M.K. Tripathi, H.S. Yadava and 8.5, Tomar
Directorafe of Hesearch Seivices

Rajmata Vijayaraje Scindiz Krishi Vishwa
Vidyalaya, Gwallor-474 002 [(MP)

E-mall, manejiripathil@@gmall com

Long term Variability and
Trends of Significant Climatic
Events at Lucknow District of
Uttar Pradesh

ABSTRACT

Vaiiability in climatic evenis llke heat waves. cold waves. frost, heavy precipitation and droughts
provide evidence of climaie change Occurrence of these events and trend analysis were done by
utilizing daily maximum temperature, minimumemperatureand rainfall data for Lucknow district
which lies in cantral 2gro climatic zone of Uttsr Pradesh for the period of 37 years (1975-2011)
with tha IMD criferia. The maximum number of heat waves was obsarved in the year 1995 (22)
and minimum in the years 1989 and 2006 (1) The maximum number of severe heat waves was
abserved in the year 1967 (11) The menth lune has bean found the mast susceptible for otzurrence
of heat waves. On an average 4 heat waves could be éxpected in the month of lune An increasing
trend of heal waves was noliced and pointed towards rising of maximum temperature over the
region Maximum number of cold waves was obssrved in the year 1975-77 (28) out of which 12
avents were severe On an averzge 4 cold waves were observad per year during the period 1575
2010 Thetrend analymg revealed that cold waves are becoming less frequent. On an aversge, 2
frost events per year could be expected The month January was found o be more suscaptible 1o
frost condition The decressing trend of frost events was noticed at annual time scale Maximum
occurrence of heavy rainfall events was observed in the year 1580 (6) Annuslly, 2 heavy rainfall
ayenis could b= expested A decreasing trend of heavy rainfall events were naoticed aver annual
time sczle The meteorological draughts of different intensities viz mild meoderate and seveare
showed that central zane of Uttar Pradesh is prone to mild to moderate type of drought

Keywords: Climale change, cold wave, drougnt. Frest hesl wave, heavy rainfall

1. Introduction

Indian agricultura Is facing challenges due to
sevaral factors such #5 increasad competition for
land, waier and increasing climatic varability. The
climatic variability is associated with global warming
will result in considerable seasonal and annual
fiuctuations in food production Exireme fluctuations
in weather bayond cerain tolerable limits during
critical phases of crop development can have a
significant impact on yisld Droughts, heavy
precipitation evenis hol and cold extremes. heal
waves and cold waves and frost ars knewn to
negatively impact agricultural preduction and
farmer's livelihopd The sxcessive positive
depariure from the normal maximum lemperaturs
results in heat wave during summer months. The
rising maximum lamperature dufing the pre-
monscon months often persists till June and
sometimes in Juty over the northern parts: of the
country. On the other hand. temperature.can drop
down markedly below normal for 2 short period and
chance of occurrance of exirame svents like cold
waves and frost increases in northem parts of Indis
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during rabi season The maximum number of
pccurrence of cold waves has besn reported In
Jammu & Kashmir followed by Rajasthan and Uttar
Pradesh (De ot al, 2008; Similarly. droughts
directly damage crops and degrade the land and
desiceate the undarground reserveir. Malnutrition
and siarvation are othey impacis On theother hand,
significantly heavy rains are responsible for damags
of standing crops and reduced production

2. Materials and Methodology

The long term varisbifity study of climatic svents
ofheat wave, cold wave. frost, haavy to very heavy
rainfail and drought was done by utilizing daily
maximum temperature, minimum temperature and
rainfall data of Lucknow district farthe period of 37
vears [1975-2011) which was collectad from
Agrimet Division, India Meteorological Department
(IMD). Pune: IMD defines heat wave bassd on
depariure of maximum temperalure frem its normal
if the nermal maximum temperatura of plain area is
> 40°C then departure of temperature 4 to 5°C
above normal s called heat wave and depariura of



t=mpearature? §°C above nomal k= callad 35 ssvers
heat wave. [fthe normal maximum temperature of
plain area 157 40°C departurs of temparaturs 5 to
&°C above normal is called heat wave and dapariure
of temperature? 7°C above normal is called as
sevare hegt wave Simllardy if nermal minimum
temperzture of an area ls <10°C then depanture of
tempetature -4 to -5°C from i=s nomial Is calied as
cold wave and departure of temperaturs - 6°C or
izss from fs normal temperaturs is called as savere
cold wave. Similarly if normal minimum temperature

of an area is 710°C then departure of temperature -

5 to -67C from its normal is called as cold wave
and departure of - 7°C from its normal tempearature
iz calfed a5 severe cold wave

Frost generslly eccurs when the grass
minimum temperature faliz to nearly 0'C. It has
besn found that on an average, grass minimum
temperature reaches 0°C when minimum
temperatura In the sereen js 3.5°C Therefore
& day having minlmum temperature 73 5°C has
been calegorizad as frost day (Bhan and Afin
2007). Thiz rsistionship has been ussd for
computation of frast evenis.

Heavy and very heavy rainfall events were
calcufated on the basis on ameunt ef rainfall
reczlved in a day The rainfall amounts receivad in
& day is between 64 5 o 124 4 mm is callad as
heavy rainfall and amount recaivad In a day Is
befwsen 124 5o 244 Smm Is called a5 vary heavy
rainfall Based on annual rainfall deficit from normal
years were classified a5 mild modarats and severe
drought years when rainfall defictt was upte 25, 26-
50 and = 50 per cent. respactively

3. Results and Discussion
3.1 Heatwaves

The:data on heat wave and savere heat wave
canditions are presented in Table 1. Gn an averags,
10 heat wave events were gbservad annually
during the period 1875-2010 The study revealed
that maximum events of heat wave (22} were
obsarved In the year 1885 out of which 3 evenls
wers observed as severe heat waves A

censiderable higher numbers of heat wave evenis

weare 8iso obsesvad in the yesars of 1975 1524
1885, 1999, 2005 and 2016. On an sverage

maximum heat wave svents warz found to have
gccurred in the menih of June. Around 4 heatwaves
could be expactad in the month of Juns The trends
of occurtence df heat waves are presentsd In the
Fig 1-Anincreasing trend of heal wave was noliced
at annual time scals because of continuous nsing
of madamum temperature overnorth India (Pam, 2003)
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TABLE 1
Oeccurrence of heat wave and severe heat wave events at Lucknow [1975-2010).

April May June Total
Years Heat Severe Heat Severe Heat Severe Heat Severe
wave heatwave wave hestwave wave heatwave  wave heatwave
1975 5 0 7 0 4 3 16 3
1976 0 2 0 g 6 3 & 3
1877 i 0 0 i 0 0 2 0
1578 1 0 10 5 2 { 13 5
1479 1 0 1 o 7 2 g 2
1880 7 1 = 1 0 0 13 2
1981 0 0 1 o 6 7 7 2
1882 0 0 0 o 3 { 3 i
1583 0 ] 0 i 11 8 11 B
1984 B a 12 3 0 0 18 3
1985 2 ] 7 1 9 4 18 5
1986 0 0 0 0 4 2 4 2
1987 i i) 1 g 14 11 15 1
1988 5 0 10 5 0 0 15 5
1559 0 0 1 o 0 f 1 i
1590 1 0 0 0 & 0 7 0
1851 1 9 4 o 0 0 5 0
1562 ] 0 1 0 g = 10 2
1593 D 0 4 1 3 0 T 1
1594 0 0 5 2 8 0 1 2
1605 1 9 7 2 14 7 2 g
1566 il 0 5 o 0 0 5 i}
1997 0 0 2 0 3 1 5 1
1598 0 2 5 g = 0 1 i)
1608 12 3 5 g 4 0 21 3
2000 2 0 1 0 0 @ 3 o
2001 B 0 2 0 0 0 10 0
2002 4 i) 4 g 0 g 8 i)
2003 5 0 2 0 3 g 10 i}
2004 5 0 & o 1 1 12 1
2005 1 0 4 o 15 10 20 10
2006 1 9 0 0 0 0 1 0
2007 2z 0 2 o 5 ] 10 i}
20068 yi 0 o o 0 { 2 o
2009 3 ] 1 g 11 S 5 8
2010 10 7 3 1 5 0 18 3
Average 2.4 0.2 33 0.6 4.4 AT 10.1 25
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32 Coldwaves gbservad that Januaty and February months ars

The data on cold wave and savere cold wave  Mere suscepiible te cold wavs condilions. The
conditiens are presented in Table 2 About 4  frends of accurrence of cald waves ara prasented
average annual celd wave events were observed e Fig 1. e trf.-n:ﬁlgnaly sl T‘.”Ea;;_iii st cih.i
during ihe period 1975-1576 10 2010-11 Thestudy o oS e becoming less fraquent This may be
revealed that maximum events of cold wave l & 28 dito oicontmtioys FSFEI-E SLRunme .t_emp&ralure
were obsarved dufing 1976.77 and out ofwhich 12 over region. In Indig: rising of minimum temperature

_ , ; " during winter season wer2 also reported by Rupa
gvents were sevare cold waves || wazg 3l=g Kumar etal (2002),

TABLE 2
Occurrence of cold wave and severe cold wave events at Lucknow (1375-76 to 2010-11).

December January February Total
Years Cold Severe Cold Severs Cold Severe Cold Sevare
wave coldwave wave  coldwave wave coldwave wave coldwave
1 12 2

28 12
11

1975-76
1976-77
1977-78
1976-79
1979-80
1980-81
1981-82
1952-23
158384
1984-85
1985-36
198687
1987-88
198685
1959-90
159591
199192
1962-93
1993-94
186495
1885-95
1595-97
1897-98
1998-99
1599.00
2000-01
2001-02
2pa2-03
2003-04
2004-05
2005-08
2006-07
2007-08
2008-09
2009-10
2010-11

Average 11
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33 Frost

The data on frost events and its trends are
preseniad inthe Table 3 and Fig 1 Annually about
2 frost everits could be expected during the period
1975-1876 to 2010-11. The study revealed that
maximum events of froest ie 18 were observed
during the period 1975-7T7. Howsver. considerable

highar frost evenls were Siso observed during 1977-
78 and 2000-01. The month January is most
susceptible for frest conditions than othermonths.
The decrgasing trands of frost evenis wears
observed at annual ime scale. This may he dus to
continugus fising of minimum temperaturs in winter
season over region (Rupa Kumar at 3l | 2002)

TABLE 3
Qccurrence of frost events at Lucknow (197576 to 2010.11).

Yeoars December

January

February Total

1975-76
197077
1977-78
1978-79
1975-20
1986-81
18g1-82
1¢82-83
183384
1884-85
1985-85
1986-87
198788
1488-89
1959-90
1890-91
1891.92
1862:93
1993-24
1994-85
1458555
1496-97
185793
1995-99
1985-00
2000-01
2001-0Z
2002-03
2003-04
2004-05
20065-06
2008-07
2007-08
2008-09
2009-10
2010-11
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3.4 Heavyandvery heavy rainfall the year 1530 & heavy rainfall svents wers noticed

The data on heavy and very heavy rainfall  outefwhich2 evenls were obsarved as very heavy
svents during south west monsoon seasonandits  rainfall events. Itwas noticed that the vears 1986,
trénd are presanted in the Table d and Fig 1. The  1988and 2008 experienced 4 heavy rainfall events.
total numbarofheavy rainfall events was observed  ©n the etherhand 2 very heavy rainfall avents were
as B0 oul of which 15 wers observed as very heavy  Observad 1975, 1980 and 1385, The decreasing
rainfall evants:.during the period 1975-2010. Annually  trends of very heavy rainfail evenis ware observed
zhout 2 heavy rainfall events couldba expacted. |n atannualtime scaie

TABLE4
Occurrence of heavy to very heavy rainfall events at Lucknow (1975-2010)

June July August September Total
Years Heavy WVery Heavy Very Heavy Very ‘Heavy Very  Heavy Very
Heavy Heavy Heavy Heavy Heavy

1875
1876
1977
1978
1978
1580
1981
1682
1983
1684
14985
1486
1387
1988
1588
1650
1591
1852
1593
1984
1695
1855
1997
1648
1645
20060
2001
2002
2003
2004
2005
2006
2007
2008
2005
2010

Average 0.

e e P R TR -F=R=R=l=l=R=R=E==H=R-ldl=l=t=l =R =D R =T = "
OO ODooOoEAAEaaODDOoSOan00OD o o0 G GS SO P
== =N N - === —R—H-=l—R - R - N RN NN N -
= A R = T — O I R B O R B T T — R R P S R
e T e e R e S e e e B B o 1 o S e e R e e e B e e QR o 0 e R e e B0 e Q0 e e B e B o SRR o o e B e 1 ]
A B - a A O YN () -a DO A O i R ok ea O B B
CF ot =it D0k D DO OODEDD D00 000D M ek O - D
T I N R~ R~ T - R Ll — L I e SUNT WS W o e W)

gmcu:.un-n-cv:-n:r--u:u-un-:n-n:-:-c:-t:mq:um:n:q::-umn:r-t-ucun
:mu.a-nm-n-hdun'fumah:l:-n-nn-wﬂﬂh-.-:é—h.ll:--hdumuw—lhuw

=
i
=
.
f =
-9
P
e
o |
L]
=
(K]
=
ol

125



3.5 Drought cccurrence and impact

The occurrence of metecrological drought of
different Infensities viz., mild, moderate and severs
over a8 period of 1975-2010 was analysed and
presentedin the Table 5 and Fig 2 The drought of
different intansities showed that Lucknow distnct
experiencad 15 drought years out of which 3 (20%)
mild, 11 (73%) maderate and 1 (7%) savere
intensity of drought years ware cbservad

. TABLE & o .
Occurrence of drought with different intensity
at Lucknow (1975-2010)
Category  Drought years Rainfall
Range (mm)
Mild 1594, 2002, 2007 756.2-7632
Mod=aeate 1977, 1979,1883,
1564, 1832 14953
1995, 158588, 1999,
2004 2005 492 9-713.0
Savers 1967 4104
S heid
[ 2

Khdderats
3%

Fig 2 Metzorological drnughl intensities at
Luckmow (1975-2010)

4 Recommendations

a) Adlustment of the cropping sequence and
planting s2ason with madification of crop
management practices for heat wave
conditions.

B) Changing the micreclimate by irigating and
smoking the field at night during cold wave
and frost accurencs

c) Flanping of watarzhad davzlopment which
involves construction of structurss like check
dams coentour bunds. pescelation tanks,
davelopment of rainwatar harvesting ang
construciion of wells glongwith in sity
conservation of rminwater, contour cuftivation,
sowing on ridges

d) The conjunclive use of surface and ground
waler resources in order o Increase the
praduction per unil of watat.

=) Use of harvasted rain watar and ground water
resources through micro-irrigation and ather
sfficlent water saving technigues far
anhancing produciivity In addition, batter
irrigation scheduling can Imprave imigation
sfflciency

f)  Drought-tolerant breeds of livestock and

varietias of crops must be explarsd for
resilisnce of farming systems

g) Establishment of sead, fodder and feed bank
for mesting immediate demand in drougi
prone areas

h) Incorporation of agte-ferestry, agri-horti
systems t0 enhance perennial component of
vegsatation in farm lands
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