


Business analysts often need to be in position to:

(1) Interpret the economic landscape

Identify and assess the influence of several

exogenous or predetermined factors on one 
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or more endogenous variables

(2) Provide ex-ante forecasts of one or more 
endogenous variables.

How does one achieve these objectives?
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Why does one wish to achieve these objectives?
-- to improve decision making!

EXAMPLE: Investigate key determinants of demand 
for Prego spaghetti sauce: Price of Prego; price 
of competitors (Ragu, Classico, Hunt’s, 
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of competitors (Ragu, Classico, Hunt’s, 
Newman’s Own); in-store displays; coupons; 
price of spaghetti

Forecast sales of Prego spaghetti sauce one 
month, one quarter, or even one year into the 
future.
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� Data (# of observations)

� Data (# of variables)

� Theoretical Considerations
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� Atheoretical Considerations

� Dynamics

� Experience

� Question(s) Addressed
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� Intuitive Approach
� Time-Series Approach
� Structural (econometric) 

Approach



� Captures trends

� Capture seasonality

� Moving averages
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� Moving averages

� Exponentially-weighted moving 
averages

� Holt-Winters specifications



� ARIMA models

� Vector autoregression models

� Causality tests
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� Impulse response functions

� Cointegration

� Error correction models



� Single-equation

� Multi-equation

Interpretation of coefficients
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� Interpretation of coefficients

� Tests of hypotheses

� Use of diagnostics



Critical ingredient in all models:

� “Sufficiently large” amount of historical data

� “Ask not what you can do to the data but 
rather what the data can do for you.”

� Data Types
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� Data Types

� Time-Series

� Cross-Sectional

� Combination



Critical Ingredient -- data (sample “sufficiently large”)

Time-series data
daily, weekly, monthly
quarterly, annual

DAILY-- closing prices of stock prices
WEEKLY-- measures of money supply
MONTHLY-- housing starts
QUARTERLY-- GDP figures
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ANNUAL -- salary figures

Cross-Sectional Data
Snapshot of activity at a given point in time
Survey of household expenditure patterns
Sales figures from a number of supermarkets at a gi ven 

point in time.

Pooled Time-Series, Cross Sectional Data



Quote from Lord Kelvin:

“I often say that when you can measure 

what you are speaking about,

and express it in numbers,

you know something about it;

15

you know something about it;

but when you cannot measure it,

when you cannot express it in numbers,

your knowledge is of a meager and

unsatisfactory kind.”



� Get a feel for the data

� Plots of key variables

� Scatter plots

� Descriptive statistics
Mean Outliers
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Mean Outliers

Median Skewness

Minimum Kurtosis

Maximum Distribution

Standard Deviation



Let X correspond to a vector of T observations for the va riable x. 

Mean
The mean, a measure of central tendency, correspond s to the 
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The mean, a measure of central tendency, correspond s to the 
average of the set of observations corresponding to  a particular 
data 

series. The mean is given by                    . T he units associated with

the mean are the same as the units of x i, i = 1, 2, …, T.           
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� Median
The median also is a measure of central tendency of  

a data series. The median corresponds to the 50 th

percentile of the data series. The units associated  with the 
median are the same as the units of x i, i = 1, 2, …, T. To 
find the median, arrange the observations in increa sing 
order. When sample values are arranged in this fash ion, 
they often are called the 1 st, 2nd, 3rd, …order statistics. In 
general, if T is an odd number, 

1+T
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general, if T is an odd number, 

the median is the order statistic whose number is             .  

If T is an even number, the median corresponds to the 
average of the order statistics whose numbers are

.
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� Standard Deviation 
The standard deviation is a measure of the spread o r 
dispersion of a series about the mean.

The standard deviation is given by S = . 

The units associated with the standard deviation ar e the same 
as the units of x i.
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� Variance 
The variance also is a measure of the spread or dis persion of a 
series about the mean. 

The variance is expressed as                             . 
Note that             .      

The units associated with the variance are the squa re of the 
units of x i. 
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� Minimum

The minimum series corresponds to the smallest 
value, min (x1, x2, …, xT). The units associated with the 
minimum are the same as the units of x i.

� Maximum 

The maximum of a series corresponds to the largest 
value, max (x1, x2, …, xT). The units associated with the 
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1 2 T

minimum are the same as the units of x i.

� Range 

The range of a series is the difference between the  
maximum and the minimum values. The range is 
expressed as Range x = max x - min x . The units 
associated with the range are the same as the units  of x i.



� Skewness
Skewness is a measure of the amount of 

asymmetry in the distribution of a series. If a 
distribution is symmetric, skewness equals zero. 
If the skewness coefficient is negative (positive),  
then the distribution of the series has a left (rig ht) 
tail. The greater the absolute value of the 
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tail. The greater the absolute value of the 
skewness statistic, the more asymmetric is the 
distribution. The skewness 

coefficient is given by .  The 

skewness statistic is a unitless measure.
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� Kurtosis 

Kurtosis is a measure of the flatness or 
peakedness of the distribution of a series relative to 
that of a normal distribution. A normal random 
variable has a kurtosis of 3. A kurtosis statistic 
greater than 3 indicates a more peaked distribution  
than the normal distribution. A kurtosis statistic 
less than 3 indicates a more flat distribution than  
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less than 3 indicates a more flat distribution than  
the normal distribution. The kurtosis 

coefficient is given by     . 

The kurtosis coefficient also is a unitless measure .
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� Jarque-Bera test statistic (Jarque and Bera, 1980)

The Jarque-Bera (JB) statistic combines the 

skewness and kurtosis coefficients to produce 

another measure of the departure of normality of a 

series. 

This measure is given by .)3ˆ(
4

1
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For a normal distribution,                          Thus the JB 

statistic is 0 for normal distributions. Values gre ater 

than 0 indicate the degree of departure from 

normality. 



.3ˆ and 0ˆ == km



� Coefficient of variation
The coefficient of variation is the ratio of the 

standard deviation to its mean. This measure 
typically is converted to a percentage by 
multiplying the ratio by 100. This statistic descri bes 
how much dispersion exists in a series relative to 
its mean. This measure is given by 
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. The utility of this information is 

that in most series the mean and standard deviation  
change together. As well, this statistic is not 
dependent on units of measurement.
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� Correlation Coefficient
The correlation coefficient is a measure of the deg ree of linear association 
between two variables. The statistic, denoted by r, is given by 

. While r is a pure number 
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without units, r always lies between -1 and +1. Positive values of r indicate a 
tendency of x and y to move together, that is large values of x are 
associated with large values of y and small values of x are linked with small 
values of y. When r is negative, large values of x are associated with small 
values of y and small values of x are associated with large values of y. The 
closer to +1, the greater the degree of direct line ar relationship between x
and y. The closer to  -1, the greater the degree of inve rse linear relationship 
between x and y. Finally, when r = 0, there is no linear association between x
and y. 



� Mode
The mode corresponds to the most frequent 

observation in the data series x1, x2, …, xr. The units 
associated with mode are the same as the units of x i. 
In empirical applications, often the observations a re 
non -repetitive. Hence, this measure often is of 
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non -repetitive. Hence, this measure often is of 
limited usefulness. 
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“Ask not what you can do to the data but rather what  
the data can do for you.”

Express data in real or nominal terms

Total or per capita measures
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Levels, changes, or percentage changes

Smoothing

Moving averages

Exponential smoothing

Seasonal adjustments



Smoothing techniques provide a means of 
removing or at least reducing volatile 
short-term fluctuations in a time series.  
These techniques can be useful since it is 
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These techniques can be useful since it is 
often easier to discern trends and cyclical 
patterns and otherwise analyze a 
smoothed series.  Seasonal adjustment is 
really a special form of smoothing.
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Use of PROC Expand in SAS
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38



39



40



X11 or X12 

Bureau of the Census Procedure
Let us now apply the seasonal adjustment technique to 
series for monthly housing starts. To do this we fi rst 
compute a 12-month average         of the original series         
and then divide       by Note that        ).Ŷ/YZ(Ŷ =

)Ŷ( t )Y( t

Y Z

41

and then divide       by Note that        
contains (roughly) the seasonal and irregular 
components of the original series.  We remove the 
irregular component by averaging the values of       that 
correspond to the same month; i.e., we compute

We then compute the final seasonal indices
by multiplying the by a factor that brings 
their sum to 12. 
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MONTH INDEX MONTH INDEX
January 1.123297 July 0.945481
February 0.968097 August 0.969834

Seasonal Adjustment Example

Monthly Per Capita Consumption of 
Orange Juice 1989:01 to 2002:09

42

February 0.968097 August 0.969834
March 1.054204 September 0.974579
April 0.973807 October 1.021360
May 0.973662 November 1.007508
June 0.925150 December 1.081367

Sum    12.018346



A Plot of the Actual Series Called ALLOJGALPC 
and Its Seasonally Adjusted (SA) Version
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� Trigonometric (cycles)

Logarithmic (elasticities, flexibilities)
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� Logarithmic (elasticities, flexibilities)

� Polynomial (economies of scale)

� Lags in variables



Coase :

“If you torture the data long enough, nature 
will confess.”
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Leamer (1983) :

“There are two things you are better off not 
watching in the making: sausages and 
econometric estimates.”



Models are associated with some sort of 
mathematical representation:

Linear model, nonlinear model
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Linear functional form

Logarithmic functional form

Polynomial functional form

Derivatives to capture changes, elasticities -- key 
to interpretation of coefficients 

associated with a given model.
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� Objective function to obtain coefficients of a mode l:
� Minimization of sum of squared residuals (OLS)
� Maximize a likelihood (or log likelihood) function
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� Tests of Hypotheses:
� Standard normal distribution
� t distribution
� Chi-Squared (   ) distribution
� F distribution

� p-value (probability value) and level of significan ce

2χ



Owing to the quantitative nature of the economic 
modeling and forecasting process, “number 
crunching” is a fact of life.

Importance of Software Packages:
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Choose a package of packages that:
(1) make you “comfortable”
(2) provide you with relevant information

to carry out your tasks

NO single package is optimal for every situation.



Common software packages currently in use for 
economic modeling and forecasting:

* (1)   EVIEWS (6.0)

* (2)   SHAZAM (10.0)

* (3)   SAS (9.1 or 9.2)

* (4)   TSP
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* (4)   TSP

* (5)   STATA

(6)   SPSS

(7)   RATS

(8)   LIMDEP

(9)   Forecast PRO

(10) GAUSS



A technician can run a program and get output

An analyst must interpret the findings from examina tion of 
this output

There are no bonus points to be given to terrific h ackers but 
poor analysts
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poor analysts

(1) Improve your ability in developing models to co nduct 
structural analysis and to forecast with some accur acy

(2) Enhance your ability in interpreting and communi cating 
the results so as to improve decision-making



� Unification of economics, mathematics, statistics

� Measurement of economic relationships

� Economic measurement for the purpose of testing 
and developing economic theory
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� Specification -- the model building activity

� Estimation -- fitting the model to data

� Verification -- testing the model

� Prediction--forecasting



Components of Applied 

Specification Estimation
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Components of Applied 
Econometrics

Verification Prediction



Econometric Results -- indeed a term that for many economists 
conjures up horrifying visions of well-meaning but perhaps marginally 
skilled, likely nocturnal, individuals sorting thro ugh endless piles of 
computer print-outs.  One “final” print-out is then  chosen for 
seemingly mysterious reasons and the rest discarded  to be recycled 
through a local paper processor and another compute r printer for other 
“econometricians” to repeat the process ad infinitum. Besides 
supplying a lucrative business for the paper recycl ers, what useful 
output, if any, results from such a process?  This questions lies at the 
heart of the so -called “science: of econometrics as currently appli ed, a 
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heart of the so -called “science: of econometrics as currently appli ed, a 
practice which has been called “data mining”, “numb er crunching”, 
“model sifting”, “data grubbing”, “fishing”, “data massaging”, and 
even “alchemy” among other less palatable terms.  A ll of these 
euphemisms describe basically, the same process: ch oosing an 
econometric model based on repeated experimentation  with available 
sample data.

--Rod F. Ziemer, “Reporting Econometric Results: Believe It or Not?”, 
Land Economics 60(February 1984):122.



� Applied econometrics deals with the measurement of 
business, economic or financial relationships

� Tintner (1953) –

“The study of the application of statistical method s to 
the analysis of economic phenomena.”

� Business analysts often need to be in position to:
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� Business analysts often need to be in position to:

� Interpret the economic landscape. 
Identify and assess the influence of several 
exogenous or predetermined factors on one or more 
endogenous variables

� Provide ex-ante forecasts of one or more endogenous  
variables.

� How does one achieve these objectives?



� A key issue in applied econometrics is the use of 
proxy variables. Proxy variables generally arise 
due to unavailability of appropriate data.

� Valavanis (1959, p. 83) –
“Econometric theory is like an exquisitely balanced  French 
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“Econometric theory is like an exquisitely balanced  French 
recipe, spelling out precisely with how many turns to mix the 
sauce, how many carats of spice to add, and for how  many 
milliseconds to bake the mixture at exactly 474 deg rees of 
temperature. But when the statistical cook turns to  raw 
materials, he finds that hearts of cactus fruit are  unavailable, 
so he substitutes chunks of cantaloupe; where the r ecipe 
calls for vermicelli he uses shredded wheat; and he  
substitutes green garment dye for curry, ping-pong balls for 
turtle’s eggs, and for a vintage bottle (1883) of c hampagne, a 
can of turpentine.”



Econometric 
Model

Theory

Model

Data

Refined
Data

Statistical
Theory

Econometric
Techniques
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Model

Estimation of the Econometric Model with the 
Refined Data Using Econometric Techniques

Structural
Analysis

(Marginal 
Effects)

Techniques

Forecasting
Policy

Evaluation



� 1. Structural analysis 
(marginal effects)

� 2. Forecasting

Interrelated 
By-Products 
of Applied 

Econometrics
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� 2. Forecasting

� 3. Policy evaluation

Econometrics



� Structural analysis – Use of estimated econometric 
models for the quantitative measurement of 
economic relationships

� Forecasting – Use of estimated econometric models 
to predict quantitative values of certain variables  
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to predict quantitative values of certain variables  
outside the sample of data actually observed

� Confidence or tolerance intervals of forecasts, tak ing 
into account standard errors

� Conditional versus unconditional forecasts
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