 55+ . 5

ey 5 i 55-8 44-6 33-6 24-0

Ht. 11,529 ft) 16 1-7 2 § 4-2 4.4 6-1 9-0 0-6 6-4 3-9 2.8 1-8
9 Srinagar

24°01 9. . 47 Bs. 1. G- e = 0.6

(7:9:?‘;;1;{’ 827 368 47-0 55-7 G410 7l-4 76-1 75:0 68:5 62-2 46-7 37-9

Ht. 5,203 ft) 53 6:0 75 10:0 13-0 15-7 19-C 19-0 13-9 9.5 6-5 5-6
10 Lucknow

(26°52°N, 605 65:0 757 86-1 91-9 91-0 8G-0 . 34 - ¢ . 3

Sy 84-6 84-2 79:0 G9-0 61-6

Ht. 371 ft) 11-0 11-8 11-4 12:7 19-7 27-2 324 32:5 30-3 22.3 14-8 11-7
11 Ga.lc;ntu

29 2 Y’ - . . -9 . 3D . 3. B

(85"2?)’1-]}\, 67-1 71-6 80-7 86-2 866 85+5 84-3 83-7 84-0 815 74-0 672

Ht. 21 ft) 14:5 16-2 21:0 26-5 31-2 33-0 33-1 33:0 32-5 98-4 20-0 15-2
12 Dehra Dun :

0°19°N, ThE 58 . . 33 . N 8. .9 -
98002'&? 55-1 58-0 66+8 76-3 83-1 83-9 80-2 i8-7 77-2 7l-6 63-3 56-9

Ht. 2239 ft) 9.1 9.4 97 102 136 21-3 27-8 27-8 24-1 16-9 12-0 96

13 Shillong
QRO FNT " a2, . . " . 70- .
(62],_:5‘3-1;1:}-, 495 52-4 60-6 65:6 666 68-8 70-0 69-6 68-0 62-9 56-1 50-8
Ht. 4921 ft) 9.4 97 97 126 175 203  20:9 2008 190 17-1 131 105

Note — The first and the second rows against each station show temperature in °F and vapour pressure in mb respectively
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TABLE 1 (contd)

Nsc;. Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
14 Chanda

(_31925158%']‘15, 703 750 820 907 94T 898 821 §1.3  SIT 700 72.3  g7.7

Ht. 834 1) 13-4 133 1229 152 136 24-1 270 270 270 284 181  14-5
15 Jagdalpur

19°05°N, 66-1 71-3 7983 850 881 831 77 7 776 T .

(82002413, ‘ ) 3 4 1 G it 695 64-3

Ht. 1815 ft) 13:0 145 151 182 20:3 230 263 26-4 264 23.8  17-3 13.6
16  Chandbali

(20°47N 69-7 744 S22 877 883 868 832 834 836 813 74 19-

S6°44'E, 3 74-8  69-0

Ht. 20 ft) 16-3 19:6 23-8 2540 316 12.8 32.3 39.5 33.9 29.1 1.2 6.3
17 Madurai _

(9°55°N, 771 79.9 83:9 873 384 87-6 86:6 83.0 549 824 9.9 I

78°07°E, 7 775

Ht. 437 ft) 20-5  20-4 200 252 246 22.3  21.8 230 23.8 255 950 225
18 Coimbatore

(11°00°N, 73-4 787 828 851 840 804 TS0 702 T8 702 77.9 75:2

76°58°E,

He.1341ft) 17:8 176 183  23-2 250 243  23.7  23.9 245 241 295 99e]
19 Mercara

(12°25'N, 67-2 698 72:9 738 72-3 67-7 634 656 668 689 67§ 653

75°44'E,

Ht. 3781 ft) 15-1 15-1 16-1 20-3 21:8 2.0 20-4 20-3 ' 19-3 Sl s
20 Kurnool

(15°50°N, 750 79-8 860  91:3 928 87-3 834  8§2.4 820 81-2 769 73-6

T8°04E,

Ht. 923 ft) 143 138 136 176 196 23-0 236 240 240 21-8 178 154
21 Trivandrum

(8°29°N, 80-3 810 831 83-7 831 802 791 796  S0-4  SC-1 796 80-4

76°57'E,

H:. 200 ) 244 236 276 30-0  30-7 201 282 282 279 285 280 258
22 Miraj _

16°40'N, 71-9 747 SOl 846 859  80-1 76-3  T6-1 T6-1 776 739 705

74°41'E,

Ht. 1817 ft) 12:5 13-0 146 18-6  22.2 4.4 24.5 24.0 29.9 19-4 18-0 i§-d
23 Madras ‘

13°04'N, 76-2  78-4 819 86-8 0I5 90-4 S8T-8  86-4 836 826 78T 765

80°15'E,

Ht. 51 ft) 22-8 243  26-6 285 2003 264 26:5 272 28.9 286 26.7 93-8
24 Hyderabad

(17°26°N, 1.7 75-9 82:6 87-8 91-4 S4-9 800 78:0 78-8 780 734 70-0

78°27'E,

Ht. 1778 ft) 15:2 15-3 16-2 20-2 21-6 247 4.8 24.8 251 20.8 18:9 Yl
25 Nagpur _

(2LO9'N, 707 751  83:3  90-9 957 896 819 81-2 82.3  80-C 737 605

79°07'E,

Ht. 1022 {t) 11-5 11-7 11:5 13:2 147 94.3 7.5 268 25.9 19-1 14-1 13-1
26 Kargil B o

34°34'N, 18:6 196 312  47-3 395 677 732  T4-4  66-53  49-0  30-9  97.1

76°08'E, B ) o

Ht. 8800 ft) 2.2 2.2 35 59 75 90 116 111 g2 2k o .
27 Ganhati

(26°11°N, 628 65-9 73-1 778 800 827 84:0 842 §2.8 9.0 T4 64-2

91°45'E,

Ht. 182 ft) 14:9 15-3 16-6 213 27-1 30:9 326 326 -4 271 20-9  16-8

Note—The first and the second rows again t each station show te npzrature in

°F and vapour pressure in

mb rospectively
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11. Caleutta (21 ft asl) — November is the com-
fortable month. It experiences conditions of
discomfort from April to September due to high
temperatures followed by high humidities. Condi-
tions of poor comfort prevail from December to
February, and in March and October, the corres-
ponding two zones of poor comfort being on the
low and high temperature sides of the comfort zone
respectively.

12. Dehra Dun (2239 ft asl) — The place situat-
ed at a height of 2239 ft in the Siwalik Range is
comfortable in April, May and September, bt it
experiences conditions of discomfort from Novem-
ber to March because of very low temperatures.
Conditions of poor comfort prevail from June to
August, the zone of poor comfort being on the high
temperature side of the comfort zone.

13. Shillong (4921 ft asl) — The place located
at an altitude of 4921 ft in Khasi hills experiences
conditions of poor comfort from May to September,
the zone of poor comfort being on the low tempera-
ture side of the comfort zone. Conditions of dis-
comfort prevail from October to April due to low
temperatures.

14. Chanda (634 ft asl) — February, March and
October are comfortable months whereas condi-
tions of discomfort prevail in April, May and June
because of hot conditions. It experiences conditions
of poor ecomfort from July to September, and No-
vember to January, the corresponding two zones
of poor comfort being on the high and low tempera-
ture sides of the comfort zone respectively.

15. Jagdalpur (1815 ft asl) — It is comfortable
from July to October and most comfortable in
March. It experiences conditions of discomfort
in May because of hot conditions, but the discom-
fort in January and December is due to low tempe-
ratures, Conditions of poor comfort prevail in April
and June, and November and February, the cor-
responding two zones of poor comfort being on the
high and low temperature sides of the comfort zone
respectively.

16. Chandbali (20 ft asl)— It is comfortable in
February and November, but it experiences condi-
tions of discomfort from April to October because
of warm wet conditions. Conditions of poor eom-
fort prevail in January and March, the correspond-
ing two zones of poor comfort being on the low
and high temperature sides of the comfort zone
respectively.

17. Maduras (437 ft asl)— It is comfortable from
December to February, but it experiences condi-
tions of discomfort from April to September due
to high temperatures. Conditions of poor comfort
prevail in March, October and November, the

zone of poor comfort being on the high temperature
gide of the comfort zone.

18. Coimbatore (1341 ft asl) -—1It is comfortable
in January and November and most comfortable
in February and December, but it experiences
conditions of discomfort in April and May because
of high temperatures. Conditions of poor comfort
prevail in March and from June to October,
the zone of poor comfort being on the high tem-
perature side of the comfort zone.

19, Mercara (3781 ft asl) —The place situated at
an altitude of 3781 ft in the Western Ghats experi-
ences conditions of poor comfort throughout the
vear, the zone of poor comfort being on the
low temperature side of the comfort zone.

20. Kurnool (923 ft asl) —Tt is comfortable in
November and January and most comfortable in
February, but it experiences conditions of dis-
comfort from April to June because of high
temperatures. Conditions of poor comfort prevail
in March and from July to October, the zone of
poor comfort being on the high temperature side
of the comfort zone.

21. Trivandrum (200 ft asl) —TIt experiences
conditions of poor comfort from June to February,
the zone of poor comfort being on the high tempera-
ture side of the comfort zone. Conditions of
discomfort prevail from March to May due to warm
temperatures coupled with the oceanic effect.

22. Miraj (1817 ft asl)—It is comfortable in
February, March and from July to November.
It experiences conditions of poor comfort from
April to June, and in January and December,
the corresponding two zones of poor comfort
being on the high and low temperature sides of
the comfort zone respectively.

23. Madras (67 £t asl)— It is comfortable from
December to February, but it experiences condi-
tions of discomfort from April to October due to
high temperatures coupled with the oceanic
effect. Conditions of poor comfort prevail in
November, the zone of poor comfort being on the
high temperature side of the comfort zone.

24. Hyderabad (1778 ft asl) —1It is comfortable
in February, March and October, but it experiences
conditions of discomfort from April to June
because of hot conditions. Conditions of poor
comfort prevail from July to September, and in
January and December, the corresponding two
zones of poor comfort being on the high and low
temperature sides of the comfort zone respectively.

25. Nagpur (1022 ft asl) — March and October
are comfortable months, but in May and June,
it experiences conditions of discomfort because
of hot conditions. Conditions of poor comfort
prevail in April, July, August and September,
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and from November to February, tl corresponding
two zones of poor eomfort being on the high
and low temperature sides of the comfurt zow
respectively.

26. Kargil (8300 ft asl) — The apparsnt poor
comfort in July and August, of the place  sitnatad
at an altitude of 8800 ft in the northern Hi:n;-l:n-;.n
Range is dne to warm temporatores and modera
humidities and the discomfort from April to June
and in September and October are dur to low
temperatures, It is unbearablv cold and drv
from November to March and thersfore. ha-
maximum discomfort.

27. Gavhati (182 ft asl) — Aprilis the comfortahl.
month. It experienzes conditions of discomfor:
from June to September due to warm wet condia
tions, but the discomfort in Jmn ATy, l"--ln'v Y
and December is due to low t. mpes e, (o=
tions of poor comfort prevail in Mov o ‘! Oezolier,
and March and November, the corraspondivg
two zones of poor comfort being on the Ligh and low
temperature sides of the comfort zone respectively.,

Lee prepared the strain chart for a man
doing moderate work, with moderate air movenen:,
and wearing normal clothing, The formula
upon which this chart is based enables simily
calculations to bhe made for other deseoos ei'
activity, types of clothing, and rates of air movo-
ment. Although radiation is one of the imp: rtant
factors in the consideration of Tmman comfort
it has not been taken into account by Lea as (he
equivalence between incident radiation and net
heat load are still under examination. One
the equivalence is established, however, 1oi
energy can easily he incorporated in tlie formuls
The strain chart has got some limitations i i
application to Indian conditions. Firstly, it is
based upon the reactions of only partiallv cxporion

Applica-
»eontinuonsly living in het elimates
15 made unesrtain by the inadeqnacy of present
knowledes on long-tarm effeets,  Continued ex-
elements of hoth improved adapta-
tion aad enmulative  deteriora*ion. the nature
and  relative  siond ficance of which have been
insufliciontlv studied.  Seconddle, the strain chart
15 bascd on European clothing.  Therefore, it is
ot strictly  app licable to Lwlian  conditions,
How:ver, in the absenes of a similar chart,

1'!'11 l‘l'-t '] ill,-

tion to peo |

to short exXposuras o heat.

- 1
Posire INVOLIVes

taling

into aceonnt Indizn conditions. '.z.\lu there is
no other alternative than t nuL ¢ of Lee's
chart

Clim 'if_- studiss in relation to human comflort

ars vory important from the viow point of devalop-
ing Ei'w' e health resorts. [ some of the
wo tern esuntri namely, s LK, Wast
Wl USSR, studics in this diretion
Lava been rodertakan by soms of the speeislised
]]l “1 ST (: ‘I l“\ 1 ’Ihlll]) -1 Ilrl',lil]] ]u
healtlt rosoris hava hoon davel ped whosa elimates
are not wnl_\‘ :omfortable, but «lso helpful in euring
some human diseases sueh as eavdiae and eireula-
tory diseasges, savere forms of bronchial as thama,
-zllp'mu <h~-; s, Lreplessness and  nervons
disens It will be highlvy rewarding if scientifie
s is enconraged to mek: o study of the
elimatic conditions existine at sV ral placss in
India from the view point of human comfort so
that sunitable places might Dbe davelopad s
climatic health vesorts,
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