CAMPUS OF
INTERNATIONAL

Universidad ~ Euskal Herriko EXCELLENCE

del Pais Vasco  Unibertsitatea

Example 4.1

Functional form

Pilar Gonzalez and Susan Orbe

Dpt. Applied Economics Il (Econometrics and Statistics)

Pilar Gonzélez and Susan Orbe | OCW 2014 Example 4.1 Functional form



Contents

@ 4.1.1. Plotting functions.

@ 4.1.2. Functional form.
@ Game performance.
@ Production function.

Pilar Gonzélez and Susan Orbe | OCW 2014 Example 4.1 Functional form



@ 4.1.1. Plotting functions.
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Example 4.1.1. Plotting function

To plot a function, go up to the Menu Bar and click
Tools -> Plot a curve

Write the function in the dialog box using the operators described in Example
3.2.3. Beware of the range of feasible values for X.

gretl = &8
File Jools Data View Add Sample Variable Model Help
Nods  Statistical tables
ID#{  P-valuefinder “
Distribution graphs
Plot a curve

Test statistic calculator
Nonparametric tests

Seed for random numbers
gretl: plot a curve ]
Command log

Gretl console formula ||

Gnuplot

Start GNU R xminimum 0 - xrange 10
NIST test suite 4

Preferences > [ hep J[ canee |[ ok
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Example 4.1.1. Plotting functions.

Linear function.
Y =4-3X J

5
0
5
-10
15
gretl: plot a curve ] »
formula  4-3%x
o 25
xminimum | p = xrange |10
Hep | [ e |[ ok ) . . . .
0 2 4 6 8 10
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Example 4.1.1. Plotting functions.

Quadratic function.
Y =4-3X +4X? J

400 T T T T
350
300 -
250 -
200 -

150
gretl: plot a curve ]

formula  4-3"x+4"x"*2

100 -

xminimum 0 = xrange |10

Help l l Cancel ] [ oK o b=— . . L
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Example 4.1.1. Plotting functions.

Cubic function.
Y =4-3X+4X2+ X3 J

1400 -

1200

1000

800

600

A gret: plot a curve &

formula | 4-3%x+4"""2+x™3|

x minimum |0 5 xrange |10

Help ] [ Cancel ] [ oK 0 T L L L
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Example 4.1.1. Plotting functions.

Inverse function.
_ 3
|

B gret: plot a curve

formula  4-3/x

x minimum |0 xrange 10

[oee ) ma JC o ) o,
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Example 4.1.1. Plotting functions.

Squared root function.
Y =4-3VX J

A gret: plot a curve )
formula |4-3*sqrt(x)|
xminimum |0 - xrange |10
Help ] [ Cancel ] [ ok ] 5 . . . .
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Example 4.1.1. Plotting functions.

Logarithmic function.
Y=4-3nX

gretl: plot a curve ]

formula | 4-3*log(x)

x minimum |0 = xrange |10

B ) [Ceme ) 2]
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@ 4.1.2. Functional form.
@ Game performance.
@ Production function.

Pilar Gonzélez and Susan Orbe | OCW 2014 Example 4.1 Functional form



Example 4.1.2. Functional form.

Game performance.

Load the data file golf.gdt that you may find in the sample folder POE 4th ed
(Hill et al. (2008)).

This file contains data from a golf player on variables:

age: age in decades
score = actual score - par

actual score = total number of hits taken during a round of golf, plus any penalty
strokes

par for the course = the number of hits allotted for any given course

score < 0: under par

score > 0: over par
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Example 4.1.2. Functional form.

Questions.

a. Plot the relationship between the variables score and age. Delete the fitted line.
b. What is the appropriate functional form?

c. Add variables age? and age? to the file.

d. Specify an econometric model to determine the score of the golf player as a
linear function of his age. What is the effect of age on score?

e. Specify an econometric model to determine the score of the golf player as a
quadratic function of his age. What is the effect of age on score?

f. Specify an econometric model to determine the score of the golf player as a
cubic function of his age. What is the effect of age on score?
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Example 4.1.2. Functional form.

Y0BO X A
< | Greti | ETM | Greene | Gujarati | POE4thed. | Ramanathan | Stock-watson |
File Csummary e B
fullmoon Emergency room stats

fultonfish Kathryn Graddy's Fulton Fish Market data

gascar Gasoline demand in OECD

gasga Gasoline demand in OECD for two counties

gdp US and Australian GDP

gfc Euro Area and US GDP

gold gold

golf golf

growthd7 GDP growth

grunfeldll Grunfeld's data

grunfeld2 Subset of Grunfeld's data -

< | mn »

File Tools Data View Add Sample Variable Model Help

golf.gdt

ID # 4 Variable name 4 Descriptive label <
0 const
1 score actual score - par
2 age age in decades = years/10
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Example 4.1.2. Functional form.

Plot the relationship between score and age and edit the plot to delete the OLS
fitted line.

View -> Graph specified vars -> X-Y scatter ...
score versus age (with least squares fit) 15 T T T T m
15 T T T T
Y=-17.7 + 463X — +
++
10 + 4
+ 4+
1
+
+ot++
5k + 4
+ +
+ A
e |t +1+
o s 0 - + + +
H a + + Tt
% + 0+ +f+ o+
+ ++ 0+ + .+
++ + ++ 4+ +4+
s SRR S S A ++ ]
+ + o+ + 4
+ o+ + 4+ + 4+t
+ 1 + ++
+4 4+ + ++ 4+ +
wF o+ + ++ 4 + g
+ + +
+ 4 + +
15 L . . . . s L ‘ ‘ ‘ ‘
2 25 3 35 4 2 25 3 35 4
ae a0e
Default plot Modified plot
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Example 4.1.2. Functional form.

The X-Y scatter shows that the relationship between score and age is not linear.
Therefore a polynomial function (quadratic or cubic) seems to be more
appropriate. To estimate these functional forms (see Lesson 5) it is necessary to
generate the variables age? and age3.

e To add age?: highlight the variable age with the cursor, go up to the Menu Bar and
click

Add -> Squares of selected variables

e To add age®: highlight the variable age, right-click, select the option Define new
variable... from the pulldown menu and write the formula.

B gretk: add var BT

Enter formula for new variable ‘
(or just a name, to enter data manually)

agecub=age™3|

Help ] L Cancel J [ oK
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Example 4.1.2. Functional form.

Linear relationship between variables

Econometric model:
score; = 1 + P2 agey + uy

PRF :  E(score;) = 1 + B2 age;

Effect of age on score:
Ascore

Aage =

The effect of age on score is (32, constant throughout the sample.
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Example 4.1.2. Functional form.

Quadratic relationship between variables

Econometric model:

score; = B + B2 age; + B age} + uy
PRF: FE(score;) = 31 + 2 age; + B3 age?
Effect of age on score:

Ascore

A age

~ B2 +2 B3 age

The effect of age on score is NOT constant throughout the sample because it
depends on age.
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Example 4.1.2. Functional form.

Cubic relationship between variables

Econometric model:

score; = By + Bz age, + Bs age} + Ba age} + uy
PRF: E(score;) = b1 + B2 age; + B3 age; + Baage;

Effect of age on score:

Ascore

~ B2 + 2 B3 age + 3 By age®
A age

The effect of age on score is NOT constant throughout the sample because it
depends on age.

Pilar Gonzélez and Susan Orbe | OCW 2014 Example 4.1 Functional form



Example 4.1.2. Functional form.

Production function.

Load the data file cobb.gdt that you may find in the folder denoted by POE 4th
ed (Hill et al. (2008)).

This file contains data from 33 firms on variables:

k: capital
l: labour
q: output

It is assumed that the appropriate production function for these firms is the
Cobb-Douglas function:
qg=AkP 1P (1)
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Example 4.1.2. Functional form.

Questions.

a. Is the Cobb-Douglas production function (1) linear in the coefficients?

b. Is it possible to write the Cobb-Douglas production function as a linear
regression model?

c. Given the linear regression model specified in item b.:

c.1. What is the partial effect of capital on output? What is the partial effect
of labour on output?

c.2. What is the elasticity capital-output? What is the elasticity labour-output?

d. Interpret the coefficients of the linear regression model.

e. Transform the data into logarithms using Gretl.
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Example 4.1.2. Functional form.

%

QOB 2y
J ‘ Gretl | ETM | Greene | Gujarati ‘ POE4thed. | Ramanathan | Stock-Watson | *
File 4 Summa -
cespro Lross section for LES production
ch10 Chapter 10
chard Production data
cloth annual time series observations on two clothing firms
cocaine 56 sales of cocaine
coke Drink Choices
coke_grouped 50 store data
cola Drink choices in stacked form
cola2 Drink choice, unstacked
commute Commute times
consumptn Consumption <
< m ] »

File Tools Data View Add Sample Variable Model Help

cobb.gdt
ID # 4 Variable name ¢ Descriptive label Al
0 const
2 1 labor
q output
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Example 4.1.2. Functional form.

Answers.

a. Is the Cobb-Douglas production function (1) linear in the coefficients?
NO, because the coefficients appear in the exponents of the variables.
b. Is it possible to write the Cobb-Douglas production function as a linear
regression model?
YES. Taking logarithms, we get:
Ing;=InA + Bz Ink; + B3 Inl; + u; 1=1,2,...,33 2)

The regression model (2) DOES satisfy the linearity assumption because it is
linear in the coefficients, even though it is not linear in the variables. It is
called a log-log model.
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Example 4.1.2. Functional form

Answer.

c.1. Partial effects.

Population Regression Function: E(Ing;|X)=InA + S5 Ink; + 85 Inl;
CAPITAL (holding labour constant).

Alng=B2Alnk —

A Ak
q — ﬁQ =
q k

Therefore, the partial effect of capital on output is:

Bg_p
Ak kZ

LABOUR (holding capital constant).
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Example 4.1.2. Functional form.

Answers.

c.2. Elasticities.

CAPITAL. Ag/ Ak B k
icity, = 24/0 _ Bak _ P2 k _
elasticity, = Ak/k ~ Bkg 3 qq B2

LABOUR.

elasticity; = _Aq/q _Bal_p

L_p
AlJl " Alg 19377

In the log-log model, the marginal effects on output of the explanatory variables
(capital and labour) ARE NOT constant while the elasticities capital-output and
labour-output ARE constant.
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Example 4.1.2. Functional form

Answer.

d. Interpret the coefficients.

In the log-log model the coefficients are elasticities.

Ba is the elasticity capital-output. If capital increases 1 %, holding labour
constant, output is expected to increase B3 %.

B3 is the elasticity labour-output. If labour increases 1%, holding capital
constant, output is expected to increase (83 %.
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Example 4.1.2. Functional form

Answer.

e. Transform the data into logarithms using Gretl.

To transform the data into logarithms, highlight variables output, capital and
labour, go up to the Menu Bar and click

Add -> Logs of selected variables

File Tools Data View Add Sample Varizble Model Help

cobb.gdt Logs of selected variables
ID # ¢ Variable name ¢ De! Squares of selected variables 1
0 const Lags of selected variables

selected variables

variables

Seasonal differe variables

Index variable
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