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I N T R O D U C T I O NIn 2011, I wrote Predictive Analytics: Microsoft Excel. 
The book went into techniques that are heavily used 
in the field of predictive analytics but that we don’t 
necessarily think of as “predictive.”

Those techniques included logistic regression, a 
technique that’s often used in place of least squares 
regression when the outcome variable is measured 
with categories; principal components analysis, 
which groups not records but variables into mutu-
ally independent components of related variables; 
and factor rotation, a technique that helps make 
the interpretation of principal components more 
straightforward.

These topics are important ones in predictive ana-
lytics, and I personally find them intrinsically inter-
esting and fun to write about. But they soft-pedal 
the predictive part. You can use logistic regression 
to predict—on the basis of such variables as state of 
residence, amount loaned, and annual income—who 
is likely to repay a loan and who isn’t. But that’s not 
the main purpose of logistic regression.

You can use principal components and factor analy-
sis to reduce a database that contains hundreds of 
related variables down to a manageable few, with-
out significant loss of information. Doing so often 
makes a forecast feasible, when—using hundreds of 
variables—it would not have been sensible even to 
attempt one.

So these techniques get you ready to make predic-
tions, but none of them actually looks at the history 
of a diagnosis-related component in a given hospi-
tal and tells you how many patients to expect next 
quarter. None looks at a principal component that 
quantifies customers’ interest in particular types of 
products and predicts what they’ll spend on given 
products next year. Any of those techniques might 
help you develop useful information about which 
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sorts of patients are likely to develop symptoms, without giving you a clue about when that 
will happen.

In that earlier book on predictive analytics, I did discuss the use of regression, moving aver-
ages, and smoothing to predict upcoming results. I also discussed the use of Box-Jenkins 
techniques to identify different sorts of time series patterns: autoregressive and moving 
average. But there just wasn’t enough room in the book to cover the handling of time series 
that occur frequently and that are among the most interesting: series that are trending up 
or down, and series that have distinct seasonal components.

So I decided to focus this book on the predictive end of things. That still leaves some 
choices because even from 30,000 feet you can see three distinct approaches to quantitative 
forecasting: least squares regression, smoothing, and autoregressive integrated moving aver-
ages (or ARIMA).

It made sense to me that this book’s topic ought to be the second of those three, smooth-
ing. I didn’t want to spend my time and yours on simple regression, whether multiple or 
not. Projecting an outcome variable forward in time based on its relationship to a predictor 
variable has limited applicability. This is particularly true when you begin to consider all the 
reasons that it can be a bad idea.

Spurious correlation is one such reason. That effect takes place when two variables that are 
not causally related are nevertheless correlated because each rises (or falls) as time passes. 
Suppose the per capita incidence of a disease has risen each year during the past decade and 
the per capita incidence of vaccination has risen similarly. Standard least squares regression 
might convince you that the correlation is too strong to be due to anything other than cau-
sation. Your analysis might argue that the vaccinations are causing the disease that they are 
meant to prevent.

Regression itself isn’t to blame for this kind of misunderstanding, but it is susceptible to the 
confusion of spurious correlation. It seems to me that the opportunities for legitimate and 
informative use of the regression technique, at least for predictive purposes, simply don’t fill 
a book.

That’s not to say that multiple regression doesn’t have a place in predictive analytics. It 
does, particularly when it comes to time series that are both trended and seasonal. I discuss 
the use of multiple regression in support of seasonal smoothing in Chapter 5, “Working 
with Seasonal Time Series.”

ARIMA is another matter. I’ve been using it successfully since the mid-1980s in vari-
ous business situations, from product sales to inventory control, and I intend to continue 
doing so. But it’s not at all transparent, at least when it comes to the more complex models. 
ARIMA analysis can become heavily loop-dependent, and that makes it difficult to visualize 
specifically what’s going on in the black box. The loop dependency also makes it difficult to 
discuss in the context of Excel worksheets.
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Certainly Excel can accommodate iterative analysis by means of Visual Basic for 
Applications (VBA), add-ins coded in C, and similar tools. But it’s difficult to learn anything 
other than coding from looking at code. Excel is a nearly ideal environment for learning 
how numerics that are in place at time 15 affect those in place at time 16. The Excel work-
sheet, properly designed, can illuminate those relationships better than anything except, 
perhaps, for an Excel chart.

Furthermore, there’s some evidence—buttressed by sentiment—that for certain common 
business applications ARIMA is overkill, that it’s unnecessarily complex and burdensome as 
compared to the somewhat simpler smoothing approaches. As I noted earlier, I’m not about 
to give up ARIMA just because some authors think it’s too much of a good thing. I particu-
larly like having a largely objective tool in the form of ARIMA’s correlograms to help me 
select a model. But I’d just as soon wait for the jury to weigh in some more before I take 
the time to write another book about ARIMA analysis, or ask you to read it.

I do ask you to read this one. Smoothing approaches have come under some criticism since 
the mid-1980s. They’ve been called ad hoc, not grounded in careful statistical theory, and 
there’s some truth to that. The mathematical and statistical groundwork that underlies, 
for example, multivariate statistical analysis outweighs the theory behind smoothing many 
times over.

Another drawback is the variety of methods touted by writers and practitioners of predic-
tion via smoothing. For example, smoothing requires that forecasts be initialized. You can 
take many different routes to arrive at those initial values, and your choice can have a sig-
nificant impact on your forecasts—particularly early in the time series. There’s little in the 
way of theory to guide you here, and the result is that many sources use different methods, 
often without explanation, to initialize their forecasts. A stronger theoretical superstructure 
would help steer a path through the rubble.

And yet forecasts from smoothing have turned out to be accurate far more than you might 
expect of a technique that’s so transparent and intuitively appealing. Excel even has a tool 
in its Data Analysis add-in that performs a (very rudimentary) version of simple smoothing. 
So this book pays only brief attention to the basics of smoothing. I assume that you know 
something about what it is, and I review the very basics primarily to make sure that we’re 
using the same vocabulary. (If you don’t yet have simple exponential smoothing in your bag 
of tricks, you might want to check out that Predictive Analytics: Microsoft Excel book I men-
tioned earlier.)

The topics of diagnosing time series (for example, to decide whether a time series is in fact 
trended), dealing with trend, dealing with seasonality, using additive or multiplicative mod-
els, and extending damped trend forecasts constitute most of this book.

You won’t find any VBA here, for good or ill. (One exception: There’s an Excel workbook 
named ACF.xls, which contains code to calculate and chart autocorrelation functions for 
you.) Everything I have to say about the smoothing part of predictive analytics can take 
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place on the worksheet and can be illustrated in Excel charts. You can download all the 
Excel workbooks, and there’s one for each chapter, from the publisher’s website. That’s so 
you don’t have to enter data to explore the examples in this book.

After you’ve downloaded them,  I suggest that you open the workbook for Chapter 1, 
“Smoothing and Its Alternatives,” and then have a look at Chapter 1 itself, which has more 
to say about how regression and smoothing differ and how they help one another out.
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  Using Moving Averages Instead of Simple Averages  
 Suppose that a large city is considering the reallocation of its traffic police to better address 
the incidence of driving while impaired, which the city believes has been increasing. Four 
weeks ago, new legislation went into effect, legalizing the possession and recreational use of 
marijuana. Since then, the daily number of traffic arrests for DWI seems to be trending up. 
Complicating matters is the fact that the number of arrests appears to spike on Fridays and 
Saturdays. To help plan for manpower requirements into the future, you’d like to forecast 
any underlying trend that’s being established. You’d also like to  time the deployment of 
your resources to take account of any weekend-related seasonality that’s taking place.  

  Figure   5.9    has the relevant data you have to work with.   

 Even by just eyeballing the chart in  Figure   5.9   , you can tell that the trend of the number of 
daily arrests is up. You’ll have to plan to expand the number of traffic officers, and hope that 
the trend levels off soon. Further, the data bears out the notion that more arrests occur rou-
tinely on Fridays and Saturdays, so your resource allocation needs to address those spikes.  

 But you need to quantify the underlying trend, to determine how many additional police 
you’ll have to bring on. You also need to quantify the expected size of the weekend spikes, 
to determine how many additional police you need watching for erratic drivers on those 
days.  

 The problem is that as of yet you don’t know how much of the daily increase is due to 
trend and how much is due to that weekend effect. You can start off by detrending the time 
series. Earlier in this chapter, in “Simple Seasonal Averages,” you saw an example of how 
to detrend a time series in order to isolate the seasonal effects using the method of simple 
averages. In this section you’ll see how to do so using moving averages—very likely, the 
moving-averages approach is used more often in predictive analytics than is the simple-
averages approach.  

 Figure 5.9  
 With this data set, each 
day of the week consti-
tutes a season.        
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 There are various reasons for the greater popularity of moving averages, among them, that 
the moving-averages approach does not ask you to collapse your data in the process of 
quantifying a trend. Recall that the earlier example made it necessary to collapse quarterly 
averages to annual averages, calculate an annual trend, and then distribute one-fourth of the 
annual trend across each quarter in the year. That step was needed in order to remove trend 
from the seasonal effects. In contrast, the moving-averages approach enables you to detrend 
the time series without resorting to that sort of machination.  

  Figure   5.10    shows how the moving-averages approach works in the present example.   

  Figure   5.10    adds a moving average column, and a column for  specific seasonals , to the data set 
in  Figure   5.9   . Both additions require some discussion.  

 The spikes in arrests that take place on weekends gives you reason to believe that you’re 
working with seasons that repeat once each week. Therefore, start by getting the average 
for the encompassing period—that is, the first seven seasons, Monday through Sunday. The 
formula for the average in cell D5, the first available moving average, is as follows:  

  =AVERAGE (C2:C8)   

 That formula is copied and pasted down through cell D29, so you have 25 moving aver-
ages based on 25 runs of seven consecutive days. Notice that in order to show both the first 
and the last few observations in the time series, I have hidden rows 10 through 17. You can 
unhide them, if you want, in this chapter’s workbook, available from the publisher’s website. 

 Figure 5.10  
 The moving average in 
the second chart clarifies 
the underlying trend.        
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Make a multiple selection of visible rows 9 and 18, right-click one of their row headers, and 
choose Unhide from the shortcut menu.   

 Because each moving average in  Figure   5.10    encompasses seven days, no moving average 
is paired with the first three or final three actual observations. Copying and pasting the 
formula in cell D5 up one day to cell D4 runs you out of observations—there is no obser-
vation recorded in cell C1. Similarly, there is no moving average recorded below cell D29. 
Copying and pasting the formula in D29 into D30 would require an observation in cell 
C33, and no observation is available for the day that cell would represent.  

 It would be possible, of course, to shorten the length of the moving average to, say, five 
instead of seven. So doing would mean that the moving-average formulas in  Figure   5.10    
could start in cell D4 instead of D5. However, in this sort of analysis, you want the length 
of the moving average to equal the number of seasons: seven days in a week for events 
that recur weekly implies a moving average of length seven, and four quarters in a year for 
events that recur annually implies a moving average of length four.  

 Along similar lines, we generally quantify seasonal effects in such a way that they total to 
zero within the encompassing time period. As you saw in this chapter’s first section, on 
simple averages, this is done by calculating the average of (say) the four quarters in a year, 
and then subtracting the average for the year from each quarterly figure. So doing ensures 
that the total of the seasonal effects is zero. In turn, that’s useful because it puts the seasonal 
effects on a common footing—a summer effect of +11 is as far from the mean as a winter 
effect  of –11. If you want to average five seasons instead of seven to get your moving aver-
age, you’re better off finding a phenomenon that repeats every five seasons instead of every 
seven.    

  Understanding Specific Seasonals  
  Figure   5.10    also shows what are called  specific seasonals  in column E. They are what’s left 
after subtracting the moving average from the actual observation. To get a sense of what the 

   When you hide a worksheet’s rows, as I’ve done in  Figure   5.10   , any charted data in the hidden rows is 

also hidden on the chart. The x-axis labels identify only the data points that appear on the chart.  N
O

T
E

   However, when you take the average of the seasonal effects later in the process, those averages are 

unlikely to sum to zero. It’s necessary at that point to recalibrate, or  normalize , the averages so that 

their sum is zero. When that’s done, the averaged seasonal averages express the effect on a time period 

of belonging to a particular season. Once normalized, the seasonal averages are termed the  seasonal 

indexes  that this chapter has already mentioned several times. You’ll see how it works later in this 

chapter, in “Detrending the Series with Moving Averages.”  

N
O
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specific seasonals represent, consider the moving average in cell D5. It is the average of 
the observations in C2:C8. The deviations of each observation from the moving 
average (for example, C2 – D5) are guaranteed to sum to zero—that’s a characteristic of 
an average. Therefore, each deviation expresses the effect of being associated with that 
particular day in that particular week. It’s a specific seasonal, then—specific because the 
deviation applies  to that particular Monday or Tuesday and so on, and seasonal because in 
this example we’re treating each day as though it were a season in the encompassing period 
of a week.  

 Because each specific seasonal measures the effect of being in that season vis-à-vis the mov-
ing average for that group of (here) seven seasons, you can subsequently average the specific 
seasonals for a particular season (for example, all the Fridays in your time series) to esti-
mate that season’s general, rather than specific, effect. That average is not confounded by 
an underlying trend in the time series, because each specific seasonal expresses a deviation 
from its own particular moving average.   

  Aligning the Moving Averages  
 There’s also the question of aligning the moving averages with the original data set. In 
 Figure   5.10   , I have aligned each moving average with the midpoint of the range of obser-
vations that it includes. So, for example, the formula in cell D5 averages the observations 
in C2:C8, and I have aligned it with the fourth observation, the midpoint of the averaged 
range, by placing it in row 5. This arrangement is termed a  centered moving average , and 
many analysts prefer to align each moving average with the midpoint of the observations 
that it averages.   

 Another approach is the  trailing moving average . In that case, each moving average is aligned 
with the final observation that it averages—and therefore it trails behind its arguments. 
This is often the preferred arrangement if you want to use a moving average as a forecast, 
as is done with exponential smoothing, because your final moving average occurs coincident 
with the final available observation.   

  Centered Moving Averages with Even Numbers of Seasons  
 We usually adopt a special procedure when the number of seasons is even rather than odd. 
That’s the typical state of affairs: There tend to be even numbers of seasons in the encom-
passing period for typical seasons such as months, quarters, and quadrennial periods (for 
elections).  

 The difficulty with an even number of seasons is that there is no midpoint. Two is not the 
midpoint of a range starting at 1 and ending at 4, and neither is 3; if it can be said to have 

   Bear in mind that in this context, “midpoint” refers to the middle of a time span: Thursday is the mid-

point of Monday through Sunday. It does  not  refer to the median of the observed values, although of 

course it might work out that way in practice.  
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one, its midpoint is 2.5. Six is not the midpoint of 1 to 12, and neither is 7; its purely theo-
retical midpoint is 6.5.  

 To act as though a midpoint exists, you need to add a layer of averaging atop the moving 
averages. See  Figure   5.11   .   

 The idea behind this approach to getting a moving average that’s centered on an existing 
midpoint, when there’s an even number of seasons, is to pull that midpoint forward by half 
a season. You calculate a moving average that would be centered at, say, the third point in 
time if five seasons instead of four constituted one full turn of the calendar.  

 That’s done by taking two consecutive moving averages and averaging  them . So in  
Figure   5.11   , there’s a moving average in cell E6 that averages the values in D3:D9. Because 
there are four seasonal values in D3:D9, the moving average in E6 is thought of as centered 
at the imaginary season 2.5, half a point short of the first available candidate season, 3. 
(Seasons 1 and 2 are unavailable as midpoints for lack of data to average prior to Season 1.)  

 Note, though, that the moving average in cell E8 averages the values in D5:D11, the second 
through the fifth in the time series. That average is centered at (imaginary) point 3.5, a full 
period ahead of the average centered at 2.5. By averaging the two moving averages, so the 
thinking goes, you can pull the center point of the first moving average forward by half a 
point, from 2.5 to 3.  

 That’s what the averages in column F of  Figure   5.11    do. Cell F7 provides the average of the 
moving averages in E6 and E8. And the average in F7 is aligned with the third data point in 
the original time series, in cell D7, to emphasize that the average is centered on that season.  

 Figure 5.11  
 Excel offers several ways 
to calculate a centered 
moving average.        
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 If you expand the formula in cell F7 as well as the moving averages in cells E6 and E8, 
you’ll see that it turns out to be a weighted average of the first five values in the time series, 
with the first and fifth value given a weight of 1, and the second through fourth values given 
a weight of 2. That leads us to a quicker and simpler way to calculate a centered moving 
average with an even number of seasons.  

 Still in  Figure   5.11   , the weights are stored in the range H3:H11. This formula returns the 
first centered moving average, in cell I7:  

  =SUMPRODUCT(D3:D11,$H$3:$H$11)/8   

 That formula returns  13.75 , which is identical to the value calculated by the double-average 
formula in cell F7. Making the reference to the weights absolute, by means of the dollar 
signs in  $H$3:$H$11 , you can copy the formula and paste it down as far as necessary to get 
the rest of the centered moving averages.   

  Detrending the Series with Moving Averages  
 When you have subtracted the moving averages from the original observations to get the 
specific seasonals, you have removed the underlying trend from the series. What’s left in 
the specific seasonals is normally a stationary, horizontal series with two effects that cause 
the specific seasonals to depart from an absolutely straight line: the seasonal effects and ran-
dom error in the original observations.  Figure   5.12    shows the results for this example.   

 Figure 5.12  
 The specific seasonal 
effects for Friday and 
Saturday remain clear in 
the detrended series.        
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 The upper chart in  Figure   5.12    shows the original daily observations. Both the general 
upward trend and the weekend seasonal spikes are clear.  

 The lower chart shows the specific seasonals: the result of detrending the original series 
with a moving-average filter, as described earlier in “Understanding Specific Seasonals.” You 
can see that the detrended series is now virtually horizontal (a linear trendline for the spe-
cific seasonals has a slight downward drift), but the seasonal Friday and Saturday spikes are 
still in place.  

 The next step is to move beyond the specific seasonals to the seasonal indexes. See 
 Figure   5.13   .   

 In  Figure   5.13   , the specific seasonals in column E are rearranged in the tabular form shown 
in the range H4:N7. The purpose is simply to make it easier to calculate the seasonal aver-
ages. Those averages are shown in H11:N11.  

 However, the figures in H11:N11 are averages, not deviations from an average, and there-
fore we can’t expect them to sum to zero. We still need to adjust them so that they express 
deviations from a grand mean. That grand mean appears in cell N13, and is the average of 
the seasonal averages.  

 We can arrive at the seasonal indexes by subtracting the grand mean in N13 from each of 
the seasonal averages. The result is in the range H17:N17. These seasonal indexes are no 
longer specific to a particular moving average, as is the case with the specific seasonals in 
column E. Because they’re based on an average of each instance of a given season, they 
express the average effect of a given season across the four weeks in the time series.  

 Figure 5.13  
 The specific seasonals 
effects are first averaged 
and then normalized 
to reach the seasonal 
indexes.        
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 Furthermore, they are measures of a season’s—here, a day’s—effect on traffic arrests 
vis-à-vis the average for a seven-day period.  

 We can now use those seasonal indexes to deseasonalize the series. We’ll use the deseason-
alized series to get forecasts by way of linear regression or Holt’s method of smoothing 
trended series (discussed in  Chapter   4   ). Then we simply add the seasonal indexes back into 
the forecasts to reseasonalize them. All this appears in  Figure   5.14   .   

 The steps illustrated in  Figure   5.14    are largely the same as those in  Figures   5.6    and    5.7   , dis-
cussed in the following sections.  

  Deseasonalizing the Observations  
 Subtract the seasonal indexes from the original observations to deseasonalize the data. You 
can do this as shown in  Figure   5.14   , in which the original observations and the seasonal 
indexes are arranged as two lists beginning in the same row, columns C and F. This arrange-
ment makes it a little easier to structure the calculations.  

 You can also do the subtraction as shown in  Figure   5.6   , in which the original quarterly 
observations (C12:F16), the quarterly indexes (C8:F8), and the deseasonalized results 
(C20:F24) are shown in a tabular format. That arrangement makes it a little easier to focus 
on the seasonal indexes and the deseasoned quarterlies.   

 Figure 5.14  
 After you have the sea-
sonal indexes, the finish-
ing touches as applied 
here are the same as in 
the method of simple 
averages.        



5

Chapter 5           Working with Seasonal Time Series146

  Forecast from the Deseasonalized Observations  
 In  Figure   5.14   , the deseasonalized observations are in column H, and in  Figure   5.7    they’re 
in column C. Regardless of whether you want to use a regression approach or a smoothing 
approach to the forecast, it’s best to arrange the deseasonalized observations in a single-
column list.  

 In  Figure   5.14   , the forecasts are in column J. The following array formula is entered in the 
range J2:J32.  

  =TREND(H2:H32)   

 Earlier in this chapter, I pointed out that if you omit the x-values argument from the 
 TREND()  function’s arguments, Excel supplies the default values  1 ,  2 , ...,   n  , where   n   is the 
number of y-values. In the formula just given, H2:H32 contains 31 y-values. Because 
the argument normally containing the x-values is missing, Excel supplies the default values 
 1 ,  2 , ...,  31 . Those are the values we would want to use anyway, in column B, so the formula 
as given is equivalent to  =TREND(H2:H32,B2:B32) . And that’s the structure used in D5:D24 of 
 Figure   5.7   :  

  =TREND(C5:C24,B5:B24)    

  Making the One-Step-Ahead Forecast  
 So far you have arranged for forecasts of the deseasonalized time series from   t   =  1  through 
  t   =  31  in  Figure   5.14   , and from   t   =  1  through   t   =  20  in  Figure   5.7   . These forecasts consti-
tute useful information for various purposes, including assessing the accuracy of the fore-
casts by means of an RMSE analysis.  

 But your main purpose is forecasting at least the next, as yet unobserved time period. To get 
that, you could first forecast from the  TREND()  or  LINEST()  function if you’re using regres-
sion, or from the exponential smoothing formula if you’re using Holt’s method. Then you 
can add the associated seasonal index to the regression or smoothing forecast, to get a fore-
cast that includes both the trend and the seasonal effect.  

 In  Figure   5.14   , you get the regression forecast in cell J33 with this formula:  

  =TREND(H2:H32,,B33)   

 In this formula, the y-values in H2:H32 are the same as in the other  TREND()  formulas in 
column J. So are the (default) x-values of  1  through  32 . Now, though, you supply a new 
x-value as the function’s third argument, which you tell  TREND()  to look for in cell B33. It’s 
 32 , the next value of   t  . And Excel returns the value  156.3  in cell J33. The  TREND()  function 
in cell J33 is telling Excel, in effect, “Calculate the regression equation for the values in 
H2:H32 regressed on the   t   values  1  through  31 . Apply that regression equation to the new 
x-value of  32  and return the result.”  

 You’ll find the same approach taken in cell D25 of  Figure   5.7   , where the formula to get the 
one-step-ahead forecast is this:  

  =TREND(C5:C24,B5:B24,B25)    
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  validating forecasts,   86 - 89  

  linear regression,   113 - 116  
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  132 - 133  

  evaluating,   136 - 137  
  forecasting from no trend, 

  128 - 129  
  forecasting with trends,   129 - 136  
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  prorating trends across seasons, 
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  regressing deseasonalized quarter-

lies onto time periods,   134 - 135  
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   simple exponential smoothing,   59  
  equation smoothing form,   64 - 65  
  error handling,   60 - 62  

  RMSE,   62 - 64  
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  golf example,   59 - 60  
  optimizing initial forecasts,   99 - 105  
  seasonal time series,   156 - 161  

  handling ends of time series,   
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  level smoothing formulas,   161 - 162  
  season smoothing formulas, 
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quarterlies,   133 - 134  
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  forecasting from  
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  S 
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   season equations (error correction formu-
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  level/trend effects,   201 - 203   

   seasonal time series,   48 ,  137  

  centered moving averages,   141 - 143  
  Holt-Winters models,   164 - 166  

  initializing forecasts,   166 - 168  
  starting forecasts earlier,   169 - 170  

  independent residuals,   49 - 51  
  linear regression with coded vectors, 

  147 - 148  
  dummy coding,   155 - 156  
  effect coding with seasons, 

  149 - 153  
  setting up coded vectors,   153 - 155  
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  centered moving averages, 

  141 - 143  
  detrending series,   143 - 147  
  specific seasonals,   140 - 141  

  removing trends from time series, 
  43 - 48  

  simple exponential smoothing, 
  156 - 161  

  handling ends of time series, 
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  level smoothing formulas,   161 - 162  
  season smoothing formulas, 
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  calculating trend based on annual 
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  132 - 133  
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  trends  
  calculating trend based on annual 

means,   131  
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  error handling,   17  
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  slope/trend,   70  
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  terminology,   69 - 70  
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  differencing,   73 - 76  
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  level smoothing formulas  
  Holt-Winters models,   227 - 230  
  multiplicative models,   227 - 230  

  regression versus smoothing,   17 - 18  
  seasonal smoothing formulas  

  Holt-Winters models,   227 - 230  
  multiplicative models,   227 - 230  

  simple exponential smoothing,   59  
  equation smoothing form,   64 - 65  
  error handling,   60 - 64  
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  optimizing initial forecasts,   99 - 105  
  seasonal time series,   156 - 164  

  slope/trend,   70  
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  trend smoothing formulas  

  Holt-Winters models,   230 - 232  
  multiplicative models,   230 - 232   

   Solver  

  Holt's linear exponential smoothing  
  optimizing constants,   82 - 84  
  validating forecasts,   86 - 89  

  linear regression,   112 - 116  
  Multistart,   116 - 117  
  optimizing initial forecasts  
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ing,   106 - 113  

  linear regression,   112 - 116  
  simple exponential smoothing, 
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  independent residuals,   49 - 51  
  linear regression with coded 

vectors,   147 - 156  
  moving averages,   138 - 141 , 

 143 - 147  
  removing trends from time series, 

  43 - 48  
  simple exponential smoothing, 

  156 - 164  
  simple seasonal averages,   125 - 137  
  specific seasonals,   140 - 141  
  testing for,   42 - 43  

  smoothing and forecasting,   65 - 66  
  testing for trends,   30 - 33  

  ACF add-in,   37 - 38  
  interpreting ACF,   35 - 37  
  testing all ACF at once,   39 - 42  
  understanding the ACF meaning, 

  33 - 35  
  trends,   48  

  differencing,   73 - 76  
  Holt's linear exponential smooth-

ing,   70 - 76   
   TREND () function,   45  

  forecast horizons,   19 - 20  
  initializing forecasts,   120 - 121  
  linear regression with coded vectors, 

  151 - 152  
  polynomial regression,   10 - 14  
  regression,   7 ,  19 - 20   

   trend equations (error correction formu-
las),   192 - 194 ,  201 - 203   

   trendlines,   113  
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sion,   14 - 16  

  initializing forecasts, curvilinear 
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   trends  

  additive models,   225  

   statistical inference,   21 - 22  
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  ACF add-in,   37 - 38  
  averages and,   26  
  calculating,   33 - 35  
  drift,   26 - 29  
  PACF,   37 - 38  
  Pearson's correlation versus,   29 - 30  
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  43 - 48  
  testing all ACF at once,   39 - 42  
  testing seasonal time series,   49 - 51  
  trend testing,   33 - 42  
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  ACF versus,   29 - 30  
  definitional formula of,   23 - 26  

  testing seasonal time series,   49 - 51    

  T 
   testing for  

  Box-Ljung tests,   39 - 42  
  seasonal time series,   42   - 48  
  trends,   30 - 33  

  ACF add-in,   37 - 38  
  interpreting ACF,   35 - 37  
  testing all ACF at once,   39 - 42  
  understanding the ACF meaning, 

  33 - 35   
   time series  

  ANCOVA,   58  
  removing trends from,   43 - 48  
  seasonal time series,   48 ,  137  

  centered moving averages, 
  141 - 143  

  detrending series with moving 
averages,   143 - 147  

  Holt-Winters models,   164 - 170  
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  damped trend forecasts,   234 - 236  
  formulas,   236 - 238  
  implementing on worksheets, 

  238 - 240  
  differencing,   73 - 76  
  estimating current trend in Holt-

Winters models,   205  
  forecasting, Holt's linear exponential 

smoothing,   79 - 81  
  Holt-Winters models,   225  
  removing from time series,   43 - 48  
  simple seasonal averages  

  calculating trend based on annual 
means,   131  

  forecasting from no trend, 
  128 - 129  

  forecasting with trends,   129 - 136  
  prorating trends across seasons, 

  131 - 132  
  slope/trend, smoothing and forecast-

ing,   70  
  smoothing formulas  

  Holt-Winters models,   230 - 232  
  multiplicative models,   230 - 232  

  testing for,   30 - 33  
  ACF add-in,   37 - 38  
  interpreting ACF,   35 - 37  
  testing all ACF at once,   39 - 42  
  understanding the ACF meaning, 

  33 - 35  
  time series,   48 ,  70 - 76   

      U - V    
   validating  
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smoothing,   86 - 89  
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  68 - 69   
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   VLOOKUP () function, linear regression 
with coded vectors,   153 - 155   

      W - X - Y    
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