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ABSTRACT. The weekly soil moisture data collected at Central Agromet Observatory (CAgMO), Pune
during 1958-1989 have been subjected to Fourier analysis. With normal data the amplngdv;s for various depths
vary between 0.76 to 1.12 ¢cm of water for first harmonic and decrease sharply with higher order harmonics,
The values for fourth harmonic range from 0.03 to 0.07 ¢em of water only. However, the highest amplitude for
the calendar vears 1984, 1985, 1987 and 1989 is found to vary between 0.45 to 1,35 cm of water irrespective of
soil depths, Under normal conditions the maximum soil moistare near the soil surface (7.5 cm depth) occurs
on 15 September while at 30 cm depth, the soil moisture maximum occurs on 24 September, a delay of 9 days.

For the four soil depths considered in thisstudy, the first, second and third harmonics represent respective-
Iy 9-46, 2-32 & 4-26 & 67-86, 6-14 and 1-6%; of total variance respectively for each of the years 1984, 1985,
1987 and 1989 and normal data. The change in soil moisture pattern after June and October due to occurrence
of southwest and northeast monsoon is well reflected.
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1. Introduction

The soil moisture under bare soil condition like the
soil temperature, varies in a nearly regular pattern
reflecting the annual cycle of rainfall, This cycle, however,
is somewhat modified due to the intra-seasonal variation
of rainfall caused by different synoptic situations. The
observed soil moisture variation for various depths at
the CAgMO, Pune indicates that the pattern is not a
symmetrical one. Considerable variation is produced by
the occasional thundershowers in the pre-monsoon
season and the intra-seasonal variation of rainfall during
southwest monsoon season.

Small but irregular fluctuations ol meteorological and
agrometeorological parameters are normally reduced
by averaging the data series. However, the averaging
(over periods 10 years) reduces, but does not eliminate,
these deviations, particularly for soil related parameters
down through the soil profile (Carson 1961). In such
cases, the averaged data may be further analysed by

means of Fourier analysis, reducing the soil moisture
versus time curves to a series of Fourier coeflicients.
These coefficients give an objective description of the
variation with depth of the amplitude of the soil moisture
wave and the time location of soil moisture extremes.
Several scientists (Pearce 1958, Pearce 2nd Gold 1959,
Carson 1963) have reported that the annual cycle of
various meteorological and agrometeorologiczl para-
meters is fairly well described by the first harmonic alone.
On the other hand,others have also reported that
first harmonic alone is not sufficient to describe the
annual cycle (Lettau 1954, Krishnan and Kushwaha
1972) and that the effect cf higher harmonics have to
be considered. In this study. an attempt has been made
to represent the actual observed variation of soil moisture
from that of predicted one from first five harmonics for
four selected years, viz., 1984, 1985, 1987 and 1989 which
have guaged either excess, normal or deficient rainfall.
The effect of higher harmonics have also been consi-
dered for representing the actual observed variation of
normal soil moisture.
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TABLE 1

Harmonic componeats of soil moisture at different depths in respect of first three harmonics
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2. Data number of equally spaced data points can be accounted
The weekly soil moisture observations are taken from tor by a finite number of sine and cosine terms in a
7.5, 15, 30 and 45 em depths by gravimetric method at '.m"_w' "‘f]‘lly!"f' For example. the weekly soil moisture
CAgMO. Pune. The soil at the experimental site is (in em of water) at various depths considered for the
vertisol and extend upto 60 cm depth. The soil texture present \thd\ arc periodic functions. The general form
is mere or less uniform with a nearly constant bulk ol the Fourier series s :
density o 1.0-1.1 g/cm?. The experimental site 1s always
kept [ree of ve Lcmlmn The soil moisture obseivations
are taken atabout 0800 IST. The data used in this study
are those collecied in the calendar years 1984, 1985, 1987
and 1989. The wide range of variation in soil moisture
is primarily due to variation in rainfall.

. 360

Available weekly soil moisture data For the years B, sin p M ") (h
1958-80 are averaged to oblain a mean sotl moisture
pattern for the 52 standard weeks of the year. Data
for some of the standard weeks for some of the years
considercd {or this study are missing. But on an average the year. ’\_, is the number of equally spaced data points
mean  weekly values are based on 10-18 years data which is 52 in this case, A, and B, are the amplitudes
except for the standard week No. 39 when it is based (half range) of the various terms. £ is the period of the

where, SM is the mean of the 52 weekly averages [or

on 9 years avcrage. Soil  moisture (") values are lundamental cycle. v is the time factor varying from
converted to ¢m of water by multiplying with bulk 0 to 5I. A more convenient representation of a Fourier
density and depth interval. This provides the root-zone anelysis i

watcr content in ¢cm of water which is comparable 1o
indicating the amount of rainfall irrigation water in
length unit.

b

SM - SM \ i (-I‘,‘i . H) 2)
3. Method  of analysis :':_1 /

Since the computational procedures ol Fourier ana-
lysis are well-known (Conrad and Pollak 1950, Panolsky
and Brier 1958). only a brief summary is included here.
Any time series can be represented by a series of sine and given by (. l B,)? and 4, is the phase angle given
cosine  functions. These series consisting of finite bytan~i (4, B,,l. ) '

where, C, l\ the vmphludn ol the nth harmonicand is
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Fig. 1. Amplitude and date of maximum value of annual soil
moisture cycle

4. Results and discussion
4 1. Harmonic constants

The values of amplitude and phase angle in respect
of the first three harmonics fitted to weekly soil moistures
at various depths are presented in Table | along with the
mean soil moisture, for each of the years and the long-
term mean. The largest amplitudes are found at deeper
depths  (viz.. 30and45 cm) inall the years except 1989,
when it was maximum at 7.5 cm depth. However, with
normal soil moisture data the largest amplitude is found
at 15 em depth for the first and second harmonics.
In general, the annual wave has its largest amplitude
at all soil depths. The amplitude remained around 0.5 ¢cm
of water and for most of the depths, except in the year
1987 when it was below 0.5 cm. The low amplitudes at
all the depths during 1987 are associated with uneven
distribution of rainfall experienced during the year, The
heavy and even distribution of rainfall during 1984 is
conspicuous with relatively large amplitude ol about
1.0 ecm of water. However, even with below normal
rainfall (annual rainfall = 56.9 ¢m) during the year
1985, even distribution of rainfall has helped greater
recharge as well as large amplitude of soil moisture
(1.14-1.35 cm ol water). On the contrary, during the
year 1987 even with above normal rainfall (annual
rainfall=-71.5 c¢m) at Pune, the amplitudes of the
annual cycle of soil moisture at all the soil depths are
small, much smaller than that observed during 1984,
1985, 1989 and with the normal data. The amplitude
values in Table | shows that the years 1984 and 1987
are rather unusual because the amplitudes of the semi-
annualcycleat 7. 5and I 5¢m depths are larger than those
of annual cycle. In the year 1985, high soil moisture
has created soil moisture waves of considerable ampli-
tude at all depths. The amplitudes of the annual, semi-
annual and third harmonics were more or less same and
ranged between 0.55 and 0.95. These variations may be
due to the fact that soil moisture is not fully recharged
in most of the years. With normal data, the values of the
the first and fourth harmonics range from 1.12-0.76
and 0.03-0.07 em of water respectively. Fig 1 is a
plot of the amplitude variation with depth of the first
five harmonics. The relative magnitude of the various
harmonics falls more into line with the expected pattein

at the deeper soil depths. The figure also shows that the
moisture cycle in the soil follows the expected pattern
of a damped, lagging wave.

The maximum value of any harmonic occurs when
[(360/P) nx--,]--90°. Thus for n=1I, various values of
(360/P) nx corresponding to the maximum values for
varying depths from 7.5 to 45 cm have been computed.
These angles are appropriately converted to obtain the
dates of the first maxima which are presented in Table 1.
During the calendar years 1984, 1985, 1987 and 1989
and with normal data, the annual wave attains maxi-
mumamplitudes between the months Augustand Novem-
ber. The dates of occurrence of maximum soil moisture
near the soil surface, ie., at 7.5 cm depth are 37th,
36th, 41st and 33rd standard week respectively in 1984,
1985, 1987 and 1989 while at a depth of 45 cm the soil
moisture maximum is delayed by about 4 weeks except
during the year 1987 and 1989 when it was delayed by
6 and 3 weeks respectively. With normal data the maxi-
mum soil moisture near the soil surface is that recorded
on 37th standard week whileat depths ol 30 cmand 45¢cm
the soil moisture maximum Is delayed by about one
week.

Fig. 1 shows the date on which the first harmonic
reached its maximum value. This figure shows that the
soil moisture cycle under Pune condition [ollows the
expected pattern of a damped, lagging wave. In general,
the time of maximum soil moisture at 7.5 cm depth is in
the first fortnight of September, however with some
exception in the years 1987 and 1989 when it is in the
first fortnight of October and Augusi respectively. At
15 em depth the soil moisture maximum is delayed by
about one week. At 45 cm depth the soil moisture
maximum is delayed by approximately 4 weeks for the
calendar years 1984 and 1985, It is interesting to note
that for the calendar year 1987, not only the maximum
reached much later than the normal date of occurrence
of maximum but also at 45 cm depth the maximum
occurred a few days earlier than that at 30 cm depth.
This difference may be attributed due to less diffusion
of soil moisture between 30 and 45 cm depths under
less water potential gradient which becomes common
feature under normal rainfall condition. The high water
holding capacity of vertisol which does not reach satura-
tion particularly at deeper levels is also reflected in this
process. The inability of southwest monsoon rainfall to
saturate the soil moisture profile in the month of
June-July indicates that early-sown rabi crop or
late-sown kharif crop would bs more suitable for
rainfed farming in this semi-arid tract. It is
observed in the Deccan  Plateau that the soil moisture
storage capacity is the limiting factor for the success of
rabi crops which are grown under receding soil moisture
conditions. Limited soil depths put limitations on soil
moisture storage capacities which ultimately affect the
production. Under sucha cpndition. it has been observed
that by advancing the sowing date of rabi crops to early
September, the accumulating and receding, soil moisture
conditions are utilized which increases the production
by about 100 per cent probably due to efficient utilization
ol fertilizer and native nutrients from the soil (Patil
et al. 1981). Working with 5 districts in drought prone
region of Maharashtra. Samui and log (1983) also
observed that primary peak of water availability occurs
from 37th to 39th standard weeks at Pune. This confirm
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Fie 2, Weekly soil moisture at different depths

that under normal conditions early sown rabi Crops
would be in a position to utilize the accumulating and
receding soil moisture at Pune as soil moisture builds
up graduzlly,

4.2, Variance explained by different harmonies

It may be seen from Teble | that the first he rmonic
explzins 17-32, 29-42. 9-14 and 2445, of the
totz] variance at different depths for the calendar years
1984, 1985, 1987 2nd 1989 respectively. This clearly
indicates that unlike soil temperature, the annual weve
of soil moisture is not able to givea fairly good representa-
tion of the soil moisture regime, The percentage variance
contributed by the annual wave is minimum d’ur‘mg
1987 presumably due to uneven distribution of rmn_tui'l.
The variance contributed by the second harmonic is
lowest in the year 1985 and it accounted for only 2-3",
at different depths. Except for the year 1985, higher
harmonics generally accounted for larger percentage of
variznce. It may also be seen from Table | that the first
harmonic of normal data explu!n,\ 67-86", of the toltul
variance at different depths, while the second and third
harmonics represent 6-14°, and 1.0-6", ol the total
variance respectively. The total variance explained by the

and that predicted by first [ive h

armonics alongwith weekly jatal rainfall

first three harmonics amounts to 93 and 969, at 7.5
and 15 cm depths respectively, whereas at 30 and 45 ¢m
depths it explains 85 to 88 ®, variance.

ILis interesting to note that in all the years and soil
depths considered in this study only about 50°, of the
variance is accounted for by the first five harmonics
except in 1984 when it accounted for more than 70°,
and in 1987 when it accounted for a5 low as 32-56°,
of the verience at different depths. Such variation is
attributed to variation in the soil moisture values caused
by partizl recharge of soil profile. However. with normal
data more than 80°, of the variance of soil moisture at
7.5 and 15 em depths is accounted for by the first har-
monic, showing that the annual wave 2lone is able to
give 2 fairly good representation of the soil moisture
regime. At deeper levels, the percentage variance contii-
buted by the annual wave gradually decreases and
reaches 67-70°,. This may be attribuied due to the fact
that on many occasions soil moisture does not penctrate
the soil profile at lower depth especially when rainfall is
not sufficient to recharge the soil profile. On account of
these, the higher harmonics assume greater importance
to account for the observed soil moisture distribution at
deeper depths,
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4.3. Weekly soil moisture and its synthesis

Depthwise variation of soil moisture for some of the
representative years comprising deficient, normal and
excess rainfall and for the mean soil moisture are
presented in Figs. 2&3 respectively. It may be seen that
the highest and the lowest peaks correspond well with
the period of rainfall and a little or no rainfall in south-
west monsoon and pre-monsoon seasons respectively.
However, there are some variations in the moisture
content in the soil profile due to variation of rainlall.
In the year 1984 when 90.6 cm of rainfall was received
the soil moisture ranged between 3and 4.5¢cm  for a
longer period (between 27th and 46th weeks) at an
average depth of 45 cm. Whereas soil moisture at 30
cm average depth varied considerably with 5 peaks in
the year 1987 when rainfall received was 71.5 cm. In
the year 1985 and 1989 when rainfall were 56.9 and
59.3 cm respectively, the variation of soil moisture at
different depths were comparatively less than that of
1984 and 1987. Fig. 2 also confirms that distribution of
rainfall played the important role in soil moisture varia-
tion. Some soil moisture peaks during winter and pre-
monsoon seasons, when there was no rainfall, may be
due to observational error in the gravimetric method
under relatively dry conditions. Sources of error may
also be due to spatial variation of soil moisture. due to
formation of cracks and mixing of top soil with the
deeper depths soil as soil does not stick to the auger
under dry conditions during these seasons.

The original data are reconstructed from the Fourier
coeflicients by using all N/2 harmonics, where N
P=52 in this case. The weekly soil moisture values
were reconstructed using first five harmonics only.
Fig. 2 shows the variation of weekly soil moisture along
with estimated soil moisture by the first five harmonics
for some selected soil depths. Only one soil depth for
each of the years is presented as others will show more

3. Weekly normal <oil moisture at

i

7.5 15,

30 and
depths and that predicted by first three harmonics

45 cm

or less the similar patterns. The fourth harmonic of
mean soil moisture data explains only 0.11-0,529% of the
total variance, Thus with reasonably good accuracy the
original data of weekly soil moisture for the individual
years and for normal data at various depths are repre-
sented in terms of the first five and first three harmonics
respectively. By substituting the values of mezan moisture
(SM). amplitude (C,) and phase angle (¢,) in Eqn. (2)
in respect of the first five and first three harmonics, the
weekly soil moisture data for the years 1984, 1985, 1987
and 1989 and for normal data were reconstructed. These
data alongwith the observed weekly soil moisture for
average depths 7.5, 15, 30 and 45 cm are plotted in Figs.
2&3. It may be seen from these figures that the annual
soil moisture cycle in vertisol situated in the semi-arid
tract of India can be fairly well described by the combina-
tion of first three or first five harmonics. It would also
be seen Irom Figs. 2&3 that the combination of the first
three and first five harmonics fit the observed values fairly
well during the southwest monsoon and reasonably well
during pre and post-monsoon seasons except for the
fact that they fail to represent some of the fluctuations
of thesoil moisture.

5. Conclusions

(i) Soil moistures and their maxima/minima at different
depths at any standard week can be estimated for Pune
on the basis of their annual periodicity with the help of
harmonics computed by Fourier technique.

(ii) For mean data the annual soil moisture cycle, in
vertisol at Pune, can be fairly well described by the
combination of first three harmonics.

(iii)y Annual soil moisture cycle depicts that maximum
recharge of soil profile would be in or around the month
of September.
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