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Lecture 1 


Introduction to Forecasting

Read:

(WK Ch 1)
EC 413/513

Economic Forecast and Analysis
(Professor Lee)
Major Questions in this lecture

1. Why and what to forecast?

2. Based on What?

3. Is your forecast good or bad?

1.   Why and what to forecast?

Examples of Forecasting

Questions for discussion:

Q.1. Should I buy or sell stocks?  

Should we buy our house now or later?

Did the price touch the bottom? 

U-shaped?  L-shaped?
Q.2  How many donuts to prepare each morning?  
Q.3  Should we build more plants for making ships/cars? 

Q.4  Forecasting the demand for boats next year?

Q.5  Can we predict recession?  
More Examples of Forecasting

(Ex 1) Sales of the Gap Store for each month for the next two years.
(Ex 2) Sales of SUVs to be sold for the next 5 years in the US.
(Ex 3) Demand for tickets; passengers-miles; Revenue forecasts for TWA; 

(industry passenger traffic industry share of TWA)

(Ex 4) # of expected passengers for tomorrow for each flight of the Southwest Airlines
(Ex 5) Who will pay only the minimum payment for credit cards?

(Ex 6) Gas / electricity peak-load demand for each month in a certain region

(Ex 7) How many spare parts to carry for a submarine? How many orders to make; Supply Chain Management

(Ex 8) Demand for police patrol services

(Ex 9) Tomorrow’s return (or price) of the Disney stock; Interest rates; Foreign exchange rates
(Ex 10) Economic and financial forecasts for the state in the coming year?? Unemployment rates?
(Ex 11) Department of Defense (DOE)’s budget plans

(Ex 12) California Legislative Analysis Office (LAO)

· Forecasts of national economics variables (growth rates, interest rates, taxes..)
· California economics submodels (population, employment, housing activities..)

· State revenue submodels (personal income, sales, vehicle registrations,.)
Why is forecasting important? 



; anticipating the course of events..

Fundamental Questions

Our forecasts are never correct, but do we still need forecasting?
Why are some questions more difficult?
· Nature of the data?

· Structural Changes?

· More Randomness?
2.  Based on What?

· Past values

· Past errors

· Relationships with other variables
How?
· Business Forecasting

· Collaborative Forecasting (Manufacturers and retailers share the information; Target, Goodyear,..)

· Computers (software); must use statistical models

· Subjective forecasting methods

· Salesperson

· Surveys

· Jury of executive opinion, Delphi method

· Marketing research, product life cycle models..

· E.g., Bass (1969, 2004) Regression Model

· St = a + b Yt-1 + c Yt-12 + error

where St = Sales and Yt-1 = # of previous buyers
· Economics & Finance Forecasting/Theory

· We rely on statistical models

Tools: Statistical Models (which we will learn)

· Time Series Models
· Moving Average and Exponential Smoothing Models

· Box-Jenkins ARIMA Models

· Multivariate Time Series Models (VAR models)

· Regression Models
· Trend and Seasonality Models

· Multiple Regression Models: Finding the relationship and forecasting the future based on it.  
· Dynamic econometric simulation Models*
· Other Advanced Models (finance and economics)

· ARCH/GARCH Models

· VAR models

· Unit Root and Cointegration models

Statistical Model (Notation)

E(yt+h | t )  = conditional expectation




   = Our forecasts


        yt+h = future values at time t+h

    t= all information available at time t
Write:

        yt+h = E(yt+h | t ) + ut+h
              =  eq \O(y,()t+h  + ut+h      


(actual) = (our forecasts) + (fore error)  
Elementary Forecasting Models

(1) Naïve Model

yt+1 = yt + ut+1

or equivalently,


yt = yt-1 + ut      (random walk model)
Implying (martingale hypothesis)
(i) E(ut | t-1) = 0   

.. “Errors have mean zero.”

(ii) E(yt | t-1) =  eq \O(y,()t  = yt-1
Note (finance): This model has an important implication on the efficient market hypothesis.  
(2) Modified Naïve Model



yt+1 = yt + ( (yt - yt-1) + ut+1


 eq \O(y,()t+1 = yt + ( (yt - yt-1)  = yt + (yt
where (yt - yt-1) = yt refers to as the first difference and ( is the proportion of its contribution
 Question: How can we choose (?  (more on this, later)
(3) Moving Average Models


3 days, 5 days, 30 days, 90 days..


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

.. Lecture 2

(4) Purely based on Trends and Seasonal components


..  Lecture 3
(5) Autoregressive (AR) Model

yt = b0 + b1yt-1 + b2yt-2 + .. + bpyt-p + ut  


# of AR terms = p

..  Lecture 5
(6) Moving Average (MA) Error model
yt = b0 + b1ut-1 + b2ut-2 + .. + bqut-q + ut  


# of MA terms = q


..  Lecture 5
(7) Time Series Components


Y = T ( S ( C ( I 



T = Trend



S = Seasonality



C = Cycle



I  = Irregular term


..  Lecture 3

(8) Regression

  Demand for police patrol services =

   a0 + a1(population) + a2 (# of arrests) + 

   a3(income level) + a4 (population density) + u


..  Lecture 4
(9) Multivariate regression (VAR model)
yt = b0 + b1yt-1 + b2yt-2 + b3Xt-1 + b4Xt-2 + u1t  
Xt = c0 + c1yt-1 + c2yt-2 + c3Xt-1 + c4Xt-2 + u2t  

yt  = Fed Ex sales

Xt = UPS sales


..  Lecture 7
(10) Composite Index

· Leading Indicators
· Coincident Indicators
· Lagging Indicators
http://www.globalindicators.org  (US)
U.S. COMPOSITE INDEXES
U.S. Composite Indexes: Components and Standardization Factors 
	 
	Leading Index
	Factor

	1.
	Average weekly hours, manufacturing
	.1946

	2.
	Average weekly initial claims for unemployment insurance
	.0268

	3.
	Manufacturers' new orders, consumer goods and materials
	.0504

	4.
	Vendor performance, slower deliveries diffusion index
	.0296

	5.
	Manufacturers' new orders, nondefense capital goods
	.0139

	6.
	Building permits, new private housing units
	.0205

	7.
	Stock prices, 500 common stocks
	.0309

	8.
	Money supply, M2
	.2775

	9.
	Interest rate spread, 10-year Treasury bonds less federal funds
	.3364

	10.
	Index of consumer expectations
	.0193

	 
	
Coincident Index
	 

	1.
	Employees on nonagricultural payrolls
	.5186

	2.
	Personal income less transfer payments
	.2173

	3.
	Industrial production
	.1470

	4.
	Manufacturing and trade sales
	.1170

	 
	
Lagging Index
	 

	1.
	Average duration of unemployment
	.0368

	2.
	Inventories to sales ratio, manufacturing and trade
	.1206

	3.
	Labor cost per unit of output, manufacturing
	.0693

	4.
	Average prime rate
	.2692

	5.
	Commercial and industrial loans
	.1204

	6.
	Consumer installment credit to personal income ratio
	.1951

	7.
	Consumer price index for services
	.1886


	9.  Interest rate spread, 10-year Treasury bonds less federal funds
	.3364


; It is called yield curve.  If it becomes negative (short-term rates are higher than long-run rates), it is an indicative of recession.

(11) Volatility Models


(Combined with risk measures)


..  Lecture 5

(12) Long-run Relationship Models


..  Lecture 7
(13) Dynamic Econometric Simulation Models*
http://fairmodel.econ.yale.edu/  FAIR Model
http://www.globalinsight.com/  Global Insight (DRI-WEFA)
.. beyond our scope
(14) Nonlinear Models**


Linear: yt = b0 + b1xt + ut 

Nonlinear: Not linear; various forms
3.  Is your forecast good or bad?

Evaluating Forecasting Models

(a)  Mean Square Errors (MSE)

MSE =  eq \f( 1 , n ) eq \i\su(, , )(yt  -  eq \O(y,()t)2 


 yt  = Actual values

      eq \O(y,()t  = Forecasted values

(b)  Root MSE (RMSE) = eq \r(MSE)
(eg) Retail Store Sales (Naïve and Modified Models)
Root-mean-squared error for years 2 through 7 is found using the following data.

	Year
	Retail Store Sales
	Naïve Forecast 
	Forecast

Error
	Squared Error

	1
	1,225
	na 
	Na
	na

	2
	1,285
	1,225
	60
	3,600

	3
	1,359
	1,285
	74
	5,476

	4
	1,392
	1,359
	33
	1,089

	5
	1,443
	1,392
	51
	2,601

	6
	1,474
	1,443
	31
	961

	7
	1,467
	1,474
	7
	49

	8
	
	1,467
	na
	na

	
	
	
	
	

	
	
	RMSE =
	
	47.917


Using the second-naive forecasting model, forecasts were generated with the adjustment parameter set equal to .20: Ft = At-1 + .20[At-1 - At-2].

	Year
	Retail Store Sales
	First Difference in Annual Sales
	0.2 x First Difference in Annual Sales
	Modified Naïve Forecast 
	Squared Error

	1
	1,225
	na
	na
	 
	na

	2
	1,285
	60
	12.0
	 
	na

	3
	1,359
	74
	14.8
	1,297
	3,844

	4
	1,392
	33
	6.6
	1,374
	331

	5
	1,443
	51
	10.2
	1,399
	1,971

	6
	1,474
	31
	6.2
	1,453
	433

	7
	1,467
	-7
	-1.4
	1,480
	174

	8
	
	na
	na
	1,466
	na

	
	
	
	
	
	

	
	
	
	
	RMSE =
	36.752


Note: Models with smaller values are better.

Note:  In-sample (historic) MSE  vs.

           Out-of-sample (hold-out period) MSE
Case: Gap Sales (excel file, gap_sales.xls)
(c)  Mean Absolute Errors (MAE)

MAE =  eq \f( 1 , n ) eq \i\su(, , )|yt  -  eq \O(y,()t| 

.. Less frequently used, but robust in the presence of outliers (extreme values)

(d)  Mean Absolute Percentage Errors (MAPE)

MAE =  eq \f( 1 , n ) eq \i\su(, , )| (yt  -  eq \O(y,()t) / yt |
(e)  Mean Errors (ME)

ME =  eq \f( 1 , n ) eq \i\su(, , )(yt  -  eq \O(y,()t) 

.. Not a good measure due to cancellation, but it provides the information on the direction of bias of forecasts; if positive, forecasts are lower than actual values, and vice versa.

(f)  Theil’s U statistic


U =  , )eq \r((yt  -  eq \O(y,()t)2  , eq \i\su(, , )(yt  - yt-1)2 )
)
    

.. compared with the naïve model (or any basic model)

 If U < 1, the model forecasts better than the naïve model.  

If U > 1, the model forecasts worse than the naïve model.  

If U = 0, the model forecasts perfectly.

Evaluating Econometric Models Using Information Criteria
Akaike IC 

AIC  = log( eq \O((,^)2) + 2k/T

where 
 eq \O((,^)2 (error variance) =  eq \f( 1 , T-k ) eq \i\su(t=1,T, ) eq \O(u,^)t2 
  T = # of observations

  k = # of parameters (regressors)

   eq \O(u,^)t = residuals (= estimated forecast errors)
Schwarz’s IC (SIC or BIC)

SIC  = log( eq \O((,^)2) + (k/T) log(T)

Note: Models with smaller values are better.

       (Example) 

	Model
	AIC
	SIC (BIC)

	(A) yt  = ut  + 0.5ut-1
	-101.56
	-125.08

	(B) yt  = ut  + 0.25ut-1  + 0.5ut-2
	-105.23
	-140.97



 Thus, we prefer Model (B).
Exercise Questions
1.  (WK book, Ex Q.1, p. 52)  Write a paragraph in which you compare what you think are the advantages and disadvantages of subjective forecasting methods.  How do you think the use of quantitative methods related to these advantages and disadvantages?  

2.  How do forecast practitioners rank various forecasting models applied to any given problem? Which technique is used most often in practice and why?  Explain in-sample and out-of-sample forecast model evaluation. 

3.  You are the quality control manager in a plant that produces bungee cords.  Your responsibility is to oversee the production of the synthetic material in the cord.  Specifically, your responsibility is to ensure that bungee cords have the correct elastic qualities to avoid personal injury lawsuits.

Your efforts are compounded in that you use two procedures for testing bungee cord elasticity, procedure A and procedure B.  Procedure A is generally subject to error, but few are very large.  On the other hand, procedure B is very accurate but subject to large one-time errors.  Specifically, forecast errors in evaluating the dynamic cord elasticity per pound of load are presented below for a random sample of four cords.

	Procedure A Forecast Errors
	Procedure B Forecast Errors

	.01
	.008

	-.01
	-.009

	-.02
	-.008

	.02
	.03


Using mean-absolute deviation (MAD) and mean-squared error (MSE), evaluate the relative accuracy of each procedure.  Which procedure will you use in quality control testing?

4.  (WK book, Ex Q. 2, 3, p. 52)  Suppose that you work for a U.S. senator who is contemplating writing a bill that would put a national sales tax in place.  Because the tax would be levied on the sales revenues of retail stores, the senator has asked you to prepare a forecast of retail store sales for year 8, based on data from year 1 through year 7.  The data are (c1p2.xls in the CD) 

	Year
	Retail store sales

	1
	1225

	2
	1285

	3
	1359

	4
	1392

	5
	1443

	6
	1474

	7
	1467


(a)  Use the first naïve forecasting mode presented in this chapter to prepare a forecast of retail store sales for each year from 2 through 8.

(b) Prepare a time series graph of the actual and forecast values of retail store sales for the entire period. 

(c) Calculate the root-mean-squared error for your forecast series using the values for year 2 through 7.

(d) (Q.3) Use the second naïve forecasting model presented in this chapter to answer parts (a) through (c) of Ex Q.2 (i.e. (a)-(c) in the above).  Use P = 0.2 (i.e., ( = 0.2 in our notation) in preparing the forecast.  Which model do you think works the best?  Explain why.  (c1p3.xls in the CD) 

(e) (added) Find Mean Error of the naïve forecasts in (a) and (d), repectively, and interpret the results.

(f) (added) Find the Thei’s U-statistic of the second naïve forecasts in (d), and interpret the result.

