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Solution to Task T4.
The Multiple Regression Model. Specification.

Task T4.1. Plotting functions.

To plot functions in Gretl, click

Tools --> Plot a curve

gretl: graph (= -]
60

[ gretl: plot a curve ﬂ

formula 205")1 10 F
xminimum 0 =) xrange 10 S
0
[ Help l [ Cancel ] [ oK ° . .a 0
Y — 2 + 5X 5.069 5945 Right-click on graph for menu EoRAZB X
"BH gret: graph [ESHESX )
10
oF
20k
-30
" greth: plot a curve X ]
formula  2-5%x -40 |-
xminimum |0 = xrange 10 =
s : : : s o
Hel Cancel oK b
Y — 2 _ 5X [ 2 ] [ ] [ 1 6552 -4.864 Right-click on graph for menu CoBARZE R
A greti: graph O S
50
\;\\\‘
™~
150
gretl: plot a curve ﬂ
formula 2~5"x-3"x"2|
xminimum |0 5 xrange (10 =
20 . A
Hel, ancel K !
Y — 2 + 5X _ 3X2 [ L2 ] [ < ] l 9 6.73647.95 Right-click on graph for menu EoRAZE X



OCW 2014

Pilar Gonzélez and Susan Orbe

Y =2+5X +3X?

Y=24+5InX

Y=2-5InX

"Bl grett: groph laclsizin
400
350 |
300 |
250 | 1
200 |
150 [ b
- gretl: plot a curve 100 i
formula lZ«S“xo3'x"'Zl ‘
50 - 1
x minimum |0 5 xrange |10 ﬁ
o s
0 2 4 8 10
[ Help ] [ Cancel ] [ oK ] Right-click on graph for menu R NEASE
B4 grett: graph (2| e
15

] B grett: plot a curve

formula |2+5'log(x)|

l

x minimum |0 H

xrange 10 H

-10
o 2 4 8 10
Help Cancel OK
[ ] I I I I 0.155214.09 Right-click on graph for menu EoRARZ2D X
"Bl et graph ez
15

A grett: plot a curve

i)

formula | 2-5"log(x)

xminimum 0 ;’

X range '10 ;’

l

2 4

ﬂ gretl: plot a curve

[ Hich J [ Cance) ] l 2K J N . Right-click on graph for menu D]B (=3 Q] uﬁmx
B4 grett: graph (SRR )
50

formula | 2%exp(x)] \

xminimum 0 E xrange (10 E

[ bep || cence |[ ok | ° 2 s s 0
67364795 | Right-click on graph for menu SeRZB X
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Task T4.2. Generating dummy variables in Gretl.

| Beach umbrella rental

4.2.1. Add manually the dummy variable DW;.

Data --> Edit values

Click on the icon —+ , select the option Add variable and then enter manually the
data.

gretl: edit data SRS

@ DR (oW, 2013-09-29
u P T w ow

| 2013-05-05 347 4.5 26 1 1
| 2013-0512. 251 4.5 23 1 1
| 2013-05-19 339 4.5 25 2 0
| 2013-05-26 310 5 23 1 1
| 2013-06-02. 305 s 23 1 1
| 2013-06-09 317 6 25 2 (3
| 2013-06-16 364 6 28 2 0
| 2013-06-23 403 7 33 2 ()
| 2013-06-30 323 7 28 2 [
| 2013-07-07. 322 8 30 1 1
| 2013-07-14. 401 9 33 1 1
| 2013-07-21 39 9 32 1 1
| 20130728 424 10 3 2 o
| 2013-08-04 442 10 ES) 2 3
| 2013-08-11 462 12 36 2 )
| 2013-08-18 491 15 40 2 (3
| 2013-08-25 437 15 36 2 o
| 2013-09-01 422 12 34 1 1
| 2013-09-08 433 10 36 2 ]

| eoiEess| 303 10 33 2 0
1 2013-09-22. 429 9 35 2 0
| 2013-09-29 379 9 32 1 1

The main window shows the new dummy variable.

B gret L=lle

File Tools Data View Add Sample Variable Model Help
umbrellas.gdt *

ID # 4 Variable name ¢ Descriptive label <
0 const
2 P Daily rental price (in euros)
37 weekly ge temperature (in deg Celsius)
4 W =1ifwindy week; = 2 if non windy week
5 Dw

Weekly: Full range 2013-05-05 - 2013-09-29

@BROE~RAEL 2 aB 5

Right-click on the variable DW and select the option Edit attributes from the pulldown
menu to introduce the description of the variable.

B gret ==L

File Tools Data View Add Sample Variable Model Help
umbrellas.gdt *

ID # 4 Variable name ¢ Descriptive label <
0 const
1 U Number of rented umbrellas
3T weekly ge temp (in deg Celsius)
4 W =1ifwindy week; = 2 if non windy week
5 DW =1 if windy week; =0 if non windy week

Weekly: Full range 2013-05-05 - 2013-09-29

@20 ~BAEL 2 aBD
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4.2.2. Dummy variables for a selected discrete variable.
Highlight the discrete variable W and click:

Add --> Dummies for selected discrete variables

gretl: create dummy ... u

Encoding variables as dummies

) Encode all values

() Skip the lowest value

[ canca |[ ox |

You want to generate a dummy variable that takes the value 1 for windy weeks, that
is, for the weeks associates with the numerical value 1 in the variable W. Therefore, you
have to mark Skip the highest value out of three options offered in the dialog box.

The new dummy variable is listed in the main window with the name given by default.

gretl == g
File Tools Data View Add Sample Variable Model Help
umbrellas.gdt *

ID# 4 Variable name ¢ Descriptive label Al
0 const
1 U Number of rented umbrellas
2 P Daily rental price (in euros)
3 T weekly ge temperature (in degrees Celsius)
6 DW_1 dummy forW=1
5 DW =1 if windy week; =0 if non windy week

Weekly: Full range 2013-05-05 - 2013-09-29

B2AE~RAEL 2 8B 5

To change its name, highlight the variable DWW _1, right-click and select the option

Edit attributes. To delete the variable DWW, highlight it, right-click and select the option
Delete.

The data file should look as follows.

gretl @Eg

File Tools Data View Add Sample Variable Model Help
umbrellas.gdt *

ID# 4 Variable name 4 Descriptive label 1
0  const
1 U Number of rented umbrellas
2 P Daily rental price (in euros)
307 weekly ge temperature (in degrees Celsius)
=4 W =1ifwindy week; = 2 if non windy week
5 ww =1 if windy week; = 0 if non windy week

Weekly: Full range 2013-05-05 - 2013-09-29

@2 E~,~BAEHLE 2 8BD

Do not forget to save all the changes in your file.
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Holiday cottages in Biscay

a. Highlight all the discrete variables that appear in the main window (LOC, BE, LK,

NP, WIFL, Q, C), clik

Add --> Dummies for selected discrete variables

and mark Encode all values in the dialog wind

As you may see in the window below, Gretl has generated one dummy variable for

each category of the discrete variables.

OowW.

Pilar Gonzélez and Susan Orbe

File Tools Data View Add Sample Variable Model Help
cottages.gdt *
ID# < Variable name ¢ Descriptive label 4 -
0 const F
1 RP average room price (in euros)
2 NR number of rooms
3 BP breakfast price (in euros)
=4 WIFI wifi access
11 DWIFI1 dummy for WIFI = 'F*
12 DWIFI .2 dummy for WIFI = 'N'
13 DWIFL3 dummy for WIFI = 'P*
25 LocC location
14 DLOC1 dummy for LOC = 'A’
15 DLOC_2 dummy for LOC = 'C’
=6 NP proximity to a natural park
16 DNP_1 dummy for NP = 'V*
17 DNP_2 dummy for NP = 'R’
18 DNP_3 dummy for NP = ‘N’ 1=
19 DNP_4 dummy for NP = 'P*
287 LK proximity to a lake or a reservoir
20 DLK1 dummy for LK = 'V'
21 DLK.2 dummy for LK = 'N'
22 DLK3 dummy for LK = 'R’
=8 BE proximity to a beach
23 DBE_1 dummy for BE = 'V
24 DBE.2 dummy for BE = ‘N’
25 DBE3 dummy for BE = 'R’
=9 Q Tourism Quality Q certificate
26 DQ1 dummy forQ = 'N'
27 DQ2 dummy forQ ='Y"
=10 C Commitment to quality tourism award
28 DC1 dummy forC = 'Y* [
29 DC2 dummy for C = 'N* S
Undated: Full range1 - 75

b. Edit the attributes and write down a description for each new dummy variable

explaining which category of the qualitative variable takes the value 1.

gretl
File Tools Data View Add Sample Variable Model Help
cottages.gdt *
ID# 4 Variable name ¢ Descriptive label 4 -
0 const T
2 NR number of rooms
3 BP breakfast price (in euros)
=4 WIFI wifi access
11 WIFIF = 1if free wifi access
12 WIFIN =1 if there is not wifi access
13 WIFIP =1 if paid wifi access
85 LoC location
14 LOCA =1 if far from the town center
15 LOCC =1if in the town center
=26 NP proximity to a natural park
16 NPV =1 if more than 20 km from a natural park
17 NPR =1 if less than 1 km from a natural park
18 NPN =1 if not close to a natural park =
19 NPP =1 if the cottage is inside a natural park
a7 LK proximity to a lake or a reservoir
20 LKV =1 if more than 20 km from a lake or reservoir
21 LKN =1if not close to a lake or reservoir
22 LKR =1 if less than 1 km from a lake or reservoir
=8 BE proximity to a beach
23 BEV =1 if more than 20 km from a beach
24 BEN =1if not close to a beach
25 BER =1if less than 1 km from a beach
=9 Q Tourism Quality Q certificate
26 QN =1 if the cottage has not the tourism quality Q certificate
27 Qv =1 if the cottage has the tourism quality Q certificate
= 10 C Commitment to quality tourism award
28 CY =1 if the cottage has the commitment to quality tourism award L4
29 CN =1 if the cottage has not the commitment to quality tourism award -
Undated: Full range1 - 75
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c. Regression model to determine the average price of a room:

RF, = i+ B2 BP, + B3 NR; + By LOCA; + s NPV; + S NPR; + 07 NPN; +
+ BsLKV; + By LKN; + (1o BEV; + 11 BEN; + PioWiFiF; + 13 WiFiN; +
+ QY + bisCYi + u

The qualitative variables are included in the model by means of the dummy variables
generated previously. For each qualitative variable, we introduce as many dummy vari-
ables as the number of categories minus 1. The categories not included in the model,
which make up the reference group, are: “being in the town center”, “being inside a
natural park”, “being less than 1 km from a beach”, “being less than 1 km from a lake”,
“not offer WiF1i access”, “not having the Tourism Quality Q certificate” and “not having
the Commitment to Tourism Quality Award”.

p1: the expected price of a room (in euros) in a holiday cottage in the town center, inside
a natural park, less than 1 km from a beach and a lake, without WiFi access and
that does not have neither Tourism Quality Q certificate nor the the Commitment
to Tourism Quality Award, when the variables price of breakfast and number of
rooms take the value zero.

Pa: the expected increase in the price of a room (in euros) when the price of the breakfast
increases by €1 holding the rest of the explanatory variables (number of rooms,
location, proximity to a natural park, a beach and a lake, WiFi access and having
a Q certificate or a Commitment to Tourism Quality Award) constant.

Ps: the expected increase in the price of a room (in euros) when the number of rooms
increases by 1 unit holding the rest of the explanatory variables (price of breakfast,
location, proximity to a natural park, a beach and a lake, WiFi access and having
a Q certificate or a Commitment to Tourism Quality Award) constant.

B4 the expected difference in the price of a room between one holiday cottage that is
far from the town center and other that is in the town center holding the rest of the
explanatory variables (price of breakfast, number of rooms, proximity to a natural
park, a beach and a lake, WiFi access and having a Q certificate or a Commitment
to Tourism Quality Award) constant.

Bs: the expected difference in the price of a room between one holiday cottage that
is more than 20 km from a natural park and other that is inside a natural park,
holding the rest of the explanatory variables (price of breakfast, number of rooms,
location, proximity to a beach and a lake, WiFi access and having a Q certificate
or a Commitment to Tourism Quality Award) constant.

Be: the expected difference in the price of a room between one holiday cottage that
is less than 1 km from a natural park and other that is inside a natural park,
holding the rest of the explanatory variables (price of breakfast, number of rooms,
location, proximity to a beach and a lake, WiFi access and having a Q certificate
or a Commitment to Tourism Quality Award) constant.

B7: the expected difference in the price of a room between one holiday cottage that is
not close to a natural park and other that is inside a natural park, holding the rest of
the explanatory variables (price of breakfast, number of rooms, location, proximity
to a beach and a lake, WiFi access and having a Q certificate or a Commitment to
Tourism Quality Award) constant.
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Ps
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5141

Ps:

the expected difference in the price of a room between one holiday cottage that is
more than 20 km from a lake and other that is less than 1 km from a lake, holding
the rest of the explanatory variables (price of breakfast, number of rooms, location,
proximity to a natural park and a beach, WiFi access and having a Q certificate or
a Commitment to Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that is not
close to a lake and other that is less than 1 km from a lake, holding the rest of the
explanatory variables (price of breakfast, number of rooms, location, proximity to a
natural park and a beach, WiFi access and having a Q certificate or a Commitment
to Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that is
more than 20 km from a beach and other that is less than 1 km from a beach, holding
the rest of the explanatory variables (price of breakfast, number of rooms, location,
proximity to a natural park and a lake, WiFi access and having a Q certificate or a
Commitment to Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that is
not close to a beach and other that is less than 1 km from a beach, holding the
rest of the explanatory variables (price of breakfast, number of rooms, location,
proximity to a natural park and a lake, WiFi access and having a Q certificate or a
Commitment to Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that
offers free WiFi access and other that does not offer WiFi, holding the rest of the
explanatory variables (price of breakfast, number of rooms, location, proximity to
a natural park, a beach and a lake, and having a Q certificate or a Commitment to
Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that offers
WiFi for an additional fee and other that does not offer WiFi, holding the rest of
the explanatory variables (price of breakfast, number of rooms, location, proximity
to a natural park, a beach and a lake, and having a Q certificate or a Commitment
to Tourism Quality Award) constant.

the expected difference in the price of a room between one holiday cottage that has
the Q certificate and other that has not, holding the rest of the explanatory variables
(price of breakfast, number of rooms, location, proximity to a natural park, a beach
and a lake, WiFi access and having a Commitment to Tourism Quality Award)
constant.

the expected difference in the price of a room between one holiday cottage that
has won Commitment to Tourism Quality Award and other that has not, holding
the rest of the explanatory variables (price of breakfast, number of rooms, location,
proximity to a natural park, a beach and a lake, WiFi access and having a Q
certificate) constant.

Do not forget to save all the changes in the file cottages.gdt.
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Registered vehicles

The effects we want to include in the model are both qualitative and have two cate-

gories each.
crisis / no crisis plan PIVE / no plan PIVE

Since we have to include 1 dummy variable for each qualitative variable (number of
categories minus 1), we only need the following dummy variables:

crisis : takes the value 1 for the crisis period (from October 2008 onwards), and 0 other-
wise.

PIVE : takes the value 1 from November 2008 until June 2010, and 0 otherwise.

Both are dummy variables by observation range, therefore to generate them click

Add --> Observation range dummy

and write down in the dialog box the period when the dummy variable takes the value 1
and the name of the variable.

gretl: define dummy u gretl: define dummy g
Set dummy range Set dummy range
Start: End: Start: End:
poog:10 7 201212 | 2008:11 7 2010:06 [

Observations: 51 Observations: 20
Name of variable: Name of variable:

crisis PIVE

[ cance |[ ok | | Cence || ok |

The two new dummy variables are listed in the main window with the description
Gretl assigns by default.

gretl Lﬂm
File Tools Data View Add Sample Variable Model Help
vehicles.gdt *
ID # 4 Variable name 4 Descriptive label Al
0 const
1 RV Number of registered vehicles in the Basque Country
2 RVSP Number of registered vehicles in Spain
3 BOP Brent oil price (in dollars per barrel)
4 IPI Industrial Production Index in Spain (raw data)
5 IPR annual variation rate of the Spanish IPI
6 IPIBC Industrial Production Index in the Basque Country (seasonally adjusted data)
7 IPIBCR annual variation rate of the Basque IPI
8 crisis obs>=2008:10 && obs<=2012:12
9 PIVE obs>=2008:11 && obs<=2010:06
Monthly: Full range 2004:01 - 2012:12
B2OER~RAEL 2 aB5
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Edit the attributes of these two variables to clarify their description.

gretl =8
File Tools Data View Add Sample Variable Model Help
vehicles.gdt *
ID # 4 Variable name ¢ Descriptive label
0 const
1 RV Number of registered vehicles in the Basque Country
2 RvsSP Number of registered vehicles in Spain
3 BOP Brent oil price (in dollars per barrel)
4 1IPI Industrial Production Index in Spain (raw data)
5 IPR annual variation rate of the Spanish IPI
6 IPIBC Industrial Production Index in the Basque Country (seasonally adjusted data)
7 IPIBCR annual variation rate of the Basque IPI
8 crisis = 1if crisis period (obs>=2008:10 &8& obs<=2012:12); 0 otherwise
9 PIVE =1if plan PIVE is in force (obs>=2008:11 && obs<=2010:06); 0 otherwise
Monthly: Full range 2004:01 - 2012:12
@ZEOFE~~BREL 2 8B 0

Do not forget to save all the changes in the file vehicles.gdt.

Trend and seasonality

' Beach umbrella rental |

To generate a trend variable, click

Add --> Time trend

This command generates a new trend variable that takes the values 1, 2, ..., 22.

gretl: display data @M
BEDARNDXR
U P T wWW time .
2013-05-05 347 4.5 26 1 1
2013-05-12 251 4.5 23 1 2
2013-05-19 339 4.5 25 0 3
2013-05-26 310 5.0 23 1 4
2013-06-02 305 5.0 23 1 5
2013-06-09 317 6.0 25 0 6
2013-06-16 364 6.0 28 0 7
2013-06-23 403 7.0 33 0 8
2013-06-30 323 7.0 28 0 9
2013-07-07 322 8.0 30 1 10 =
2013-07-14 401 9.0 33 1 11
2013-07-21 394 9.0 32 1 12
2013-07-28 424 10.0 34 0 13
2013-08-04 442 10.0 35 0 14
2013-08-11 462 12.0 36 0 15
2013-08-18 491 15.0 40 0 16
2013-08-25 437 15.0 36 0 17
2013-09-01 422 12.0 34 1 18
2013-09-08 433 10.0 36 0 19
2013-09-15 393 10.0 33 0 20
2013-09-22 429 9.0 35 0 21 m
I 2013-09-29 379 9.0 32 1 22 -
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The main window shows the trend variable generated.

gretl (o] E ]

File Tools Data View Add Sample Variable Model Help

umbrellas.gdt *

ID# 4 Variable name 4 Descriptive label 4
0 const
1 U Number of rented umbrellas
2 P Daily rental price (in euros)
37 weekly average temperature (in degrees Celsius)
=24 W =1ifwindy week; = 2 if non windy week
5 Ww =1 if windy week; = 0 if non windy week
6 time time trend variable

Weekly: Full range 2013-05-05 - 2013-09-29

@ 2rE~~BEL 2 880

Do not forget to save all the changes to the file umbrellas.gdt.

Regression model to determine the number of rented umbrellas:

U =01+ BB+ BTy + B WW, + Bstime, + uy

b5 = the expected increase in the number of umbrellas rented from one week to the
next, holding the rest of the explanatory variables fixed.

Registered vehicles

To generate a time trend, click

Add --> Time trend

To generate seasonal dummy variables, click

Add --> Periodic dummies

The trend variable takes the values 1, 2, ..., 108, and the twelve dummy variables are
defined as follows:

. 1 if observation ¢t € month i
dmj; = . J=12...,12
0 otherwise
gretl: display data E@g
BE20Da%NoDR
time dml dm2 dm3 dm4 -

2004:01 1 1 0 0 0 S
2004:02 2 0 1 0 0
2004:03 3 0 o 1 0
2004:04 4 0 0 o 1
2004:05 s 0 0 0 0
2004:06 6 0 0 0 0
2004:07 7 0 0 0 0
2004:08 s 0 0 0 0
2004:09 o 0 0 0 0
2004:10 10 0 0 o 0
2004:11 11 0 0 0 0
2004:12 12 0 0 0 0
2005:01 13 1 0 0 0
2005:02 14 0 1 0 0
2005:03 15 0 0 1 0
2005:04 16 0 0 0 1
2005:05 17 o o o 0
2005:06 18 0 0 0 0
2005:07 19 0 0 0 0 <
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The trend and dummy variables are listed in the main window.

gretl E@u
File Tools Data View Add Sample Variable Model Help
vehicles.gdt *
ID # 4 Variable name ¢ Descriptive label 4
0 const
2 RVSP Number of registered vehicles in Spain
3 BOP Brent oil price (in dollars per barrel)
4 IPI Industrial Production Index in Spain (raw data)
5 IPR annual variation rate of the Spanish IPI
6 IPIBC Industrial Production Index in the Basque Country (seasonally adjusted data)
7 IPIBCR annual variation rate of the Basque IPI
8 crisis =1 if crisis period (obs>=2008:10 && obs<=2012:12); 0 otherwise
9 PIVE =1if plan PIVE is in force (obs>=2008:11 &8& obs<=2010:06); 0 otherwise
10 time time trend variable
11 dml =1 if month = 1, 0 otherwise
12 dm2 =1 if month = 2, 0 otherwise
13 dm3 =1 if month = 3, 0 otherwise
14 dmd =1 if month = 4, 0 otherwise
15 dm5 =1 if month = 5, 0 otherwise
16 dmé =1 if month = 6, 0 otherwise
17 dm7 =1 if month = 7, 0 otherwise
18 dm8 =1 if month = 8, 0 otherwise
19 dm9 =1 if month = 9, 0 otherwise
20 dml0 =1 if month = 10, 0 otherwise
21 dmll =1 if month = 11, 0 otherwise
22 dml2 =1 if month = 12, 0 otherwise
Monthly: Full range 2004:01 - 2012:12
@20 ~~BAEHL 2 aB5

Do not forget to save all changes in the file.gdt.

Regression model to determine the number of vehicles registered in the Basque Country
as a function of the price of Brent, the Basque IPI, the economic crisis, the plan PIVE, a
linear trend and a seasonal effect.

RV, = p1 + BaBOP, + B3 IPIBC; + Bycrisis; + 05 PIVE; + [gtime; +
+ ﬁ7 dmlt + 68 dm2t + ﬁg dm3t + 510 dm4t + 611 dm5t + 612 dm6t +
+ Bisdm7, + Bradm8, + Bi5dm9; + [ dm10; + Birdmll, + uyg

The dummy variable dm12 corresponding to the month of December has not been
included in the model.

e) Expected number of registered vehicles for November 2007:

E(RVaoora1) = B1 + P2 BOPagora1 + B3 IPIBCo07.11 + e timesgorar + Pir

Expected number of registered vehicles for July 20009:

E(R‘/QOOQW) = ﬁl + ﬁz BOP2009;7 + ﬁg IPIBCQOQQ;? + 54 + 55 + B@ timesgog.r + 613
= [ + P2 46.459 — 3 25.296 + B4 + [5 + B 67 + Pis
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Expected number of registered vehicles for December 2012:

E(RVonza2) = P14+ B2 BOPsgi2a2 + B3 IPIBCon212 + Ba + B timespioin
= ﬁl + 52 82.78 — 63 8.94 + ﬁ4 + ﬁﬁ 108



