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lkj & bl 'kks/k i= esa if’peh mRrj izns’k esa fLFkr lgkjuiqj {ks= dh Hkwty iz.kkyh ds fQj ls Hkjus esa 

o"kkZ ty ds iSVuZ ds i;kZoj.kh; izHkkoksa dk v/;;u fd;k x;k gSA lgkjuiqj {ks= esa 50 o"kZ ¼1959 ls 2008½ 
dh o"kksZ vlekurk ds xf.krh; fo’ys"k.k ls 1209-8 fe-eh- ds okf"kZd vkSlr o"kkZ eku vkSj 497-70 ls 4357-5 
fe- eh- rd dh dkQh vPNh jsat dk irk pyk gSA vkSlr okf"kZd o"kkZ ds daI;wVj eku ls fopyu dh 
ldkjkRed izo`fRr Hkw ty tyk’; ds iqu% Hkj.k dh leqfpr vof/k;k¡ n’kkZrs gSaA fiNys 03 o"kZ ds nkSjku 
okf"kZd o"kkZ  ds fjdkWMZ fd, x, vk¡dM+sa vkdfyr okf"kZd vkSlr o"kkZ  ls de eku n’kkZrs gSa ftlls o"kkZ dh 
udkjkRed izo`fRr dk irk pyrk gSA o"kkZ ds vk¡dM+ksa ds lkaf[;dh; fo’ys"k.k esa fofHkUu lkaf[;dh; izkpyksa ds 
ifjdyu 'kkfey gSa ftlls Hkh o"kkZ dh udkjkRed izo`fRr dk irk pyrk gSA o"kZ 2018 rd dh vof/k ds fy, 
Hkfo"; esa o"kkZ dh laHkkfor izo`fRr dk iwokZuqeku yxk;k x;k gS ftlls o"kkZ dh udkjkRed izo`fRr dk irk 
pyrk gSA Hkwty lalk/ku dh o`f) ds fy, ;kstuk dk;kZfUor djus vkSj o"kkZ ds ty ds laxzg.k dh laHkkoukvksa 
dk fodkl djus ds fy, Hkh bl izLrko dks 'kkfey fd;k x;k gSA 

 
ABSTRACT.   The environmental implications of rainfall pattern in replenishment of ground water system of 

Saharanpur region, located in western Uttar Pradesh, have been discussed. The mathematical analysis of rainfall 
dissimilarity of Saharanpur region for a period of 50 year (1959 to 2008) display a quite good range from 497.70 to 
4357.5 mm with an annual average rainfall value of 1209.8 mm. The positive trend of departure from the computer value 
of average annual rainfall exhibits appropriate periods for recharge of ground water reservoir. The recorded data of 
annual rainfall during the last 3 year reveal values below the calculated annual average rainfall, pointing out negative 
trend. The statistical analysis of rainfall data involves computations of various statistical parameters, which also support 
the negative trend of rainfall. The prediction of expected future rainfall trend for a period up to 2018 has been made, 
which indicates a negative trend. The proposal have been incorporated to implement a plan for augmentation of ground 
water resource and also to develop possibilities of rainwater harvesting.  
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1.    Introduction    
  

The term ‘Rainfall’ is most commonly applied for 
the liquid precipitation. According to Navarra (1979), 
rainfall is usually referred to “The amount of precipitation 
of any type usually taken as that amount which is 
measured by means of a rain gauge thus a small varying 
amount of direct condensation is included”.  Precipitation 
is the liquid water particles, either in the form of drops of 
more than 0.5 mm diameter or in the form of smaller 
widely scattered drops (Lal, 2002). The main source of 
precipitation is the ‘Rain’, which generates when separate 

drops of water fall to the earth's surface from the 
atmosphere (clouds).  

 
The amount of raindrop is measured using a rain 

gauge. It is expressed as the depth of water that collects on 
a flat surface, and is measured with accuracy up to 
1,000,000 cloud droplets are equal to 1 drop of rain that is 
falling down to the ground surface. The clouds have 
sometimes to do with rain too. Singh (2009) remarked that 
the small raindrops less than about 2 mm diameters are 
approximately spherical. As they get larger to about 5 mm 
diameter   they   become  nut  shape  beyond  5  mm,  they  

 (55) 
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TABLE 1 
 

Rainfall data of Saharanpur region for the period from 1959-2008, values are recorded in mm 
 

S. No. Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total (mm)

1 1959 82.90 4.30 11.50 - 10.00 44.20 546.30 539.80 234.60 44.20 25.40 25.40 1568.60 

2 1960 52.00 45.40 4.60 - - 224.30 429.60 285.90 129.10 28.70 - 10.00 1209.60 

3 1961 171.50 47.00 - 25.40 8.30 157.20 537.40 525.60 82.00 80.50 - 25.00 1659.90 

4 1962 111.90 76.80 40.60 - - 44.90 331.40 160.20 254.50 - 33.80 38.20 1092.30 

5 1963 22.30 21.00 4.90 - 15.70 71.60 208.20 518.80 251.70 0.50 15.80 9.40 1139.90 

6 1964 23.50 1.50 7.60 0.50 50.70 50.10 825.70 417.10 349.00 - - 16.30 1742.00 

7 1965 59.90 97.00 32.30 22.00 76.95 - 564.30 226.10 10.20 49.00 - 2.30 1140.05 

8 1966 4.10 21.80 16.30 0.80 57.70 188.00 523.00 489.50 93.40 25.00 - 15.20 1434.80 

9 1967 - 0.80 97.00 0.50 5.60 8.70 338.50 648.30 38.10 30.70 10.40 24.40 1203.00 

10 1968 34.00 18.00 28.60 - 1.00 146.30 594.50 331.10 103.40 13.60 - 20.80 1291.30 

11 1969 9.60 17.60 29.80 14.50 6.50 8.60 283.30 341.60 166.20 - - - 877.70 

12 1970 83.20 21.20 5.60 8.20 27.80 173.90 92.00 254.50 134.40 1.80 - - 802.60 

13 1971 15.60 18.10 - 23.00 68.20 204.90 386.70 405.30 125.60 55.00 - - 1302.40 

14 1972 23.00 63.00 - 35.50 - 209.50 121.30 117.00 126.70 2.60 24.40 14.20 737.20 

15 1973 20.00 14.01 - - 15.30 507.10 466.20 31.00 31.70 137.50 - 18.00 1240.81 

16 1974 6.50 - - - 24.70 62.90 405.60 91.80 12.00 12.50 - 63.60 679.60 

17 1975 47.20 23.40 13.80 7.50  237.20 412.00 253.70 191.30 31.00 - - 1217.10 

18 1976 17.30 46.80 18.30 1.50 32.50 107.50 449.50 516.50 40.50 - - - 1230.40 

19 1977 40.50 - - 20.00 7.50 309.20 522.70 182.70 227.00 20.00 - 57.50 1387.10 

20 1978 - 80.60 150.00 8.00 - 195.80 437.20 999.00 390.00 - 2.00 - 2262.60 

21 1979 27.10 99.70 14.00 12.50 55.30 136.20 344.50 62.80 40.40 58.40 - 29.90 822.40 

22 1980 22.40 11.40 11.60 4.40 67.40 148.80 360.90 272.70 47.60 57.20 47.20 42.40 1095.20 

23 1981 44.80 3.40 60.00 19.80 15.60 28.70 348.60 62.40 36.00 3.30 - 6.00 682.50 

24 1982 68.40 68.90 69.90 61.50 51.90 48.80 168.30 254.20 6.90 4.80 0.90 59.40 810.50 

25 1983 102.60 23.50 7.20 124.10 31.60 48.30 607.80 436.90 59.60 - - 8.20 1454.60 

26 1984 59.40 115.40 - 3.80 - 289.00 307.50 251.30 48.40 154.90 - - 1074.80 

27 1985 11.20 - 1.00 21.20 1.40 89.20 298.00 188.30 139.20 12.50 - 50.60 955.00 

28 1986 - 89.00 12.50 10.20 78.10 110.70 188.40 217.90 118.20 0.40 19.60 37.40 895.40 

29 1987 27.80 37.40 25.30 47.80 112.10 85.40 64.70 44.60 40.80 - - 11.40 497.70 

30 1988 0.60 37.50 81.50 2.00 22.30 84.00 503.00 502.50 261.20 - - 71.50 1566.10 

31 1989 76.00 25.00 8.00 1.50 15.00 58.50 328.50 503.50 80.50 16.00 20.50 98.00 1215.00 

32 1990 - 118.00 33.00 7.00 20.00 23.00 45.00 376.50 320.50 - 12.00 113.50 1084.50 

33 1991 - 38.50 21.80 15.50 8.50 105.70 116.20 132.50 134.00 - - 39.50 612.20 

34 1992 42.00 47.00 4.50 9.20 0.20 21.50 302.10 617.30 77.70 - 10.40 - 1131.90 

35 1993 56.10 34.50 73.50 - 32.50 73.70 384.20 372.60 372.60 - 30.00 - 1429.70 

56 1994 48.00 42.50 10.00 49.00 21.80 106.10 457.90 291.50 80.50 - - 0.58 1107.88 

37 1995 48.50 64.50 11.00 12.00 - 98.00 422.00 492.00 159.50 0.50 1.00 - 1309.00 

38 1996 24.00 79.00 24.00 2.50 10.50 159.00 24.50 3790.00 150.50 93.50 - - 4357.50 

39 1997 18.50 1.00 4.00 127.50 13.50 64.00 582.50 100.00 164.50 43.00 40.50 83.50 1242.50 

40 1998 2.50 25.00 10.50 39.50 42.50 168.00 315.00 242.00 139.00 132.50 - - 1116.50 

41 1999 77.50 30.00 9.00 - 22.50 81.50 320.50 363.00 250.00 - - 3.00 1157.00 

42 2000 40.00 65.00 26.00 38.00 29.50 29.50 315.00 220.00 13.00 - - - 776.00 

43 2001 16.00 2.00 30.50 16.50 72.50 274.00 441.00 168.00 2.00 2.00 1.00 5.00 1030.50 

44 2002 27.50 110.50 4.00 23.00 15.00 166.50 183.50 194.50 287.50 10.00  0.50 1022.50 

45 2003 70.50 37.50 - 12.50 7.00 81.20 312.00 209.00 109.00 - 8.00 12.00 858.70 

46 2004 83.00 - 67.00 19.00 70.50 299.50 168.50 42.00 48.50 5.50 0.50 804.00 1608.00 

47 2005 42.50 31.50 79.50 2.00 1.00 463.00 277.00 102.00 441.00 - - - 1439.50 

48 2006 10.50 - 58.00 0.50 136.00 129.50 351.80 61.50 42.70 27.00 - 10.00 827.50 

49 2007 - 114.50 53.00 11.60 35.00 258.00 221.00 134.00 134.00 - - 4.00 965.10 

50 2008 11.00 1.00 - 15.00 26.00 400.00 232.00 292.00 111.00 24.00 17.20 - 1129.20 

  1926.20 2015.32 1302.20 897.878 1456.758 7225.714 17816.65 18699.66 7045.85 1214.92 337.47 1882.99 60493.84 

Annual Average Rainfall = 1209.8 
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Fig. 1.   Average monthly rainfall of Saharanpur region during 1959 to 2008 
 

 

 
 

Fig. 2. Total rainfall of Saharanpur region during 1959 to 2008 
 
 
 
become unstable and fragmented. On average the diameter 
of raindrops is 1 mm to 2 mm, and the biggest raindrops 
on the earth are resulted due to condensation of large 
smoke particles or by collisions between drops in small 
regions with particularly high content of liquid water. 
Rainfall is commonly measured with the help of rain 
gauge and the values are expressed in millimeter or 
inches. The rain gauges are mainly classified into two 
categories - (a) Non-recording type rain gauge and           
(b) Recording type rain gauge. The rainfall shows 
variation from place to place, even during a period of 
single storm. The period of rainfall record may be a 
minute, an hour, a day, a month or a year. The affecting 
factors of rainfall intensity are involved in all 
measurements and the period is expressed by the term 

annual, monthly, daily or hourly precipitation. The rate of 
rainfall is noted from the computation for a particular day 
or multiple numbers of days from the records of daily 
reading of standard gauge. The storage gauges are used 
for long-term measurements. 

 
2.  Rainfall data analysis of study area 
 

The rainfall data of Saharanpur area for a period of 
50 years covering 1959 to 2008 (Table 1, Figure 2) have 
been collected from Meteorological Department, 
Muzafarrabad, Saharanpur district and analyzed by using 
both  mathematical and statistical techniques of data 
analysis. The arithmetical procedure involves the 
determination of average rainfall for a specific period. The  
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TABLE 2 
 

 Time series analysis of rainfall data of Saharanpur region during 1960 – 2008 
 

S. No. Year x y x² xy x³ x²y x4 Trend value 

1 1960 -24 1209.6 576 -29030.4 -13824 696729.6 331776 936.928 

2 1961 -23 1659.9 529 -38177.7 -12167 878087.1 279841 947.989 

3 1962 -22 1092.3 484 -24030.6 -10648 528673.2 234256 959.05 

4 1963 -21 1139.9 441 -23937.9 -9261 502695.9 194481 970.111 

5 1964 -20 1742 400 -34840 -8000 696800 160000 981.172 

6 1965 -19 1140.05 361 -21660.95 -6859 411558.05 130321 992.233 

7 1966 -18 1434.8 324 -2606.4 -5832 464875.2 104976 1003.294 

8 1967 -17 1203 289 -20451 -4913 347667 83521 1014.355 

9 1968 -16 1291.3 256 -20660.8 -4096 330572.8 65536 1025.416 

10 1969 -15 877.7 225 -13165.5 -3375 197482.5 50625 1036.477 

11 1970 -14 802.6 196 -11236.4 -2744 157309.6 38416 1047.538 

12 1971 -13 1302.4 169 -16931.2 -2197 220105.6 28561 1058.599 

13 1972 -12 737.2 144 -8846.4 -1728 106156.8 20736 1069.66 

14 1973 -11 1240.81 121 -13648.91 -1331 150138.01 14641 1080.721 

15 1974 -10 679.6 100 -6796 -1000 67960 10000 1091.782 

16 1975 -9 1217.1 81 -10953.9 -729 98585.1 6961 1102.843 

17 1976 -8 1230.4 64 -9843.2 -812 787456 4096 1113.904 

18 1977 -7 1387.1 49 -9709.7 -343 67967.9 2401 1124.965 

19 1978 -6 2262.6 36 -13575.6 -216 81453.6 1296 1136.026 

20 1979 -5 822.4 25 -4112 -125 20560 625 1147.087 

21 1980 -4 1095.2 16 -4380.8 -64 17523.2 256 1158.148 

22 1981 -3 682.5 9 -2047.5 -27 6142.5 81 1169.209 

23 1982 -2 810.5 4 -1621 -8 3242 16 1180.27 

24 1983 -1 1454.6 1 -1454.6 -1 1454.6 1 1191.331 

25 1984 0 1074.8 0 0 0 0 0 1202.392 

26 1985 1 955 1 955 1 955 1 1213.453 

27 1986 2 895.4 4 1790.8 8 35816 16 1224.514 

28 1987 3 497.7 9 1493.1 27 4479.3 81 1235.575 

29 1988 4 1566.1 16 6264.4 64 25057.6 256 1246.636 

30 1989 5 1215 25 6075 125 30375 625 1257.697 

31 1990 6 1084.5 36 6507 216 39042 1296 1268.758 

32 1991 7 612.2 49 4285.4 343 29997.8 2401 1279.819 

33 1992 8 1131.9 64 90552 812 72441.6 4096 1290.88 

34 1993 9 1429.7 81 12867.3 729 115805.7 6961 1301.941 

35 1994 10 1107.88 100 11078.8 1000 110788 10000 1313.002 

36 1995 11 1309 121 14399 1331 158389 14641 1324.063 

37 1996 12 4357.5 144 52290 1728 627480 20736 1202.392 

38 1997 13 1242.5 169 16152.5 2197 209982.5 28561 1346.185 

39 1998 14 1116.5 196 15631 2744 218834 38416 1357.246 

40 1999 15 1154 225 17310 3375 259650 50625 1368.307 

41 2000 16 771 256 12336 4096 197376 65536 1379.368 

42 2001 17 1030.5 289 17518.5 4913 297814.5 83521 1390.429 

43 2002 18 1022.5 324 18405 5832 331290 104976 1401.49 

44 2003 19 858.7 361 16315.3 6859 309990.7 130321 1412.551 

45 2004 20 1608 400 32160 8000 643200 160000 1423.612 

46 2005 21 1439.5 441 30229.5 9261 634819.5 194481 1434.673 

47 2006 22 827.5 484 18205 10648 400510 234256 1445.734 

48 2007 23 965.1 529 22197.3 12167 510537.9 279841 1456.795 

49 2008 24 1129.2 576 27100.8 13824 650419.2 331776 1467.856 

  ∑x = 0 ∑y = 58917.24 ∑x²=9800 ∑xy = 108400.24 ∑x³ = 0 ∑x²y = 12756247.56 ∑x4 = 3526840.00   
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TABLE 3 
 

Annual rainfall, its departure and cumulative departure from average annual rainfall in Saharanpur during 1959-2008 
                                   

S. No. Year Total rainfall (mm) Departure from average rainfall Cumulative Departure from average rainfall 

1 1959 1568.6 358.8 358.8 

2 1960 1209.6 -0.2 358.6 

3 1961 1659.9 450.1 808.7 

4 1962 1092.3 -117.5 691.2 

5 1963 1139.9 -69.9 621.3 

6 1964 1742 532.2 1153.5 

7 1965 1140.05 -69.75 1083.75 

8 1966 1434.8 225 1308.75 

9 1967 1203 -6.8 1301.95 

10 1968 1291.3 81.5 1383.45 

11 1969 877.7 -332.1 1051.35 

12 1970 802.6 -407.2 644.15 

13 1971 1302.4 92.6 736.75 

14 1972 737.2 -472.6 264.15 

15 1973 1240.81 31.01 295.16 

16 1974 679.6 -530.2 235.04 

17 1975 1217.1 7.3 227.74 

18 1976 1230.4 20.6 207.14 

19 1977 1387.1 177.3 29.84 

20 1978 2262.6 1052.8 1022.96 

21 1979 822.4 -387.4 635.56 

22 1980 1095.2 -114.6 520.96 

23 1981 682.5 -527.3 6.34 

24 1982 810.5 -399.3 405.64 

25 1983 1454.6 244.8 160.84 

26 1984 1074.8 -135 295.84 

27 1985 955 -254.8 550.64 

28 1986 895.4 -314.4 865.04 

29 1987 497.7 -712.1 1577.14 

30 1988 1566.1 356.3 1220.84 

31 1989 1215 5.2 1215.64 

32 1990 1084.5 -125.3 1340.94 

33 1991 612.2 -597.6 1938.54 

34 1992 1131.9 -77.9 2016.44 

35 1993 1429.7 219.9 1796.54 

36 1994 1107.88 -101.92 1897.74 

37 1995 1309 99.2 1798.54 

38 1996 4357.5 3147.7 1349.16 

39 1997 1242.5 32.7 1381.86 

40 1998 1116.5 -93.3 1288.56 

41 1999 1154 -55.8 1232.76 

42 2000 776 -433.8 798.96 

43 2001 1030.5 -179.3 619.66 

44 2002 1022.5 -187.3 432.36 

45 2003 858.7 -351.1 81.26 

46 2004 1608 398.2 479.46 

47 2005 1439.5 229.7 709.16 

48 2006 827.5 -382.3 326.86 

49 2007 965.1 -244.7 82.16 

50 2008 1129.2 -80.6 1.66 

Total  60490.84 0.84  

Average  1209.8   
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TABLE 4 
 

Computed average monthly and seasonal rainfall of Saharanpur region 
 

Season Months Mean monthly rainfall (mm) Average seasonal rainfall (mm) 

 
 

Monsoon 

July 
August 

September 
October 

 

349.35 
366.66 
138.15 
36.82 

 
 

222.745 

 
 

Winter 

November 
December 

January 
February 

 

16.87 
52.31 
42.8 
43.81 

 
 

38.947 

 
 

Summer 

March 
April 
May 
June 

 

31 
21.38 
33.11 

144.51 

 
 

57.5 

Total  1276.77  

 
 
 

 
 

departure of rainfall from the average annual rainfall 
determines the rainfall pattern. The determination of 
cumulative departure of rainfall provides the information 
regarding the total departure of rainfall from the mean 
value over a specific period. The commonly used 
procedures of statistical analysis as followed by Gupta and 
Kapoor (1985) and Davis (2002) have been followed 
herein. The computation of statistical parameters includes 
mean, median, mode, dispersion, standard deviation, and 
coefficient of variation. Based on time series analysis 
(Croxten et al., 1988), the prediction of future rainfall 
trend has been visualized.  

 
3. Mathematical method 
 

 The mathematical method is most commonly used, 
which involves calculation of the average rainfall of years 
or months as shown by the arithmetic mean of the period 
of years or months. For this a suitable mean is required to 
show the variability of the rainfall. A record of 25 to 50 
years is required for rainfall data analysis. The mean of a 
particular distribution is mostly affected by the extreme 
values and, therefore, it is necessary to calculate the 
median rainfall in the analysis of arithmetic average. 

 
The total monthly and seasonal rainfall data of 

Saharanpur have been recorded (Table 4). The trend of 
monthly rainfall record for a period of 50 years has been 
exhibited (Fig. 1), whereas the monsoon seasonal 
variations have been demonstrated to observe the nature 
of rainfall fluctuation pattern (Fig. 4). The maximum 
precipitation in last fifty years was recorded as 4357.5 mm 
during the year of 1996 and minimum rainfall of 497.70 
mm was noted in the year of 1987. The average rainfall of 

the study area has been calculated to be 1209.8 mm. The 
departure and cumulative departure from the average 
rainfall of the study areas has been displayed (Table 3, 
Figs. 3 and 4). 

 
 The trend of annual departure from the computed 

value of average annual rainfall (Table 3, Figs. 3 and 4) 
reveals that years showing annual departure more than the 
average annual rainfall were - 1959, 1961, 1964, 1966, 
1968, 1971, 1973, 1975, 1976, 1977, 1978, 1983, 1988, 
1989, 1993, 1995, 1996, 1997, 2004 and 2005. Years 
showing annual departure less than the average annual 
rainfall were - 1960, 1962, 1963, 1965, 1967, 1969, 1970, 
1972, 1974, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 
1986, 1987, 1990, 1991, 1992, 1994, 1998, 1999, 2000, 
2001, 2002, 2003, 2006, 2007 and 2008. 

 
4. Statistical method   
 

The statistical method employed for the analysis of 
rainfall data of study area for the period from 1959 to 
2008, includes determinations of central tendencies 
(mean, median and mode), skewness, dispersion, kurtosis 
and time series analysis (Table 5). The procedure of 
determination of statistical parameters is described    
below.  

 
5.     Time series analysis 

 
The time series analysis generates valuable 

information regarding the trend of a series of   
observations. It helps to measure the deviation from the 
trend and also provides information pertaining to the 
nature  of  trend.  This analysis is used as a tool to forecast  
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Fig. 3.   Cumulative departure of average rainfall (mm) of Saharanpur region 

 
 
 
 

 
 
 

Fig. 4. Departure from average rainfall (mm.) of Saharanpur region 
 

 

TABLE 5  
 

Statistical parameter determination of rainfall of Saharanpur region 
 

Class interval Mid value (x) Frequency (f) fx d = x-1100/200 fd fd² d² Cumulative frequency 

400-600 500 1 500 -3 -3 9 9 1 

600-800 700 5 3500 -2 -10 20 4 6 

800-1000 900 9 8100 -1 -9 9 1 15 

1000-1200 1100 13 14300 0 0 0 0 28 

1200-1400 1300 11 14300 1 11 11 1 39 

1400-1600 1500 6 9000 2 12 24 4 45 

1600-1800 1700 5 8500 3 15 45 9 50 

Total 7700 ∑f = 50 ∑fx = 58200 ∑d = 0 ∑fd = +16 ∑fd² = +118 ∑d² = 28  
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TABLE 6  
 

Computation of statistical parameters of rainfall data of the Saharanpur 
 

Statistical parameter Formula Computed value 

Mean 
N

x
x
  1164 mm 

Median i + i/f (N/2-C) 1153.8 mm 

Mode i + [i (f1-f0)] / [2f1-f0-f2] 1066.67 mm 

Standard Deviation   
22 /1/1200 dfNdfN  

300 

 

Coefficient of Dispersion Standard Deviation/ Mean 0.2577 

Coefficient of Variation 100 × (Standard Deviation / mean) 25.773 

Coefficient of Skewness (mean-mode) / Standard deviation 0.3244 

 
 
 
 

the future behavior of the trend. The method of least 
square fit of straight line has been used for performing the 
trend analysis of the behavior of annual rainfall. The 
straight-line equation can be represented as  

 
Where yc = a + bc 
 
 yc = Trend value of dependent variable  
 
x   = Independent variable  
 
a and b = unknown  
 
To establish a best fit straight line the values of a and 

b must be determined from the observed data. 
Simultaneous solving of two normal equations does this. 

 

  xbNay                                                    (1) 

 

   2xbxaxy                                           (2) 

 
 
The values of the various elements in the above 

equations have been determined by considering y as 
variable (annual rainfall) and x as constant (year). The 
determinations were made as per the procedure described 
below. 

 
N = 50              0x   24.58917y

 
 

  98002x                24.108400xy

Substituting these valued in normal equation (1) & 
(2), two equations (3) & (4) in terms of a and b are 
developed  

 
58917.24 = 50 a + 0                                  (3) 
 
108400.24 = 0 + b 9800                                (4) 
 
Solving equations (3) & (4) the values of a & b are 

obtained as 1178.34 and 11.06 respectively. Hence a 
equation of straight line is developed, which can be 
written as  

 
 i/c = 1178.34 + 11.06x                    (5) 
 
With the help of equation (5) the trend values have 

been calculated (Table 7). The future forecast of rainfall 
amount for period of ten years from 2009 to 2018 has 
been made. 

 
6. Interpretation of rain fall data 

 
The average rainfall of the Saharanpur area has been 

calculated and found to be 1276.77 mm. The departure 
and cumulative departure from the average rainfall of the 
area under investigation is given in Table 3. The graph 
(Fig. 4) showing the departure from average rainfall 
shows that during the year of 1959, 1961, 1964, 1966, 
1968, 1971, 1973, 1975, 1976, 1977, 1978, 1983, 1988, 
1989, 1993, 1995, 1996, 1997, 2004 and 2005. The 
rainfall was more than the average. Hence, these          
years were favorable for groundwater recharge. The graph 
showing cumulative departure from average rainfall     
(Fig. 3)  reveals  that  the  maximum peak occurred during  
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TABLE 7 
 

 Determination of expected future trend of rainfall in Saharanpur 
 

S. No. Year Procedure of determinates Expected future trend 

1. 2009 1202.392 + 11.061(25) 1478.917 mm 

2. 2010 1202.392 + 11.061(26) 1489.978 mm 

3. 2011 1202.392 + 11.061(27) 1501.039 mm 

4. 2012 1202.392 + 11.061(28) 1512.10 mm 

5. 2013 1202.392 + 11.061(29) 1523.161 mm 

6. 2014 1202.392 + 11.061(30) 1534.222 mm 

7. 2015 1202.392 + 11.061(31) 1545.283 mm 

8. 2016 1202.392 + 11.061(32) 1556.344 mm 

9. 2017 1202.392 + 11.061(33) 1567.405 mm 

10. 2018 1202.392 + 11.061(34) 1578.466 mm 

 
 
 
the years of 1960, 1962, 1963, 1965, 1967, 1969, 1970, 
1972, 1974, 1979, 1980, 1981, 1982, 1983, 1984, 1985, 
1986, 1987, 1990, 1991, 1992, 1994, 1998, 1999, 2000, 
2001, 2002, 2003, 2006, 2007 and 2008. 

 
These peaks are indicative of maximum rainfall 

during the corresponding periods and point out sufficient 
infiltration of water due to maximum rainfall. Statistical 
analysis of the present rainfall data reveals that the mean 
rainfall of the area is 1164 mm. The computed value of 
mode 1066.67 mm indicates ideal rainfall for the area. The 
calculated value of Standard Deviation reveals that 
deviation of rainfall is of 300 mm over a period of fifty 
years. The coefficient of variation indicates that the 
amount of rainfall varies up to 25.773. The coefficient of 
Skewness has been noted as 0.3244, which indicates 
negative trend.  

 
7. Environmental impacts of rainfall factor 
 

Environment Impact Assessment (EIA) is concerned 
with the analysis of any possible alteration of 
environmental conditions, adverse or beneficial caused 
introduced by the action or set of actions under 
consideration. EIA is multifaceted human oriented and 
essentially seeks to know what will be the consequences 
of economic decisions for those human aspects and social 
development that depend on the economic, and the quality 
of human interaction with the natural and anthropogenic 
physical environment (Royston, 1978). The rainfall is one 
of the most important meteorological parameter that acts 
as a main source for the recharge of ground water system 
besides other environmental impacts. The variation 
analysis of rainfall data of Saharanpur region reveals a 

fairly good range of variation indicating the positive trend 
before 2000 and negative trend from 2000 onwards that is 
resulting into depletion of ground water levels. The 
present trend of over exploitation due to population 
growth, industrialization, irrigation and lesser rainfall than 
the annual average value are affecting the recharge of 
ground water levels, which are depleting at an alarming 
rate. The depletion of ground water levels may be 
assigned to seasonal variations in the static ground water 
levels, which are influenced by infiltration of rainwater 
and extraction of ground water (Singh, 2009). The 
implementation of an appropriate strategy for rainwater 
harvesting will generate the possibilities of increase in the 
amount and intensities of rainfall that in turn, will improve 
the augmentation phenomena of ground water reservoir. 
The control over depleting trend of ground water level 
will provide remedy of sustained water supply to the 
inhabitants of Saharanpur region.  

 
 

8. Conclusion 
 

The rainfall data analysis of Saharanpur region for a 
period of 50 years from 1959 to 2008 reveals variation in 
the amount and frequency and points out a negative trend 
of rainfall in future as well. It is suggested that the 
optimum development of rainwater harvesting will 
provide remedial solution to the prevailing problem of 
shortage of water supply in Saharanpur region. The 
augmentation of ground water reservoir by increasing the 
rainwater harvesting, implementation of scheme for a 
forestation and conservation of rainwater by construction 
of artificial structures would help to cater the demand of 
water supply.  
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