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QUANTITATIVE METHODS

1. Time Series Analysis and Forecasting

= Economic Time Series Data can be broken down into 4 Components
Secular Trend: the smooth, long-tem direction of time series
Cyclical Variation: SIGNIFICANT fluctuations above and below the
secular trend that occur over an extended period of time (+1 year)
Seasonal Variation: Fluctuations in data that REGULARLY occur at
about the same time each year
Irregular Variation: variations that are neither cyclical nor seasonal, 2

types

Episodic Variations: identified with random occurring events
(war, pestilence, famine)

Residual Variations: small RANDOM fluctuations that are
unpredictable, and associated with neither specific events nor
cyclical variations

a. Measuring Linear Secular Trends
= |f the Secular trend is LINEAR, there are 2 methods that are commonly used to
measure the Secular Trend Linear Regression Analysis and Moving Average
i. Linear Regression Analysis
= Fitsthe Time Series data to a straight line equation of the
following form:
Ye=a+b(t)
Where:
Y = the value of thetime series (Y;) at time, t
a = the Intercept: the value of Y; when t equals zero (the BASE
from which time is measured
b = the REGRESSION COEFFICIENT, the amount by which the
value of the time series (YY) increases per unit increase in time (t):
b=(AY/At)
= The Method of LEAST SQUARES regression is normally used to
determine the values of the INTERCEPT (a) and the
REGRESSION COEFFICIENT (b).

b= (nZtY — (ZY)(Z1) / ("= ~(Zt))
a=¥-hbt
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ii. Moving Average
» |If the SECULAR trend is Approximately linear and the Variations
around the trend are Approximately PERIODIC, the Cyclical,
Seasonal, and Irregular variations around the trend can be mostly
eliminated by using a centered MOV ING Average of the Time
Series Datawhose Length is Equal to the Frequency of the
Cyclical Variation
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Loglinear Regression Models

Not all regression models are Linear. Loglinear and Power
function models are often encountered when working with
economic and financial data. However, these functions can be
transformed into linear forms by using logarithms. Consequently,
after making such atransformation, it is possible to apply the linear
regression methods to these types of NONLINEAR relationships.
Loglinear Transformation
A Loglinear Model is one that has the Mathematical form:

Y =ab”*
Rewriting this equation in logarithmic form produces:

Log Y =log(a) + log(b)x
Because a& b are constants, their logarithms are also constants;
thus, in logarithmic form, thisis alinear model:

U=m+nx
Where U=logY
m=loga
n=logb

Loglinear functions are commonly used in time series analysis,
where avariable grows at some CONSTANT AVERAGE
GROWTH RATE over time

For Example: suppose sales are $1,000 in 19X0 and they are
growing at arate of 5% per year. The mathematical formulation of
thisrelationship is:

S = S (1+0)' = 1,000(1.05)"
S =the sales at any time, t
t = the time measured in years from 19X0 whent =0

es Sales

Years Years
Arithmetic Graph Paper Semilogarithmic Graph Paper

Also, there is arelationship between the slope of this straight line
on the semilogarithmic graph and the average annual growth rate
of sales, as depicted by the curved relationship on the arithmetic
graph. Note:
S = S (1+g)] = 1000(1.05)"
LnS = InSp + [In(1+g)]*{ = 6.9078 + .0488t
S, = e6.9078 = 1000
G=e"®_-1=.05
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= Power Function Transformation
A Power fubnction is an equation that appears as follows
Y =aX
Rewriting this into a logarithmic form produces the following
LogY =log(a) + (b)log(X)
Thisisalinear model in the form of

U=m+hV
Where U =log(Y)
M =log(a)
V =log(X)

Power functions are often used to represent supply and demand functions
in economics, where b is the elasticity of the supply or demand function

b. Measuring Nonlinear Secular Trends
= The Secular trends of MOST economic and financia time series are NOT
Linear: rather, they are EXPONENTIAL trends that grow at an average

annual growth rate
For Example: Describe the Secular Trend and Average Annual Growth Rate of the Following Time Series of Earnings.

YEAR t EARNINGS(E)
X1 1 1.20
X2 2 0.90
X3 3 1.40
X4 4 1.50
X5 5 1.30
TWO Approaches could be used to ESTIMATE the Secular Growth Rate of these
data.
FIRST, use the CONVENTIONAL Compound Interest Formulation
E = Eo(1+g)
FV = PV(1+g)]

Using only the FIRST and LAST Data Points, this method implies an

Average Growth Rate of 2.02%

FV=130,PV=120;t=51=4

IFVIPV = (1+g)] > 1.30/1.20 = 1.0833 > (1+g)* = (1.0833)* >g=.0202
Thisfirst method, while easy to compute, relies on only 2 data points. It ignores
the rest of the data and consequently, this method computes the ACTUAL
(HISTORICAL) Average ANNUAL Growth Rate for the period between the first
and last point in atime series. But it isNOT an accurate measure of the secular
growth rate that should be used to make long-term earnings projections.
(preferable only to use historical method for measuring the past ACTUAL growth
rates).

Instead, when projecting secular trends, the SECOND METHOD to useisa
LOGLINEAR Regression Model

E = E (1+9)|

Ln(E) = In(Eo) + [In(1+g)]* (t)

SinceU =a+ b(t)

And, In(E) = U, In(Ep) = a, and In(1+g) =b
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c. Seasonal Indexes

= Theratio of every datapoint in atime seriesto a1l YEAR moving average of
the Data can be used to determine whether or not thereisa STRONG

Seasonal component to the time series

In order to construct SEASONAL INDEXES for these data

1. COMPUTE aCENTERED 1 year (4 quarter) MOVING Average of
the Data

2. AVERAGE successive centered moving averages so that the result
corresponds to the same period as the quarterly raw data

3. COMPUTE the Ratio of each data point in the time series (for which a
moving average exists to its corresponding average moving average
value. These Ratios are called SPECIFIC SEASONAL INDEXES
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4. AVERAGE the Specific Seasonal Indexes for the 1%, 2" 3™ and 4"
quartersin order to obtain afirst approximation of the seasonal index for

each quarter

5. Inorder to force the sum of the three average seasonal indexes to equal
4.00, perform the following correction:

Here
Usually the CORRECTION FACTOR is Slightly above or below 1.00

6. The Seasona Indexesfor the 4 quarters are the average of the specific
seasonal indexes, multiplied by the CORRECTION FACTOR

Note: It israre to have to do this much number crunching on the exam

i. Deseasoninalizing Data
=  Once aset of SEASONAL Indexes have been Constructed for a
TIME SERIES, UNSEASONALIZED Data can be
DESEASONALIZED by DIVIDING the RAW Data by the

SEASONAL INDEX
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The Deseasonalized DATA contain the SECULAR trend, Cyclica Variation and Irregular
Variation components
d. Time Series Projections
= IfitisDesired to PROJECT aTime Series trend and Make actual
forecasts from it, do the following procedure.
1. Start with Historical DESEASONALIZED Data
2. Perform aLINEAR or LOGLINEAR Regression on the
Deseasonalized Time Series to Project the SECULAR Trend.
= For Example: Using the Deseasonalized data from the preceding
table and fit the Data to a Linear Regression line, will have the
following Results

3. The Regression equation can then be used to project the secular trend
for the next 4 quarters, which isthe DESEASONALIZED Sales
projections for Quarters 21, 22, 23, and 24-

4. These deseasonalized quarterly projections are then MULTIPLIED
by their RESPECTIVE SEASONAL INDEXES to Obtain the actual,
SEASONALIZED estimates for the Next 4 Quarters
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	YEAR	Q1	Q2	Q3	Q4
	YEAR	QUARTER	SALES	4Q Moving	Avg of Successive	Specific Seasonal Index
	QUARTERLY SPECIFIC SEASONAL INDEXES
	Q1	Q2	Q3	Q4
	Quarter	Avg. Specific Index	* 	Correction Factor =	Seasonal Index
	IV	687.61	20	13752.20	400


	Projection of Secular Trend
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