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Effect of cold wave on soil temperatures
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ABSTRACT. Intensive observations from surface fo 150 cm depth of soil on clear days in
January 1981 covering the peried of moderate cold wave were recorded in black cotton soils at Pune.
There was a little or no diurnal variation below 30 ¢cm. During the passage of cold wave upper layers
of soil responded quickly and appreciable fall of temperatures were noticed. Persistence of moderate cold
wave conditions for about two days influenced the deeper depths temperatures too. Partial clouding
mainly affected the temperatures of surface and 5 cm.

Thermal diffusivity within surface to 5 cm was 0.1029% 19~ cm®/sec while that in 15 to 20 cm
Was 0,3043 x 10~z ¢m?/sec, Damping depth was found to be 7.6 cm. Both these parameters being low
in comparison to those for sandy soils diurnal temperature wave dampens at faster rate in black cotton

soils,

1. Introduction

- It is well known that there is a progressive lag with
depth in times of occurrence of maximum and mini-
~mum soil temperatures because of the slow rate of
cnergy transfer within the soil, The range of diurnal
“variation of soil temperature also decreases with in-
creasing depth (Smith 1932, Flucker 1958, Kristensen
1659, Tripathi and Ghildyal 1979). What is not so
wel understood, however, is the manner in which sub-
soil temperatures would react to abrupt and large
changes in surface temperature, such as those asso-
ciated with a cold wave.

Keeping in view the above consideration, intensive
soil temperature measurements were made from sur-
face to 150 cm depth in the black cotton soil at Pune,
the period of observations being so chosen as to
coincide with the passage of a moderate cold wave.
The results of the study are presented and discussed
in this paper,
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2. Instruments and observations

The study was conducted in Central Agricultural
Meteorological Observatory located in Agricultural
College, Campus, Pune. Soils at the observatory site
are black cotton soils clayey in nature, of medium -
depth and medium class porosity. Field capacity
(33 to 36% of the dry soil weight) of these soils is
high in comparison to alluvial or sandy loam soils
found in many parts of India, )

For recording soil temperatures, standard mercury
in glass thermometers are installed in soil and plot
is kept free of grass or any other vegetation inside the
observatory enclosure. Observations were recorded at

‘depths : Surface, 5, 10, 15, 20, 30, 50, 100 and

150 em and air temperature at 2 cm above ground
surface at an hourly interval round the clock, starting
at 0530 IST on 4 January 1981 to 0830 IST on
19 January 1981. Soil moisture at depths : Surface
7.5, 15, 22.5, 30 and 45 cm were determined on
every third day by gravimetric method as percentage
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Figs. 1&2. Penctration of diurnal temperature wave ( Scalar analysis, Pune : T8 & 8/9 Jan 1981)
[Infiuence of passage of moderate cold wavel

of dry soil. Daily significant weather observations like
duration and amount of rainfall, dew deposition, state
of sky, daily air (Stevenson screer) maximom and
minimum temperature recorded at the observatory
were also collected.

3. Loca}l weather and soil moisture

Due to the passage of western disturbance, on
8 January, cold wave conditions with minimum tem-
perature departures of the order 6 deg. C were pre-
vailing over Saurashtra, west Madhya Pradesh and
parfs of Maharashira. Minimum temperatures conti-
nued to be appreciably below normal on the 9th in
these areas, 5,

Local weather at Pune was clear from 1 January
1981, From 4 to 9 January, there was mist or haze in
the early morning, with bright sunshine all through
the day. Minimum temperature on 4th was 10.8 deg. C
with small change over the next three days, but
dropped to 5.8 deg. C on 8th morning. Maximum tem-
perature showed a gradual fall from 30.4 deg. C on
4th to 24.6 deg. C on the 9th. After the passage of
the cold wave, weather changed significantly. From
the 10th onwards the sky was mostly cloudy and
minimum temperatures were above normal or only
slightly below normal, 4.2 mm of rain was recorded
in the 24 hours ending 0830 IST of 18th. Prior to
and during cold wave period, moisture content within
surface to 7.5 cm of soil layer was nearlv 10 per cent
of the dry soil weight, At 15 ¢cm depth moisture in-
creased to 18 per cent and that at 30 cm and below
to 20-21 per cent. In the course of observational
period, soil moisture gradually decreased with time.

4. Results and discussion
4.1, Scalar analysis

With time along the X-axis and depth along nega-
tive Y-axis, hourly values of soil temperatures for

surface to 30 cm depth were - plotted for 7/8 and
8/9 January. Isotherms were drawn at 4 deg. C {or
2 deg. C) interval and are presented in Figs. 1 and
2. The dashed lines show the change in the time of

occurrence  of minimum/maximum soil temperature
with depth.

Diurnal maxima and minima of soil temperatures
at various depths from surface to 150 cm are pre-
sented in Table 1 while fime lag of occurrence of
these extremes are presented in Table 2. 6th and 7th
represent the period prior to cold wave and 8th and
9th correspond to moderate cold wave.

4.2. General features and influence of cold wave

It may be seen from the results that prior to and in
comse of passage of cold wave minimum tempera-
tures show progressive increase throughout the soil
profile studied while maximum temperatures show
decrease with depth upto 30 cm only. It js also observed
that diurnal wave dies out very rapidly with depth.
On 7th, range at the surface was 38.8 deg. C while
at 30 cm it was only 0.2 deg. C. There was a little or
no diurnal variation noticed at deeper depths. Thus,
in normal ‘winter period with small changes in screen

minimum, diurnal temperature wave hardly penetrates
below 30 cm.

From 7 to 8 JYanuary, with the incursion of cold
continental air soil temperature minima registered a
clear fall at all’ depths upto 30 cm. Even af 50 cm,
a slight fall (—0.3 deg. C) was noficed. Maximum
temperatures also decreased at all depths, However,
the fall was more significant in the 10-20 cm layer
than in the soil above and below it. At the deeper
depths of 100 and 150 cm, there was no appreciable
change on 8th, but a fall (—0.2 deg. C) was observed
on the 9th. These observa'ions clearly show that the
passage of cold wave greatly influences the soil tem-
peratures in the 0-30 cm layer and to a lesser degree,
the temperatures of the deeper depths.
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TABLE 1
Diurnal soil temperature minima and maxima along with their range on days prior to and In the course of passage of moderate cold wave at Pun ¢

Soil depth (em) s
t Sur- . —— A v creen
Date f;ce 5 10 15 20 30 30 100 150

Minimum temperature (°C)
6 10.1 16.0 20.1 21.6 22.1 23.9 25.0 25.6 26.2 9.4
7 11.0 17.0 19.7 21.2 4.1 25.0 25.6 26.2 10.8
8 6.3 14.0 13.9 2G.5 . 23.5 24.7 25.6 26.2 5.8
9 5.9 13.9 18.5 20.8 21.7 23.1 24.5 25.4 26.0 6.2

Maximum temperature (°C).
6 48.3 31.2 27.2 25.4 245 24.3 25.0 25.6 26.2 29.8
7 498 32.0 26.5 25.0 24.4 24.3 25.0 25.6 26.2 27.2
8 50.0 31.8 25.7 24,1 23.6 23.8 24.9 25.6 26.2 25.3
9 46.4 - 29-1 241 23.4 22.8 23.6 24.7 25.5 26.1 24.6

Range °C)
6 8.2 15.2 7.1 3.8 2.4 0.4 0.0 0.0 0.0 20.4
7 38 8 15.0 6.8 3.8 2.5 .2 0.0 .0 0.0 16.4
8 43 7 17.8 6.8 3.6 2.3 0.3 0.2 0.0 ¢.0 19.5
9 40.5 15.2 3.6 2.6 1.1 0.5 0.2 0.1 0.1 18.4
TABLE 2 TABLE 3

’ Time lag of occurrence of minima and maxims of soil femperatures
in shallew depths with referernce to that at the surface

Soil depth {cm)
e

Thermat diffusivity values based on amplitude variation (K} and phase
variation (K1) along with ratio of amplitudes {4,/4,) at
depths Z, and Z, and their relative time lag (f,-#;) amd

moisture for each sofl layer

Date “Surface 5 10 15 20 30
Time lag (hr-min) for min..femp.

7 — 1-35 2.40 - 3-55 _ 5.25 —

8 e 1.25 2-35  4.05 5.35 —
Time !ag (hr-min) for max. temp.

7 — 2-20 4-10 6-10 8.00 —

8 e 2-10 4-15 6-10 8.05 —_

Soil layer Moisture 411’/12 Kx10* Timelag KrLx 107
(ZitoZ))y (%) (em®fsec) (f-t;)  (em®fsec)
{em) {min) .

0-5 8.2 2,59 0.1029 140 £0.2436
510 11.0 2.20 0.1452 ito 0.3946
10-15 15.5 1.79 0.2684 120 0.3316
15.20 18.3 1.73 0.3043 110 G.39%46

4.3. Post-cold wave period

After the passage of the cold wave, the sky condi-
tions changed from clear to c¢loudy, The hours of
bright sunshine was 5.4 on 11th compared 10 10.4 on
the 8th. There was also appreciable reduction in total
solar radiation (19.44 Mega Joules/m* on 8th against
13.53 MJ/m* on 11th). On the 11th, S¢ and Ac
clouds were present in the forenoon and Cu developed
in the afternoonm, the cloud amount being about 6
oktas most of the time. The patterns of soil tempera-

ture variation are shown in Figs. 3 and 4. At the
surface compared to 8th, the soil temperature maxi-
mum decreased by 5.9 deg. C while the minimum jn-
creased by 5.2 deg. C. Very little or no fluctuations in
hourly soil temperatures were seen below 10 cm,
Diurnal range of temperature became insignificant even
at 30 cm depth. The time lags in the occurrence of
minima did not show any change. Maximum of surface
and 5 cm, however, was not recorded at the same
hour as that on clear days. Thus, partial cloud cover
influences - the soil temperature pattern mainly in
surface to 10 cm while lower depths do not exhibit
any major change.
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Fig. 3. Diurnal variation of soil temperature (cloudy
day : Pune 11/12 Jan 1981)

4.4, Thermal diffusivity

Thermal energy is transported in soil by conduc-
tion on a mojecular scale. Assuming that the soil is
homogeneous medium and scil temperature variation
is periodic function of time, thermal diffusivity of
soil may be computed from the relationship :

e (Zy—Z )2
or
R (Z2—Z1 )
K = 41 . (Fa— 1y ) @

where, K-=Thermal diffusivity of soil (em?/sec)
Z,, Z, = Depth of upper and lower boundary . of
soil layer.
A, A, — Amplitudes of soil temperatures at depths
Z, and Z, respectively.

h, t,=Time lags of occurrence of maxima ai depths
Zyand £y,

P=Periodic time.

In present case amplitudes and time lags correspond to
diurnal cycle (P =24 hours).

A description of assumptions invelved and method

of computation are given elsewhere (Bhandari 1981). -

Since soil moisture content varied with depth thermal
diffusivity values were computed from data of 7
January for soil Jayers 0-5, 5-10, 10-15 and 15-20 ¢cm
using both the amplitude (Equn. 1) and phase varia-
tion (Eqgn. 2). These are presented along with soil
moisture valoes, in-Table 3. Moisture content of each
layer was estimated from the soil moisture observa-
tions recorded at surface, 7.5, 15 and 22.5 cm depth.
The time of occurrence of maxima and minima are
not sharply defined. The ambiguity involved in the
estimation of time lag may result in error in compu-
tation of K by time lag method. Thus out of two sets
of values (K and Kr) those computed from amplitude
variation should be more accurate.

Predetermined values of thermal diffusivity may be
-used for computation of damping depth from the
relationship.
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Fig. 4. Penetration of diurnal temperature wave (Scalar analysis)
[Cloudy day: Pune 11712 Jan 1981}

where D is the damping depth. Substituting the value for
K=0,10295 1672 cm ?/sec based on amplitude varia-
tion in surface layer 2 works out to be 5.24 cm. Taking
average value of K=0.21x1072 cm?2 fsec damping
depth is 7.6 cm for black cotton soil at Pune. Average
damping depth for sandy soil is about 12 ¢m (Van

Wijk and Vries 1963). This indicates that diurnal soil
temperature cycle in Pune soils penetrates to relatively
shallow layers, i.e., the soil temperature wave dampens
very rapidly, ,
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