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[bookmark: _Toc424536200]Why forecasting?
In business and economics you often have to make decisions which affect the future. You need to make decisions now, but the result will only be shown in the future. 
For example: you want to start selling a product (electric car). You need to develop and design this product which will take 2 years. You need to decide how many stores to open to sell your product. So you need to guess how much demand for the product there will be 2 years from now when you can start selling the product. If you open too many stores, you will make less profit, if you open too few stores, you will make less profit too. So knowing (or making a good guess of) demand in 2 years will be very important information. 
[bookmark: _Toc424536201]Forecasting Types 
There are two kinds of forecasts: 
Qualitative forecasts use judgement by people and use little data to support their forecast 
Qualitative forecasts use data and mathematical models to calculate a forecast
Most quantitative forecasts use historical data (information about the past) to predict the future, others use indicators which are correlated to the number to be forecasted (for example sales of kitchens). 
Quantitative Methods
1. Naïve MethodTime series models

2. Moving Average Method
3. Exponential Smoothing Method
4. Trend Projections Associative model

5. Linear Regression

[bookmark: _Toc424536203]Time Series 
In the following graph you see the electricity consumption of Thailand over the period 2002-2015 in gigawatt hours. 






Time Series Components 
1. Trend: 	is the data going up or down? We can draw a line through the data that shows the trend of the data and we can extend this line into the future. There are linear trend lines and non-linear trend lines. 
2. Seasonality: 	Often there are seasons in your data. This means that at some times in a period, the numbers are higher and in other times lower. 
3. Cycles: 	Sometimes you find that your data rises and falls with business cycles (good economy, bad economy). Cycles are over a longer period of time. 
4. Random variation: Most data has variation which we cannot explain. This we call random variation. 

[bookmark: _Toc424536204]Naïve Approach
The Naïve approach is the simplest approach. We assume that the next period data is the same as the last period data. 

[bookmark: _Toc424536205]Moving Averages
A moving average will take the average of past data. We need to decide on how many periods to use in our average calculation (e.g. 3 periods, 4 periods, 6 periods etc. etc.).

[bookmark: _Toc424536206]Example 1
You need to make a 3 month moving average forecast of the following data:
	Month
	Actual Sales
	3 Month average

	Jan
	10
	 

	Feb
	12
	 

	Mar
	13
	 

	Apr
	16
	11.67

	May
	19
	13.67

	Jun
	23
	16.00

	Jul
	26
	19.33

	Aug
	30
	22.67

	Sep
	28
	26.33

	Oct
	18
	28.00

	Nov
	16
	25.33

	Dec
	14
	20.67

	Jan
	
	16

	
	
	



Weighted Moving Average
Sometimes you calculate a moving average, but you want to give more recent periods more importance (higher weight) and older periods less importance (lower weight). Then we can use the weighted moving average. 

[bookmark: _Toc424536207]Example 2
Using the same data, we can create the weighted moving average of 3 months with the most recent month given a weight of 3, the middle month 2 and the oldest month 1. 
	Month
	Actual Sales
	3 Month average

	Jan
	10
	 ((10*1)+(12*2)+(13*3))/6=12.17


	Feb
	12
	 

	Mar
	13
	 

	Apr
	16
	12.17

	May
	19
	14.33

	Jun
	23
	17.00

	Jul
	26
	20.50

	Aug
	30
	23.83

	Sep
	28
	27.50

	Oct
	18
	28.33

	Nov
	16
	23.33

	Dec
	14
	18.67

	Jan
	
	15.33




The weighted moving average will put more weight on the more recent months and is therefore more sensitive to changes in numbers (trends up or down). The moving average places the same weight on older and more recent periods so is slower to react. 
[bookmark: _Toc424536208]Exponential Smoothing 
Exponential smoothing is a method which takes account for the past data and the past forecast to make a new forecast. 

[bookmark: _Toc424536209]Example 3
A car dealer has to forecast the demand for cars every month. In January the demand for Mustangs for February was 142 cars, but the actual demand in February was 153. The company uses a smoothing constant of .2. The car dealer wants to forecast the demand for March with the exponential smoothing model. 
	Month
	Forecast
	Actual Demand

	Feb
	142
	153

	March
	144.2
	



[bookmark: _Toc424536210]Measuring Forecasting Error


[bookmark: _Toc424536211]Mean Absolute Deviation

[bookmark: _Toc424536212]Example 4 
	Quarter
	Actual
	Forecast
	MAD

	1
	180
	175
	5

	2
	168
	176
	8

	3
	159
	174.4
	15.4

	4
	175
	171.32
	3.68

	5
	190
	172.056
	17.944

	6
	205
	175.6448
	29.3552

	7
	180
	181.5158
	1.51584

	8
	182
	181.2127
	0.787328

	9
	 
	181.3701
	 

	
	
	average
	10.2103



[bookmark: _Toc424536213]Mean Squared Error

[bookmark: _Toc424536214]Example 5
	Quarter
	Actual
	Forecast
	MSE

	1
	180
	175
	25

	2
	168
	176
	64

	3
	159
	174.4
	237.16

	4
	175
	171.32
	13.5424

	5
	190
	172.056
	321.987136

	6
	205
	175.6448
	861.727767

	7
	180
	181.5158
	2.29777091

	8
	182
	181.2127
	0.61988538

	9
	 
	181.3701
	 

	
	
	
	190.79187



[bookmark: _Toc424536215]Mean Absolute Percent Error


[bookmark: _Toc424536216]Example 6
	Quarter
	Actual
	Forecast
	MAPE

	1
	180
	175
	2.78%

	2
	168
	176
	4.76%

	3
	159
	174.4
	9.69%

	4
	175
	171.32
	2.10%

	5
	190
	172.056
	9.44%

	6
	205
	175.6448
	14.32%

	7
	180
	181.5158
	0.84%

	8
	182
	181.2127
	0.43%

	9
	 
	181.3701
	 

	
	
	
	5.55%



[bookmark: _Toc424536217]Trend Projections 
Sometimes we want to find a line through the data that shows the trend in the data. Mostly we use a straight line (linear regression). This line has the form 

So we want to find the values for a and b so that if we put in an X, we will get a Y as our forecast. Mostly the X will be time in a time series forecast, but it can be any variable you want. 
We calculate b by using the following formula:

And we calculate a by using the formula: 

[bookmark: _Toc424536218]Example 7
	
	Year (X)
	Demand (Y)
	[image: ]
	 



	[image: ]
	



	[image: ]
	 



	[image: ]
	




	
	1
	74
	-3
	-24.86
	9
	74.57

	
	2
	79
	-2
	-19.86
	4
	39.71

	
	3
	80
	-1
	-18.86
	1
	18.86

	
	4
	90
	0
	-8.86
	0
	0.00

	
	5
	105
	1
	6.14
	1
	6.14

	
	6
	142
	2
	43.14
	4
	86.29

	
	7
	122
	3
	23.14
	9
	69.43

	total
	 
	 
	 
	 
	28
	295.00

	average
	4
	98.85714286
	
	
	
	



	b=
	10.53571

	a=
	56.71429







[bookmark: _Toc424536219]Question 1
A hospital wants to forecast the number of km driven in the ambulance. They have the following information:
	Year
	Km

	1
	3,000

	2
	4,000

	3
	3,400

	4
	3,800

	5
	3,700



a) Forecast the 6th year number of km using a 2-year moving average
b) Find MAD based on your forecast
c) Use a weighted moving average with .4 and .6 to forecast the 6th year km. 
d) Find MAD based on your new forecast
e) Find the forecast for the 6th year using exponential smoothing with 
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________



[bookmark: _Toc424536220]Question 2
Sales of batteries are as follows: 
	Month
	Sales

	Jan
	20

	Feb
	21

	March
	15

	Apr
	14

	May
	13

	June
	16

	July
	17

	Aug
	18

	Sept
	20

	Oct
	20

	Nov
	21

	Dec
	23

	Jan
	



a) Make a graph with the data
b) Forecast the sales for Jan using 
a. The naïve method
b. A 3-month moving average
c. A 6-month moving average
d. Exponential smoothing with  September forecast is 18
e. Trend projection (regression line)
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
[bookmark: _Toc424536221]Question 3
The temperature of Thailand for last week was 39, 40, 39, 41, 45, 36, 37. 
a) Forecast the temperature of today using a 3 day moving average.
b) Forecast the temperature of today using a 2 day moving average
c) Calculate MAD based on the 2-day moving average
d) Calculate the MSE based on the 2-day moving average
e) Calculate the MAPE based on the 2-day moving average
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

[bookmark: _Toc424536222]Question 4
Using the information below, calculate the forecast for May using a linear regression. 
	Month
	Nr of accidents

	Jan
	30

	Feb
	40

	March
	60

	April
	90



___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
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