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Abstract : For hydrological analysis, it is necessary to adopt a suitable method to compute the applicable rainfall by
considering all the rain gauge stations of the catchment area. For computation of applicable rainfall, important
methods being followed are Arithmetic mean method and Theissen polygon method. This paper aims at comparision
of applicable rainfall obtained by Arithmetic mean method and Theissen polygon method. Anantapuram district has
been selected for the present study and rainfall data for a period of 10 years has been used. It has been concluded that
the values of annual rainfall obtained by Arithmetic mean method and Theissen polygon method are not showing much
variation for all the considered years.
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I. INTRODUCTION

In general, precipitation refers to all forms of water that reaches the earth from the atmosphere which are rain, snow,
drizzle, hail etc. The only form of precipitation in Anantapuram district is rainfall.  In order to carry out the
hydrological analysis, rainfall occurred over a catchment area is necessary. But, the rainguage stations represent only
point rainfall known as station rainfall. So it is necessary to convert the values of station rainfall at various stations into
a single applicable value for a catchment area. In the present study, Arithmetic mean method and Theissen polygon
method as suggested by Linsely.et.al., are considered to compute the annual rainfall. These two methods are
discussed in ‘A’ and ‘B’.

A Arithmetic Mean Method
In this method the rainfall values at different rain gauge stations are added and divided by the total number of rain
gauge stations to get the mean value of rainfall.

Mean rainfall can be obtained using equation (Eq. 1).

Pm = {(P1+ P2 +Pateeeeennne. +pon}....(Eq. 1)

Where

Pm i the value of mean rainfall over the catchment area.

P1y P2y P3yeveverennn , pn are the rainfall values at respective stations in a given period at ‘n’ number of stations
within a catchment area.
This method gives good results only when rain gauges in the catchment area are uniformly distributed and the
individual station rainfall values do not vary widely. However, this method does not take into account the stations
outside but near the boundaries of catchment area.

B. Theissen Poygon Method

Theissen polygon method is one of the interpolation methods with which an accurate estimation of applicable rainfall is
possible.  This method assigns weight to each gauge station in proportion to the catchment area and the area
surrounding the gauge station. The weighted rainfall can be obtained using equation (Eg. 2).
Puw={(p1xay) + (p2xa) + (psxasz) +....+(phxa)} - (EQ. 2)

Where

P, is weighted rainfall
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a; a, ... a, are the percentage areas influenced by rain gauge stations in the total catchment obtained from Theissen
polygons.

P1 P2....Pn are the rainfall values of respective rain gauge stations.

Since this method provides a weighting factor for each gauge, gives good results even for nonuniform distribution of
rain gauges and also when there is a variation in individual station rainfall values.  The results obtained by the
Theissen polygon method are usually more accurate than those obtained by other methods.

According to Diskin the Theissen method is less dependent upon the skill of the analyst and can be easily performed.
Fritz R.Fiedler derived weights using Theissen Polygons and available isohyetal information.

Il. STUDY AREA

Anantapuram district is lying between 76°45’ East longitude and 78°30" East longitude, between 13°40’ North latitude
and 15°15’ North latitude. The geographical area of the district is 19134.772 sq. km. The total number of rain gauge
stations existing in the district, are 63.  The rainfall data for a period of 10 years from 2003-04 to 2012-13 for all the
raingauge stations within the district is collected from the Chief Planning Office, Anantapuram. The rainfall data for
the year, X-(X+1) refers to June of ‘X’ year to May of ‘(X+1)’year.

I1l. ANALYSIS

The annual rainfall for all the 63 raingauge stations has been computed using Arithmetic mean method and Theissen
polygon method. To apply the Theissen polygon method, necessary percentage areas influenced by raingauge stations
are as given by Bhavani. R. The details are given in Table | and Table II.

In tables | and Il, following notations are used.

P — Percentage Influencing Area

RF — Rainfall in mm

WRF — Weighted Rainfall in mm
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Table I. Details of Annual Rainfall in Anantapuram District from 2003-04 to 2007-08

3. | Name of Rain p Year, 2003-04 | Year, 2004-05 | Year, 2005-06 | Year, 2006-07 | Year, 2007-08

No. | gauge station RF |WRF| RF |WRF| RF |WRF| RF |WRF| RF |WRF
1 [Anantapur 0657 4558| 30| 4548 30| 6986 46| 3426 23] 9602] A3
2|Raptadu 1.506] 5626 85| 4252| 64 7556 114| 3152] 47| 11610[ 175
3|Garladinne 1.410] 4798] 68| 3984| 56 6948] 98| 4210] 59] T994[ 113
4| Atmakur 2841 4720] 134] 4410 125] 7302 207F| 3162 90 7134] 203
5[Kudair 2279 2912] 46| 471.2] 107| 3996( 137| 3842 88| 75000 171
f[Singanamala 1.360] 3622 49| 3510] 48] 4754] 6.5 4138] 56| 9240[ 126
7B K Samudram | 0.793] 4982| 40| 4000] 32 7426 59| 3284] 26| 8318 66
8|Narpala 1709 6100{ 104] 5054 86 6420[ 110[ 4906] 84 11258] 192
9| Tadipatri 1671 7590[ 127| 3718| 62 5916] 99| 4154] 69 9710[ 162
10| Yadiki 2007 666.6) 134] 4882 98| 6318 127] 4962 100[ 9758| 194
11{Peddapappur 1.557 5340[ 83| 3374 53] 3906 61| 2496] 39 6012] 94
12 [Putlur 1.511] 6218 94| 4326] 65] 711.8] 108 4700] 71| 9820[ 148
13| Yellanur 1.535] 4924| 76| 3958| 6.1 6054] 93| 4302] 6A6] 9618 148
14{Guntakal 1.381] 6748 93| 5026] 69[ 10558 146| 4592| 63| 8272 114
15|Gooty 2015] 4690] 951 4996 10.1[ 9183[ 185 4162] 84| 11404 230
16 [Pamidi 1652] 3196] 53| 4206] 69 7648 126| 3084] 51| 8762| 145
17 [Peddavadugur 1.343] 5034 68| 5572| 75| 6602] 89| 3804| 51| B496[ 114
18 |Uravakonda 2200 509.5] 11.7] 3516 81| 9606[ 22.1| 5204 1232 09358| 215
19{Vajrakaruy 2178| 3625| 79| 2346 51| 9212 201[ 3378] T4 T234[ 15%
20|Vidapanakal 1624] 4758 77| 3358| 55] 8458 137| 4240] 69 7250[ 118
21 |Dharmavaram 1961 746.4| 146| 4438| 87| 7648 150[ 5656| 11.1] 7872 154
22| Tadimat 2062 4132] 85| 3344| 69| 579.8[ 120] 3554| 73| 7460[ 154
23 |Bathalapalli 1404 3086 43| 2814 40 694 98] 4494] 63 6340] 89
24|C.K. Palli 1650] 2416| 40| 2356] 37 4240] 70[ 189.1] 31| 4306] 7.1
25|Kanaganipalli 2477 3660] 91| 3816] 95| 6396 158| 2760] 68| 6738| 167
26 |[Ramagiti 1.547] 5062 78| 5120] 79[ 6256] 97| 4630] TF2| 9370[ 145
27 |[Kalyandurg 2346] 5148| 12.1] 4948| 116[ 9804 230[ 6710] 157 9558 224
28 |Beluguppa 2197 3530] 78| 2674 59| 7023 154] 2815] 62 T152| 157
29 |[Kambadur 2387 2858| 68| 2040] 49| 4932[ 11.8] 3832] 9.1 4276| 102
30| Kundurpi 1.597] 4045 65| 2674| 43[ 5642 90| 4058] 65] T170[ 115
31 |Brahmasamudrad 1257 3598 45| 4224 53| 7516 94| 2188 28| 7250] 9.1
32[Settur 1385 3470 48| 5403 75[ 7734[ 107[ 3728] 52 7256 100
33|Rayadurg 1951 3707 72| 4500] 88| 9732 190 4036] 79| 09032 176
34|D.Hirehal 0994 276.0] 27| 4202| 43| 5600 56| 3608] 36[ T152] 71
35 |Gunumaghatta 0.892] 5048 45| 3578 32 6380 57 2866| 26| 5776] 52

(Table I continued)
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3. | Name of Rain p Year, 2003-04 | Year, 2004-05 | Year, 2005-06 | Year, 2006-07 | Year, 2007-08
No. | gauge station RF |WRF| RF |WRF| RF |WRF| RF |WRF| RF |WRF
36 |Kanekal 2365 4194] 99 4431 105 9093 215] 5193[ 123] 7302] 173
37|Bommanahal 1.593] 2442 39| 4666] 74 7202] 115] 4570] 73] 7696 123
38|Penukonda 1.500] é86.2] 103] 4472] 67] 8736 131] 5928] 89| 12104 182
39|Somandepalli 1.379] 6504 90| 3748] 52 8676 120] 5436] T35 9774 135
40|Roddam 1573 5556 87| 3250 51| 6132] 96| 3466] 55| 7228] 114
41 [Puttaparthi 0908 6562] 60] 4752] 43 8R10[ 80] 3476] 32] 7336] 67

42 |Kothachenyvu 1.004] 6732 68| 4788 48| 9384 94| 4270 43| 3260[ 83
43 |Bukkapatnam 1.145) 540] 63| 4460| 51| 3670{ 100 5104 59 1001.4] 115

44{Madakasira 1614] 3998 6.5 4120] 66| 6576 106] 35078 82 7024 113
45| Amarapuram 0901 4954 45 401.4] 36| 8490 76| 2936) 26| 66200 60
46 |Gudibanda 1.404) 4236 59| 3194| 45] 7534 106| 3436 48] 6124 86
47 |Rolla 0955] 5794 55| 4910] 47 8738 &3] 3614 35| 6268 60
48 | Agali 0580 4066 24 5028 29[ 9208 54| 2420 14 7370[ 43
49 [Hindupur 1.037] 6160 64| 6908 72| 9560( 99| 4504 47 2070[ 84
S0|Patigi 1.169) 5318 62| 5734] 67| 23046 94| 3454 40 3856 104
51|Lepakshi 0981 6498 64 6052] 59 9712 95) 3574 35| 8992 83
52 |Chilamathuy 1.196] 6700] 80| 5138| 6.1 9642 115 4552 54 B8200[ 99
53|Gorantla 1844) 6310 116| 5130] 95] 9436( 174| 5574 103[ 9110[ 168
S54|Kadin 1.564) 7516| 118 3856| 92| 9974 156 35730( 90[ 13334 209
55| Mudigubba 3278 6622 217 5760| 189] 11138[ 36.5) 4496 147 9592 314
56 |Nallamada 1847 6208 116| 4778| 88| 9444[ 174| 4504 83 10762 199
ST|N.P. Kunta 1587 6772 107| 3154| 50| 93822[ 156 3976 63 7200[ 116
58| Talupula 2286 6488 148 6006| 137 8342| 191 45%6.0] 104 7554| 173

59 |Nallachenavu 1056] 79838 34| 5274| 56| 9970{ 105 3600( 38| 9514 100
60]0.D .Cheruvu 1664] 5990] 100 3852] 64| 28448 141| 3842 64 7518[ 125

61| Tanakal 1857 805.0] 149 4686| 87| 8452 157 4374 81 9202 171

62 | Amadagur 0938 6650 62| 4226| 40[ 11336| 106) 3622 34| 7406] 69

63 |Gandlapenta 1337)] 7790] 104] 4796| 6.4 12122 162 3554 74 8460 113

Weighted rainfall : 5172 4288 7884 4157 8305
| Mean rainfall : 5234 4336 791.1 4079 8288

Table I1. Details of Annual Rainfall in Anantapuram District from 2008-09 to 2012-13

3. | Name of Rain p Year, 2008-09 | Year, 2009-10 | Year, 2010-11 | Year, 2011-12 | Year, 2012-13
No. | gauge station RF |WRF| RF |WRF| RF |WRF| RF |(WRF| RF |WRF
1 [Anantapur 0657 6746 44| 6182 41 7472 49 5204 34| 5786 38
2|Raptadu 1.506( 708%8| 107[ 5114] 77| 8I86| 123] 5584 84 3514| 353
3|Garladinne 14101 6760[ 95] 5794 82[ 3954] 84| 4794 68[ 3768 53
4| Atmakur 2841 6058 172[ 5604| 159 5756 164] 3446] 98| 3478] 99
5|Kudair 2279 6764| 154 4368| 100[ 5880 134] 3990] 91| 3618 82
6 [Singanamala 1360] 4044 550 3726 51 6630] 90| 32836 39 3594] 49
7|B.K Samudram 0793 6558 52| 5172 41| 7306 58| 4464| 35| 4344] 34
8|Narpala 1.709] 4436 TF6| 4362[ TF5[ T254| 124| 5058 86| 4838 83
O[T adipatri 1671] 3736 62| 481.4[ 8O[ 7302| 122| 3854 64 6646] 111
10{¥adiki 2007 4358 87| 5000] 102 8232] 165 4496 90| 4234 85
11 [Peddapappur 1.557] 4746 74| 3840[ 60[ 6916] 108] 4142] 64 3152 49
12 [Putlur 1.511] 3948 60] 4714 71 7122| 108] 5768 87 5554 84
13| Yellanuy 1.535] 3258 50[ 3694 57 4940] 76| 7248 111 4024 62
14{Guntakal 1381 7772| 107 7620] 105] 7258| 100] 5556 77 7998| 110
15|Gooty 20151 7310[ 147 5012| 101 7416] 149] 4074] 82| 5518] 111
16 [P amidi 1652] 6864 113] 35336 8E[ 5152] 85| 4380 72[ 4378 72
17 [Peddavadugur 1.343] 5342 72| 4438 60[ 5002] 67| 3902 532 3984 54
18[Uravakonda 2299 B604[ 198 9560| 220 4736 109 4240[ 97| 4332[ 100
19|V ajrakarur 2178 7176| 156 7T040] 153 5568 121| 3680] 80| 4854| 1046
20| Vidapanakal 1624] 8918 145] 8990[ 146 7476| 121| 6794 110[ 3270] 353

(Table 1l continued)
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3. | Name of Rain p Year, 2008-09 | Vear, 2009-10 | Year, 2010-11 | Year, 2011-12 | Year, 2012-13
No. | gauge station RF |WRF| RF |WRF| RF |WRF| RF |WRF| RF |WRF
26|Ramagiri 1.547] 8640| 134 3612 87| 52200 81| 4620 71| 5438 84
27 [Kalyandurg 2346 6964 163] 8854] 208] 9288 218] 4504] 106] 3474] 82
28|Beluguppa 2197 6470] 143] 10442] 229] 7248] 159] 3534] 78| 4R80| 107
29 |Kambadur 2387 6B48| 163 4228 101 5896| 141 3278 78| 3292 79
30[Kundurpi 1.597] 6758 108] 4768 76| 6740] 108] 3606] 58] 4556] 73
31|Brahmasamudrad 12357 6104 77 6274 79| 5208] 6&5] 2576 32| 2540] 32
32[Settur 1.385] 8396 116] 6553 9.1 8532] 118] 4004 535 3730 52
33|Rayadurg 1951 7404 144 9250] 180 6836] 133] 5202| 101 3418 &7
34|D Hirehal 0994 7170[ 71| 10426] 104] 6120] 61] 6034] 60| 4724] 47
35|Gummaghatta 0892] 6852 6.1 5956] 53] 6400] 57 3842 34] 2102] 19
36|Kanekal 2365 9664 229 8410] 199] 6878] 163] 4468] 106] 4096] 97
37 |Bommanahal 1.593] 7374] 117 10522] 168 5518 88| 3264 52| 3418 54
32[Penukonda 1.500] 10538 158] 9780] 147 9510] 143] 6786] 102] 5672 85
39[Somandepalli 1.379] 10046] 139 6473 89| 9234] 127 3654 78] 4906] 62
40|Roddam 1.573] 8144 128] 6638 104] 6168 97 4202] 66[ 4502 71
41 |Puttaparthi 0908| 5186 47 6012 5.5 086.4 9.0 629 8 57| 5334 48

42 |Kothacherawa 1.004) 7744 T8 T088| TFI1| 8I56| 88 5554 56| 5298 53
43 |Bukkapatnam 1.148] 8018 92 3916| 68| 8248 95 35350{ 61| 5448 63

44{Madakasira 1614) 9330( 151 4936 80| 7802 126 448 67| 4728 76
45| Amarapuram 0901 8596 T7[ 6340] 57| 6850] 62| 3548 32 3720] 34
46 [Gudibanda 1.404] 7018 99 7284| 102 7916| 111 4476 63| 5256| 74
47 Rolla 0955 8244) 79| 3642 35] T276| 69| 5240] 50[ 3930] 38
43| Agali 0580 1003.2) 53| 6746 39| 9718 56| 3950 35| 4622 27
49 [Hindupur 1.037( 2968| 93] 5542 57| 8840 92| 3464| 57 2406] 25
50{Patigi 1.169] 8748 102 5632 66| 7862 92 44E[ 52| 2170 25
51|Lepakshi 0981 9486 93| Y758 76| 8136] 80| 6422 63 4302 42
52|Chilamathur 1.196] 860.0( 103 6832| 82| 9404 112 6310( 31| 3754 45
53|Gorantla 1844] 681.4| 126 756.4| 139| 10258 189 5960( 110] 3716] 69
54[Kadini 1564 971.0[ 152 696.2] 109] 8928 140 7370{ 115] 7054| 110
55 [Mudigubba 3278 8416 276 6238 204] TRIG| 257 42732 140 5380 176
56 N allamada 1.847) 8804 163 7222 133] 6838 126 6114 113] 4738 83
57[N.P. Kunta 1587 5362 85 51000 81| 7264 115[ 7112 113] 2884| 46
58| Talupula 2286 6848 157 5128 11.7] 7838| 179 55864| 128 4342 99

59 [Nallacheruvu 1056 6486 68| 4674] 49 9318 98] ViS4 82| 4198 44
60{0.D Cheruvu 1664 7056 117 4934| 83| 7192 1200 5768 96| 3348 356

61 |Tanakal 1857 596.4| 111 6230] 116] 6828 127 6530 121 4250 79

62| Amadagur 0938 7796 73| 6006[ 56| 7908 74 5060 47 3796 36

63 |Gandlapenta 1337] 7164| 96| 4824| 64| 7866 105 6012 30| 4842 6.5

Weighted rainfall : 7094 6195 7090 4835 428.7
| Mean rainfall : 7139 6153 7223 495.7 4298
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IV. RESULTS AND DISCUSSIONS

The calculated values of annual rainfall by Arithmetic mean method and Theissen polygon method are shown
in table I11. Also the values are graphically represented in figure I.

Table 111. Comparision of Mean and Weighted Annual Rainfalls of Anantapuram district

S. Year Me_an ainfall Weighted Var_iation (Mean ra!nfall -
No. inmm rainfall in mm Weighted rainfall) in mm
1| 2003-04 523.4 517.2 6.2
2 | 2004-05 433.6 428.8 4.8
3 | 2005-06 791.1 788.4 2.7
4 | 2006-07 407.9 415.7 -7.8
5 | 2007-08 828.8 830.5 -1.7
6 | 2008-09 713.9 709.4 45
7 | 2009-10 615.3 619.5 -4.2
8 | 2010-11 722.3 709.0 13.3
9 | 2011-12 495.7 483.5 12.2
10 | 2012-13 429.8 428.7 1.1

Mean/ Weighted
rainfall in mm

< Lo © ~ [ce} (2] o i N ™
Q@ < Q@ Q@ < < by < D i
(a2 < [Xe] © ~ (e} D o i N
o o o o o o o - - —
o o o o o o o o o o
N N N N N N N N (9] N
Year
| B Mean rainfall in mm @ Weighted rainfall in mm |

Fig. 1. Comparision of Mean and Weighted Annual Rainfalls of Anantapuram District

As per the results in table 11l and figure I, the values of annual rainfall obtained by Arithmetic mean method and
Theissen polygon method are not showing much variation for all the considered years. This may be mainly because of
the uniform distribution of raingauge locations. The variation is ranging from a minimum of -7.8 mm to a maximum of
13.3 mm which can be considered as insignificant with respect to normal annual rainfall in the district which is about
552 mm. So, it can be concluded that for computation of annual rainfall in Anantapuram district either Arithmetic
mean method or Theissen polygon method can be used.
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