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A Statistical Study of MicrozClimates

P. S SREENIVASAN AND V. K. RAMABHADRAN.
(Receiced August 1946)

1, Introduction.

With the starting of the Agricultural Meteorology Section at Pooni in 1932, 1ha
study of variation of the micro climate in different environments has been receiving
considerable attention. This aspect of Agricultural Meteorology is being investigated
in dctail at the Central Agriculiural Meteorological Otservatory at Poona. The results
of thesc investigations since 1932 have been discussed in a series of papers by Ramdas
and co.workers 3-11, A survcy of the micro-climates of plant communities has been
given in a recer.t paper which appeared in the Indian Ecologist 19, A detailed discussion
of the work done on ‘micro-climatology” in India is being presented in another paper 11,

It will beclear from the papers referred to above that a plant ¢ommunity pro-
foundly modifies the micro-climate. This modification depends indeed on th: densit
of the plant population, the stage of growth and the cistribution of the foliage both in
the vertical and horizontal directions. The question also arises wh: ther the climate of
a crop is related in a simple manner to that of an open spice in the neighbouirhood.
In other words, can one assume that from a knowledge of the climate of the ‘ open’,
one can infer what would be the climate of a crop ? In studying the effect of c'imate on
crop growth and yield, is it essential to record in detail the micro-climate of the crop ?
Ramdas, Kalamkar and Gadre? have already shown that while conditions in differeat
environments at the minimum temperature epoch are highly correlatzd, the correlation
comes down very much in the day-time when turbulence sets in. In the present papar
we shall pursue this aspect of the problem further by a statistical analysis of more
recent data recorded at the Central Agricultural Meteorological Observatory in the open
and inside a few crops.

2. Data used for the Analysis of Variance.

Table 1 gives full particulars regarding the crops in which the micro-climatic data
discussed in this paper were recorded. The names of the environments and the periods
considered are indicated below in Table 1 (a).

Table 1 (a)
Season Name of environment i *‘Pel‘lnd considered
8. W. Monsoon ‘ open’ 9
(rainy season) jowar 17th to 31st August
suran 1941
sugarcane
Winter *open’ N L
(Dry cold eeason) Jowar 8th to 22nd December
cotton 1+36
sugarcane

Summer ‘open’ : 17th to 31st March 9
(bot season) cotton 1942
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The aralysis of viriance of the dry bulb temperiture and vapour pressure recorded
with an Assmann Psychrometer at 9 levels above ground ard at the epochs of minimum
and maximum temperature was worked out for the s2ason and environments referred
to above.

Tables 2, 3 and 4 give the mean daily values of the dry bulb tempreatars in °C
and the vapour pressure (mm. of Hg.) recorded in these three perinds. The differeaces
of temperature and of vapour pressute with height and environment are as described
in earlier papers, viz, greater during the afternoon than in the morning, particularly in
the dry season. The values in the tables speak for themselves and we now discuss the
analysis of variance.

Tables, 5, 6 and 7 show the analysis of variance at the minimum temperature epoch.
Frcm the variance ratios given in these tables :t will be clear that the variances due to
“date’ and ‘ environment’ are very high and the most significant,

Tables 8, 9 and 10 show the analysis of variance at the mazimum temperature

epoch; Hire agiin the variance due to “date’ and ‘environment’ ate very high and
the most significant.

In all the:e tables it will also be obseived that the variance due to ¢ height” is also
quite high although smiller than the variances due to ‘date’ and ¢ environment’.

This means that, in general, when we deal with the “micro-climate’ the elements
recorded may be expected to vary with environment, date and height, the variability
decreasing in the order in which the above factors are mentioned. While this result
will be evident from even a visual examinition of the dati, the tables of analysis of
variance express these differences in a quantitative manner, bringing out the relative
importance of the factors affccting the micro-climate.

3. Correlation Coefficients.

We may now consider the correlation coefficients of values of air temperature and
vapour pressure, at each of the heights of observation ia the ‘open’ with corresponding
values in each of the crops under observation. These have bzen ca'culated separately
for temperature and vapour pressure and for the minimum and maximum temperature
epochs respectively. The environments and the periods of observation considered are
indicated below.

Environments Period
1. Open, jowar, sugaicane and suran .. 18t to 31st August 1941
2. Open, jowar, cotton and sugarcane .« let December 19:8 to 3rd January 1937

3. Open and cotton .. 17th March to 16th A pril 1542

Tables 11, 12 and 13 show the cortelation of the ‘open’ with each of the crops,
level by level and for the epochs of minimum and maximum temperature,

It will be seen that the correlation coefficients are all high duting the minimum
temperature epoch when the air layers sre stratified. In the afternoon there is a general
decrease in the correlaticn coefficients, due evidently to the differential effect of turbu-
lence in the fopen’ as compared t> that inside the different crops. The decrease of
correlation is much more pronounced in the case of air temperature than in the case of
the vapour pessure. Also, 1n a dense irrigated crop like sugarcane, the temperature
correlations become very low near the ground in the afternoon during clear weather
but increase somewhat with height.
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4, Conclusion,

It will be observed from the data and results referced to above taat the earlier
conclusions of Ramdas, Kalamkar and Gadre ate coafirmed by the more receat dita. It
seems that if one wishes to study the eflect of climate on crops, the micr)-climatic
observations must be recorded inside the crops concerned.

The authors wish to record their thanks to Dr. L. A. Ramdas for sugesting tais
investigation and giving the necessary fac:lities.
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TABLE 11
Mzan Dry Bulb Temperature and Vaposr Pressure during the period 17-8-1941 70 31-8.1941,

Minimum Temperature Epoch

T m ¢ g
Hoight Dry Bulb Temperature Vapour Pressure
Kharif Sugar- Kharif Sugar-
Open JoRay Suran pede Open 7 bl Suran cagne
Surface leyel 224 224 22:3 221 17-2 172 17:3 175
1* 224 223 223 221 171 172 19 174
8® 223 223 222 22:0 170 172 17 4 174
o 22 3 923 229 29:0 16-9 17:1 174 173
1 Foot 223 222 €22 220 169 171 17-3 17-3
2 Feet 22-3 223 222 219 169 17:2 17-3 173
8 Feot 223 22 3 222 219 16-9 17-1 173 17-2
4 Feet 224 22-3 222 219 16 9 170 172 171
6 Foot 224 92 4 222 219 169 17:0 171 171
Maximum Temperature Epoch

Surface level i 343 341 312 3017 191 200 200 20 8
1# :: 328 32.3 3140 205 184 192 194 2.9
3 A 320 325 208 30-4 181 187 191 156
67 o 32:0 32:0 3017 803 180 183 190 193
1 Foot . 31-2 314 3056 301 176 182 187 18.8
2 Feet % 30.7 210 30-2 298 17-6 182 185 18-8
3 Feet i3 302 30°5 298 29 8 175 180 180 186
4 Feot ‘e 29-9 303 296 296 173 179 178 185
6 Feot & 20 5 209 298 295 172 178 178 184

TABLE III

Mean Dry Bull Temperature and Voposur pressure during the period 8-12-1935 fo 22-12.1938,

Minimnm Temperature Epoch

Dry bulb temperature Vapour Pressure
Rabi Sugar- Rabi
Open JO:FI;; Cotton ca’:;w Open Jowar Ootton  Bugarcane
Surface level .. 91 100 91 105 7-2 80 69 88
17 o Sl | 300 91 105 7.2 80 69 88
37 e 89 98 92 10-4 72 8:0 69 87
6 o e 97 93 103 73 80 69 87
1 Foot 91 87 9-3 10-2 T4 80 71 86
2 Feet 92 9.7 94 102 Ve 80 T4 8+
3 Feet 9-5 8-7 95 101 78 80 76 86
4 Feot 97 99 97 100 79 8:2 76 85
8 Feet 99 99 98 10+1 80 82 77 85

i
|
|
|
|
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Maximum Temperature Epoch.

Surface level.. 338 311 224 253 93 102 g8 188
: Tod . 820 306 316 253 9-3 99 97 12:6
- . 312 3056 812 255 9-0 97 93 12:6
6¥ oo 207 304 508 259 88 96 91 12:0
1 Foot s 303 302 304 26 4 8-6 95 89 116
2 Feet . 29-9 300 ano 68 85 92 89 10-9
3 Feet . 20-3 £97 293 273 84 91 817 106
4 Feet o 200 29-4 29-2 27-6 84 90 88 10-4
6 Feet W 286 91 284 278 8-2 &9 B3 10-2
TABLE IV
Mean Dry Bulb Temperature and Vapour pressure daring the period 17.3.1942 to 31.3.1942.
Minimum lemperaiure Epoch Maximum Temperature ﬁPWh o
Dry Bulb Vapour Dry Bulb Vapour
Temperature Pressure Temperature Pressure

Open  Cotton Open Cotton Open  Qotton Open Cotton

Surface e 182 156 72 76 456 6 46 4 52 72
14 s 181 152 71 74 449 453 4R 64
3 e 180 15:0 71 73 432 441 41 59
6" “ 180 14-7 72 73 419 43-3 39 53
1 Foot - 180 14-7 73 74 414 42+4 37 q-n
2 Feet i 181 146 T4 76 405 417 36 47
3 Feet - 182 14:5 74 71 399 411 3-4 43
4 Feet Wi 184 149 77 78 394 4056 36 4:0
6 Feet ¥ 186 158 78 78 89-1 598 35 39
TABLE V

Analysis of Variance.

Dry Bulb Temperature and Vapour Pressure at different heights in (ke “open’ and inside Khari
Jowar, Suran and Sugarcane during the geriod 17-8- 1941 fo 31-8-1941 al the Minimum
Temperature Epoch.

Dry Bulb Temperature  Vapour Pressure Value of "F" for

Degrees D 9
Due to of Sum of Mean Variance Sumof Mean Variance 5% level 17 level '

- . of signi- of rigni-
reedom 1atio  esquares Equare rat
free squares square quares Eq 1 fcance ficance

Height .. 8 092 012 821" 484 061 1386%* 197 247
Date .. 14 910-22 6502 4643-93%* 235 33 1681 882-05%* 1:73 2:14
Environment 3 10 82 861 257-56%* 11-18 373 84:77%e 2:43 385 = |
Height xDate 112 2:39 0021 1:-32% 104 001 023 1-29 1'45 |
Height X En- 24 067 0027 1-92%* 040 002 045 1-66 1+86
vironment e
Date X En- 42 3009 0-72 51-14%*¢ 2773 088 1500**  1-43 166
vironment.
Error .. 336 4-62 0014 1475 0044
Total . 539 95973 295-27

## Qipnificant at 1% level.
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Analysis of variance
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Dry Bulb Temperature and Vapour pressure at different beights in the “open” and insids Rabi
Jowar, Cotton and Sugarcane during the period 8-12-1936 to 22-12+1936 a# the Minimam

Temperature Epoch,

Dry Bulb Temperature

Vapour Pressure

YValue of “F" for

[legrees
Due to of o o
freedom Sum of Mean Variance Sum of Mean Variance :fésie:ﬁ ‘l)f/.Bli?lrleil_
squares square ratio  equares square ratio ﬁcagce fionnos
Height e 8 846 1:06 29-444* 786 098 13:07** 197 2:51
Date . 14 208684 4906 4140-56** 81806 5843 T79:.17%* 1'73 214
En_vil opment.. 3 8295 27-¢56 T768:05%* 172:08 5735 76467%** 263 386
Helght X Datq 4 112 2525 U-23 6 26%* 11:08 0410 1-33* 120 145
Height x Envi« 24 2199 092 25-56** 1244 052 G934 1-65 1-868
ronment. .
Date x Environ- 42 91-76 2:19 60-83** 4095 098 13:07°* 143 1-66
ment.
Error . 336 12:00 0-036 26-26 0-075
Total 539 2329-26 1087-72

*#* Significant at 17 leval.

* Bignificant at 5% level.

TABLE VII

Analysis of Variance

Dry Bulb Temperature and Vapour pressure of diffevent beights in the “open® and inside
cotton during the period 17-3-1942 to 31-3-1942 at the Minimum Temperature Epoch.

Dry Bulb Temperature

Vapour Pre-sure

Value of ** F " for

Degrees
Due to of 6% lovel 1 l—‘
freedom Sum of Mean Variance Sum of Mean Variance o siagv:i ofzai;?.l
5 . - 1
Equares square ratio gquares gquare ratio Boanan Shanse
Height ) 8 924.45 306 3362%" 1145 143 12.77%e 202 267
Date v 14 1211256 86:52 95077** 1477 80 105558 942:50** 1:78 2-24
Environment. . 1 68387 68387 7615-05%+ 2456 245 21 88%* 393 687
Height x Date 112 811 016  178** 2546 023 205*  1-88 157
Height x Enyi- 8 840 107 11354+ 100 0-12 107 202 2-87
ronment.
Dal‘.e: Environ- 14 327 281 3088** 3518 2:51 22-4|°% 1478 2:24
ment.
Error 112 106 0091 1266 0-112
Total .. 269 199551 1666-90

## Significant at 1% level.
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TABLE VIII

Anslysis of Varianea
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[ VoL L. No. 1

Dry Bulb Temperatare and Vaponr Pressure at different heights in the ¢ open ™ and inside
Kbarif Jowar, Suran and Sugarcane during the period 17-8-1941 2o 31-8-1941 af the

Mazximam Temperature Epoch.

Dry Bulb Temperature Vapour Pressure Value of “« F " for
Degrees L
Due to of D
freedom Sum of Mean Variance Sum of Mean Variance 2/ lgvel' l};l'evg?l
gquares square ratin  Bquares square r:tio Uit' signt- of signi.
icance ficance
Height 8 47492 5937 4528%* 25390 317+ 144-25° 197 2:57
Date 14 210822 1520 11165*% 73937 5129 246 64** 173 214
Environment . 3 22811 T6:0F  GBOU*Y 12810 4270 19409%% 263 385
Height x Date 112 171-3% 153 1°17 6967 062 2.-8.%° 1-29 145
Height x Envi- 24 12924 538 4-10"* 1183 049 2 23%* 1:56 1-86
ronment.
Date x Environ= 42 38952 927 T-07%% 20518 489  22:25% 1-43 166
ment.
Error 336 410-37 1-311 7379 022
Tutal 539 393771 1502:0'4

Dry Bulb Temperature and Vapour Pressare at different beights in

** Significant at 1% level.

TABLE IX

Analysis of Vuriance

the “open” and inside

Rabi Jowar, Coiton and Sugarcane during the period 8-12-1936 0 22-12.1936 at the
Maxinum Temperature Epoch.

L1y Bulb Temperature Vapour Pressure Value of “F" for
Degrees
Due to of o .
freedom Sum of Mean Variance Sum of Mean Variance gf“"m.l"z?l li.’;sjl“?l
y 1¢ 801 . : z - O nl-
Equares square ratio SQUAares square ratio ﬁcangca ﬁcﬂ%.\ce
Height 8 19781 2466 3971%% 20808 2801 88.45%% 197 257
Date 14 68737 4909 118:86%* 142074 10148 34517°* 173 HrH
Environment.. 3 156067 52022 125961"* 74103 24701 840-17* 2-63 385
Height x Date 112 5640 0 5':3 1_"-31 '_l_l 13 37 1-26 1:49 1:45
Height X knvi- 24 43369 20115 487s*e  TIO03 304 10-34%* 155 1-86
ronment. ) )
Date X Environ- 42 478-49 1130 27-58%%¥ 14093 3-36 11-43%» 143 1-66
ment.
Error . 336 13863 0413 9370 0294
Total . 539 3602 56 2723 64

** Significant at 1% level.
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TABLE X
Analysis of Variance

Dry Bulb Temperature and Vapour Pressure at differen: heights in the “open™ and inside
Cotton during the period 17-3-1942 to 31.3-1942 at ths Maximum Temperature Epoch.

Dry Bulb Temperature

Vapour Pressure

Value of +*F"’ for

EQUAL 08

Sum of

Mean Variance
square

ratio

Sum of
squares

Mean Variance
square ratio

5% level 1% level
of signi- of signi-

ficance

ficance

Height i

Date .-

Environment .

Height x Date

Height X Envi-
ronment.

Date X Euviron-
ment.

Error

Total

1239:70
551730
7023
156 09
582

13496
£91'73

157-46
3981
70-23

121
073

984
2604

60-56%*

15-3( %*

27-01%%
0446
028

3T1%

18791
281-90
100-71
76-86
1589

4776
86-83

2348 71:36**
20-14 61-22**
10071 306-11%%
068 2.07%»
1499  8-05%*

341 10-36%%

0-329

2:02
178
393
1-38
202

178

267
224
687
157
2:67

224

24565683

T46°86

** Significant at 1% level.

TABLE XI

Correlation ““r” during the period 1-8-1941 to 31-8-1941 between Air Temperature and
Vapour Pressare respectively in the ““open’ with those recorded inside crops.

Correlation of dry bulb tempe-
rature in the open with
those inside

Correlation of Vapour pressure
in the open with those
iuside
Height above ground level :

Jowar

Suran  Sugarcane Jowar Suran Sugarcane

Minimum Temperature Epoch
Surface i o 95 66 £0 88 85
17 i ‘ ‘95 94 91 94
o? : 94 95 01 92 92
(7 . H 92 94 -93 91 91
1 Foot ‘93 04 92 %9 91
2 Feet . -94 94 91 91 96
& Feot .. R 63 . 92 02 92
4 Feet u O 04 03 -88 80 91
6 Feet .. s 95 95 92 91 -92

Maximum I‘empersh;e Epoch
Surface , . 88 81 ‘67 ‘85 63

1 . - 81 82 69 =7 72
8 3 82 85 73 £5 -83
6* s TS ‘88 ‘86 77 81 -81
1 Foot .. g 69 ‘88 80 419 a7
2 Feet .. ) 89 ‘86 79 ‘82 -83
3 Feot .. 90 86 85 +9 ‘86
4 Feet .. ; 91 -85 *84 8H 88
8 Feat .. 49 87 o34 86 -85

For 5% level of significance r = -36 and for 1% level of significance r =46
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TABLE XII

Correlation “r” during the period 1-12-1936 to 3.1-1937 (Except 23rd, 24th and 315t Dec.)
between Air Temperature and Vapour Pressure respectively in the “open” with
those recorded inside crops.

Corielation of Dry Bulb Tempe- Correlation of Vapour Pressure

1ature in the open with in the open with those
those inside inside

Height above ground level

Jowar Cotton  Sugarcane Jowar Cotton Suogarcans

Minimum Tewmperature Epoch

Suiface a4 . 97 97 97 92 91 98
i i .. 07 97 03 I7 87 97
i i - 09 97 93 95 -93 96
(4 i 98 97 99 97 94 97
1 Foot .. N 09 91 97 93 93 95
2 Feet - e 93 97 07 97 94 95
3 Feeot 3 .. 9; 95 97 97 96 96
4 Feet v e 96 93 9t ‘93 95 97
6 Feet e = 97 93 ‘96 97 97 98

Maximum Temperature Epoch

Surface . .. 50 70 03 -90 -90 83
T L .. 10 66 10 87 01 83
5 . .. 11 62 ‘15 85 92 83
7 e i 53 63 =20 90 94 82
1 Foot Vi e 56 66 +20 -89 93 -86
2 Feet 5 .. 64 67 22 90 93 90
2 Fesot P i3 -66 71 -37 90 93 92
4 Feet e v 52 70 41 95 92 92
6 Feet .. . 53 75 67 9t 91 04

For 5% level of significance 1=-36 and for 1% level of significance r="46.

TABLE XIII

Correlation “r’ daring the period 17-3-1942 to 16-4-1942 betwee n Air Temperature and
Vapour Pressure respectively in the “open” with those recorded inside cotton crap.

Minimum Temperature Epoch Maximum Temperature Epoch

Height above ground level Dry bulb Vapour Dry bulb Vapour
temperature pressure temperature pressure
s " 73 93 70 92
S“’fﬂ'“’ e g 94 98 69 92
s# i S 95 93 63 .89
€ ) . ‘gi 98 *63 92
1 Foot - 92 93 62 93
2 Fagt - - ‘92 93 67 89
3 Feet o .- 92 -99 61 95
4 Feet i . 93 93 64 96
6 Feet .o . 93 98 64 ‘93

For £ level of significance r= 36 and for 1% level of significance r="46.




