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Introduction

Uses for Seasonal Models

A seasonal pattern is a recurring pattern of variability in a time
series that occurs of the course of each year.

Prices usually differ from one season to another.

Tomatoes, avocados, grapes, lettuce
Wheat, corn, hay
450-550 pound Steers
Gasoline

Many quantity series have seasonal patterns (e.g., production)

To forecast seasonal data you must explicitly incorporate
variables in the model to reflect the seasonality.
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Introduction

Seasonal Forecasts

Multiple observations per year are needed to observe a seasonal
pattern.

Seasonal patterns repeat each year due to

Seasonal production due to climate or weather.
Seasonal demand (holidays, summer, etc.).

A cycle may also be present, with a seasonal pattern mapped on
the top of the cycle.
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Introduction

Seasonal Forecasts

Example of monthly prices showing seasonal variability on top of a
multi-year cycle.
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Introduction

Econometric Models for Forecasting Seasonal

Patterns

Seasonal indices

Composite forecast models

Harmonic regression model

Dummy variable regression model
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Introduction

Steps for Estimating a Seasonal Index

Graph the data.

Check for a trend and seasonal pattern.

Develop and use a seasonal index if no trend is present.

Develop a composite forecast model that includes trend and
seasonal components.
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Introduction

Two kinds of Seasonal Indices

Price Index

The traditional index value shows the relative relationship of
price between months or quarters.
It is ONLY used with price data.

Fractional Contribution Index

If the variable is a quantity, calculate a fractional contribution
index to show the relative contribution of each month to the
annual total quantity.
It is ONLY used with quantities.
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Seasonal Index

Seasonal Price Index Model

Seasonal price index is a simple way to forecast a monthly or
quarterly series.

Index represents the fraction that each month’s price is above or
below the annual mean.

If the seasonal index for June is 1.10 it means the June price
averages 110% of the annual average price.
If the seasonal index for December is 0.85 it means the
December price averages 85% of the annual average price.

A function in Simetar estimates the seasonal price index for time
series with a few simple steps, so it is very easy to use this type
of forecasting model.
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Seasonal Index

Seasonal Price Index Model Estimated by Simetar
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Seasonal Index

Using a Seasonal Price Index for Forecasting

Seasonal index has an average of 1.0

Use seasonal index to forecast monthly prices from annual
average price forecast

PJan = Annual Average Price ∗ IndexJan
PMar = Annual Average Price ∗ IndexMar

Suppose you have a trend forecasted annual average price of
$125, you can develop monthly forecasts using the seasonal price
indices, as:

January Price = $125 ∗ 0.88 = $110.0

March Price = $125 ∗ 1.08 = $135.0

The forecast can include risk by using a stochastic forecast of
annual price.
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Probabilistic Forecast of Seasonal Models

Probabilistic Monthly Forecasts

We use the Adjusted Stochastic Indices at the bottom of the Simetar
output
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Probabilistic Forecast of Seasonal Models

Probabilistic Monthly Forecasts

Develop probabilistic forecast of the annual price. In this case a
trend forecast is used of the annual average prices and 18th
period is forecasted.
Use the stochastic indices to simulate stochastic monthly
forecasts.
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Probabilistic Forecast of Seasonal Models

Seasonal Price Index Model Estimated by Simetar

[demo]
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Fractional Contribution Index

Seasonal Fractional Contribution Index

Fractional Contribution Index sums to 1.0 to represent 100% of
annual quantity of sales.
Each month’s value is the fraction of total sales that month.
Use a trend or structural model to forecast annual sales.

SalesJan = Total Annual Sales ∗ IndexJan
SalesJun = Total Annual Sales ∗ IndexJun

For an annual sales forecast at 340,000 units

SalesJan = 340, 000 ∗ 0.050 = 17, 000.0

SalesJun = 340, 000 ∗ 0.076 = 25, 840.0

This forecast is useful for input procurement and inventory
management.
The forecast can include risk by using a stochastic forecast of
annual sales.
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Harmonic Regression

Harmonic Regression for Seasonal Models

Add sin and cos functions in OLS regression to isolate seasonal variation.

Define a variable N to represent the number of observations per year

Ex.: Monthly observations: N = 12
Ex.: Weekly observations: N = 52

Create the X Matrix for OLS regression.

X1 indexes obervations : T = 1, 2, 3, 4, 5, . . . .

X2 = sin

(
2πTt

N

)
X3 = cos

(
2πTt

N

)
Fit the regression equation as:

Yt = β0 + β1X1,t + β2X2,t + β3X3,t
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Harmonic Regression

Harmonic Regression for Seasonal Models

This is what the X matrix looks like for a Harmonic Regression.
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Harmonic Regression

Harmonic Regression for Seasonal Models

Note that the cos term is not statistically significant, but it
MUST be included when using the model to forecast.

sin and cos are creating the wave effect in the forecast.

T is creating the positive trend in the forecast.

The model needs more terms to capture the underlying cycle.
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Harmonic Regression

Recap of Harmonic Regression

Yt = β0 + β1Zt + β2Tt + β3 sin

(
2πTt

N

)
+ β4 cos

(
2πTt

N

)
The T variable captures the trend in the Y variable.

The sin and cos capture the seasonal variability in Y .

The Z variable represents structural variables that could explain
changes due to income, population, tastes and preferences,
policy shifts.
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Harmonic Regression

Harmonic Regression Demo

[demo]
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Cycles

Cycles

Business cycle

Beef cycle

Hog cycle

Earnings season
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Cycles

Analyzing and Forecasting Cycles

Cyclical analysis involves analyzing data for underlying cycles.

Estimate the length of an average cycle and forecast Y variable
in part based on cycle length.

May still include trend, seasonal, and structural variables to be
removed with other parts of your model.

Need adequate data to reflect several cycles
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Cycles

Rules for Cyclical Analysis Models

Note that a cycle is simply a generalization of the seasonal
concept

Seasonal pattern: one cycle per year

More general: cyclic pattern that repeats with an arbitrary
frequency

Now define N as the number of observations per cycle
(previously number of obs per year)

Example: to reflect a quarterly cycle with weekly obs, N = 13

Example: to a reflect a five-year cycle with monthly obs, N = 60
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Cycles

Cyclical Analysis Models

The regression model, including a possible trend, is still just

Y = β0 + β1T + β2 sin

(
2πT

N

)
+ β3 cos

(
2πT

N

)
where N = number of observations per cycle.

Steps to estimate a cycle length:
1 Enter N in a cell.
2 Reference the cell with N to calculate all of the sin and cos

values in the X matrix.
3 Estimate regression model.
4 Change the value for N , observe the F ratio, MAPE , R2, or

information criterion
5 Repeat process for numerous N values and choose the N with

the best value for your chosen fit metric
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Cycles

Multiple Simultaneous Cycles

OLS regression model:

Y = β0 + β1T + β2 sin

(
2πT

N1

)
+ β3 cos

(
2πT

N1

)
+β4 sin

(
2πT

N2

)
+ β5 cos

(
2πT

N2

)
where: N1 = Number of obs per cycle for the first cycle and N2 =
Number of obs per cycle for the second cycle

For example: make N1 the number of observarions per year to reflect
a seasonal/annual cycle, and N2 some larger number to reflect a
multi-year cycle.
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Cycles

Results from a combined seasonal and multi-year

cycle model

Monthly data
Slightly different notation than above: here ”cycle length” is the
of years (not obs) in the multi-year cycle, chosen based on
maximum MAPE .
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Cycles

Cycle Demo

[demo]
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Dummy Variable Models

Seasonal Forecast Using Dummy Variable Models

Dummy variable regression model can forecast trend and
seasonal variability.

Include a trend if one is present.

Regression model can be estimate as:

Y = β0 + β1Jan + β2Feb + ... + β11Nov + β13T + β14Z

Jan–Nov are individual dummy variable 0’s and 1’s.

Effect of Dec is captured in the intercept.

If the data are quarterly, use 3 dummy variables, for first 3
quarters and intercept picks up affect for fourth quarter.

Y = β0 + β1Qt1 + β2Qt2 + β3Qt3 + β4T + β5Z

The Z variable represents other structural variables that can be
included in the model.

Henry Bryant (Texas A&M University) Agribusiness Analysis and Forecasting 27 / 30



Dummy Variable Models

What is Each Part of the Equation Doing?

Y = β0 + β1Jan + β2Feb + ... + β11Nov + β13T + β14Z

The β0 intercept is capturing the average value of Y when all
the other variables are zero.

The β1 through β11 are capturing the effects of different months
on the Y variable, some may be positive and others negative.
Some may not be statistically significant but should be left in
the model for completeness.

The “T” variable is trend and effectively “de-trends” the data
prior to estimating the seasonal effects.

The “Z” variable represents other structural variables that can
be included in the model, such as income, population, own price
and competing prices.
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Dummy Variable Models

Seasonal Forecast with Dummy Variable Models

Set up the X matrix with 0’s and 1’s.

Easy to forecast as the seasonal effect is assumed to persist
forever.

Note the pattern of 0s and 1s for months.

December effect is captured in the intercept.
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Dummy Variable Models

Seasonal Forecast with Dummy Variable Models

Regression output for a monthly dummy variable model may not
have a statistically significant effect for each month, as indicated
by the Student t on the betas.
Monthly forecasts use beta for the month being forecasted.

January forecast = 45.93 + 4.147 ∗ (1) + 1.553 ∗ T
May forecast = 45.93 + 4.999 ∗ (1) + 1.553 ∗ T
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