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Abstract: 

India is primarily an agrarian economy. About 50% of the total work force employment provides 

Agriculture sector. Agriculture and allied sectors like forestry, fisheries accounted for about 16% 

of the Indian GDP in 2009. (rama, 2014) 

The purpose of the study is to predict the Future (Sales) of Rastriya Chemicals & Fertilizers Ltd. 

and National Fertilizers Ltd. For this study data has been collected from Websites of respective 

companies and annual reports of the company from 2007-08 to 2016-17. Season wise data 

collected for both companies. Moving Average, Center Moving Average, Two-way ANNOVA is 

used for analysis. Prediction Errors were also calculated. 

Research Methods: 

Research Object: 

1) To understand the concept of Moving Average 

2) To understand the contribution of Agriculture and allied sectors like forestry, fisheries. 

3) To Compare Prediction of Sales of Rastriya Chemicals & Fertilizers Ltd. and National 

Fertilizers Ltd. 
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Study Data: 

Study data selected last ten years From 2007-08 to 2017-18 and for Prediction period study for 

next 2years from 2018-19 to 2019-20. 

Sample Size: 

Selected Two Companies Rastriya Chemicals & Fertilizers Ltd. and National Fertilizers Ltd. 

Sample Tools : 

Probability Random Sampling  

Statistical tools : Moving Average, Smoothing using two-sided moving averages, Centered 

moving averages, for result and observation of output it used Regression Statistics, Multiple R, R 

Square, Adjusted R Square, Standard Error,  

Data Presentation:  

By Charts, Tables and using formula    

Introduction of Moving Average 

A moving average is a time series constructed by taking averages of several sequential values of 

another time series. It is a type of mathematical convolution. If we represent the original time 

series by y1,...,yn, then a two-sided moving average of the time series is given by 

 

 
Thus zk+1; : : : ; zn-k forms a new time series which is based on averages of the original time 

series,{yt}. Similarly, a one-sided moving average of {yt} is given by 

 
More generally, weighted averages may also be used. Moving averages are also called running 

means or rolling averages. They are a special case of “filtering”, which is a general process that 

takes one time series and transforms it into another time series. 

 

The term “moving average” is used to describe this procedure because each average is computed 

by dropping the oldest observation and including the next observation. The averaging “moves” 

through the time series until zt is computed at each observation for which all elements of the 

average are available. in the above examples, the number of data points in each average remains 
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constant. Variations on moving averages allow the number of points in each average to change. 

For example, in a cumulative average, each value of the new series is equal to the sum of all 

previous values. 

 

Moving averages are used in two main ways: Two-sided (weighted) moving averages are used to 

“smooth” a time series in order to estimate or highlight the underlying trend; one-sided 

(weighted) moving averages are used as simple forecasting methods for time series. While 

moving averages are very simple methods, they are often building blocks for more complicated 

methods of time series smoothing, decomposition and forecasting. 

 

1.5.1 Smoothing using two-sided moving averages 

It is common for a time series to consist of a smooth underlying trend observed with error: 

yt = f (t) + εt ; 

where f (t) is a smooth and continuous function of t and {εt} is a zero-mean error series. The 

estimation of f (t) is known as smoothing, and a two-sided moving average is one way of doing 

so: 

 

 
The indication behind using moving averages for smoothing is that observations which are 

nearby in time also are likely to be draw in value. So taking a mean of the points near an 

observation will provide an inexpensive estimate of the trend at that observation. The average 

removes a number of the randomness within the data, leaving a smooth trend component. 

 

Moving averages do not allow estimates of f (t) near the ends of the time series (in the first k and 

last k periods). This can cause difficulties when the trend estimate is used for forecasting or 

analyzing the most recent data. 

 

Each average consists of 2k + 1 observations. Sometimes this is known as a (2k + 1) MA 

smoother. The larger the value of k, the flatter and smoother the estimate of f (t) will be. A 

smooth estimate is usually desirable, but a flat estimate is biased, especially near the peaks and 

troughs in f (t). When {εt} is a white noise series (i.e., independent and identically distributed 

with zero mean and variance σ2). 

1.5.2 Centered moving averages 

The simple moving average described above requires an odd number of observations to be 

included in each average. This ensures that the typical is centered at the center of the info values 
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being averaged. But suppose we wish to calculate a moving average with an even number of 

observations. For example, to calculate a 4-term moving average, the trend at time t could be 

calculated as, 

 
That is, we could include two terms on the left and one on the right of the observation, or one 

term on the left and two terms on the right, and neither of these is centered on t. If we now take 

the average of these two moving averages, we obtain something centered at time t: 

 
So a 4 MA followed by a 2 MA gives a centered moving average, sometimes written as 2 x 4 

MA. This is also a weighted moving average of order 5, where the weights for each period are 

unequal. In general, a 2 x m MA smoother is equivalent to a weighted MA of order m+ 1 with 

weights 1/m for all observations except for the first and last observations in the average, which 

have weights 1/(2m). 

Centered moving averages are examples of how a moving average can itself be smoothed by 

another moving average. Together, the smoother is known as a double moving average. In fact, 

any combination of moving averages can be used together to form a double moving average. For 

example, a 3 x 3 moving average is a 3 MA of a 3 MA. 

 

 

Prediction of sales 

Prediction of sales: RCF 

Year 
Half 

Yearly 
Time Yt  MA CMA StIt St 

Deseaso

nalize 
Tt 

Predicti

on 

2007-08 Sep '07 1 2409.06 1       0.92 2616.07 2832.61 2608.47 

  Mar '08 2 2718.38 2 2563.72 3018.79 0.90 1.07 2543.20 2879.53 3077.87 

2008-09 Sep '08 3 4229.34 1 3473.86 3847.22 1.10 0.92 4592.77 2926.44 2694.87 

  Mar '09 4 4211.8 2 4220.57 3821.97 1.10 1.07 3940.38 2973.36 3178.17 

2009-10 Sep '09 5 2634.95 1 3423.38 3122.22 0.84 0.92 2861.37 3020.27 2781.28 

  Mar '10 6 3007.16 2 2821.06 2750.87 1.09 1.07 2813.37 3067.19 3278.46 

2010-11 Sep '10 7 2354.2 1 2680.68 2717.12 0.87 0.92 2556.50 3114.10 2867.68 

  Mar '11 8 3152.91 2 2753.56 2746.28 1.15 1.07 2949.73 3161.02 3378.75 
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2011-12 Sep '11 9 2325.08 1 2739.00 2667.55 0.87 0.92 2524.88 3207.93 2954.09 

  Mar '12 10 2867.14 2 2596.11 2450.06 1.17 1.07 2682.38 3254.85 3479.04 

2012-13 Sep '12 11 1740.86 1 2304.00 2520.18 0.69 0.92 1890.45 3301.76 3040.49 

  Mar '13 12 3731.86 2 2736.36 3113.75 1.20 1.07 3491.37 3348.68 3579.34 

2013-14 Sep '13 13 3250.43 1 3491.15 3387.44 0.96 0.92 3529.74 3395.59 3126.89 

  Mar '14 14 3317.03 2 3283.73 3396.71 0.98 1.07 3103.27 3442.51 3679.63 

2014-15 Sep '14 15 3702.35 1 3509.69 3675.73 1.01 0.92 4020.50 3489.42 3213.30 

  Mar '15 16 3981.2 2 3841.78 4029.91 0.99 1.07 3724.64 3536.33 3779.92 

2015-16 Sep '15 17 4454.87 1 4218.04 4265.81 1.04 0.92 4837.68 3583.25 3299.70 

  Mar '16 18 4172.28 2 4313.58 4026.40 1.04 1.07 3903.41 3630.16 3880.21 

2016-17 Sep '16 19 3306.15 1 3739.22 3666.21 0.90 0.92 3590.25 3677.08 3386.11 

  Mar '17 20 3880.24 2 3593.20 3607.32 1.08 1.07 3630.19 3723.99 3980.50 

2017-18 Sep '17 21 3362.64 1 3621.44 3640.38 0.92 0.92 3651.59 3770.91 3472.51 

  Mar '18 22 3955.99 2 3659.32     1.07 3701.06 3817.82 4080.80 

2018-19 Sep '18 23   1       0.92   3864.74 3558.92 

  Mar '19 24   2       1.07   3911.65 4181.09 

2019-20 Sep '19 25   1       0.92   3958.57 3645.32 

  Mar '20 26   2       1.07   4005.48 4281.38 

 

Prediction of sales: RCF 
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Prediction of sales: RCF Summary 

SUMMARY OUTPUT 

  

Regression Statistics 

  

Multiple R 0.42 

R Square 0.17 

Adjusted R Square 0.13 

Standard Error 680.68 

Observations 22 

 

ANOVA 

  df SS MS F 

Significan

ce F 

Regression 1 1948970 

19489

70 4.21 0.05 

Residual 20 9266506 

46332

5.3     

Total 21 11215476       

  Coefficients 

Standard 

Error t Stat P-value 

Lower 

95% 

Upper 

95% 

Lower 

95.0% 

Upper 

95.0% 

Intercept 2785.70 300.43 9.27 0.00 2159.01 3412.39 2159.01 3412.39 

Time 46.91 22.87 2.05 0.05 -0.80 94.63 -0.80 94.63 

 

Prediction Error :RCF 

Year 
Half 

Yearly 
Time Yt Prediction Error 

Mean 

Absolute 

Error 

(MAD) 

Mean 

Squared 

Error 

(MSE) 

Mean 

Absolute 

Per. 

Error 

2007-08 Sep '07 1 2409.06 2608.468 -199.41 199.41 39763.46 8.28 

  Mar '08 2 2718.38 3077.874 -359.49 359.49 129236.04 13.22 

2008-09 Sep '08 3 4229.34 2694.872 1534.47 1534.47 2354591.33 36.28 

  Mar '09 4 4211.8 3178.166 1033.63 1033.63 1068398.33 24.54 

2009-10 Sep '09 5 2634.95 2781.277 -146.33 146.33 21411.50 5.55 

  Mar '10 6 3007.16 3278.459 -271.3 271.30 73603.01 9.02 

2010-11 Sep '10 7 2354.2 2867.681 -513.48 513.48 263662.91 21.81 

  Mar '11 8 3152.91 3378.751 -225.84 225.84 51004.18 7.16 

2011-12 Sep '11 9 2325.08 2954.086 -629.01 629.01 395648.10 27.05 

  Mar '12 10 2867.14 3479.043 -611.9 611.90 374425.70 21.34 
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2012-13 Sep '12 11 1740.86 3040.49 -1299.6 1299.63 1689038.42 74.65 

  Mar '13 12 3731.86 3579.336 152.524 152.52 23263.68 4.09 

2013-14 Sep '13 13 3250.43 3126.895 123.535 123.54 15261.00 3.80 

  Mar '14 14 3317.03 3679.628 -362.6 362.60 131477.27 10.93 

2014-15 Sep '14 15 3702.35 3213.299 489.051 489.05 239170.83 13.21 

  Mar '15 16 3981.2 3779.92 201.28 201.28 40513.54 5.06 

2015-16 Sep '15 17 4454.87 3299.704 1155.17 1155.17 1334409.60 25.93 

  Mar '16 18 4172.28 3880.213 292.067 292.07 85303.40 7.00 

2016-17 Sep '16 19 3306.15 3386.108 -79.958 79.96 6393.28 2.42 

  Mar '17 20 3880.24 3980.505 -100.26 100.26 10053.04 2.58 

2017-18 Sep '17 21 3362.64 3472.512 -109.87 109.87 12071.96 3.27 

  Mar '18 22 3955.99 4080.797 -124.81 124.81 15576.82 3.15 

Average 455.26 380648.97 15.02 

 

Prediction Explained: 

Prediction year 2018-19, Sep '18 sales turnover is between Rs. 3864.74 to Rs. 3558.92 and 

Mar’19 sales turnover between Rs. 3911.65 to Rs. 4181.09 and Year 2019-20, Sep '19 sales 

between Rs. 3958.57 to Rs. 3645.32 and Mar '20 sales between from Rs. 4005.48 to Rs. 4281.38. 

Prediction of Sales: National Fertilizers 

Year 

Half 

Yearly Time Yt   MA CMA StIt St Deseasonalize Tt Prediction 

2007-08 Sep '07 1 1,898.47 1       0.98 1938.59 2279.87 2232.69 

  Mar '08 2 2,242.18 2 2070.33 2326.80 0.96 1.01 2211.31 2389.30 2422.65 

2008-09 Sep '08 3 2,924.36 1 2583.27 2590.48 1.13 0.98 2986.15 2498.73 2447.03 

  Mar '09 4 2,271.02 2 2597.69 2449.18 0.93 1.01 2239.76 2608.17 2644.57 

2009-10 Sep '09 5 2,330.33 1 2300.68 2432.77 0.96 0.98 2379.57 2717.60 2661.36 

  Mar '10 6 2,799.41 2 2564.87 2664.51 1.05 1.01 2760.87 2827.03 2866.49 

2010-11 Sep '10 7 2,728.88 1 2764.15 2837.25 0.96 0.98 2786.54 2936.46 2875.70 

  Mar '11 8 3,091.83 2 2910.36 3022.06 1.02 1.01 3049.27 3045.89 3088.41 

2011-12 Sep '11 9 3,175.68 1 3133.76 3393.20 0.94 0.98 3242.78 3155.33 3090.03 

  Mar '12 10 4,129.61 2 3652.65 3797.03 1.09 1.01 4072.76 3264.76 3310.33 

2012-13 Sep '12 11 3,753.23 1 3941.42 3650.77 1.03 0.98 3832.54 3374.19 3304.37 

  Mar '13 12 2,967.00 2 3360.12 3309.70 0.90 1.01 2926.16 3483.62 3532.25 
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Year 

Half 

Yearly Time Yt   MA CMA StIt St Deseasonalize Tt Prediction 

2013-14 Sep '13 13 3,551.55 1 3259.28 3633.90 0.98 0.98 3626.60 3593.06 3518.71 

  Mar '14 14 4,465.48 2 4008.52 4241.49 1.05 1.01 4404.01 3702.49 3754.17 

2014-15 Sep '14 15 4,483.44 1 4474.46 4367.15 1.03 0.98 4578.18 3811.92 3733.04 

  Mar '15 16 4,036.25 2 4259.85 4088.12 0.99 1.01 3980.69 3921.35 3976.09 

2015-16 Sep '15 17 3,796.53 1 3916.39 3899.67 0.97 0.98 3876.75 4030.79 3947.38 

  Mar '16 18 3,969.35 2 3882.94 3752.82 1.06 1.01 3914.71 4140.22 4198.01 

2016-17 Sep '16 19 3,276.05 1 3622.70 3727.16 0.88 0.98 3345.27 4249.65 4161.71 

  Mar '17 20 4,387.17 2 3831.61 4013.49 1.09 1.01 4326.78 4359.08 4419.93 

2017-18 Sep '17 21 4,003.58 1 4195.38 4332.70 0.92 0.98 4088.18 4468.52 4376.05 

  Mar '18 22 4,936.48 2 4470.03     1.01 4868.53 4577.95 4641.85 

2018-19 Sep '18 23   1       0.98   4687.38 4590.39 

  Mar '19 24   2       1.01   4796.81 4863.77 

2019-20 Sep '19 25   1       0.98   4906.25 4804.72 

  Mar '20 26   2       1.01   5015.68 5085.69 

Prediction of Sales: National Fertilizers 

 

Prediction of Sales: National Fertilizers Summary 

SUMMARY OUTPUT 
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Regression Statistics 

Multiple R 0.85 

R Square 0.72 

Adjusted R Square 0.70 

Standard Error 450.02 

Observations 22 

Prediction of Sales: National Fertilizers ANOVA 

ANOVA 

  df SS MS F Significance F 

Regression 1 10604269 10604269 52.36 0.00 

Residual 20 4050487 202524.4     

Total 21 14654756       

 

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0% 

Intercept 2170.435 198.6273 10.92718 0.00 1756.106101 2584.764584 1756.106 2584.764584 

Time 109.4324 15.12322 7.236053 0.00 77.88595072 140.9789293 77.88595 140.9789293 

Prediction Error :National Fertilizer 

Year Half Yearly Time Yt Prediction Error 

Mean 

Absolute 

Error 

(MAD) 

Mean Squared 

Error (MSE) 

Mean 

Absolute 

Per. Error 

2007-08 Sep '07 1 1898.47 2232.69 -334.22 334.22 111703.30 17.60 

  Mar '08 2 2242.18 2422.65 -180.47 180.47 32569.42 8.05 

2008-09 Sep '08 3 2924.36 2447.03 477.33 477.33 227847.42 16.32 

  Mar '09 4 2271.02 2644.57 -373.55 373.55 139539.44 16.45 

2009-10 Sep '09 5 2330.33 2661.36 -331.03 331.03 109582.35 14.21 

  Mar '10 6 2799.41 2866.49 -67.08 67.08 4499.67 2.40 

2010-11 Sep '10 7 2728.88 2875.70 -146.82 146.82 21555.57 5.38 

  Mar '11 8 3091.83 3088.41 3.42 3.42 11.70 0.11 

2011-12 Sep '11 9 3175.68 3090.03 85.65 85.65 7335.23 2.70 

  Mar '12 10 4129.61 3310.33 819.28 819.28 671221.12 19.84 

2012-13 Sep '12 11 3753.23 3304.37 448.86 448.86 201475.34 11.96 

  Mar '13 12 2967.00 3532.25 -565.25 565.25 319506.36 19.05 

2013-14 Sep '13 13 3551.55 3518.71 32.84 32.84 1078.74 0.92 

  Mar '14 14 4465.48 3754.17 711.31 711.31 505963.73 15.93 

2014-15 Sep '14 15 4483.44 3733.04 750.40 750.40 563097.50 16.74 

  Mar '15 16 4036.25 3976.09 60.16 60.16 3619.40 1.49 

2015-16 Sep '15 17 3796.53 3947.38 -150.85 150.85 22755.02 3.97 

  Mar '16 18 3969.35 4198.01 -228.66 228.66 52284.62 5.76 
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2016-17 Sep '16 19 3276.05 4161.71 -885.66 885.66 784399.98 27.03 

  Mar '17 20 4387.17 4419.93 -32.76 32.76 1073.09 0.75 

2017-18 Sep '17 21 4003.58 4376.05 -372.47 372.47 138733.52 9.30 

  Mar '18 22 4936.48 4641.85 294.63 294.63 86808.09 5.97 

Average 334.21 182120.94 10.09 

 

Prediction Explained: 

Prediction year 2018-19 Sep '18 sales between 4687.38 to 4590.39 and Mar '19 sales between  

Rs. 4796.81to 4863.77 and Prediction year 2019-20, Sep '19 sales between 4906.25 to 4804.72 

and Mar '20 sales between Rs. 5015.68 to 5085.69 

Conclusion: 

In Both predictions we found minimum variation because the graph of both the companies is 

showing it. Centre Moving Average and Prediction line both are matching. I had calculated 

prediction errors for both the companies. For Rastriya Chemicals and Fertilizers Ltd the 

Prediction error is 15 percentage and for National Fertilizers the average error is 10.09 

percentage 
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