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Abstract

Fourier series representations of some climatic variables were developed using data from the
site of an experimental greenhouse at Kothara (Kutch). Hourly data was averaged over a
month to yield a profile of an average day of that month. That was put through harmonic
analysis to determine Fourier coefficients . Analytical expressions would be useful to those

working on modelling.

Introduction

Kothara is 85 km west of Bhuj (23° 24'N, 72° 38' E). An experimental greenhouse has been erected
at Kothara to carry out studies on controlled environment agriculture. A multi-channel data logger
is installed at the site. Ambient temperature, relative humidity, global solar radiation, wind speed and
soil temperature are continuously recorded. Analytical expressions of these variables can be useful

to those working on solar thermal applications, greenhouse modelling, crop growth modelling etc.

Hourly data of each variable was averaged over a month to get the profile of a typical or
average day of that month. Tables 1to 7 show this data for each of the twelve months. Hourly
data of the average day of each month was then put through harmonic analysis. Method to

determine the coefficients of the series that could represent the data can be seen in [1].

Ambient Temperature

Equation-1 gives a general Fourier series expression in the interval 0 -2 T,

T(t) =A, + > | A,Cos (m—= t) + B, Sin (m - t) (D)
o 12 12
where T ambient temperature (°C)
t time in hours, midnight being the origin
Anm, B Fourier coefficients which in this case will have

dimension of temperature (°C)
n number of harmonics



Table-8 shows the Fourier coefficients of first six harmonics for ambient temperature series.
Figure-1 shows the actual and computed values for the month of January as illustration. Visual
examination suggests that use of just three harmonics would normally be sufficient. The maximum
absolute deviation using three harmonics was 15% (table 8). Inclusion of more terms will of course

improve it further. For this reason six terms are tabulated, in case needed.

Tables-9 & 10 show the coefficients for wind velocity, global solar radiation. Tables-11
to 14 show the coefficients for relative humidity, soil temperatures at two levels, and air
temperature inside greenhouse. Computed and actual values for each of the variables have been

shown in figures 1-7 for the month of January.

It may be mentioned that many a time interest lies only in daytime values of
temperature. It would be equally convenient to develop sine or cosine series in half
interval (n ). Those dealing with green house modelling, crop growth etc. however, will be
interested in night-time temperatures as well. Expressions given here may be more

convenient for them.
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Table-1 : Ambient Temperature (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 16.9 19.5 23.1 25.7 27.8 30.0 28.7 27.2 25.5 25.9 22.6 18.8
1 16.3 18.9 22.4 253 27.5 29.8 28.6 27.3 25.4 24.8 21.8 18.2
2 15.7 18.5 21.7 24.8 273 29.7 28.5 27.0 25.2 24.4 21.1 17.6
3 15.3 18.0 21.1 24.5 27.2 29.6 28.4 26.9 24.8 24.0 20.2 17.1
4 14.8 17.6 20.7 24.1 26.8 29.5 28.3 26.8 24.8 23.5 19.6 16.9
5 14.3 17.3 20.3 23.8 33.2 29.3 28.2 27.1 24.7 23.2 19.3 16.4
6 14.0 16.8 27.2 23.6 26.7 29.1 28.2 26.8 24.8 233 19.0 16.2
7 14.5 16.3 19.9 24.2 28.1 29.8 28.3 26.9 24.8 24.4 18.8 16.0
8 15.7 16.6 21.4 28.3 30.1 31.0 28.6 27.8 26.7 28.2 22.0 16.8
9 20.5 21.2 273 32.0 32.2 314 29.3 28.6 28.3 32.0 27.7 21.3
10 25.1 25.5 314 34.5 33.9 334 30.4 29.8 29.9 35.5 314 25.0
11 28.5 28.9 34.1 36.1 35.0 34.6 31.3 30.7 31.2 374 33.9 28.2
12 30.8 31.1 36.1 373 35.8 35.2 32.0 31.3 32.0 39.0 36.1 30.4
13 314 324 37.1 37.7 36.4 35.9 323 31.6 32.6 40.1 37.6 31.0
14 32.1 33.2 37.5 37.7 36.6 35.9 32.1 32.0 32.7 40.0 38.0 32.1
15 324 332 36.8 37.2 36.4 34.5 31.7 32.0 314 39.2 37.5 31.9
16 31.8 32.7 34.8 36.6 35.8 35.1 31.2 31.6 31.8 38.1 36.7 31.9
17 30.6 31.8 33.8 353 34.6 343 30.9 30.8 31.0 36.7 355 30.3
18 28.4 30.2 32.0 33.6 33.1 33.2 30.5 30.1 29.8 34.5 335 28.0
19 25.5 27.9 29.5 31.7 315 323 30.0 29.0 28.1 31.5 29.8 25.2
20 22.1 24.7 26.8 29.6 30.1 31.3 29.7 28.0 26.7 29.6 27.1 23.0
21 19.9 22.8 25.1 28.4 29.2 30.6 29.3 27.6 26.3 28.3 25.1 21.3
22 18.4 21.4 24.1 27.5 28.6 30.5 29.2 27.4 26.0 27.1 24.0 20.2
23 17.8 20.3 23.1 26.7 28.2 30.2 29.1 27.2 25.7 26.2 22.9 19.2




Table-2 : Wind Velocity (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 3.2 3.0 4.2 2.7 4.8 7.6 33 6.4 6.2 23 29 3.1
1 3.0 3.2 3.6 2.6 4.7 6.8 3.7 6.5 53 29 24 29
2 3.0 34 4.0 2.5 5.0 8.9 34 6.2 3.5 3.5 2.3 29
3 3.0 3.9 3.7 2.6 53 6.5 3.8 6.0 43 2.9 24 33
4 3.1 3.1 3.8 2.9 4.9 6.8 3.8 6.0 3.9 23 2.3 3.7
5 3.1 29 2.1 3.4 4.8 6.4 3.1 6.5 3.9 4.5 2.6 32
6 2.9 3.0 2.3 3.5 4.5 6.3 2.9 5.8 4.0 2.9 24 3.1
7 3.1 4.1 1.8 34 5.2 6.3 3.7 5.6 43 3.0 2.3 32
8 3.7 2.8 23 4.6 6.3 7.0 33 6.6 5.5 53 3.1 34
9 4.0 4.7 54 52 7.4 7.8 4.0 7.2 5.8 4.2 3.8 4.1
10 5.2 5.0 54 5.9 7.9 8.0 4.0 7.2 6.6 4.1 4.5 4.7
11 5.7 6.0 6.0 6.1 8.1 8.4 4.2 7.8 6.6 4.5 52 53
12 6.1 6.3 6.2 6.3 8.4 9.0 43 8.0 7.0 52 53 6.0
13 6.3 6.7 6.6 6.3 8.9 9.3 4.7 8.3 7.5 5.8 5.3 5.7
14 6.3 6.8 7.3 7.1 9.1 9.7 5.1 8.5 7.5 6.4 5.5 5.7
15 6.7 7.1 7.5 6.6 9.1 9.7 53 8.3 7.0 6.6 5.6 59
16 6.4 7.0 7.2 6.8 9.2 9.3 53 8.2 7.2 6.1 5.8 6.0
17 6.2 7.1 7.5 6.3 8.6 9.1 5.0 8.2 6.6 6.1 5.2 5.7
18 5.3 6.6 6.9 6.0 8.2 8.6 4.5 7.7 6.5 53 4.6 54
19 43 6.0 59 59 7.6 8.1 4.1 7.4 5.8 4.2 3.8 3.9
20 34 4.4 4.9 53 6.9 7.5 3.8 7.0 53 3.5 2.7 3.0
21 3.0 3.5 4.0 4.9 6.2 7.0 3.6 6.6 4.8 2.7 2.7 3.0
22 3.1 2.8 34 39 5.7 7.0 3.6 6.5 4.5 2.6 2.7 3.0
23 2.8 33 2.7 34 54 7.1 34 6.2 4.7 2.5 3.1 2.8




Table-3 : Solar Radiation (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
6 40.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
70 2226 0.0 0.0 789 119.8 90.0 0.0 0.0 39.5 122.6 0.0 7.7
8 4162 40.6/ 130.0/ 3239 286.7 260.5 74.0  151.8 247.8 3325 140.4 25.4
9] 5744/ 250.00 361.3] 539.6] 482.6] 454.2| 216.1] 249.0 472.3 542.3 332.1 271.2
10|  677.2) 440.5| 569.4| 7174] 6619 646.1] 352.0/ 508.8 685.0 679.3 496.3 429.6
11|  720.8) 595.1| 736.8] 837.8] 815.8 822.2] 498.3| 645.2 823.1 785.9 619.8 565.8
12|  725.0, 7069 836.0] 899.5| 910.0, 911.4] 585.7] 791.2 904.6 827.0 705.5 675.7
13| 6855 776.7| 879.3] 914.1] 951.7] 962.7| 658.8] 842.9 948.4 824.4 746.2 678.4
14| 5823 781.8] 882.9] 901.8] 952.1] 922.1] 618.9| 8259 929.6 764.3 727.0 649.8
15|  420.0, 743.5| 852.1] 836.8] 894.2] 856.9] 572.6| 7419 847.4 675.4 657.1 608.7
16| 228.6) 664.8| 7329| 7189 7873 719.1] 423.8] 720.9 730.1 537.0 539.1 496.1
17 56.9] 5309 5764 5492 621.6] 540.4| 3275 523.0 552.7 332.5 3733 316.2
18 0.0 342.8] 3759 331.00 415.6/ 329.7] 2143 312.6 308.1 127.1 184.4 136.1
19 0.0 133.5] 1523 107.8 1975 3.2 92.7| 148.2 107.5 0.0 0.0 5.7
20 0.0 0.0 0.0 0.0 0.0 0.0 0.0 4.0 0.0 0.0 0.0 0.0
21 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
22 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0




Table-4 : Relative Humidity (Kothara-Kutch)
Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 71.3 70.8 80.5 85.0 85.4 79.4 83.3 71.2 72.2 80.9 73.9 80.6
1 72.0 71.5 81.3 86.2 86.6 80.3 84.2 72.4 73.7 82.7 75.0 80.8
2 73.8 73.4 82.5 86.9 87.3 81.1 85.2 72.4 75.1 80.9 77.1 80.5
3 74.6 74.2 83.7 88.0 88.3 81.9 86.1 73.1 76.6 84.2 77.9 80.6
4 75.9 75.7 84.7 88.5 88.9 82.3 86.8 73.8 77.8 85.5 78.2 81.1
5 76.9 76.7 854 88.7 89.4 82.5 87.4 74.5 78.0 86.6 79.1 80.7
6 78.0 77.9 85.5 88.7 90.3 83.3 87.8 74.4 77.9 86.6 79.2 81.4
7 78.8 78.8 85.5 90.3 90.5 83.6 87.9 74.4 76.9 86.8 79.5 82.1
8 76.8 76.4 86.8 89.3 86.1 80.9 86.7 73.1 74.3 83.9 80.4 82.4
9 70.6 69.4 85.3 78.8 74.4 72.9 82.5 66.4 64.1 73.7 74.1 81.1
10 59.5 56.9 64.2 60.6 63.8 65.7 77.2 54.5 49.0 56.6 51.6 70.9
11 39.7 374 473 49.5 56.7 58.5 71.1 46.4 37.7 41.6 39.8 54.8
12 29.0 26.7 39.1 43.4 52.9 54.4 66.3 39.5 31.9 33.2 29.8 41.4
13 28.2 26.6 36.2 41.0 50.6 51.5 62.8 35.8 30.2 27.5 24.6 34.1
14 253 23.8 353 39.0 48.9 50.7 61.4 324 28.8 24.4 20.8 31.1
15 24.9 233 35.7 413 49.0 51.4 62.5 31.7 27.9 24.7 23.9 30.1
16 26.0 242 34.6 423 50.5 53.5 64.7 32.5 30.7 27.9 25.4 33.6
17 28.0 26.6 36.6 44.1 53.9 56.4 66.1 36.3 37.2 32.9 253 37.2
18 35.4 34.4 41.2 48.8 58.7 59.9 69.2 42.6 44.4 45.0 335 46.9
19 48.7 48.1 48.3 58.2 66.0 63.5 69.5 51.1 53.6 58.8 47.7 60.3
20 60.3 59.8 61.8 69.4 73.2 70.0 72.7 59.6 61.8 66.5 59.6 69.0
21 67.7 67.3 70.8 76.8 78.5 74.4 77.0 64.3 66.5 71.8 65.8 74.1
22 71.0 70.6 75.8 80.5 81.7 76.5 79.6 66.8 69.5 75.3 70.0 71.5
23 73.3 72.9 78.3 83.3 83.6 78.0 81.1 69.1 71.9 76.4 73.2 79.8




Table-5 : Soil Temperature at Surface (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 23.8 24.9 27.9 30.8 30.8 32.8 31.1 33.9 32.1 35.8 31.9 26.9
1 23.4 24.7 27.7 30.6 30.6 32.6 31.0 335 31.8 32.5 31.3 26.4
2 23.1 24.5 27.5 30.4 30.4 325 30.8 33.1 315 335 31.0 26.1
3 22.8 243 27.3 30.2 30.3 323 30.7 32.8 31.1 33.1 30.4 25.6
4 22.5 24.1 27.1 30.0 30.1 32.1 30.7 32.5 30.8 32.0 30.0 25.2
5 22.3 23.9 26.9 29.8 29.9 32.0 30.5 32.5 30.6 324 29.6 24.9
6 21.9 23.7 26.7 29.6 29.8 31.9 30.5 32.1 304 32.0 29.3 24.9
7 21.7 23.5 26.7 29.4 29.7 31.8 30.4 31.7 30.2 31.9 28.9 24.4
8 21.5 233 26.4 29.3 29.6 31.7 30.3 31.5 30.0 31.7 28.6 24.0
9 21.4 23.1 26.2 29.3 29.6 31.7 30.2 31.7 30.3 32.0 28.5 23.8
10 21.8 23.0 26.3 29.3 29.8 31.8 30.4 32.0 30.8 324 28.8 24.0
11 223 23.1 26.5 29.6 30.0 32.0 30.5 325 315 33.7 29.6 24.7
12 23.1 23.4 26.8 30.0 30.3 32.5 30.7 333 323 35.0 30.8 25.9
13 24.0 23.9 27.2 30.3 30.6 32.9 31.0 34.1 333 36.4 324 26.9
14 24.9 243 27.6 30.7 30.9 33.2 313 34.9 34.1 37.4 33.6 28.0
15 25.6 24.8 28.0 30.9 313 335 315 35.5 34.7 38.1 34.6 28.9
16 25.9 25.2 274 31.2 31.5 33.9 31.7 36.0 34.9 38.4 35.2 29.4
17 26.1 25.5 27.6 314 31.7 34.1 31.8 36.2 35.0 38.5 354 29.5
18 26.0 25.7 27.8 31.5 31.7 33.9 31.8 36.5 34.9 38.4 353 29.4
19 25.8 25.7 27.8 315 31.7 34.0 31.7 36.0 34.6 37.7 34.9 29.1
20 25.5 25.7 27.8 314 31.6 33.8 31.7 35.6 34.1 36.9 343 28.5
21 25.1 25.6 27.7 314 314 33.6 31.5 35.1 33.6 36.2 33.6 28.0
22 24.7 25.5 27.6 31.2 313 334 314 34.5 33.1 354 33.0 27.4
23 243 25.2 274 31.1 31.0 33.2 31.3 34.1 32.6 34.9 323 26.9




Table-6 : Soil Temperature at 30 cm depth (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 24.9 25.0 27.4 30.2 30.9 324 31.6 33.2 32.0 34.7 324 28.4
1 24.9 25.1 27.4 30.2 30.9 324 31.6 333 32.0 34.6 325 28.5
2 24.9 25.1 27.4 30.2 30.9 324 31.6 333 32.1 34.6 32.6 28.4
3 24.9 25.1 27.4 30.2 31.0 324 31.6 333 32.0 34.6 324 28.3
4 24.8 25.1 27.4 30.2 30.9 324 31.6 333 32.0 34.6 324 28.3
5 24.9 25.1 27.4 30.2 30.9 324 31.6 335 32.0 34.5 324 28.3
6 24.8 25.1 27.4 30.2 30.9 324 31.6 333 32.0 345 324 28.3
7 24.8 25.1 27.5 30.2 30.9 324 31.5 333 31.9 345 32.2 28.2
8 24.8 25.1 27.4 30.2 30.9 324 31.5 333 31.9 34.6 32.2 28.1
9 24.7 25.1 27.4 30.3 30.9 324 314 333 32.1 34.6 32.2 28.0
10 24.9 25.1 27.5 30.3 30.9 324 31.5 334 32.2 34.6 32.2 28.1
11 24.8 25.2 27.6 30.4 30.9 324 31.5 334 32.1 34.6 32.2 28.1
12 24.9 25.2 27.7 30.5 31.0 32.5 31.6 334 32.1 34.6 323 28.2
13 24.9 25.2 27.7 30.5 31.0 32.5 31.6 334 323 34.6 324 28.1
14 24.9 253 27.7 30.5 31.0 32.5 31.5 334 32.2 34.6 323 28.1
15 24.9 253 27.7 30.4 31.0 31.8 31.5 335 32.2 34.6 323 28.2
16 24.9 25.2 26.7 30.4 30.9 32.5 31.5 334 32.1 34.6 323 28.2
17 24.9 25.2 26.7 304 30.9 32.5 31.5 334 32.1 34.6 324 28.1
18 24.9 25.2 26.7 30.3 30.9 324 31.5 33.7 32.1 34.7 323 28.0
19 24.9 25.2 26.7 30.3 30.9 32.5 31.5 333 32.0 34.6 323 28.0
20 24.9 25.1 26.6 30.3 30.9 324 31.5 33.2 32.0 34.7 323 28.0
21 24.8 25.1 26.6 30.3 30.9 324 31.5 33.2 32.0 34.6 323 28.1
22 24.9 25.1 26.6 30.2 31.0 32.5 31.5 33.2 32.0 34.6 324 28.1
23 24.9 25.1 26.6 30.3 30.9 32.5 31.5 333 32.0 34.7 323 28.1




Table-7 : Greenhouse Temperature (Kothara-Kutch)

Hour Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
0 16.9 18.2 22.7 25.9 28.2 30.7 29.7 29.4 26.9 26.6 22.6 19.2
1 16.1 17.9 22.2 253 27.9 30.7 29.5 29.3 26.6 25.9 21.9 18.7
2 15.2 17.5 21.6 24.8 27.7 30.4 29.4 29.0 26.3 25.5 21.4 18.2
3 14.7 17.1 21.2 24.5 27.4 30.3 29.2 28.8 25.8 25.1 20.4 17.6
4 14.2 16.8 20.8 24.2 27.2 30.2 29.1 28.6 26.0 24.6 20.8 17.3
5 13.7 16.4 20.6 24.0 27.0 30.0 28.9 28.9 26.0 24.2 19.4 16.9
6 133 16.2 20.3 23.8 273 30.0 28.9 28.5 26.2 24.6 19.0 16.7
7 13.8 15.7 20.1 25.1 28.8 30.5 29.1 28.9 26.5 25.9 19.0 16.6
8 15.9 15.7 21.0 28.1 313 32.2 29.7 31.2 29.8 30.8 21.6 17.4
9 20.2 17.5 26.2 31.7 33.7 34.0 30.9 34.7 35.5 37.9 29.7 22.8
10 26.5 23.2 314 34.5 35.5 35.9 32.8 38.8 40.6 42.9 36.6 30.3
11 30.5 28.0 34.7 36.6 36.9 373 344 42.5 44.9 47.8 40.4 34.8
12 31.3 30.6 373 38.1 37.8 38.7 35.9 45.2 473 51.6 44.0 35.9
13 324 32.7 38.9 38.9 38.4 39.8 36.8 46.8 48.8 54.2 47.7 36.8
14 33.2 33.8 39.5 39.1 38.6 40.2 37.0 48.7 49.3 54.9 48.8 38.0
15 334 339 39.0 38.9 383 40.0 36.3 493 48.6 54.1 48.4 38.2
16 32.8 33.6 374 38.5 37.7 39.7 35.8 48.6 47.4 52.6 47.0 37.7
17 31.7 324 36.0 37.4 36.5 38.4 34.9 46.1 44.5 48.2 43.5 34.5
18 29.5 30.7 33.9 35.7 35.2 37.2 34.1 43.2 40.5 43.0 39.2 31.6
19 25.6 25.8 31.9 334 33.6 36.3 33.8 39.0 36.0 36.7 333 27.7
20 21.3 22.2 28.7 30.7 31.7 34.6 32.9 34.6 315 324 28.1 23.7
21 18.9 20.6 253 28.5 30.2 32.7 31.5 31.7 29.1 30.1 25.6 21.5
22 17.6 19.5 23.8 27.4 293 31.9 30.8 30.5 28.1 28.4 243 20.3
23 17.2 18.8 22.8 26.7 19.4 314 304 30.0 27.3 27.4 23.2 19.4




10

Table 8 : Fourier Coefficients for Ambient Tempareture Series - Kothara(Kutch)

Max Abs

Month n 0 1 2 3 4 5 6 Dev(%)

January A 22.16 -6.50 1.40 -0.44 0.30 0.13 -0.14 8.27
B -6.57 1.82 0.75 -0.57 0.1 -0.08

February A 24.01 -5.27 1.10 -0.71 0.36 0.18 -0.29 0.00
B -6.42 1.89 0.50 -0.49 0.15 -0.02

March A 27.81 -6.31 1.41 -0.58 0.76 0.41 -0.92 0.00
B -4.89 1.54 0.04 -0.43 0.66 0.12

April A 30.21 -5.67 1.51 -0.10 -0.25 0.17 0.00 0.00
B -4.21 0.47 0.75 -0.38 -0.21 0.17

May A 31.32 -4.02 0.43 -0.24 0.09 0.55 0.01 14.50
B -2.15 0.81 0.00 -0.62 0.04 0.55

June A 31.91 -2.54 0.71 -0.13 0.11 -0.08 0.02 0.00
B -1.79 0.56 0.17 -0.09 -0.11 0.03

July A 29.77 -1.38 0.55 -0.22 0.09 -0.03 -0.05 0.70
B -1.15 0.34 -0.04 -0.04 -0.02 -0.02

August A 28.81 -2.10 0.43 0.03 0.04 0.06 -0.03 1.49
B -1.48 0.67 0.12 -0.13 0.03 0.02

September A 27.91 -3.24 0.86 -0.04 0.09 -0.03 -0.08 2.53
B -2.16 0.67 0.30 -0.20 -0.14 0.19

October A 30.70 -6.75 1.83 -0.05 -0.15 0.14 -0.04 0.00
B -4.82 0.86 0.64 -0.35 -0.17 0.19

November A 27.54 -6.82 1.81 -0.20 0.04 0.29 -0.25 0.00
B -6.37 1.57 0.87 -0.52 -0.12 0.31

December A 23.03 -5.46 1.30 -0.37 0.20 0.07 -0.12 0.00
B -5.72 1.83 0.44 -0.58 0.20 0.07
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Table 9 : Fourier Coefficients for Wind Velocity Series - Kothara(Kutch)

Max Abs

Month n 0 1 2 3 4 5 6 Dev(%)

January A 4.30 -1.59 0.20 0.07 0.08 -0.01 0.01 9.10
B -0.99 0.58 0.17 -0.17 0.00 -0.01

February A 4.68 -1.58 -0.07 -0.06 0.15 -0.04 -0.08 0.00
B -1.37 0.63 0.39 0.01 -0.03 -0.17

March A 4.85 -1.45 0.30 -0.08 -0.17 0.25 -0.06 0.00
B -1.77 0.73 0.70 -0.13 -0.03 0.14

April A 4.73 -1.68 -0.09 -0.13 -0.14 0.11 -0.02 0.00
B -1.33 -0.11 0.03 -0.07 0.03 0.05

May A 6.74 -1.80 0.12 -0.03 -0.25 0.04 0.00 8.53
B -1.44 0.19 0.27 -0.07 -0.13 -0.02

June A 7.86 -0.89 0.39 0.11 -0.08 0.00 -0.11 0.00
B -0.92 0.55 0.26 0.10 -0.02 0.02

July A 3.99 -0.57 0.02 0.09 -0.17 -0.03 0.03 14.87
B -0.59 0.38 0.08 -0.04 -0.05 -0.04

August A 7.04 -0.86 0.19 -0.02 -0.01 0.10 0.01 8.64
B -0.79 0.26 0.1 -0.05 -0.02 0.16

September A 5.66 -1.22 0.48 0.27 0.18 0.27 0.21 32.67
B -0.96 0.15 0.18 0.06 -0.07 0.12

October A 4.14 -1.52 -0.23 0.26 -0.07 0.00 0.01 0.00
B -0.77 0.64 0.08 0.13 -0.12 0.23

November A 3.68 -1.41 0.31 0.15 0.10 0.05 0.01 0.00
B -0.92 0.38 0.14 -0.29 -0.03 -0.02

December A 4.14 -1.36 0.1 0.00 0.12 -0.07 0.03 0.00
B -0.74 0.57 0.19 -0.28 -0.09 0.03
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Table 10 : Fourier Coefficients for Solar Radiation Series - Kothara(Kutch)

Month n 0 1 2 3 4 5 6 g:\)’((al;.s
January A 222.91] -356.01] 164.00] -1450] -28.19] 9.38] 583 140.45
B 4405] 4163| 596 16.11] -891] -3.88
February |2 250.30] -354.05] 102.93] _1.01] 949 -3.11] -12.73 0.00
B 174.31] 134.93] _051| 3599 240 _ 7.12
arch A 295.00] -42117] 126.95] 350] 111|169 -10.77 0.00
B 178.54] 130.64] 10.82| 4121] 0.86]  6.32
April A 30319 468.61| 144.73| 2047] -1942] -012| -0.65 0.00
B 129.46] 84.86] 24.08| -35.87] -7.85] 11.80
vy A 337.37| -472.20] 12351| 22.69] -349] 4.88] -3.80]  16.37
B 166.32] 109.71] _19.40] -27.35| -12.36] _ 2.38
o A 313.08| -464.40] 156.08] 14.72] -1121] -15.33] 057 0.00
B 13535] 111.07| -0.81] -3531| -3.24| 1542
July A 193.11] -284.29] 103.83| -15.19]  547| 3.14| -848| 2451
B 11252]  90.68| -10.08] -11.35| -4.71| 3.3
August A 269.39| 384.71] 117.92] -0.75| 7.23| -9.68] 1.72] 1226.82
B 167.95| 12859 -152] -3067] 0.75] _ 6.63
September |2 316.51] -46348| 15359]  8.05| -13.97] 093] -3.35] 170.64
B 14544 10585 12.37| 37.39] 242 12.99
october 1A 272.92| -42050] 16661  7.00| -32.27] -058| 10.48 0.00
B 5446] 4233]  577] 2099] 084 961
Novernber 12 230.05| -351.68] 137.73] _-2.39] -15.07] _-0.05] _-1.90 0.00
B 10560] 93.33| 846 29.94] 4.71] 14.56
Decomber 1A 20277 -314.81] 13423 -1557] -681] -0.73| -153 0.00
B 102.00] 9520 -15.01| 31.81] 17.50] _ 6.50
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Table 11 : Fourier Coefficients for Relative Humidity Series - Kothara(Kutch)

Month n 0 1 2 3 4 5 6 g:\)’((al;.s
January A 56.83| 18.64] -2.87| 144] -296] 1.00] 029] 16.72
B 1956] 952] -143] 098] -027] 029
February |2 5580 1946] -329] 149] -297] 097] 029 0.00
B 1988] 957] 172] 125] 041 029
March A 6453 17.10] _-1.91] 318 355 085 025 0.00
B 2150]  761] -1.28] _0.78] -0.93] _ 1.39
April A 68.75] 18.72] -323| 256] 222 -025] 1.12 0.00
B 1855  620] -1.96] 165] -057] 041
Viay A 7036 1568] -3.20] _1.07] -037] -0.60] 054 3.49
B 1429  410] -1.85] 150] 08| -0.06
o A 69.75] 11.71] 259 1.18] -056] -050] 0.7 0.00
B 1127] -354] _077] _057] -0.05] __0.10
July A 76.71]  7.30] _1.77] _136] -030] -030] 001 192
B 1021]  260] _028] -027] -0.11] 014
August A 57.07] 1499 -1.97] 063] -086] 019] 055 377
B 1558]  -6.17| 059] 125 -027| 032
Septomber |2 57.84] 19.07| _-4.76] _ 0.99] -1.05] _005] 033 8.04
B 1605  -6.09] -114] 163 -1.02] 043
october 1A 6246 2206 523 1.02] -1.03] __084] 076 0.00
B 21.08] 905 -032] 207] -059] 022
Novernber 1A 56.92] 2032 -3.14] 195 -2.89] _051] 127 0.00
B 2163 902 -1.02] 160 -037] 017
Secomber 1A 6470] 1752] -1.54] 0.80] -1.99] 1.37] -0.01 0.00
B 1817| -1085] 151] 035] 0.04] 002
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Table 12 : Fourier Coefficients for Surface Soil Temperature Series - Kothara(Kutch)

Month n 0 1 2 3 4 5 6 g:\)’((al;.s
January A 23.71] _ 0.33| -025| _0.03] _0.00] _ 0.00] -0.01 0.04
B 214 045 011] _000] 001] -0.01
Febraary |2 2442]  074] -024] 003 -001] -0.01] 000 0.00
B 103 010] 005 001] -0.01 _ 0.01
arch A 2727] _041] __001] _0.01] _001] _007] 0.0 0.00
B 054 028] -007] 014] 004] -0.02
April A 3043] _044] -007] -0.02] 001] -0.01] 0.0 0.00
B 097  0412] -004] 001] -0.02] 0071
vy A 3064] 0.27] -0.40] -001] _000] -001] _ 0.00 0.12
B 098] 0412] 001] 001] _0.01] __0.00
o A 3278]  022] -046] 001] 002] -004] 001 0.00
B 110] _0.15] 005 -0.01] -0.01] 001
July A 37.02] 048] -0.10] _001] 000 -001] 0.0 0.20
B 2071] 0.12] -004] -0.01] _0.00] -0.01
August A 33.80] 026 -0.32] -0.02] 008|005 -0.03 0.65
B 215] 042|000 000 001] 003
September |2 3240] -0.09] -0.18] -0.02] _001] _001] -0.04 0.35
B 234 047] 008 003] 000] 0.00
october 1A 3488] -031] -021] 007] 047] 005 007 0.00
B 327]  _066] -018] 003| -0.10] -0.11
Novernber 12 3178] _041] -047| 009] 001] -0.01] -0.03 0.00
B 315 _074] 015 008 _0.00] _ 0.00
Cecomber 1A 2662] 040 -041] 0.10] 006] -0.01] _ 0.01 0.00
B 246]  067] 011] _009] 007] -0.02
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Table 13 : Fourier Coefficients for Soil Temperature (Below 30 cm) Series - Kothara(Kutch)

Month n 0 1 2 3 4 5 6 :‘)":\’,‘(Q';’s
January 12 2487] _000] _001] _000] 002] 000 000 023
B 003 004 001] 000] 001 -0.01
Febraary |2 2513] _007] -0.01] _-001] _0.01] 000 -0.01 0.00
B 007 004 001] 000] -0.01] 0.0
oren A 2726] -030] _020] -001] 002 009 -0.01 0.00
B 036] 021] -0.03] 013] 0.04] -0.03
ol A 30.30] -0.09] 004] -002] 001] 000 _ 000 0.00
B 006] 003 -001] 000 -001] 0.00
My A 30.94] _000] 002|000 -001] -0.01] _ 000 0.15
B 0.00] 001|000 -001] -0.01] -0.01
e A 3241 003| __001] -0.03| _006] -0.06] _ 0.00 0.00
B 0.01] -004] _001] -001] -0.06] 005
July A 3155]  0.02] 0.02] 000 001] 000 000 001
B 0.01] __003] _0.00] _000] _0.01] 0.0
pugust |2 3334] -007] -0.02] 000 006] 003 005 0.90
B -004] _004] 004] -0.03] -003] _0.00
septembel? 32.05] 008 005 -002] -001] 002 -004 0.35
B 003|003 _000] -0.01] _000] 003
octoner 1A 3260] 002|003 001 001 002] 001 0.00
B 004] 000 002] -0.01] -001] 002
" 3234] 007] 002|000 003 -0.03 -0.02 0.00
B 0.00] 007|001 001 000 003
Docomborl® 28.19] _0.08| _ 0.04] 003 _003] 000 002 0.00
B 0.09] _0.11] __0.01] 003 004 000
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Table 14 : Fourier Coefficients for Green House Temperature Series - Kothara(Kutch)

Month n 0 1 2 3 4 5 6 g:\)’((al;.s
January A 2231] 739 162] 029] 049 022] 025 7.56
B 695 205 113] -076] 0.15] -0.18
February |2 2310] 579] 092] -044] 079 -0.19] -0.31 0.00
B 682 _306] 019] 054] _011] -0.17
arch A 2822]  6.91] 156 -0.83] 034] 044 020 0.00
B 660 210 060 -026] 021] -0.05
April A 3087] 608 10| -0.10] 000 0.16] _ 0.00 0.00
B 499 084] 079] 028 -0.16] _ 0.04
vy A 3227|565 019] -049] 053] -012] 003] 3539
B 308 086] 108 061] 064 078
o A 34.06] -3.86] 054 -016] -007] 014] 004 0.00
B 341 087] 027] -0.01] -0.06] -0.02
July A 3213] _-2.67] 063] -042] 008 008 001 107
B 276]  072] 004 008 002] 007
August A 3633|799 083 0410 020 048] -0.09 3.03
B 572] 286| 056] -046] 001] -0.08
septomber A 3496 1020 2.09] -015| 022] 0418] -0.16 3.6
B 659  267] 074 072] 003 0.12
october 1A 36.44] 1273 283| 020] -018] 0.04] -0.05 0.00
B 851  321] 063 072] -0.16] 030
Novernber 12 6405 1391| -0.75| -343| -318] -2.79] _-3.65 0.00
B 3355] 838 702] 652 -426] 298
Decomber 1A 2548]  824] 202] 052] 038 022] 032 0.00
B 710  272] 082] -101] 059 0.8
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Fig. 1 Ambient Tempareture on a typical day in January (Kothara-Kutch)
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Fig. 2 Wind Velocity on a typical day in January (Kothara-Kutch)
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Fig. 3 Global Solar Radiation on a typical day in January (Kothara-Kutch)
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Fig. 4 Relative Humidity on a typical day in January (Kothara-Kutch)
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Fig. 5 Soil Surface Temperature inside Greenhouse on a
typical day in January (Kothara-Kutch)
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Fig. 6 Soil Temperature at 30 cm depth inside Greenhouse on a
typical day in January (Kothara-Kutch)
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Fig. 7 Greenhouse Temperature on a typical day in January (Kothara-Kutch)
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