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ON VARIATION AI\ID PREDICTION OF DAILY MAXIMT]M TEMPERATTIRE
O\MR PUTE.

\IRISHALIDEOSTIIAU aod PRAVIN TIIAKARE, pune

ABSTRACT : The bioeovironmental study ofPune city, sihrated at 550 metres ASL
on the lee of sahyadri mormtain range reveals that the crty orperiences discmfbrt
dttring I I 30 - I 730 hours during tbe months ofApril and lvlay due to oppressive heat.
This paper, therefore, studies variations in daily n&ximum temperattue for fifteen
pars (1971-85) and investigates heat wave events ovs Pune. An atteinpt has also
been made to &velop an objective E€thod to fuecast daily maximum temperatuie
dtrring April aod lrfiay.
The analysis reveals that the persistence ofrising t trdency ofma:rimum temperature
is noted at the most for 4 days and of decreasing one for 3 days. Three moderate heat
waves &ning thc stndy paiod re reported in June preceding the onset of south-west
mmsooneith€roverkeralaorsouthlvraharashtra. Themultipleregressionmodelof
naximun t€mp€raturc on &y bulb aad dew point temperatures at 0g30 hours
p{€dictd the elment curectly within 1.5 deg. C on 70 o/o of the occasions.

A region (or a station ) is said to be inthe grip
of a 'moderate heat wavc', accordiug to the
conrrdimofirrlia Meteorological Departnsd
(IMD), u/helr the rpcorded Tnrax is above
normal by 6" C tD7" C and it will be called a
'sgry'Ert heat wave'ifthe Tnrax is E" C or more
above normal. From IVIarch to luly, spells of
abnonnally hot weather - heat waves -
occasionally occur in c€tain parts of India.
Ragharan (1965) was the first to analyse the
climatological aspects of sorcre heat warres
over India on the basis of the dara fron l9lI
- 1961. Bedekar er al (1974) extended
Ragbavan's sardy of beat waves talcing futo
cmsideration data for later years 196247. A
fewmicro lwel snrdies relatedto variations in
Tmax and its forecasting for various cities
have been reported (Raghavendra' 1956;
Srinivasan and Hashirq 1967; Banerjee and
Choudhury, 1972; Pandharinath and

Arunachalanl 1981; Mohan et. al., 1986;
Dub€y and Ballrishnan, 1989 etc.). This
paperis a studyofthe behaviourofthe changes
in daily maximum temperature (Tmax) and
atternpts to forecast it for Pune. Pune city (18
3l'N latitude and,73 5l'E longitude at an
altitude of 55 0 metres ASL), situated on the lee
ofthe Sahyadri mountain range is 48 km from
the crestline and about I 00 km frorn tb Arabian
Sea. The climate ofthe city has beeir one ofthe
major ftc"tors attracting people from all over
India. Bio-environmental s.tudy of Pune
indicates that the high degree of discomfort
(accordingto Thqq 1955, discomfort is defined
as the situation where 100% people feel
uncomfortable due to oppressive weather with
an Indsx of <60 or >80 ) is experienced duriag
0230 to 6000 hours from Novenrber to March
and duriag 1130 to 1730 hours in April and
May dueto excessive cold andheat respectively
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flDec,sthali.l 996). i r;is p;;i:* si*d-lcs rhr s*1,-.it:
su[rmers over Pr:ne rr.li-- ;'*sp*ct ]'.* iiaf*r* :i"lid
frequencv of heat \ /a.yss.

DATA SOURCES AN}
METTIODOLOGY

Present study is trased on the daily rlat* of dry
(Db) anC wet buib ernii*ratrres recsrded at
0830 IST a:rd 'Tmax ticni &{arch to .iun* far
the period 197i t$ iglt-5. Data have been
collected from the IMD. Pune.

Analysis of Tmax has been carri*ri out in three
steps as given belori' '-

L Persistency of the phenomenon of'T'max for
the number of da.vs has been worked out
b_v classiS,ingr the chang.;s i:r Tmi.x. Thes*
changes are grouped inlo ii:ree categories,
vrz" T.tro Ch:rnge' . 'Riss'and'Fali'^ T{o
Change' inciudes the change in Tmax frorn
previous day value -l J 

oC lvh.ile the 'Rise'
or'Fall'relate to changes in inucasing and
decreasing trend &om t&* prevlci:s r.ia.,,

value bry greater than -t !."{- re;p*ctive{y.
Perccntage occuryence of the ea:;es f*r all
the months of the stud_v periC u:riir:r each
categary i,c e*mputeii.

II. In orderto identity ireat waves, the eiepartures
of maxfummtem,n*rlture tiorn nr:rrr.ai of
different mag*itudes are ola*sifi":d rul per
the meteoroiogica-l conve*tion gilan trv
the IhzID (l97Xi and the srercent:ge of
occurences in oach mrrntli are cal*r-*a.ted
against their rffifl r-s.'ihe s vn*ptie a:uriysi s

of the atmospherie conditionq ass,reiats<i
with the heat ware phoncmena are i:arned
out. In adCition. isanom*lous charts qrf

Tmar on those da-vs were sludied to trae*
tlre areai coverage af ireat',vave ccnditinn
over the sub-continr'll

IIL Using the foreia-qt;ng mehtod grvii{i by
Pandharinath and fuunachala-,n {l?ii } J

and Moharr et ai {1!86} fcur diffsrcnt

l"iir'rll' ', :' . , r-l; .;:. i :: r'i-,1, :\ S*i':':l Il j i li: lNTli,tN GEOGR.{P.LILRII

.i;ruitipi;: rri:re$si..,i"l equations r:n the basis
t; i*r:,,r'r ;-,:.::i I i*) trrlperiature ranges have
i-.ee:i C*v*l*3:*il us;:'tg ilb an'C Td
temperatures ai ii8-l* ;5T as independent
variates and Tmax as dependent variate.
Darty data for the months of April and
&{av for the peiod of 1971-80 have been
arrai,vscd. Th* independent data for the
month iif Apni and N{ay for t}re years
1984 and 85 u'cre put totest the equations.

RHSI.iI,TS ANS DISCUSSION

Fersistence tendency of Tmax

ilaili'distribution oi'mean Tmax over Pune is
rllustrated by th.e fig.1. During March
temperarurc rises steepll,while in April the rise
is grailual May and June markthe fall in mean
Tmax. Daily changs in fir$an Tmax Cilring the
four montJrs exhibits a w'ave pa.ttern with a
peali of '1li.8o C <iuring latter half of April.
Fiuctuations in the parameter ere rnilre
proim':n<,:ed during L{ay and June which may
br; ii,y-ri;ciated r+,rth the thunderstorm activitv
arrri ra.lnsp eils of :* rrnsocfl resL'ectivci3 .

Rcsuits of the arra!.vsis ofpersistence of Trnax
are present*tl in Table 1. Ail the three types of
persislence tendenciss shorv fall in number of
c;rses rslth r*creasrng number of days. The
*i:e"r'rge lbi *;:e Oal" pcisisieitce accounts for
->i:ii% of the cases of each mr-''ntft, while twcr

ckrv persistcnce for 20Yi cf the cases. No
ilhange'sihraticn lasting {?cm 3 til ti days in ali
thc months rs als,-: sig;:it"r**nt ldnwever, the
persisr.*ree *f risinil Tiaax a:, i,.-,;trS as 7 da--vs is
r:hscryed in \{arch. *n rhe conttary.
persistencev cf decreasing 'I max is ::*ported at
thr; most f?.rr 4 davs Ln Jrrrr.

La;g*st cr,;urerce i,;'=iira:ige:s f,ul atri t"he months
is ri:.por'ei rnider::gar no.nxal eateg*ry. It is

impo,"tar:t to note that severe ireat wave
situations have not ssist*il at Punc during the
pericci mrJer sr.idy. Flow,ever 3 moderate
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DEPARTURE OF MAXIMUM
TE MPERATURE FROM NORMAL
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Fig. I : Daily msan maximum temperature at Pune

Fig. 2 : Departure of ma:rfunum temperature from normal
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Teble I
Percentege of occurrence of percistcncc (deyr)

NO CIIANGE IN Tmer
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No of Deys I t72 3 4 5 6
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April
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IIEAT WAVES

In order to id€rfi& heat warrc wents daily
Tnror daa from March to lune for l97l-t5

has be€n scnrtinizod. Table 2 prcsqrts the
pcrc€iltagp occurr€noo of changes in Tmax
from normal.

Trble 2

Percentagc of Ileperture from Normrl

Month +1 to.l +2f0+3

Nerrty

Nomd
Above

Nonnd
Apprcc

Abovc

Norrd
+4 to+s

It[rrltcd
Abovc

Nomd
r,6@+7

Swur
Ecrt
Wrvc

zp

Bdm
Nornd

-2 te3

Apprcc

Bclo;
Nonnd
{ tDs

thrlcd
Eclm

Normel

4to.7

63.0

69.2

61.3

43.8

17.5

16.9

It.9
2 r,5

0.0

0.0

0.0

0.7

ll.r
8.8

14.5

17.8

lvlarch

April

Lday

June

1.2

t.2

3.9

7.6

0.9

0.t

0.3

2.4

0.0

0.0

0.0

0.0

5.t

3.3

1.2

5.2
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waves have been experieirced during June.
They are reported on 19 lune 1972,9 June
1979 and, 19 June 1979. June is characterised
by larger variations in Tma:r from the normal.
The maps of isanomalous lines for Tma:c over
India are preselrted (Fig. 2). The isanomalous
line of +6 deg. celsius in figure 2a eircloses
northeastem Madhya Pradesh and adjoining
Utter Pradeslr, Bihar, Vidarbha and Madhya
Maharashtra. This region oflndia is inthe grip
ofmoderate heat wave. The syroptic conditions
were a sea level trough nrnning along and off
the west coast. The northern limits of the
southwest monsoon as identified by the IMD
runs from Karwar to Baghdogra through
Nellore and west central Bay. The figure 2b
reveals ttrat the moderate heat wave was
prevailing over central part ofthe country that
includes Maharashha and adjoining central
Madhya Pradesh. Under the influexrce of low
trough over east-central Arabian Seq according
to the IMD sources, southwest monsoon is
likely to set over l"alshdweep and Kerala
within the following 3 days. Figure 2c indicates
that Tmo< was markedly above normal over
north coastal Andhra Pradesh and around Pune.
Monsoon was expected to arrive into Goa and
south Maharashtra during the following 2
days.

The synoptis analysis given above may be
summarised that heat wave conditions have

n{ausacT:ous oF TTIE INSTITUTE oF INDIAN GEoGRAPHERS

largely prerrailed over Pune region-after or at
the onset of southwest monsoon in Kerata and
Kamataka.

PREDICTION OF DNLY TI},IAX

The multiple regressions of Tmax (y) on Db
and Td are as follows,

i) When 0830IST Td is < t0oC
y = 29.3 + 0.33 Db + 0.09 Td

ii) When0E30ISTTdis> l0"Cand< l5oC
y = 31.7 + 0.36 Db - 0.17 Td

iii) When0S30ISTTdis > ls.oc and<20oC
y = 31.0 + 0.59 Db - 0.46 Td

r") When 0830IST Td is > 20oC
y = 19.0 + 0.7 Db - 0.03 Td

The standard error ofestinutes is progressirrcly
increasing with increastng Td riuges as 1.27,
1.29, 1.68 and 2.03 oC respectively. In addition
the multiple regression was also coinputed for
the entire data as one series and is giveir as

v) y = 30.92 + 0.42 DB - 0.24 Td
Th standard Error ofEstimde ofthis equation
is 1.7oC. Classified equatiors (i-rv) as well as
the ge,neral equation (v) have been developed
for the data set of April and May, lg7l-t0.
The eror is calculated for the estimates from
the observed values of Tnrax and is presented
in the Table 3.

Table 3

Error distribution in the degrees Centigrade
Magnitude of error in absolute vnlues (197I-E0)

Estimate I
< +0.5

159
(27)

182
(31)

10.6 - +1.0

130
Q2)

132
@)

+l.l - +1.5

85
(14)

100
(t7)

> +1.6

220
(37)

lE0
(30)

Total

594
(r00)

594
(100)

Estimate 2
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The figures in parenthesis indicate the
percentage frequency of the Tnra:r event in a
particular error category. The estimates under
- I are obtained from the use ofgeneral equations
(v), while the estimates under - tr from the
classified equations (i-iv). The general and
classified equations have provided an accuracy
of within + I .5 deg.celsius on 637o and 70%o of

the occasions respectively. The classified
equations gtitng relatively higher accuracy
were tested for the data of April and May of
1984 and 85 and the results are demonstrated
in the figure 3. In additiorl the results of the
tost in which the absolute value of the error
against the actual Tmax on the day for the
different ranges are indicated in the Table 4.

Table 4

Test data for April, May 1984 and 85

Error distribution (oC)

Table 5

Test data for April, Mey 1984 and 85
Error distribution (oC)

< 10.5 10.6 - +1.0 +l.t - +1.5 > 11.6 Total

Actual Tmax range No of days

33.1 - 34.0

34.1 - 36.0

36.1 - 38.0

38.1 - 40.0

4

23

t4

2

t2

10

I
4

9

3

1

7

8

10

2

t7

52

37

Total No. of days 4t 25 19 37 122

< + 0.5 10.6 - +1.0 +1.1 - +1.5 : +1.6 Total

TD range

< 10.0

10.1 - 15.0

15.1 - 20.0

>20.1

3

l1

27

3

7

12

3

3

15

6

26

76

t41

5

22

10

Total: 4t 25 19 37 122

It is seen that out of L22 days considered for
testing the results, 87Yo of the days had the
Tmax between 34 ta 40 deg. C. It is also seen

when the Tmax ranged betwe€n 34tn36 deg.
C.,36 to 38 and 38 to 40 deg. C the forecasts
are correct within + 1.5 deg. C on 59, 85 and
73 percent of the occasions respectively.

However it is noticed that when actual Tma<
are more than 40 deg. c ttrc results are not
satisfactory.

Table 5 revealsthatout of l}Zdays a+%ofthe
days had moming dew point between 10.1 and
20.0 deg. C. It is interesting to note that when
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the dewpointtenrperature mnges from l0.l to
15.0 and 15.l to 20.0 deg. C. ihe forecasts are
correct within +1.5 deg. C on 8l and,TlYo of
the occasions respectively. However when
dew point approaches to 20 dqg. C, the forecasB
onTl%o of the occasions are not satisfactory.

After close inspection of the test data it is
observed thd rryhen an actral Tnrax approaches
and/or reaches 40 deg. C advection ofdry, hot
air from tle surrounding areas might be
contributing to the rise of Tmax. On other
occasions an isolated local thunderstorm may
occur when the dew point fall steeply with
intensified convectivs activity in the aftemoon.
The figure 3 illustrates the daily march of the
observed and estimated Tmax.

Conclusions

(a) Penistence of No Change' situation for 3

to 8 days is the feature of all months.

Hourover, Pune experiences risingtadency
of Tmal< at the most for 4 days and the
falling teirdency at the most for 3 days.

TRANSACTIONS OF TTIE INSITruTE OF INDIAN GEOGRAPI{ERS

O) Over Pune severe heat waves have not
prevailed during the periop under study.
However, 3 moderate heat waves were
reported after or at the onset of monsoon
in Keralaand Kamataka. Whenthe front
ofconvergence ofhot, dry continental air
from North India and cool moist maritime
air from the Indian ocean liles to the
South of Maharashtra, the Madhya
Maharashtra and Marathwada region are
likely to be in the grip of the heat wave.
Thus the bio-climatic discomfort over Pune
during April and May is not due to the
occurrence of severe heat waves.

(c) The model developed in this study for
numerical prediction of the daily Tma:< of
Pune provides an accuracy within +1.5
deg. C on70Ya ofthe occasions. The
model under-estimates on a few occasions
when observed Tmax approaches 40 deg.
C whereas it over-estimates when a
thunderstorm develops in the late
aftemoon.
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