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ABSTRACT. An experiment was

K. G. VERNEKAR and L. K. SADANI
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(Received 21 February 1978)

conducted tb test the temperature and ‘temperature difference . -

recorder developed in the institute. With the help of this recorder and a commercial wind speed recorder,
“a study .was carried out to ‘Tdé:t‘etmincthe_‘ wind and ‘temperature profiles, below and over the Jowari
“canopy. Diurnal variation of sensible flux is also studied. L . G

" 1. Introduction

To funderkstand’ the microclimate of a crop

field, knowledge of the temperature, wind and
sensible heat fluxes in the crop is necessary. A

fair idea of turbulent transfer processes can also
be obtained knowing the above parameters

inside and outside the canopy. With a view to

~ test out the newly designed temperature profile

system, a brief experiment was conducted in the

Jowari field near the Central Agricultural Obser-

vatory, Pune. In all, 8 days’ data was collected -

starting from 27 October 1977. Further data
could not be collected due to the non-availability

~ of the crop field.

2 Site ‘ ¥
“The site chosen, was rieai: the Central Agri-

~ cultural Meteorological Observatory, Pune. A
_ fetch to height ratio around 50 was obtained for
easterly winds. The data was collected every
threc hours starting from 6 AM. The observa- .
tions were made for an average duration of 5
minutes at the above-mentioned hours. On all

~ the days the winds were easterly.
3. Instrumentation

- Winds were recorded using a commercial
~wind profile instrument. The temperature profile

was measured by a system developed in our -

A more detailed account will be given

“laboratory

 for the temperature profile system which was

developed in the institute.

(i) Wind profile | )

. Fig. 1 shows the complete sensing system
erected in the crop for measuring winds and
temperatures. The wind profile system was

. supplicd by Thornthwaite Associates, USA. The
~ instrumented levels are 10, 30, 70, 150, 230,

~as follows:

1310 cm from the ground level. Figs. 2 (a, b)
~ show the chopping assembly along with block

diagram of the complete wind ‘measuring system.

In brief, the working of the wi’nd system is

A light-weight ‘c\up,azmemcméter rotates along

_with its shaft of 8 cm length. At the other end

of the shaft a chopper is attached which chops
the light falling from a bulb on the photocell.
The output of the photocell is fed to a transi-

storized amplifier and finally to a mechanical

counter. There are six mechanical counters cor-
responding to six levels of observation. There is
a parallel recording system available for photo-
graphing these outputs. Due to non-availability

~of polaroid films this facility was not used and

all the observations were taken manually. Know-

ing the average counts, the wind-speeds are
_determined with an accuracy of 5 cm/sec. Winds

at various levels were obtained by referring to:
the chart giving counts per minute against wind
speed (cm/sec) supplied by the manufacturer.
This system works on a power supply of 12 volts
and draws a current of 1 amp. S

() Temperaturei"proﬁlé ; ,
Temperature and temperature  differences

‘were measured at six levels corresponding to

levels) mentioned earlier. At the highest level
310 c¢m, the ambient temperature was measured.
At other levels temperature difference was mea-
sured with 310 cm level as the reference level.
All the observations were taken in a ventilated
condition. The tower of this system including the

ventilating tubes containing the thermistors was

‘painted with titanium dioxide mixed with white -

paint. This was done to eliminate the radiation

~errors. YSI thermistors were used as temperature L
sensors. These are 3 terminal thermistors sup-
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Fig. 1. Complete sensing system erected in the Jowari
field near Central Agricultural Meteorologi-
cal Observatory, Pune.

To cup assembly

Outside stainiess steel tube
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Sensitive areo of photocell

ﬁ_!x Stit for the light output
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(a)

Fig. 2. Wind measuring system along with

plied with linearising resistances. The tempera-
ture coefficient for these thermistors (YSI type
44203)* was 38 Q, /°C. The linearity is extre-
mely good. Even the interchangeability of the
thermistors is upto an accuracy of 0.15°C. As
suggested by the manufacturers all the thermis-
tors were operated at 1.5V,

The governing equations for the YSI thermis-
tors, type 442203 with negative slope is :

Eouwt = (- 0-0067968 Ein) T -+ 0+65107 Ein

With Ein  of 1.52 volts, 7=20°C, E,¢ as
given by the above equation is 794 millivolts.

e

*YSI component Division, Ohio, USA.

! Pnotouelq—.{ AmplifieT}-. Mechanical
l Counter
|

Polaroid
Camerg

(b)
the details of light chopping assembly

The calibrated output was 800 millivoits. This
difference was treated as the experimental error.
Hence the calibrated chart, indicating tempera-
ture versus millivolts was used to obtain the
temperature readings. Fig. 3 shows the complete
circuit of the temperature and temperature differ-
ence measuring instrument. All the six ther-
mistors are housed on the tower as shown in
Fig. 1. With the help of bandswitch S, ther-
mistor (1) can be compared with other ther-
mistors. Thermistor (1) is at the 310 cm level
and other thermistors are positioned at the levels
mentioned earlier in descending order. With the
switch position in 1 to 5, temperature difference
is measured and in the 6th position absolute
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Fig. 3. Circuit details of tpmperature and temperature difference measuring circuit

temperature at 310 cm is measured. A differen-
tial output of 1 mV corresponds to a tempera-
ture difference of 0.1°C. The temperature and
temperature difference outputs are measured on
“a digital voltmeter. * ,

The digital voltmeter, punip and wind-mea-
~ suring instrument were housed in a wooden box
‘kept 100 metres away from the tower.

4. Data analysis

The major exchange in crop canopies is at the
top of the canopies. Thus it is necessary to
know the roughness length zp and zero dis-
placement length d of the canopy. The size of
Zo for a particular plant canopy specifies its bulk
‘effectiveness as a momentum absorber, while the
zero displacement length d can be considered to
indicate the mean level at which momentum ‘is
absorbed by the individual elements of the plant,
i.e., the level of action of the bulk aerodynamic
drag on the plant. The relationship between

zo and h as given by Seginer (1974) is :
Inzyg=a-+BInk (1)

where z, and h are in centimetres. The value
of a is about —2.5 and g is about 1. With
these values of constants and /&= 117 cm
(average canopy height), 2, comes out to
bex~ 9 cm. A similar relation between d and
h is given by Seginer (1974): :

ajn=0-64 @

Using relation (2), d = 74+88 cm.

The Richardson number was estimated fol-
lowing Webb’s (1970) method and u, the
friction velocity and 6, the scaled temperature
were calculated as suggested by Businger
(1973). ,

In our study, the first three levels (10, 30,
70 cm) were within the canopy. Other three
levels 150, 230 and 310 cm were above the
height of canopy.

A geometric heightk z=+/24"2, for 310 cm

~and 230 cm was considered for estimating the

Richards()n number. The Richardson number is
given by [for the heights z; (310 cm) and 24
(230 cm)]. . o ,

& 00 sy
where, N . ;
g = acceleration due to gravity, 980 cm/

sec® .

6 = temperature at 310 cm in degrees
Kelvin N
z = Geometric height

8, — 0, = temperature difference in °C between
’ 310 and 230 cm levels '

ug— u,= wind speed difference in metres/sec
between 310 and 230 cm levels.

Using Eqn. (3), Richardson number was
estimated for all the days. Mohin-Obukhov
length was calculated from Richardson number

;.

If R, <0 — =R;

.-' L= sl . (4)
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Fig. 6. Variation of stability in terms of Richardsor} y
number (at 2.3 metres height) over the jowari

canopy

This relation holds goods for all the days of
our observation uy, the friction velocity was
calculated knowing 2/L and dujdz :

1/4
u*rk.z.%,(ll vvvvv 16 -{-) B)

where du/dzis wind gradient between z, and z,,
k the Von Karman constant = 041 and z the
geometric mean height between 2z, and z;
levels. Random check and comparison was made
for calculating , according to the Businger
(1973) equation:

U z
T e PR 6
© 7 {ln . gb} (6)
- where, ¢ is given as: .

= 2In (1 +x/2)-+In(1+x2/2) — 2z tan~ly—+-=/2
X=(1—16 z/L)U4 for L <0
x=(—5).2(z/]L) for L>0
where, k= 41
2,;=9.02 cm
z = level of interést

The values calculated from Egn. (6) were
consistently differing from calculated. from
Eqn. (5) by 5 per cent. Hence the use of simpler
Eqn. (5) was made to calculate u, . ;

Using an equation similar to (5), 6, scaling
temperature was calculated as :

de 1/2 .
0*: k. 2. -—(—z—z— . (]. — ]-6 Z/L) (7)

where df/dz is the temperature gradient between
zg and zy, 2 the geometric mean. height, Finally
the sensible heat fluxes were calculated in terms
of uy and 0,:

= — p CpUsfs (Watts/cm2) 8)
where, p = the density of air 1.25x 10”3 gm/cm3

¢p = specific heat of air at constant pressure
= 0,2x4.1 Joules/gm/ °C.
uy = friction velocity, a variable (cm/sec)
0 = scaled temperature, a variable ( °C)
5. Discussion

Figs. 4 and 5 show wind and temperature pro-
files for all the days starting from 27 Oct 77 to
3 Nov 77. The wind speeds (m/s) are plotted
against the height (metres) at different obser-
vational times. Temperature differences are plot-
ted against the height. The actual temperature
at the 310 cm level is indicated in each graph.
The temperature differences are positive with
respect to 310 cm level. The canopy height
is also shown in all the graphs. Fig. 6 shows the
stability in the form of Richardson number R;
plotted against the time. Richardson number
is negative indicating an unstable condition pre-
vailing over the canopy. Considering Fig. 4 the
wind profile increases above the canopy as ex-
pected. Bache et al. (1977) has made similar
studies over cotton canopy. Bache gives the
definition of an aerodynamic crop height as the
height of the point of inflection between the
‘in-canopy’ and ‘above-canopy’ wind profiles. In
our study, it is found that aerodynamic height is
the point of inflection between the ‘in-canopy’
and ‘above-canopy’ wind  profiles. In Bache’s
study the aerodynamic crop height is within 15
cm of the actual crop height. In the present
study the aerodynamic height variation is quite
large. On most of the days it is less than the
actual crop height by 40-50 cm.

Uchigima (1976) has given a good account
of the turbulent transfer of heat and water

vapour within rice and maize canopies. In rice
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~ and maize canopies the temperature and vapour
 pressure decrease monotonically with the crop

height from the ground leading to an upward
- heat flux through the crop. Similar trend of tem-

~ perature profile was observed in the Jowari
_ canopy. Maximum temperature difference occuis
_ between the top (310 cm) and the lowest (10

T cm) levels. Comparing the wind profiles and

~ temperature profiles it is scen that temperatuce

difference between above canopy and below

canopy is reduced whenever there is a high wind.

_ Thus on 29 October 1977 the winds were of

- smaller order and the temperature difference
~ between 310 and 10 cm levels was round 5°C,
~ whereas on 31 October 1977 and 1 November

1977 winds were higher corresponding ;to;“sm?:‘l—
~ ler temperature difference ~ 2°C between the
 same two levels. e

 As. stated earlier on most of the days an un-

~ stable condition prevailed over the canopy. This

|  may be a combined effect of wind and tempera-
- ture gradients (leading to a -ve Richardson num-
- ber). The other reason may be that the canopy

_acts like a source of heat energy (Thom 1970).
~ This source of heat may exist inside the canopy

.  because of various conditions prevailing inside

_ the canopy such as soil temperature, inside

o canopy temperature, winds and most important -

i s the eddy diffusivity.

Fig. 6 -,sho,wé the sta‘bility"f~dt 2.3 metres in the

sensible heat flux. The foliage activity is also pr
- dominant towards the production of heat fiy
~in the evening hours. A detailed experime

. @ ‘perature as well as canopy temperature wi
 form of gradient Richardson number (R:) plot-

, , Ts e
- L . © CHRS.LST

© Fig. 7. Variation of sensible heat flux (pe, uxd 4) with time

ted _against the time. It is seen that all through "

the day an unstable condition prevalied leading

~to an upward sensible heat flux. Fig. 7 shows
~ this sensible heat flux variation with time over

~ the canopy. The variation follows a general trend

of incoming radiation which is maximum at the =
‘local noon. The sensible flux also closely follows =
~the same trend. The maximum is around local
- 1400 hr. As seen in Fig. 7 there is a slight

deviation from the general variation of the flux
at 1500 and 1800 hr. A minimum flux is observ-
ed at 1500 hr. This may be due to the stable

~ conditions prevailing at 1500 hr (Fig. 6), bu‘t‘

the incréase at 1800 hr is due to the increased
foliage activities. Shortly after the noon, in ‘the
canopy, the stomata of the leaf closes and there

~ is an increase of leaf temperature. It is observed |
~ that the sunlit leaf is 5°-10° C warmer than
the surrounding air (Oke 1978). The increase

‘of flux at 1800 hr may be due to the flux

~ emitted by the leaves of the canopy, =

6a,‘C(k)knclusi;)l;’t o * L
In Jowari canopy during harvesting period
considerable amount of temperature gradients are
observed leading to a good amount of ‘upward

taking simultaneous observations of the leaf t

more information of these problems

(B
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