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ABSTRACT In this study, the normal weekly potential evapotranspiration values of 47 stations situated over different
parts of the country have been subjected to harmonic analysis. The amplitude of the stations varies greatly ranging from § mm
in the west coast of peninsular India to 24 mm over northwest parts of the country. The peak of weekly oscillation attains its
maximum value around end of Februarv/early March over extreme southwest coast of the country, while it is third week of
June over northwest Rajasthan, northeast India and over small pockets around Rajamundry of Andhra Pradesh and Pusa of
Bihar A negative correlation between latitude and the scasonal (Khunit, rabi and summer) potential water need of the respective
stations of different groups indicates that potential water demand of crops at different seasons in each of the groups is inversely
proportional with increase in latitudinal value except for khant scason of group IV stations where it is reverse
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1. Introduction

The agricultural potentialities of any region are depend-
ent on the availability of water during different crop growing
periods. Potential evapotranspiration (PET) 1s defined as the
evapotranspiration from an actively growing short green
vegetation completely shading the ground and never short
of moisture availability. Actual water requirement (ET) of
a crop grown in a particular place 1s directly related to the
PET of the place. The seasonal course of ET is a charac-
teristic of the location of the station that determines the water
demand of the crop. Therelore, the study of seasonal course
of ET is important for water management and crop planning
purposes. The march of ET at a particular station that takes
into account atmospheric evaporative demand is, to a large
extent, a systematic oscillation repeating practically in a
similar fashion year-after-year. So. the character of the
variation of the compaonents of the oscillation with respect
to stations alongwith the relationship between seasonal

potential water demand of crops with the latitude form the
subject of study in this paper.

2. Data and methodology

Mecan weekly (standard meteorological week) PET val-
ues calculated through modified Penman method for various
stations over India by Khambete and Biswas (1992) have
heen considered for the present study. Harmonic analysis
hits been used to the time series consisting of these 52 PET
values Tor each of the stations. These series, having finite
number of equally spaced data points can be accounted for
by a finite number of sine and cosine terms in a Fourier
analysis. Symbuolically the Fourier series can be expressed
as follows:
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Fig.1. Amplitude of weekly oscillation of potential evapotranspiration in mm (First harmonic)
where, PET is the mean value over the entire period of N
length P (52 weeks), N is the number of equally spaced data PET = PET+2 Cr sin (—? rx + @r] (2)
r=1

points, Ar (52 weeks), N is the number of equally spaced
data points, Ar and Br are the amplitudes of the various
terms, p is the period of the fundamental cycle, r is the
number of harmonics and x is the time factor varying from
0 to 51. A more convenient expression of Fourier analysis
is obtained by combining both sine and cosine term as
follows:

where, Cr is the amplitude of the rth harmonic and is
given by (Ar2 + Brz)l’r2 and ¢r is the phase angle given by
tan"' (Ar/Br). For a fuller discussion of the method of

analysis reference may be made to Conrad and Pollak

(1950), Panofsky and Brier (1958). Different scientists
(Pearce and Gold 1959, Carson 1963) have reported that the
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TABLE 1 |
Harmonic components of potential evapotranspiration for selected stations in relation to first three harmonics ‘
Station First harmonic Date of Second harmonic Third harmonic Total variance
Latitude Amp. Var, maxima Amp. Var. Amp. Var. (3 harmonics)
(degree)  (mm) (%) (mm) (%) (mm) (%) (%)

Adhartal 23.09 15.0 71 24 May 19 20 39 5 96
Aduthurai 11.01 29 94 27 May 1.9 2 0.6 1 97
Agra 27.10 18.0 86 10 June 6.5 11 2.8 2 99
Akola 2042 17.8 74 23 May 8.7 17 5.1 6 97
Barracpore 2245 12.6 75 27 May 6.5 20 1.5 1 96
Bellary 15.09 15.8 95 3 June 22 2 1.0 1 98
Bikramganj 25.10 15.0 81 5 June 6.9 17 1.2 1 99
Chaubatia 29.45 89 79 2 June 43 19 1.4 2 100
Chandigarh 30.45 9.7 66 16 June 6.8 32 08 1 99
Chinsura 22.52 14.2 78 25 May 7.0 19 2.1 2 99
Coimbatore 11.00 6.4 70 16 May 3.2 17 0.6 | 88
Cuttack 20.28 11.2 70 16 May 6.8 26 1.9 2 98
Dehradun 30.20 12.6 86 13 June 4.5 11 20 2 99
Dharwad 15.26 10.0 72 16 April 59 25 1.4 1 98
Dhulia 21.20 174 68 18 May 10.7 26 43 4 98
Hanumangarh 29.15 24.3 95 23 June 43 3 22 I 99
Hebbal 13.00 9.2 90 12 May 2.6 7 0.3 1 98
Hissar 29.10 21.7 92 23 June 4.6 4 29 2 98
Jalgaon 21.03 23.0 69 13 May 13.1 22 6.2 5 96
Jallandhar 31.28 218 92 20 June 49 5 26 1 98
Jodhpur 27.08 20.2 87 9 June 6.3 8 32 2 97
Kasargod 12.30 53 54 11 Mar 4.5 38 1.6 5 97
Kayangulam 9.08 47 63 3 May 33 32 0.8 2 97
Labhandi 21.16 15.4 75 22 May 7.9 20 33 E) 99
Nagpur 21.06 144 70 21 May 7.6 20 45 7 97
New Delhi 28.35 I18.8 86 14 June 6.4 10 30 3 99
Niphad 20.06 16.2 72 21 May 9.3 24 3.5 3 99
Padegaon 18.12 12.1 70 19 May 7.2 25 26 3 98
Pantnagar 29.00 16.8 84 8 June 6.7 13 29 2 99
Parbhani 19.16 15.3 80 26 May 6.6 15 3.0 3 98
Patna 25.36 15.6 85 12 June 6.4 14 07 1 100
Pattambi 10.48 8.1 78 23 Feb 38 17 1.6 3 98
Pune 18.32 12.0 73 15 May 6.8 23 24 3 99

' Pusa 25.29 1.6 85 24 June 46 14 05 | 100
Raichur 16.12 1.3 74 12 May 58 19 0.6 | 94
Rajahmundry 17.00 10.0 79 22 June 44 I5 0.8 1 95
Rajendranagar 17.19 13.4 92 30 May 3.0 S 1.4 1 98
Ranchi 2119 139 79 29 May 6.8 19 1.9 1 99
Rudrur 18.30 83 77 15 May 4.0 19 1.0 1 97
Sabour 25.14 10.2 79 26 May 49 18 09 1 98
Sabaranpur 29.58 15.4 87 18 June 54 11 2.0 2 100
Samalcot 17.03 9.9 79 20 May 44 16 1.3 1 96
Silicoori 24.50 1.6 77 15 June 38 19 0.6 | 97
Solapur 17.40 149 82 16 May 6.4 15 1.7 | 98
Surat 21.12 1.6 65 2 June 7.5 27 i3 5 97
Titbar 26.35 84 90 27 June 26 8 03 | 99
Tocklai 26.47 8.2 88 27 June 2.5 8 0.6 1 97
Amp. — Amplitude Var. — Varance
annual cycle of meteorological and agro-meteorological cient to describe the annual cycle and the effect of higher
parameters is fairly well described by the first harmonic harmonics has to be considered. Lamba and Khambete
alone. But others (Lettau 1954, Krishnan and Kushwaha (1991) and Samui (1994) also used higher harmonics to

1972) have reported that first harmonic alone is not suffi- describe the annual cycle of soil temperature and soil mois-
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Fig.2. Date of maximum of weekly oscillation of potential evapotranspiration (First harmonic)

ture respectively in their studies. In this study, an attempt The date of occurrence of the maximum was obtained
has been made to represent the variation of weekly PET in from the phase angle considering the fact that unit of time
is considered as 52 weeks of the year and the origin of the

respect of their amplitude and phase angle for the first three ; ; :
pact of their amplinide and phase angle I time axis corresponds to 3 January assuming that mean

harmonics. The maximum in the oscillation of the rth order weekly PET are representative of the middle of the week.
will occur when So, the date of maxima (D) is calculated as follows:
D;=7.02 * rx + 3 days (from | January) (4)
; 36 ]
sin||=rx |[+0r |=1 (3) _ _
\ P ] where, rx was calculated from Eqn. (3) for the first

harmonic. The variance explained by each of the harmonics
i.e. when. has also been calculated. The stations have been categorised
into five groups on the basis of their amplitude for the first
harmonic. Regression equations for potential water need of

(360 ; . S : .
{— rx | +¢r="m% or 5% (3a) the stations of different groups were worked out following

\
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3.3. Relationship with latitude

seasonal PET and latitude of respective stations of the
groups. Seasons have been considered as kharif (23-44
week), rabi (45-12 weeks of the succeeding year) and sum-
mer (13-22 weeks).

3. Results and discussion

3.1. Amplitude and date of maxima

The values of harmonic components alongwith the
latitude for different stations in relation to first three har-
monics are presented in Table 1. It is seen that first harmonic
is more important as both the amplitude and variance ex-
plained are more than the others. Therefore, date corre-
sponding to the maxima has been presented with respect to
the first harmonic only. The highest amplitude of about 24
mm represented by Hanumangarh is found to occur over the
region of northwest Rajasthan followed by Jalgoan in Ma-
harashtra. The amplitude variation with latitude for the first
harmonic is presented at Fig.1. It reveals that lowest value
in the order of 5 mm is found at Kasargod and Kayangulam
in the west coast of peninsular India followed by 8 mm over
peninsular India and northeast region of the country. Am-
plitude generally increases northwards and is highest over
northwest Rajasthan.

The date of maximum weekly oscillation of PET occurs
in late February / early March over southern parts of west
coast, viz., Kasargod, Kayangulam and Pattambi (Fig.2).
Most of the stations of Central India, parts of Bihar, Andhra
Pradesh, Gangetic West Bengal, Orissa, southern parts of
east coast and interior parts of Andhra Pradesh have its peak
value in the second half of May. Most of the parts of northern
India, southern Assam, Sub- Himalayan West Bengal and
Sikkim, northern Bihar, Rajasthan and Gujarat have experi-
enced the maximum PET by the middle of June. Extreme
northwest India, foot-hills of northeast India and a small
pocket near Rajahmundry of Andhra Pradesh and Pusa of
Bihar have the highest value during 3rd week of June.,

3.2. Variance explained by different harmonics

The variance explained by first harmonic is much
higher as compared to other harmonics (Table | ). Hanuman-
garh and Bellary show the highest (95%) percentage vari-
ance for the first harmonic followed by Aduthurai (94% ).
First harmonic alone explains 54 to 95 percent of the total
variance (Table 1) with respect to the stations under study.
The second harmonic explains between 2 to 38 percent of
the total variance. From Table 1 it is also seen that variance
accounted by the third harmonic is not significant. The total
variance explained by the first threc harmonics at different
stations amounts to 88 to 100 percent.

With a view to determine the nature of the dependence
of seasonal PET values with the position of the stations, they
are categorised into five groups on the basis of amplitude.
Values of seasonal PET of the stations of these groups are
shown in Table 2. The correlation coefficient (CC) between
the seasonal potential water demand, hereinafter, water de-
mand and latitude of the place of these groups are given in
Table 3. The high CC with respect to different seasons and
the latitude of the stations of the group suggest a close
relationship between the two. Therefore, seasonwise linear
relationship of latitude and potential evapotranspiration
would enable quicker estimation of water demand during
the crop growing season. The linear relationship is of the
following form,

PET =aq+a)l (5)

where, a, and a; are the constants estimated through
regression analysis L denotes latitude of the station. The
details of the linear relationship for PET are given in Table3.

Fig. 3(a) depicts the variation of PET with latitude for
different stations of group I during kharif, rabi and summer
seasons. Most of the stations of this group are either from
peninsular India or from northeast India. At Kayangulam,
Pattambi and Kasargod water demand is highest during rabi
season followed by kharif and summer seasons respectively.
For other stations of the group kharif season water demand
is highest followed by rabi and summer seasons except
Chaubatia and Titbar where sequence is kharif followed by
summer and rabi (Table 2). During kharif season the value
of coefficient of determination (R”) is very low (0.24) as
compared to that of rabi and summer season of the group
where they are 0.96 and 0.59 respectively (Table 3). The
lower value of R* of kharif season may be due to the fact
that PET values of the stations namely Kayangulam, Pat-
tambi and Kasargod exhibit a scattering pattern than those
of other stations of the group,

From Fig.3 (a) it is also evident that there is a linear
decrease of PET of the stations with increase in latitude
although the slope of the relationship varies with the season.
The slope of the relationship plotted in Fig.3(a) decreases
from - 6.7 for kharif to -21.9 for rabi and -6.2 for summer.
Fig. 3 (a) also reveals that water demand decreases north-
ward at the rate of 21.9, 6.7 and 6.2 mm per degree increase
in latitude during rabi, kharif and summer season respec-
tively. However, the variation of water demand of the crops
between rabi and summer is more in the lower latitude (west
coast of peninsular India) which decreases with increase in
latitude and becomes equal around 27°22'N and beyond that
summer season demand increases than that of rabi season.
On the contrary, the water demand of rabi crops is more than
that of kharif season at Kayangulam that decreases with
increase in latitudinal value and becomes at par around
10°05°N and alter that, the case is reverse, where kharif
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TABLE 2
Seasonal potential evapotranspiration (mm) of various stations under different groups
Amplitude Station Season
Kharif Rabi Summer
<10 Coimbatore 809.2 6325 392.1
Chaubatia 413.7 236.0 2849
Kasargod 5439 603.4 3633
Kayangulam 600.6 644.0 351.4
Pattambi 5723 723.1 3815
Titbar 559.2 294.0 2653
Rudrur 662.9 541.8 422.1
Hebbal 7252 603.1 438.6
Tocklai 546.7 289.1 2576
Silicoon 583.8 362.6 3143
Pune 684.6 527.1 4949
Padegaon 709.8 5243 500.5
Cuttack 649.6 498.4 4753
Raichur 8204 687.4 5453
Rajendranagar 8246 560.7 4872
Surat 7813 619.5 563.5
Sabour 498.8 3241 3878
Darwar 658.0 656.6 485.1
Aduthurai 940.1 565.6 450.1
Rajahmundry 718.2 556.9 4536
Pusa 656.6 319.2 3549
Dehradun 545.9 238.7 3354
Barrackpore 649.6 413.7 4557
Samalcot 691.6 5299 446.6
Chandigarh 5236 3332 3326
Adhartal 681.9 444 501.2
Labhand: 695.1 4634 5222
Nagppr 708.5 487.6 513.8
Niphad 783.3 539.7 580.4
Parbhani 803.2 5432 551.6
Solapur 8848 697.9 6125
Saharanpur 6909 296.1 3948
Patna 762.3 3829 466.2
Ranchi 688.1 4284 466.9
Bellary 1078.7 7245 642.6
Chinsura 688.1 4354 498.4
Bikramganj 736.1 408 8 478.8
Pantnagar 689.5 319.2 464.1
Akola 790.3 534.1 591.5
Dhulia 8228 583.8 644.0
New Delhi 816.9 3542 480.9
Agra 8134 397.2 498.4
Jodhpur 1004.2 5579 599.2
Jalgaon 938.0 7259 791.7
Jallandhar 828.8 2793 4098
Hanumangarh 990.5 3472 5124
Hissar 887.6 301.0 466.2

season demand is more than rabi and the difference increases 0.52 respectively. The water demand of the stations for

with increase in latitudinal value.

Most of the stations of group II lie in the dry farming
tract of Maharashtra, Andhra Pradesh and Gujarat. All the
stations of this group show higher water demand during
kharif season followed by rabi and summer seasons except
Sabour, Pusa, Dehradun and Barrackpore where sequence
is kharif followed by summer and rabi (Table 2). The R
value of kharif, rabi and summer seasons are 0.67, 0.74 and

summer season show greater scattering indicating lower
association with latitude as compared to kharif and rabi
season. The slope of the relationship for kharif, rabi and
summer seasons varies from - 17.7, -20.9 and -9.2 respec-
tively (Table 3) thereby indicating that the rate of water
demand of the stations decreases largely in rabi season as
compared to the other seasons with increase in latitudinal
values. A significant feature of the Fig.3(b) is that the
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Figs.3 (a-c). Linear relationship of seasonal potential evapotranspiration
of the station with latitude for group (a) I, (b) Il and (c) 11

difference of PET values between kharif and summer season
is largest around 11°N latitude which gradually becomes
narrower with increase in latitude indicating that difference

of water requirement of crops to the northern latitude is less
as compared to that of southern latitude. On the other hand,
water demand of crops during rabi season is more than that
of summer season at the lower latitude which gradually
decreases with increase in latitudinal value and becomes

-equal around 24°N latitude beyond that the case is reverse.

Most of the stations of group III comprise of central and
northern parts of the country. Stations of this group need
more water during kharif season followed by summer and
rabi season except Solapur and Bellary where sequence is
kharif followed by rabi and summer (Table 2). For this
group, coefficient of determination is lowest during summer
season followed by rabi and kharif season (Table 3). More-
over, a linear decrease of PET with increase in latitude for
all the stations is also evident. The highest slope in kharif
season (-19.6) followed by rabi (-8.8) and summer season
(-4.2) indicates that decrease of water demand by the crops
would be more during kharif season followed by rabi and
summer for a degree increase in latitude. The difference of
water demang between kharif and summer season is largest
in the lower latitude which gradually becomes narrower
with increase in latitude and becomes least at Pantnagar
indicating that variation of water demand of crops is less in
the northern latitude. On the contrary, the difference of water
demand of crops between rabi and summer is less in the
lower latitude than that of higher latitude [Fig.3 (c)].

The stations of group IV are from arid and semi-arid
regions of central and northern India. All the stations of this
group are having higher water demand during kharif season
followed by summer and rabi season (Table 2). A significant
feature of this group is that kharif season water demand is
positively correlated with latitude but for both rabi and
summer seasons CCs were negative. The coefficient of
determination is very less (0.15) during kharif season fol-
lowed by rabi (0.49) and summer season (0.55) (Table 3).
The higher R? values during summer season indicate that
variation of water demand among the stations is less as
compared to that of rabi and kharif seasons. There is a
decrease of water demand with increase in latitude for rabi
and summer seasons while for kharif season the case is
reverse when PET increases with increase in latitude. The
slope of the relationship for kharif, rabi and summer seasons
varies from 9.1, -19.6 and -14.1 respectively. Table 3 indi-
cates that the rate of water demand of the stations decreases
steeply in rabi season than during summer season.

Most of the stations of group V are from northern parts of
arid and semi-arid regions of India. The correlation coefficient
is very high for both rabi and summer season as compared to
kharif season (Table 3). The higher R* values with lower

standard error (SE) also indicate the adequacy of the regression
equation for rabi and summer seasons. A steep linear decrease
of PET values with increase in latitude, having slope of -37.0
during summer season as compared to -6.3 and -4.6 during
kharif and rabi season respectively, indicates that as the slope
of the relationship varies considerably among the seasons the



MAUSAM, 49, 3 (July 1988)

TABLE 3
Results of regression analysis on potential evapotranspiration

Group Season Constants r R SE
dy ai
1 Kharif 7340 -6.7 -.49 0.24 0.310
Rabi 8932 2219 -.98 0.96 0.071
Summer 4603 -6.2 =17 0.59 0.231
11 Kharif 1049.0 -17.7 -.82 0.67 0.160
Rabi 916.7 -209 -.86 0.74 0.143
Summer 6379 -9.2 =72 0.52 0.193
m Kharif 12005 -196 -73 0.53 0.207
Rabi 689 4 -88 -53 0.29 0.254
Summer 6171 -4.2 -48 0.23 0.265
v Khanf 6230 9.1 39 0.15 0.532
Rabi 9715 -19.6 -70 0.49 0.410
Summer 9130 -14.] =74 0.55 0.385
A% Kharif 1085.0 6.2 -41 0.17 0.643
Rabi 1677.0 46 - 98 0.96 0111
Summer 15703 -37.0 - 99 (L.98 0.086

S.E.— Standard error

rate of water demand of the stations also decreases largely
during summer as compared to other seasons with increase
in latitudinal values.

4. Conclusions

The study leads to the following conclusions:

(f)  Amplitudes of PET are lowest at west coast of
peninsular India and generally increase northwards
and attain highest value over northwest India.

(1r)  The maximum of weekly values occur at the end of
February/early March over southern parts of west
coast where amplitude is also less. On the other
hand, over northwestern parts of the country and
foot-hills of northeast India, alongwith a small
pockets near Rajahmundry of Andhra Pradesh and
Pusa of Bihar, the maximum occurs in the third
week of June.

(iir) The correlation coefficient between latitude and
seasonal PET of the respective stations, under
groups I and II, show a higher association during
rabi season. For group I, rabi is followed by summer
and Kharif, whereas for group II rabi season is
followed by kharif and summer. For group III, it is
kharif followed by rabi and summer. For group IV
and V the sequence of association between PET and
latitude is summer followed by rabi and kharif,

(iv) The water demand of crops decreases linearly with
increase in latitudinal values of the stations for all
the seasons except kharif season for the stations
under group IV.

(v)  Fora given degree increase in latitudinal value, the
decrease in water demand is highest during rabi
season followed by kharif and summer for the
stations under group I and II. For the stations of
group II it is kharif followed by rabi and summer.
In case of the stations of group IV the sequence is
rabi followed by summer and kharif while for group
V it is summer followed by kharif and rabi.
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