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Supplementary information

Manual calculation: 

Part 1. Steps in the multiplicative decomposition method: moving average, centred moving average, 

                                                                                                     seasonal indices,

To illustrate the techniques used in the multiplicative decomposition method, we will use the quarterly malaria cases in a township of Myanmar for the year 1984-1992.

	Column 1
	Column 2
	Column 3
	Column 4
	Column 5
	Column 6
	Column 7
	Column 8
	Column 9

	Year
	Quarter
	Time 
	Cases
	MA
	CMA
	Sn*e
	Sn
	final Sn

	1984
	1
	1
	10
	
	
	
	
	1.25

	
	2
	2
	7
	
	
	
	
	0.35

	
	3
	3
	17
	17
	16.875
	1.007
	0.72
	0.74

	
	4
	4
	34
	16.75
	16.75
	2.030
	1.59
	1.65

	1985
	1
	5
	9
	16.75
	16.875
	0.533
	1.21
	1.25

	
	2
	6
	7
	17
	17.75
	0.394
	0.34
	0.35

	
	3
	7
	18
	18.5
	20.75
	0.867
	0.64
	0.74

	
	4
	8
	40
	23
	23
	1.739
	1.41
	1.65

	1986
	1
	9
	27
	23
	24.125
	1.119
	1.21
	1.25

	
	2
	10
	7
	25.25
	32.75
	0.214
	0.34
	0.35

	
	3
	11
	27
	40.25
	48.5
	0.557
	0.64
	0.74

	
	4
	12
	100
	56.75
	59.5
	1.681
	1.41
	1.65

	1987
	1
	13
	93
	62.25
	78.75
	1.181
	1.21
	1.25

	
	2
	14
	29
	95.25
	159.5
	0.182
	0.34
	0.35

	
	3
	15
	159
	223.75
	280.625
	0.567
	0.64
	0.74

	
	4
	16
	614
	337.5
	346.625
	1.771
	1.41
	1.65

	1988
	1
	17
	548
	355.75
	338.5
	1.619
	1.21
	1.25

	
	2
	18
	102
	321.25
	274.25
	0.372
	0.34
	0.35

	
	3
	19
	21
	227.25
	169.875
	0.124
	0.64
	0.74

	
	4
	20
	238
	112.5
	136.25
	1.747
	1.41
	1.65

	1989
	1
	21
	89
	160
	213.125
	0.418
	1.21
	1.25

	
	2
	22
	292
	266.25
	322.625
	0.905
	0.34
	0.35

	
	3
	23
	446
	379
	433
	1.030
	0.64
	0.74

	
	4
	24
	689
	487
	469.875
	1.466
	1.41
	1.65

	1990
	1
	25
	521
	452.75
	518
	1.006
	1.21
	1.25

	
	2
	26
	155
	583.25
	679.125
	0.228
	0.34
	0.35

	
	3
	27
	968
	775
	826.875
	1.171
	0.64
	0.74

	
	4
	28
	1456
	878.75
	860.625
	1.692
	1.41
	1.65

	1991
	1
	29
	936
	842.5
	731.875
	1.279
	1.21
	1.25

	
	2
	30
	10
	621.25
	446.125
	0.022
	0.34
	0.35

	
	3
	31
	83
	271
	179.875
	0.461
	0.64
	0.74

	
	4
	32
	55
	88.75
	90.625
	0.607
	1.41
	1.65

	1992
	1
	33
	207
	92.5
	82.125
	2.521
	1.21
	1.25

	
	2
	34
	25
	71.75
	64.875
	0.385
	0.34
	0.35

	
	3
	35
	0
	58
	
	
	0.64
	0.74

	
	4
	36
	0
	
	
	
	1.41
	1.65

	Note:
	MA= moving average
	CMA= centred moving average
	Sn = seasonl estimate
	e = error


Source: hypothetical data

Step 1. Compute the moving average (MA) [Column 5]
The MA for the first 4 periods are computed in the following manner:

First moving average (MA3)= (10+7+17+34)/4 = 17 

(Explanation: MA3… As we keep the value of  the first MA in the third roll)

Second MA (MA4)  = (7+17+34+9)/4 = 16.75

(MA4 : as we keep the value of the second MA in the fourth roll).

┋

 the 33rd MA (MA35)  = (207+25+0+0)/4 = 58.0

(MA35: as we keep the value of the 33rd MA in the 35th roll).

Step 2: Compute centered moving average (CMA) [Column 6]
CMA3 = (MA3 + MA4)/2 

                        = (17+16.75)/2 = 16.875

         CMA4 = (MA4 + MA5)/2

                      = (16.75+16.75)/2 = 16.75

┋

        CMA34 = (MA34 + MA35)/2

                       = (71.75+58.0)/2 = 64.875

Step 3: Computation of seasonal variation (Sn) & error (Є) [Column 7]
            Recall the mulitiplicative model,

                            Yt = Trt * Snt * Clt *  Єt
       ∴    Snt *Єt  = Yt * (Trt * Clt )

       ∴    Snt * Єt  = (Trt * Snt * Clt *  Єt ) ÷ (Trt * Clt )

                   CMAt = (Trt * Clt )
      ∴    Snt * Єt  = (Trt * Snt * Clt *Єt ) ÷ (CMAt)
In our example, column  4  ÷ column 6

             Sn3 *Є3   = 17/16.875 = 1.007

            Sn4  *Є4    = 34/16.75   = 2.03

                      ┋
Sn33 * Є33 = 207/82.125 = 2.521

Sn34 * Є34 = 25/64.875 = 0.385

Step 4: Find seasonal estimate (That is, seasonal indices)

 4.1 Sum the seasonal variation according to the respective quarter. 

       Then find average seasonal estimates. [Column 8]
For quarter 1: (0.533 + 1.119 +1.181 +1.619 +0.418 +1.006 +1.279 +2.521)/8 = 1.21

For quarter 2: (0.394 + 0.214 +0.182 +0.372 +0.905 +0.228 +0.022 +0.385)/8 = 0.34

For quarter 3: (1.007 + 0.086 +0.557 +0.567 +0.124 +1.03 +1.171 +0.461)/8 = 0.72

For quarter 4: (2.03 + 1.739 +1.681 +1.771 + 1.747+ 1.466 +1.692 + 0.607)/8 = 1.59 


 4.2 Compute the normalization factor 

       L = number of seasons in the year = 4

         Normalization factor = L/(sum of average seasonal estimates)                                                                                              

        = 4/(1.21+0.34+0.72+1.59)


                       = 1.036

4.3 Make final seasonal indices [Column 9]
For quarter 1: 1.21 *1.036 = 1.25

For quarter 2: 0.34*1.036 = 0.35

For quarter 3: 0.72*1.036 = 0.74

For quarter 4: 1.59 * 1.036 = 1.65

Answer: Seasonal indices 

	                     By manual calculation
	 By computer software

	                   Quarter 1 (Sn1) = 1.25

                   Quarter 2 (Sn2) = 0.35

      Quarter 3 (Sn3) = 0.72

                   Quarter 4 (Sn4) = 1.65


	 Quarter 1 (Sn1) = 1.18

 Quarter 2 (Sn2) = 0.31

 Quarter 3 (Sn3) = 0.73

 Quarter 4 (Sn4) = 1.7


 Note:  A small difference has arisen from the rounding off of figures in the manual calculation.

Part 2. Steps in the estimation of the regression equation  




             Let’s recall the short cut regression formula

Slope,  b = r (Sy/Sx)

Intercept, a = Ÿ - b (
               When, r = correlation coefficient 

Sy = standard deviation of X variable

Sx = standard deviation of X variable

[For estimation of r, Sy and  Sx  we can use a calculator.] 

( = the sample mean of x variable 

Ÿ = the sample mean of Y variable

b = r (Sy/Sx)

 r = 0.339 

 Sy =340.1;  Sx     = 10.5   

 Slope, b = 0.339 * (340.1/10.5)

             b = 10.93 

Intercept, a = Ÿ - b (
                                             = 223.31 – (10.93*18.5) 
                                                  = 223.31 –202.2

                                             = 21.1

 The linear regression equation for model trend in our example is

                           Trt = 21.1+ 10.93 (t)
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