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Lecture 2 


Moving Average and Exponential Smoothing
Read:

(WK Ch 3; handouts)

EC 413/513

Economic Forecast and Analysis
(Professor Lee)
This lecture is about:
Simple short-run forecasting tools based on some underlying pattern to the data

· Smoothed curve (eliminate up-and-down movement) 
· Trend

· Seasonality

1.   (Simple) Moving Averages

(Ex 1)  3 periods moving averages
 eq \O(y,()t  =   eq \f( 1 , 3 ) (yt-1 + yt-2 + yt-3)

Also, 5 periods MA can be considered.
	Period
	Actual
	3 Quarter MA Forecast
	5 Quarter MA forecast

	Mar-83
	239.3
	Missing
	Missing

	Jun-83
	239.8
	Missing
	Missing

	Sep-83
	236.1
	Missing
	Missing

	Dec-83
	232
	238.40
	Missing

	Mar-84
	224.75
	235.97
	Missing

	Jun-84
	237.45
	230.95
	234.39

	Sep-84
	245.4
	231.40
	234.02

	Dec-84
	251.58
	235.87
	235.14

	…
	
	So on..
	


(Ex 2) Disney Stock Prices
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Notes:
(i) One can impose weights and use weighted moving averages (WMA).

eg)   eq \O(y,()t  =  0.6yt-1 + 0.3yt-1+ 0.1yt-2
(ii) How many periods to use is a question;   more significant smoothing-out effect with longer lags.

(iii)  Peaks and troughs (bottoms) are not predicted.

(iv)  Events are being averaged out.

(v) Since any moving average is serially correlated, any sequence of random numbers could appear to exhibit cyclical fluctuation.
Example: Table 3.1   (Table3.1.xls)


Exchange Rates: Forecasts using

the SMA(3) model
	Date
	Rate
	Three-Quarter Moving Average
	Three-Quarter Forecast

	Mar-85
	257.53
	missing
	missing

	Jun-85
	250.81
	missing
	missing

	Sep-85
	238.38
	248.90
	missing

	Dec-85
	207.18
	232.12
	248.90

	Mar-86
	187.81
	211.12
	232.12


	Case Study: EMA and MACD for Stock Prices

     Useful Reference:  http://www.stockcharts.com/
(1) EMA (Exponential Moving Average)

Read:
http://www.stockcharts.com/education/IndicatorAnalysis/indic_movingAvg.html
Model: similar to SEM (simple exponential smoothing)

 eq \O(y,()t  =   eq \O(y,()t-1 + ( (yt-1 -  eq \O(y,()t-1)   

with  ( = 2 / (n+1)  for n-day EMA

For example: A 10-period exponential moving average weighs the most recent price 18.18%, which is 2/(10+1), while a 20-period EMA weighs the most recent price 9.52%.
Q1:  Which is better, SMA or EMA? 

(2) Moving Average Convergence/Divergence (MACD)

 Read:
 http://www.stockcharts.com/education/IndicatorAnalysis/indic_MACD1.html
      MACD = (12-day EMA) -  (26-day EMA)
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· A positive MACD indicates that the 12-day EMA is trading above the 26-day EMA. 
· If MACD is positive and rising, then the gap between the 12-day EMA and the 26-day EMA is widening. 

· A bullish crossover occurs when MACD moves above its 9-day EMA and a bearish crossover occurs when MACD moves below its 9-day EMA. 
· The histogram represents the difference between MACD and its 9-day EMA.
Q2:  Benefits and Drawbacks of the MACD? 
Q3:  What are Bullish signals?  What are Bearish signals? 


2.   Simple Exponential Smoothing

Concepts:

· Also, supressing short-run fluctuation by smoothing the series

· Weighted averages of all previous values with more weights on recent values

· No trend, No seasonality

Model:

 eq \O(y,()t  =  ( yt-1 + (1 - ()  eq \O(y,()t-1
     or
 eq \O(y,()t  =   eq \O(y,()t-1 + ( (yt-1 -  eq \O(y,()t-1)   

where (yt-1 -  eq \O(y,()t-1) is ‘forecast error’.
  Remarks on ( (smoothing parameter).
(i) Normally, choose ( between 0 and 1.
(ii) If ( = 1, it becomes a naïve model; if ( is close to 1, more weights are put on recent values.  The model fully utilizes forecast errors.

(iii) If ( is close to 0, distant values are given weights comparable to recent values.  Choose ( close to 0 when there are big random variations in the data. 
(iv) ( is often selected as to minimize the MSE.

Forecast:


 eq \O(y,()T+h =  eq \O(y,()T  
for all h > 0.   (T = end period)

Example:  (use ( = 0.6;  eq \O(y,()1 = 4)
	
	
	Simple

	time
	yt
	 eq \O(y,()t

	1
	3
	4

	2
	5
	3.4

	3
	4
	3.76

	4
	-
	 eq \O(y,()T+1 = 3.76

	5
	-
	 eq \O(y,()T+2 = 3.76



How?

Why exponential?

 eq \O(y,()t  =  ( yt-1 + (1 - ()  eq \O(y,()t-1
 


 eq \O(y,()t-1 = ( yt-2 + (1 - ()  eq \O(y,()t-2  
 eq \O(y,()t-2 = ( yt-3 + (1 - ()  eq \O(y,()t-3



= ( yt-1 + (1-()(yt-2 + (1-()2(yt-3+ 





 …..  +
(1-()k (kyt-k+1
(1-()k decreases exponentially.
Example: Table 3.2   (Table3.2.xls)

Consumer Sentiment 

Data: Table3.2.xls
Result: ( is estimated as 0.8.

RMSE = 3.61
Plot: No trend, no seasonality.

3.   Holt’s Exponential Smoothing

Concepts:

· Introduce a Trend factor to the simple exponential smoothing method

· Trend, but still No seasonality

Model:

 eq \O(y,()t  =  ( yt-1 + (1 - () (  eq \O(y,()t-1 +  eq \O(Tt-1,() )
 eq \O(Tt,() = ( ( eq \O(y,()t -  eq \O(y,()t-1) +  (1 - ()  eq \O(Tt-1,() 
where ( eq \O(y,()t -  eq \O(y,()t-1) captures trend.


Two parameters :



( = smoothing parameter



( = trend coefficient

; One can impose a priori values or these can be determined from the data.

Forecast:


 eq \O(y,()T+h =  eq \O(y,()T  + h eq \O(TT,() 
.. Trend prediction is added in the h-step ahead forecast.

Example:  (use ( = 0.6;  eq \O(y,()1 = 4,  eq \O(T1,() = 1)
	
	
	Holt
	Holt

	time
	yt
	 eq \O(y,()t
	 eq \O(TT,() 

	1
	3
	4
	1

	2
	5
	3.8
	0.64

	3
	4
	4.78
	0.74

	4
	-
	4.78+0.74
	

	5
	-
	4.78+2*0.74
	


  How?
Example: Table 3.3   (Table3.3.xls)

Outstanding Consumer Crdit  

(Choose Holt-Winter’s method and set ( = 0.)

Data: Table3.3.xls
Result: Estimate for ( = 0.98;

Estimate for  ( = 0.02.

RMSE = 13,292.50
Plot: Clearly trend, but no seasonality
Exercise:  
Find forecasts using Simple ES and Holt methods.  

(use ( = 0.6;  eq \O(y,()1 = 7,  eq \O(T1,() = 1)
	
	
	Simple
	Holt
	Holt

	time
	yt
	 eq \O(y,()t
	 eq \O(y,()t
	 eq \O(Tt,() 

	1
	6
	7
	7
	1

	2
	8
	6.4
	6.8
	0.64

	3
	7
	7.36
	7.776
	0.7408

	4
	-
	7.36
	8.517
	

	5
	-
	7.36
	9.258
	


4.   Holt-Winter’s Exponential Smoothing

Concepts:

· Introduce both Trend and Seasonality factors

· Seasonality can be added additively or multiplicatively.
Model (multiplicative):

 eq \O(y,()t  =  ( yt / eq \O(S,()t-p+ (1 - () (  eq \O(y,()t-1 +  eq \O(Tt-1,() )
 eq \O(Tt,() = ( ( eq \O(y,()t -  eq \O(y,()t-1) +  (1 - ()  eq \O(Tt-1,() 
   (trend)
 eq \O(S,()t= ( (yt /  eq \O(y,()t )  +  (1 - ()  eq \O(S,()t-p
   (seasonality)
where (yt /  eq \O(y,()t) captures seasonal effects.
    p = # of periods in the seasonal cycles



(p = 4, for quarterly data)


Three parameters :



( = smoothing parameter



( = trend coefficient


( = seasonality coefficient
Forecast:


 eq \O(y,()T+h = [  eq \O(y,()T  + h eq \O(TT,() ]eq \O(S,()T+h-p
.. Seasonal factor is multiplied in the h-step ahead forecast.

Example:  Table 3.6, Truck production

Data: Table3.6.xls

Result: Estimate for ( = 0.41;

Estimate for  ( = 0.37.

Estimate for  ( = 0.03;

RMSE = 30.05
Plot: Clearly trend, clearly seasonality
Discussion:

 Seaonal index and seasonally adjusted data

	Seasonal Indices
	
	Value

	Index 1
	
	
	1.04

	Index 2
	
	
	1.10

	Index 3
	
	
	0.92

	Index 4
	
	
	0.94


Summary:  When can each of the following techniques be used?

· Moving Average Models

· Simple Exponential Smoothing

· Holt’s Exponential Smoothing

· Holt-Winter’s Exponential Smoothing

Other methods

(i)  Adaptive-response smoothing 

 .. Choose ( from the data using the smoothed and absolute forecast errors

(ii)  Additive Winter’s Models

.. The seasonality equation is modified.

(iii)  Gompertz Curve

.. Progression of new products
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Model:  
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Parameters: a and b

(iv)  Logistics Curve

.. Progression of new products (also with a limit, L)
Model:  
[image: image5.wmf]1

t

bt

L

y

ae

-

=

+




Parameters: a and b
(v)  Bass Model (skip)

More of Other methods
1. Brown's Linear (i.e., double) Exponential Smoothing
If the trend as well as the mean is varying slowly over time, a higher-order smoothing model is needed totrack the varying trend. The simplest time-varying trend model is Brown's linear exponential smoothing (LES) model, which uses two different smoothed series that are centered at different points in time. The forecasting formula is based on an extrapolation of a line through the two centers. (Alternatively, a double application of the simple moving average method can be used to track time-varying trends.) 
The algebraic form of the linear exponential smoothing model, like that of the simple exponential smoothing model, can be expressed in a number of different but equivalent forms. The "standard" form of this model is usually expressed as follows: Let S' denote the singly-smoothed series obtained by applying simple exponential smoothing to series Y. That is, the value of S' at period t is given by:
 eq \O(y,()t  =  ( yt-1 + (1 - ()  eq \O(y,()t-1
.. simple exponential smoothing
 eq \O(y,()t*  =  (  eq \O(y,()t-1 + (1 - ()  eq \O(y,()t-1*
.. double exponential smoothing
2. Damped Trend Exponential Smoothing

While the Holt Model takes into consideration the trend that may be inherent in the data series, it somewhat unrealistically assumes the trend continues in perpetuity. This means it can overshoot estimates several time periods in the future. A variation known as damped trend exponential smoothing has the effect of dampening the trend as time continues into subsequent periods. It includes a third parameter, [image: image6.png]


, with a value between zero and one that specifies a rate of decay in the trend.
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where [image: image8.png]ke



is the forecast at time k periods in the future, At is the actual value at time t, St is the level of the series at time t, Tt is the trend at time t, and [image: image9.png]
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are smoothing parameters.

Review Questions

1. Discuss how one can choose ( values.  How would these different ( values weigh past observations of the variable to be forecast?  If ( = 0.9 provided the best forecast for your data, what would this imply? 

2. Does exponential smoothing place more or less weight on the most recent data when compared with the moving average model?  What weight is applied to remote values?  

3. Why (simple, Holt’s and Winter’s) called exponential smoothing?
4. Consider the data on mobile-home shipments (data: mobile_home.xls) over the period from 1986 Q.1 to 1995 Q.4.  The data are in thousands of units.
(a) Calculate both the three quarter and five quarter moving average for these data and compare the forecasts by calculating the RMSE. 
(b) Plot the data and (eye) examine the existence of trend and seasonality in the data.  Which smoothing method can you recommend?
(c) Apply three exponential smoothing methods (simple, Holt and Winter’s) to the data, and compare the RMSE.  Make sure to report the estimated parameter values in each model.  Also, plot the data along with the forecasts of each model.
(d) Obtain the out-of-sample forecasts for each of the three models on the four quarters of 1996.  Then, calculate the RMSE of the out-of-sample forecasts using the following actual values.



1996 Q.1 
84.4



1996 Q.2
97.2



1996
Q.3 
94.9



1996
Q.4
86.9



Note:  You may use Excel to compute RMSE of the out-of-sample forecasts.

Note:  Alternatively, you may use the software to do this work (using the new data set in the worksheet new of the excel file).  A holdout period is easily accomplished in FORECASTXTM by using the Holdback Evaluation utility.  In the Data Capture screen select yes on the Data Set Contains box.  This tells FORECASTXTM that dates are included in the data range.  Next, on the Data Capture screen set the number of periods to forecast equal to zero (we will change this later in this case when we generate forecasts beyond 1995).  We now select the Data Cleansing button, which takes you to the Advanced Options screen.  There select the Use Holdback button in the Holdback Evaluation box.  This tells FORECASTXTM to treat a portion of the sample as a holdout period in which we can compare forecasts with actual values to assess model accuracy.  For this case we select a holdback period of 4, which implies 1996Q1-1996Q4 is our holdback period.

(e) Use the seasonality indices from the Winter method, obtain the seasonally adjusted data (no need to print the data).  Then, provide the estimated parameter values of the Holt method applied the seasonally adjusted data.
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