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ABSTRACT

Marathawada has problems with rain all the time. Crop failures are very frequent. This poses serious problems to the farmers because they borrow money at a high interest rate from the banks or from private money lenders. Due to the uncertainty of the rainfall, they have difficulty in planning for the planting of crops.
To reduce the uncertainty- this research has been taken up where several methods are used to predict the rainfall. These methods are (a) the Fast Fourier Transform (FFT) method, (b) the Artificial Neural Network (ANN) method, (c) the Time Series method, and (d) the Root Mean Square (RMS) method.  The predicted value is equal to the average of these four methods. The advantage of using these four methods is that the calculations can be done about seven months in advance to give sufficient time to the farmers for planning.
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Introduction 

The deficient rain in this region can be seen in [1-7]. It must be emphasized that the shortage of water or the lack of rainfall causes the administration to transport water by rail and truck [8-13]. 
The location of Marattawada is shown in Fig. 1. The monsoon arrives in this area from the southwest direction and there are mountain ranges in its path before it reaches Marathawada. This area is in the shadow of the mountain range. Shortage of water in this area can also be seen in [14-17]]. One also has to remember a fact that sugar cane is planted here which requires large amount of water. This place is not suited for sugar cane crops due to this heavy amount of water requirement. Planting of sugar cane crop results in crop failures for many other farmers and many of them commit suicide when their crop fails.
	India is facing mass migration from the rural areas to the suburbs where the land prices are shooting high [18-20]. Therefore, there is a demand for housing as a result -there is large construction of apartment buildings. Many times, these buildings have been built on lakes and ponds which used to store water.  The larger population in the cities increases the demand for water and this results in lowering of the water table. This lowering of the water table also causes hardship to the farmers who many times irrigate their fields with pumps. Water from canals and underground water account for irrigation of about 35 percent of the crop planted area.  The balance of the area is dependent entirely on rainwater. 
In India, the availability of water comes from mainly the monsoon rain and the amount is roughly from 75 to 90 percent. The remaining water comes from rivers or that stored in lakes and ponds. 
The financial condition of the farmer becomes precarious because they have to buy seeds and other supplies in cash or credit. The borrowing cost from the moneylenders is high including those from the banks. The crop failure causes this desperation and suicide among the farmers.
	In India, it is quite common for the government to impose export restrictions when the domestic price of their produce becomes high. Such restrictions are not there on industrial goods. This happens in a very abrupt manner. In this way the farmers are prevented from reaping benefits of higher prices. 
As stated before, there are four sources of water for any useer. These sources are- (a) stored water in ponds, and lakes, (b) those in flowing rivers (c) in form of snow or ice on the Himalayas, and (d) as ground water. In case of deficient rainfall, the only option for most farmers is to get to the underground water whose level is getting lower and lower. 
The others who need water are people living in the cities or villages, hydropower generators, many industries [21-33].

Method
In this present research the data used is for last 32 years. In the ANN method one needs data going back to 1876. This length of data is needed for training the network involved in this method.
This study where the prediction is made about seven months ahead of time is also useful in flood control because when the heavy rain takes place - all the rivers and their tributaries in a particular river basin get flooded. Consequently, the dams start overflowing. This compels the management to open up the gates of the barrages thereby flooding the areas downstream.
Many other researchers have been publishing their work which can be seen in [34-39]. 
2	RESULTS AND DISCUSSIONS 
     	Fig. 2 shows the plots of calculations required in various methods which are:(1) the Time Series method, (2) the Fast Fourier Transform method (FFT), (3) the Artificial Neural Network method (ANN), and Root Mean Square (RMS) method. 
In the RMS method, one has to calculate the mean of the square root value based on linear regression analysis. 
The details of various steps involved in the calculations are shown in Fig. 8.
	In the Time Series method, each of the months starting from June to September is considered as separate season [40]. Then based on the 32-year-old data - an overall trend for all these seasons is calculated. Based on this trend, they predicted value for this method for the year 2024 is computed.
	In the Fast Fourier method, Fourier coefficients are calculated and then used for calculations for the time span of 32 years. The coefficients are determined using a faster algorithm. Once the coefficients are known then the function is synthesized and extended to the year 2024.One can read the details about this in [41]. 
	In the ANN method, 32-year data from the year 1876 is used as  
the input vector and the rain amount in the thirtythird year is used as the output vector - to train the network. After this, the result of next 32 year is obtained by incrementing the record of 1876 by the next record which will be year 1877. Consequently, the output vector becomes the 34th year from the year 1876. In this way, the final output vector will be the year 2023. After training the network this way, the prediction is made using the trained weights for the year 2024. The details about this method can be seen in [42].	 The equation relating the input vector {I} and the output vector {0} is given by 
	{o} = [W] {I)							(1)


Where [W] is the wight matrix of the size m xn. The input vector and the output vectors are of sizes n x1 and m x 1 respectively.
The results in Figs. 2 to 6 show separately the results of each of the months and the total values. The total values are shown in Fig. 6. Figure 7 shows the frequencies of the rainfall during the 32 years. 
In Fig. 2, these Time Series values, and the RMS values exhibit straight line relationships due to linear regression analysis and both of these methods show increasing trend. The actual rainfall values fluctuate at the high rate. 
Fig. 3 shows that the RMS method has decreasing trend whereas the Time Series method has increasing trend. The actual rainfall values undergo rapid changes. The FFT method results also vary similar to the actual rainfall values but the fluctuations or the magnitude of fluctuation is not as much as that of the actual values. 
	In Fig. 4 the RMS method shows decreasing trend whereas the Time Series method shows increasing trend. 
In Fig. 5 one finds that both the Time Series method and the RMS method show increasing trend where the actual rainfall values have very high variations from year to year.
	In Fig. 6, the time series method has veryhigh positive slope whereas the RMS method has a low value of its slope. The actual rainfall values also change very rapidly as before in Fig 6. 
The summary of results is shown in the Table 1. This table shows that the predicted rainfall value for the year 2024 is less than the 32-year average.
	Fig. 7 shows the frequency diagram of the rainfall for the last 32 years. One thing to note in this figure is that the frequency numbers 4, 8, and 11 have low magnitudes respectively. The high magnitudes of  higher frequencies indicates that there is very rapid change in the actual total rainfall value.
	Fig. 8 shows the details of the computations. Here, each block has been numbered to make the sequence of computations clearer. 
	
3.  CONCLUSIONS
Based on this work one can conclude the following:
1. 	The results in the Table 1 show that the rainfall average of past 32 years is slightly higher than those predicted for 2024. 
2.	The Fig 7 shows that the rapid change in the rain amount is due to the high magnitudes of many of higher frequencies.
3	Since this area is always short of rainfall, therefore, it is not suitable for planting of sugar cane due to high water requirements. This prevents other needy farmers from the water availability, and which results in many of the farmers suicides.
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TABLE 1:  RAIN FORECAST IN CENTIMETERS FOR MARATHAWADA DURING 2024 MONSOON MONTHS  

	METHOD
	YEAR
	JUNE
	JULY
	AUGUST
	SEPTEMBER
	TOTAL
	COMMENTS

	TIME SERIES
	2024
	20.1
	29.5
	24.7
	15.8
	90.1
	

	FFT
	2024
	15.6
	18.0
	20.4
	15.2
	69.2
	

	ANN
	2024
	16.5
	7.1
	25.3
	19.4
	68.3
	

	RMS
	2024
	19.7
	31.2
	21.3
	22.9
	95.2
	

	PREDICTED VALUE
	2024
	18.0
	21.5
	22.9
	18.3
	80.7
	RAIN BELOW 32-YEAR AVERAGE

	32-YEAR AVERAGE
	
	18.4
	30.2
	25.4
	17.4
	91.3
	





	METHOD
	YEAR
	JUNE
	JULY
	AUGUST
	SEPTEMBER
	TOTAL
	COMMENTS

	ANN
	2023
	21.1
	31.1
	23.8
	24.5
	100.5
	Predicted amount slightly less than 32-year average

	RMS
	2023
	18.1
	30.7
	28.6
	19.8
	97.6
	

	PREDICTED AVERAGE
	2023
	17.4
	31.2
	26.2
	14.4
	89.1
	

	32 YEAR AVERAGE
	
	19.4
	29.7
	27.4
	17.0
	93.5
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FIG 2 RAIN AMOUNT (cms) IN THE MONTH OF JUNE 2024
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FIG 3 RAIN AMOUNT FOR JULY FOR MARATHAWADA 2024
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1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	2024	32.930007799999998	21.53000012	29.5699942	46.909990000000001	30.6200048	23.459998800000001	21.95999926	22.979999759999998	22.78000016	38.719988600000001	22.280001160000001	8.7000003800000005	35.770007200000002	23.66000094	36.440008400000004	38.659993800000002	33.770011199999999	28.350006799999999	30.609997199999999	43.539994200000002	25.689991800000001	36.819992399999997	58.325715199999998	31.000776200000001	58.330007799999997	13.8700002	21.448360000000001	13	25	24.3	35.159999999999997	29.1	YEAR
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FIG 4 RAIN AMOUNT IN AUGUST 2024

RMS	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	30.28	30.28	30.28	29.982010000000002	29.68402	29.386030000000002	29.088039999999999	28.790050000000001	28.492060000000002	28.19407	27.896080000000001	27.598090000000003	27.3001	27.002110000000002	26.704120000000003	26.406130000000001	26.108140000000002	25.81015	25.512160000000002	25.214170000000003	24.916180000000001	24.618190000000002	24.3202	24.022210000000001	23.724220000000003	23.426230000000004	23.128240000000002	22.830249999999999	22.532260000000001	22.234270000000002	21.936280000000004	21.638290000000001	21.340300000000003	TIME SERIES	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	9.8914000000000009	10.3531	10.8148	11.2765	11.738200000000001	12.1999	12.6616	13.1233	13.585100000000001	14.046799999999999	14.5085	14.9702	15.431900000000001	15.893599999999999	16.3553	16.817	17.278700000000001	17.740400000000001	18.202100000000002	18.663799999999998	19.125499999999999	19.587199999999999	20.0489	20.5107	20.9724	21.434100000000001	21.895800000000001	22.357500000000002	22.819199999999999	23.280899999999999	23.742599999999999	24.2043	24.666	FFT	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	18.965499999999999	16.637699999999999	18.017499999999998	15.0839	15.936999999999999	22.087399999999999	18.2684	11.7372	10.691000000000001	15.238799999999999	14.879099999999999	18.5627	21.171600000000002	17.444600000000001	19.3002	17.828600000000002	14.963200000000001	19.345099999999999	21.216200000000001	20.108599999999999	18.432200000000002	14.362500000000001	18.785499999999999	19.537199999999999	16.032699999999998	16.588899999999999	18.914899999999999	25.540199999999999	21.746400000000001	16.207699999999999	11.4482	12.4594	20.374424340175953	ANN	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	5.3157666666666659	11.242399999999998	20.254299999999997	19.167000000000002	19.167966666666668	13.199966666666667	13.855766666666666	25.702766666666665	20.581433333333333	6.8729666666666667	6.9451000000000001	12.447299999999998	16.629866666666668	19.450066666666668	24.7	18.25	18.831599999999998	20.330466666666666	10.1549	23.828233333333333	22.227133333333331	25.903499999999998	14.1914	15.272933333333333	13.0067	26.198266666666669	9.3416333333333341	21.8	15.6686	16.183533333333333	22.249300000000002	20.392999999999997	25.324866666666669	ACTUAL	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	23.930000400000001	49.119993200000003	20.35999992	33.519998999999999	17.360000840000001	25.719989200000001	23.379998960000002	23.700000859999999	24.659998940000001	20.260000120000001	34.719996600000002	37.380011600000003	28.199994400000001	15.67999912	23.359998999999998	38.510006799999999	15.729999019999999	25.150000500000001	15.549999379999999	34.430004799999999	27.480005999999999	26.929994399999998	34.594292000000003	26.413841000000001	34.589999400000004	28.890010799999999	25.96	15.07	30.3	17.3	8.6999999999999993	4.6999999999999957	YEAR
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FIG 5 RAIN AMOUNT IN SEPTEMBER 2024


RMS	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	12.268180000000001	12.600760000000001	12.933340000000001	13.265920000000001	13.598500000000001	13.931080000000001	14.263660000000002	14.596240000000002	14.928820000000002	15.261400000000002	15.59398	15.92656	16.259140000000002	16.591720000000002	16.924300000000002	17.256880000000002	17.589460000000003	17.922040000000003	18.254620000000003	18.587200000000003	18.919779999999999	19.252359999999999	19.58494	19.91752	20.2501	20.58268	20.91526	21.24784	21.58042	21.913	22.24558	22.57816	22.910740000000001	TIME SERIES	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	6.3745000000000003	6.6685999999999996	6.9627999999999997	7.2568999999999999	7.5510000000000002	7.8451000000000004	8.1392000000000007	8.4332999999999991	8.7274999999999991	9.0215999999999994	9.3156999999999996	9.6097999999999999	9.9039000000000001	10.198	10.492100000000001	10.786300000000001	11.080399999999999	11.374499999999999	11.6686	11.9627	12.2568	12.551	12.8451	13.139200000000001	13.433299999999999	13.727399999999999	14.0215	14.3157	14.6098	14.9039	15.198	15.492100000000001	15.786199999999999	FFT	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	12.4588	18.965499999999999	16.637699999999999	18.017499999999998	15.0839	15.936999999999999	22.087399999999999	18.2684	11.7372	10.691000000000001	15.238799999999999	14.879099999999999	18.5627	21.171600000000002	17.444600000000001	19.3002	17.828600000000002	14.963200000000001	19.345099999999999	21.216200000000001	20.108599999999999	18.432200000000002	14.362500000000001	18.785499999999999	19.537199999999999	16.032699999999998	16.588899999999999	18.914899999999999	25.540199999999999	21.746400000000001	16.207699999999999	11.4482	15.152078005865102	ANN	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	12.1	1.7	10.59	18.11	17.559999999999999	17.559999999999999	13.2	14.51	26.28	19.88	5.12	4.92	12.2	12.95	19.45	24.7	18.25	19.760000000000002	20.329999999999998	9.7100000000000009	24.75	20.87	27.53	14.1914	16.964600000000001	14.19	27.7744	8.49	21.8	14.6	16.183599999999998	21.1	19.399999999999999	ACTUAL	
1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	1.6999991400000001	10.58999914	18.109999340000002	17.56000044	17.56000044	13.199999	14.509998919999999	26.2800084	19.880000880000001	5.1199999199999997	4.9200003199999998	12.200001	12.949999500000001	19.449999200000001	24.699998860000001	18.24999906	19.760001119999998	20.32999998	9.7100009000000007	24.74999876	20.869998899999999	27.5299932	14.191429579999999	16.964614279999999	14.18999956	27.774391999999999	8.49	21.8	14.6	39.1	21.1	19.399999999999999	0	YEAR
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FIG 6 TOTAL RAIN AMOUNT IN CMS IN THE YEAR 2023
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1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	88.842860000000002	89.320120000000003	89.797380000000004	89.976650000000006	90.155919999999995	90.335190000000011	90.51446	90.693729999999988	90.873000000000005	91.052269999999993	91.231539999999995	91.410809999999998	91.59008	91.769350000000003	91.948620000000005	92.127890000000008	92.30716000000001	92.486430000000013	92.665700000000001	92.844969999999989	93.024240000000006	93.203509999999994	93.382779999999997	93.562049999999999	93.741320000000002	93.920590000000004	94.099860000000007	94.279129999999995	94.458400000000012	94.63767	94.816940000000002	94.996209999999991	95.175480000000007	TIME SERIES	
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1992	1993	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	2014	2015	2016	2017	2018	2019	2020	2021	2022	2023	63.145899999999997	69.557699999999983	71.826499999999996	67.306799999999996	64.845499999999987	66.983800000000002	67.331800000000001	55.575699999999998	56.229700000000001	61.980499999999999	66.125200000000007	73.913600000000002	75.007499999999993	72.879600000000011	73.918499999999995	73.308199999999999	72.245499999999993	73.956699999999998	75.032399999999996	78.542500000000004	72.4405	67.612899999999996	69.27409999999999	73.270299999999992	77.698999999999984	73.282899999999984	77.2517	77.649699999999996	75.953699999999998	68.367899999999992	56.752899999999997	60.890799999999999	69.206389200474774	ANN	
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FIG 7 AMPLITUDE (cms) VERSUS FREQUENCY NUMBER

5.4313037564544198	3.5229299640123761	5.2795590389484568	1.3977232681111982	4.4655639413204113	3.193701671502319	3.671065272808939	1.2885905650103748	3.6839267554578572	2.2569268982415651	0.87431418332803357	4.4572297336763409	3.3250656875968896	4.9661753933738764	3.2500559785312668	FREQUENCY NUMBER
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