Seasonal Decomposition using Moving Averages (Ratio to Moving Average Method)
An alternative to Winters’ method consists of first obtaining de-seasonalized or seasonally adjusted data. Time series consisting of weekly, monthly, or quarterly observations often exhibit seasonality. In multiplicative decomposition model, ratio to moving average is a popular method for measuring seasonal variation. In this method, the trend is estimated using a centered moving average. 
	Year-q
	t
	Yt
	MA(4)
	CMA
	S,I=Y/CMA
	S
	DSY=Y/S
	T
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	 = S*T



	et
	PE

	2010-q1
	1
	48.0
	
	
	
	0.932
	51.491
	52.467
	48.910
	-0.910
	-1.896

	q2
	2
	41.0
	
	
	
	0.838
	48.940
	53.939
	45.188
	-4.188
	-10.214

	q3
	3
	60.0
	53.500
	54.750
	1.096
	1.093
	54.877
	55.410
	60.583
	-0.583
	-0.971

	q4
	4
	65.0
	56.000
	57.375
	1.133
	1.143
	56.853
	56.882
	65.033
	-0.033
	-0.051

	2011-q1
	5
	58.0
	58.750
	59.750
	0.971
	0.932
	62.218
	58.353
	54.397
	3.603
	6.213

	q2
	6
	52.0
	60.750
	61.875
	0.840
	0.838
	62.070
	59.824
	50.118
	1.882
	3.618

	q3
	7
	68.0
	63.000
	63.250
	1.075
	1.093
	62.194
	61.296
	67.018
	0.982
	1.445

	q4
	8
	74.0
	63.500
	64.000
	1.156
	1.143
	64.725
	62.767
	71.762
	2.238
	3.024

	2012-q1
	9
	60.0
	64.500
	65.375
	0.918
	0.932
	64.364
	64.239
	59.883
	0.117
	0.195

	q2
	10
	56.0
	66.250
	66.750
	0.839
	0.838
	66.845
	65.710
	55.049
	0.951
	1.698

	q3
	11
	75.0
	67.250
	67.625
	1.109
	1.093
	68.597
	67.181
	73.453
	1.547
	2.063

	q4
	12
	78.0
	68.000
	68.375
	1.141
	1.143
	68.223
	68.653
	78.491
	-0.491
	-0.630

	2013-q1
	13
	63.0
	68.750
	69.375
	0.908
	0.932
	67.582
	70.124
	65.370
	-2.370
	-3.762

	q2
	14
	59.0
	70.000
	70.750
	0.834
	0.838
	70.426
	71.596
	59.980
	-0.980
	-1.661

	q3
	15
	80.0
	71.500
	
	
	1.093
	73.170
	73.067
	79.888
	0.112
	0.140

	q4
	16
	84.0
	
	
	
	1.143
	73.471
	74.538
	85.220
	-1.220
	-1.452

	2014-q1
	17
	
	
	
	
	0.932
	
	76.010
	70.856
	52.834
	-0.140

	q2
	18
	
	
	
	
	0.838
	
	77.481
	64.910
	Sumsq
	MPE

	q3
	19
	
	
	
	
	1.093
	
	78.952
	86.323
	3.302
	

	q4
	20
	
	
	
	Y/CMA
	1.143
	
	80.424
	91.949
	MSE
	

	
	
	
	
	
	
	
	
	
	
	RMSE
	

	
	
	
	
	
	
	
	
	
	
	1.8172
	


The above table shows the four years quarterly data of sales (Yt) ($millions) from 2010 to 2013. Our goal is to predict sales for four quarters of 2014 accounting for the trend and seasonality factors. The plot of the data below clearly shown a quarterly seasonal pattern with a peak in the fourth quarter every year. Moreover, there is also a clear upward trend from year to year.


We converted the first column with year and quarters to a coded time t = 1,2…16…20 in the second column. The data is available only up to t = 16. The rest four quarters are future periods for which we want to predict/forecast the Y-values or t for the four quarters of 2014 (or t = 17 to 20).
The first step is to calculate the moving average (with 4 periods of seasonal interval) denoted as MA(4) in the fourth column. We put the first value in the third period although the position should be 2.5 or between second and third period. This is because we have the seasonal lag of 4, an even number. Since there is no position in the spreadsheet for 2.5 row, we put it in the third row. We will correct this issue in the next step when we calculate Centered moving Average CMA in the fifth column. For monthly data with lag of 12 we have similar issue because the MA(12) for the first 12 months belongs to the 6.5 potion but will be put in the 7th month and corrected by calculating CMA. This issue does not arise if we have odd numbered seasonal lag such as 3, 55, 7, 9, etc. 
The formula we applied to get the first entry for MA(4) is =AVERAGE(C2:C5) which averaged the first four values of Yt. We copied this formula down (by dragging the corner) all the way up to t = 15 (we do not have four values to average after that). The formula for the last entry in column MA(4) becomes =AVERAGE(C14:C17) giving the value 7.15.
The next step is to calculate CMA. This is done simply by taking the average of two MA values. The first CMA entry is obtained by averaging 5.35 and 5.60 (MA(4) entry for t = 3 and 4) and reporting it in t = 3. The formula applied is =AVERAGE(D4:D5). We copy it down to t = 14, because there are not two values of MA available after that. The CMA is like smoothed data which has ironed out the fluctuations and mainly includes the Trend, as shown below.


Since the CMA reflects mainly the trend, we can use it to extract the Seasonal and Irregular component from the actual data by diving the Yt by CMA because Yt = T*S*I in the multiplicative model (ignoring the cyclical component for data with only few years as the present data). So, we call Yt/CMA as S,I and report it in the sixth column. The formula for the first entry is =C4/E4 which is copied down from t = 3 to t = 14. The first entry of S,I is for q3 of the first year. It shows that q3 value is about 10% higher than the first-year average. Similarly, the second entry shows that the fourth quarter value is about 13% higher than the first-year average. But these percentages change from year to year due to “Irregularities”. To remove the annual irregularities, we take the average by quarter for the various years (the textbook suggests using Median instead of Mean, but we follow the more popular method). There are three values for q1 in column S,I: 0.97, 0.92 and 0.97. The average rounded to decimal is 0.93 reported in the seventh column S, which has purged the irregularities from S,I. You can use the excel function for average such as =AVERAGE(F6,F10,F14) for quarter 1 and =AVERAGE(F7,F11,F15) for quarter 2, =AVERAGE(F4,F8,F12) for quarter 3, and =AVERAGE(F5,F9,F13) for quarter 4. But the problem is that it is very likely to mess up in selecting the appropriate cells by quarters. In case of monthly data, it will be even more difficult to keep track. You can use the “If” function of Excel if you know how. Otherwise, you can first create another table to facilitate this process. It does not matter whether you show the quarters in columns or rows. The values in the following table come from column S,I.
	Seasonal Index
	
	
	
	

	
	
	
	
	

	Year\Quarter
	Q1
	Q2
	Q3
	Q4

	2010.0000
	 
	 
	1.0960
	1.1330

	2011.0000
	0.9710
	0.8400
	1.0750
	1.1560

	2012.0000
	0.9180
	0.8390
	1.1090
	1.1410

	2013.0000
	0.9080
	0.8340
	 
	 

	Average
	0.9320
	0.8380
	1.0930
	1.1430


Now we can type these four average numbers in column S (seasonal indexes) for the four quarters (same value for a quarter each year) from t= 1 to t = 20 (we extend for four quarters beyond the sample period for prediction/forecasting). For example, the value 0.932 is reported for the first quarter repeatedly for the five years.
Next, we create the “de-seasonalized” or seasonally adjusted  data denoted here as DSYt = Yt/S for t =1 to 16 in column 8. The following plot shows that it follows the linear trendline very closely. It is largely devoid of seasonal fluctuations. It has one advantage over the CMA that it covers all the sample period while CMA is missing for two observations in the beginning and two at the end. Besides, the Seasonal Indexes calculated in the process of deriving DSY will be useful for future forecasting periods.

The next step is to use the de-seasonalized data to estimate the trend line. We will use the Regression function of Excel. Click on data, then Data Analysis, and select regression from the menu. In the dialogue box select the column for DSY for the dependent (Y) variable and the column for t as the explanatory (X) variable. Check, labels and as many other options as you want. The resulting computer output is given below.


	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.959579
	
	
	
	
	

	R Square
	0.920791
	
	
	
	
	

	Adjusted R Square
	0.915133
	
	
	
	
	

	Standard Error
	2.126712
	
	
	
	
	

	Observations
	16
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	736.0933
	736.093258
	162.7478588
	4.248E-09
	

	Residual
	14
	63.32068
	4.522905945
	
	
	

	Total
	15
	799.4139
	 
	 
	 
	

	
	
	
	
	
	
	

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

	Intercept
	50.9961
	1.115257
	45.72585628
	1.20987E-16
	48.604112
	53.38809

	t
	1.471387
	0.115337
	12.7572669
	4.24772E-09
	1.2240135
	1.718761



The summary output shows a very successful regression with R-square 0.9208 implying that the linear model captures over 92% of variations in DSY across time (also confirmed by the high F-value and high t-values of the coefficients. The numbers of particular interest to us are the value of Intercept = 5.0996 and slope with respect to  t = 0.1471. We will use these numbers to derive the Trend values for Y from t = 1 to t = 20 reported in column T. The first entry was obtained by using the Excel formula =$Q$31+$Q$32*B2 which means Intercept plus slope times the t-value (=1). The intercept and slope coefficients were reported in the Q column at rows 31 and 32.We put $ signs in the cell reference for intercept and slope to lock the cells when we copy the formula for changing value of t. Copying this formula down the T column gives all the 20 values for T. 
	
	
	
	
	
	

	
	
	
	
	
	
	


The residuals and their plot show very low errors in the regression estimation and errors following a nonsystematic or random feature around zero.
	RESIDUAL OUTPUT
	

	
	
	

	Observation
	Predicted DSY=Y/S
	Residuals

	1
	52.46749
	-0.97642

	2
	53.93888
	-4.9988

	3
	55.41026
	-0.53299

	4
	56.88165
	-0.02894

	5
	58.35304
	3.865339

	6
	59.82442
	2.245918

	7
	61.29581
	0.898429

	8
	62.7672
	1.95743

	9
	64.23859
	0.125252

	10
	65.70997
	1.135011

	11
	67.18136
	1.415228

	12
	68.65275
	-0.42949

	13
	70.12413
	-2.5421

	14
	71.59552
	-1.16956

	15
	73.06691
	0.102785

	16
	74.5383
	-1.0671




Finally, we derive the Predicted/forecasted values of Y for all 20 periods returning the seasonality into the forecasted by multiplying the trend values with seasonal corresponding quarter seasonal indexes =S*T. The forecasted values for the four quarters of 2014 are the results for which we performed all the above exercises. Let us see how our forecast incorporation trend and seasonality looks compared to the actual data. The plot shows a very good fit and the future quarter forecasts exhibit a trend and seasonality similar to the actual data.







Example 2: Seasonal decomposition (using monthly data): solved Example: Forecast for 6 Months of 2006 using Ratio to Moving Average 
	Year-mo
	t
	Sales-Y
	MA(12)
	CMA
	S,I=Y/CMA

	S
	DSY=Y/S
	T
	
	=S*T




	2004Jan
	1
	180
	
	
	
	1.30
	138.33
	123.56
	160.78

	2004Feb
	2
	170
	
	
	
	1.24
	137.38
	125.99
	155.91

	2004Mar
	3
	150
	
	
	
	1.13
	132.55
	128.42
	145.32

	2004Apr
	4
	140
	
	
	
	1.05
	132.97
	130.84
	137.76

	2004May
	5
	130
	
	
	
	0.95
	136.73
	133.27
	126.71

	2004Jun
	6
	115
	
	
	
	0.88
	130.79
	135.69
	119.31

	2004Jul
	7
	105
	138.33
	139.17
	0.75
	0.76
	137.37
	138.12
	105.57

	2004Aug
	8
	100
	140.00
	140.83
	0.71
	0.72
	138.61
	140.55
	101.40

	2004Sep
	9
	120
	141.67
	142.71
	0.84
	0.84
	142.60
	142.97
	120.31

	2004Oct
	10
	130
	143.75
	144.58
	0.90
	0.92
	140.93
	145.40
	134.13

	2004Nov
	11
	150
	145.42
	146.25
	1.03
	1.02
	146.87
	147.82
	150.97

	2004Dec
	12
	170
	147.08
	148.13
	1.15
	1.12
	152.06
	150.25
	167.98

	2005Jan
	13
	200
	149.17
	150.00
	1.33
	1.30
	153.70
	152.68
	198.66

	2005Feb
	14
	190
	150.83
	151.67
	1.25
	1.24
	153.54
	155.10
	191.94

	2005Mar
	15
	175
	152.50
	153.33
	1.14
	1.13
	154.64
	157.53
	178.27

	2005Apr
	16
	160
	154.17
	155.42
	1.03
	1.05
	151.97
	159.95
	168.41

	2005May
	17
	150
	156.67
	157.71
	0.95
	0.95
	157.76
	162.38
	154.39

	2005Jun
	18
	140
	158.75
	159.58
	0.88
	0.88
	159.23
	164.80
	144.90

	2005Jul
	19
	125
	160.42
	161.46
	0.77
	0.76
	163.54
	167.23
	127.82

	2005Aug
	20
	120
	162.50
	163.75
	0.73
	0.72
	166.33
	169.66
	122.40

	2005Sep
	21
	140
	165.00
	166.25
	0.84
	0.84
	166.37
	172.08
	144.81

	2005Oct
	22
	160
	167.50
	169.17
	0.95
	0.92
	173.45
	174.51
	160.98

	2005Nov
	23
	175
	170.83
	172.08
	1.02
	1.02
	171.35
	176.93
	180.70

	2005Dec
	24
	190
	173.33
	174.58
	1.09
	1.12
	169.95
	179.36
	200.52

	2006Jan
	25
	225
	175.83
	177.29
	1.27
	1.30
	172.92
	181.79
	236.54

	2006Feb
	26
	220
	178.75
	180.00
	1.22
	1.24
	177.78
	184.21
	227.96

	2006Mar
	27
	205
	181.25
	182.71
	1.12
	1.13
	181.15
	186.64
	211.21

	2006Apr
	28
	200
	184.17
	185.83
	1.08
	1.05
	189.96
	189.06
	199.06

	2006May
	29
	180
	187.50
	189.38
	0.95
	0.95
	189.31
	191.49
	182.07

	2006Jun
	30
	170
	191.25
	192.92
	0.88
	0.88
	193.35
	193.92
	170.50

	2006Jul
	31
	160
	194.58
	
	
	0.76
	209.33
	196.34
	150.07

	2006Aug
	32
	150
	
	
	
	0.72
	207.92
	198.77
	143.40

	2006Sep
	33
	175
	
	
	
	0.84
	207.96
	201.19
	169.30

	2006Oct
	34
	200
	
	
	
	0.92
	216.81
	203.62
	187.83

	2006Nov
	35
	220
	
	
	
	1.02
	215.41
	206.05
	210.43

	2006Dec
	36
	230
	
	
	
	1.12
	205.73
	208.47
	233.07

	2007Jan
	37
	
	
	
	
	1.30
	
	210.90
	274.42

	2007Feb
	38
	
	
	
	
	1.24
	
	213.32
	263.98

	2007Mar
	39
	
	
	
	
	1.13
	
	215.75
	244.15

	2007Apr
	40
	
	
	
	
	1.05
	
	218.18
	229.71

	2007May
	41
	
	
	
	
	0.95
	
	220.60
	209.75

	2007Jun
	42
	
	
	
	
	0.88
	
	223.03
	196.10







	SUMMARY OUTPUT
	
	
	
	
	

	
	
	
	
	
	
	

	Regression Statistics
	
	
	
	
	

	Multiple R
	0.969
	
	
	
	
	

	R Square
	0.940
	
	
	
	
	

	Adjusted R Square
	0.938
	
	
	
	
	

	Standard Error
	6.561
	
	
	
	
	

	Observations
	36
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	 
	df
	SS
	MS
	F
	Significance F
	

	Regression
	1
	22864.03307
	22864.03
	531.1104
	2.48078E-22
	

	Residual
	34
	1463.682875
	43.0495
	
	
	

	Total
	35
	24327.71594
	 
	 
	 
	

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

	Intercept
	121.1378
	2.2334
	54.2381
	0.0000
	116.5989
	125.6767

	t
	2.4259
	0.1053
	23.0458
	0.0000
	2.2120
	2.6399





	RESIDUAL OUTPUT
	

	
	
	

	Observation
	Predicted DSY=Y/S
	Residuals

	1
	123.564
	14.769

	2
	125.990
	11.386

	3
	128.416
	4.134

	4
	130.842
	2.129

	5
	133.267
	3.458

	6
	135.693
	-4.900

	7
	138.119
	-0.746

	8
	140.545
	-1.934

	9
	142.971
	-0.367

	10
	145.397
	-4.472

	11
	147.823
	-0.951

	12
	150.249
	1.809

	13
	152.675
	1.028

	14
	155.101
	-1.564

	15
	157.527
	-2.886

	16
	159.953
	-7.986

	17
	162.379
	-4.618

	18
	164.805
	-5.578

	19
	167.231
	-3.691

	20
	169.657
	-3.323

	21
	172.083
	-5.711

	22
	174.509
	-1.062

	23
	176.934
	-5.583

	24
	179.360
	-9.413

	25
	181.786
	-8.871

	26
	184.212
	-6.432

	27
	186.638
	-5.488

	28
	189.064
	0.894

	29
	191.490
	-2.178

	30
	193.916
	-0.569

	31
	196.342
	12.988

	32
	198.768
	9.149

	33
	201.194
	6.770

	34
	203.620
	13.188

	35
	206.046
	9.367

	36
	208.472
	-2.746





Y vs DSY

Yt	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	48	41	60	65	58	52	68	74	60	56	75	78	63	59	80	84	DSY=Y/S	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	51.491069966198786	48.940077043632357	54.877270351727397	56.852713745967328	62.218376209156865	62.070341616314209	62.194239731957722	64.724627956947415	64.363837457748488	66.844983279107609	68.596587939659244	68.223256495160797	67.582029330635905	70.425964526202662	73.1696938023032	73.471199302480855	



Regression residuals

Residuals	-0.97641814148803263	-4.9987982226562195	-0.53299207316294428	-2.8935837524777241E-2	3.8653394670629808	2.2459177156185675	0.8984286726603159	1.9574297390482442	0.12525208124753817	1.1350107440049015	1.4152282459547791	-0.42949035714543982	-2.5421046802721037	-1.1695566433071036	0.10278547419166273	-1.0670961842324402	


Y vs Yhat

Yt	48	41	60	65	58	52	68	74	60	56	75	78	63	59	80	84	 = S*T	48.910217457555099	45.187789221218061	60.582746266073528	65.033082491849285	54.396728703815661	50.118461761752741	67.017704050982886	71.762060512948494	59.883239950076224	55.04913430228742	73.452661835892243	78.491038534047703	65.369751196336779	59.979806842822093	79.887619620801615	85.220016555146913	70.856262442597327	64.910479383356758	86.322577405710959	91.948994576246122	



Y-Yhat= et

et	-0.91021745755509897	-4.1877892212180612	-0.58274626607352786	-3.3082491849285134E-2	3.6032712961843387	1.8815382382472592	0.98229594901711437	2.2379394870515057	0.11676004992377642	0.95086569771257956	1.5473381641077566	-0.49103853404770348	-2.3697511963367788	-0.97980684282209296	0.11238037919838462	-1.2200165551469127	


Monthly sales with seasonal flauctuation & Trend

180	170	150	140	130	115	105	100	120	130	150	170	200	190	175	160	150	140	125	120	140	160	175	190	225	220	205	200	180	170	160	150	175	200	220	230	


Y vs DSY

Sales-Y	180	170	150	140	130	115	105	100	120	130	150	170	200	190	175	160	150	140	125	120	140	160	175	190	225	220	205	200	180	170	160	150	175	200	220	230	DSY=Y/S	138.3323299217339	137.37543167242228	132.54916134119696	132.97090527085044	136.72567954220315	130.79372867441444	137.37300985595147	138.61131980966692	142.60409057706354	140.92536164973839	146.87234042553192	152.05827778778601	153.70258880192654	153.53724716329552	154.64068823139644	151.96674888097195	157.76039947177287	159.22714795146103	163.53929744756127	166.3335837716003	166.37143900657412	173.44659895352416	171.35106382978725	169.94748693929023	172.91541240216736	177.77997039960533	181.15052049963583	189.95843610121491	189.31247936612743	193.34725108391697	209.33030073287841	207.91697971450037	207.96429875821767	216.80824869190522	215.41276595744682	205.72590524229872	



Ratio to MA Prediction of Monthly Sales

Sales-Y	180	170	150	140	130	115	105	100	120	130	150	170	200	190	175	160	150	140	125	120	140	160	175	190	225	220	205	200	180	170	160	150	175	200	220	230	 = S*T	160.78285160409141	155.91026573396175	145.32222331016789	137.75806919575925	126.71191452389725	119.30804481257871	105.57047554522595	101.39526567649685	120.30897023828869	134.12516025883184	150.97105742474702	167.97734741788761	198.66293858480711	191.9351011632863	178.26623088101343	168.40828696169146	154.3912344885689	144.90410211511306	127.82150146013281	122.39740114773022	144.80588646033127	160.9796156040797	180.70232310814265	200.52360132810358	236.54302556552284	227.95993659261086	211.21023845185894	199.0585047276237	182.07055445324053	170.50015941764738	150.07252737503967	143.39953661896359	169.30280268237385	187.83407094932753	210.43358879153831	233.06985523831955	274.42311254623849	263.98477202193544	244.15424602270451	229.70872249355591	209.7498744179122	196.09621672018176	



t  Residual Plot
1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	14.768627289209718	11.385784276157196	4.1335691811909783	2.1293683471035649	3.4581978547153653	-4.8996977768142358	-0.74636135901812395	-1.933996169043553	-0.36717016538781877	-4.4718438564538872	-0.95080984440124894	1.8091827541119301	1.0275490045115703	-1.5637373978603648	-2.8862410935003311	-7.9861252076657081	-4.618419380605701	-5.5776156646584525	-3.6914109322991067	-3.3230693720009583	-5.711158900768055	-1.0619437175589042	-5.5834236050366997	-9.4129452592746361	-8.8709645601384182	-6.432351326441335	-5.4877459901517227	0.89422484768644495	-2.1776766511419225	-0.56884969709327038	12.988255188127255	9.1489894060082975	6.7703636859847052	13.188368855931373	9.3669413577320597	-2.7458641211569557	t
Residuals

Yt	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	48	41	60	65	58	52	68	74	60	56	75	78	63	59	80	84	


CMA vs Yt

Yt	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	48	41	60	65	58	52	68	74	60	56	75	78	63	59	80	84	CMA	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	54.75	57.375	59.75	61.875	63.25	64	65.375	66.75	67.625	68.375	69.375	70.75	
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