Predictive Analytics - Regression and Classification
Prof. Sourish Das
Department of Mathematics
Chennai Mathematical Institute

Lecture - 29
Hands on with R Part -7

Hello all. Welcome back to the last part of video lecture series of 8. Now, we are going to do

the Hands-on for Granger causality test.
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1 Regression classification
2 ## Lecture 8 Part d List of 11
5
4 # Granger Causality Test fit_hat  Time-Series [1:95] from 1..
5 n %
6 par(nfrow=c(1,2)) n 1441
7 plot(ts(airquality$Temp,start-c(1973,5), frequency = 365),yla pred Time-Series [1:48] from L.
8 grid(col="skyblue',1ty=1) ™ e =

3
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9 plot(ts(airquality$0zone,start=c(1973,5), frequency = 365),yl @ o © sukric - ©
16 grid(col="skyblue',lty=1) L. Snypuin,

11

12 Library(lntest) K D205, A
13 cat('Model 1'."\n") . WOKE  Jar 28,2023 631 A
T guinat Ads 068 Jar 28,2023 631

SSKE feb2,2008, 120 P
122068 Jar 29,2023, 11320
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-nat, Lty: =
> pred <- predict(fit_arl
+ ,newdata = data_test)
> pred <- ts(pred, frequency = 12,start = tm[(m+1)])
> lines(pred,lty=1,1wd=3,col="green")
> points(data_test$tm, date_testdy,type="1",1wd=2,col="blue")
>

So, first we will consider this airquality dataset.
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1 # Regression classification A=t Bipomer

2 ## Lecture 8 Part d »suml List of 11

3 Values

4 # Granger Causality Test fit_hat  Time-Series [1:95] from 1..

5 n %

6 par(nfrow=c(1,2)) n 1441

7 plot(ts(airquality$Temp,start-c(1973,5), frequency = 365),yla pred Time-Series [1:48] from L.
8 grid(col="skyblue',1ty=1) R P Facgs e Vewr Prseaton -0
9 plot(ts(airquality$Ozone,start=c(1973,5),frequency = 365),yl %

10 grid(col="skyblue', 1ty-1) e ———

1 ity dlosts [Lm——

12 library(lmtest) New York Air Quality Measurements

13 cat('Model 1'."\n") *

19 (oplewh ¢ Réeript = Description

Consoe  Terminal - Backeround Jobs =00 Daiy air qually measurements in New York, May te Septembar 1975,

R R4.22  ~/Dounloads Tesching Regression and Chssifcaton NPTEL/
Usagz

> 7airquality -

4 airqulity
Format

A data frame with 163 chservations on 6varabes.

(4] 9z0ne  numerz Ozone (b

1,21 Solaz. R numer: Slar R fang)
[,31Hird  numenz Wind moh)

(41 Tenp  numer: Temperature (dagrees F)
(5] Yorth _ numerz Monih (1~12)

Say this test comes with the basic datasets package.
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1 ## Regression classification Iy NPTEL
2 ## Lecture 8 Part d RotowYorc A Qusy Massremts +
3 New York Air Quality Measurements
4 ## Granger Causality Test Description
5 Day i quaty messusments inNew Yok May b September 1973
6 par(mfrow=c(1,2)) Usage
7 plot(ts(airquality$Temp,start=c(1973,5), frequency = 3 siramiey
8 grid(col="skyblue',lty=1) Format
9 plot(ts(airquality$0zone,start=c(1973,5),frequency =  acutemsuin 153 oossrstons on varates
16 grid(col="skyblue',1ty=1) (,1)6zane  numerc Ozon opt)
11 (,2) Solar. R numeric Solar R arg)
[:3)Wind  numeric Wind (mph]
12 library(lmtest) 4] Texp et Temperdtune (cegest F)
"t 115 Honth  numad Morth (1~-2)
13 cat('Model 1'."\n") s 16180y ot Dyt -1
Consoe  Terminal - Backaround Jobs = Detais
iR 2 oomiods Ty hason i e een N Dy readings ofthe fllowing sir qualty vaues for May 1, 1973 (a ussda)to Septemter 30, 1973,
> Tairquality « xane: Nean cn s il o 1300 150t Foserel
> + Solar. R Selar

1230 hours at Cantal Park

hour at0700 and 1000 fours 2 LaGuarda Amert

tue in

Source

National Weither Senvize (meteoroiogcalcata).

And in the air, it is if you look into the description of the dataset its New York Air Quality
Measurement. So, Daily Air Quality Measurements in New York between May and

September of 1973. So, data its a data frame it has 153 observation on 6 variables ozone,

solar, wind temperature, month and day.

Now, we are only focusing on temperature and ozone, but you can try with the other variable

as well. So, the first thing we are going to plot is temperature dataset.
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1 ## Regression classification Puon Bogwn- 0 | 4 5.

2 ## Lecture 8 Part d

3

4 ## Granger Causality Test

5

6 par(mfrow=c(1,2))
7 plot(ts(airqualitySTemp,start=c(1973,5), frequency = 365),ylab="'T ¢ -
8 grid(col="skyblue',1ty=1)
9 blot(ts(qirquality$020ne,start:c(1973,5),frequency = 365),ylab="
16 grid(col="skyblue',1ty=1)
11
12 library(lmtest)
13 cat('Model 1'."\n")
ol oo
Consoe  Terminal - Backeround Jobs =0
R R4.22 - Dounloads Tesching Regression and Clssifcaton NPTEL
> 7airquality
> plot(ts(airquality$Tenp, start=c(1973,5),frequency = 365),ylab='Tem
p',lwd=2,col="blue")
> grid(col="skyblue',lty=1)

>

T T T T T
19730 19731 19732 19733 19734

Time
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That is how like temperature dataset has.
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1 ## Regression classification - ":‘,..,:m;"h,::".’ ;. ...}- = r.J.F_
2 ## Lecture 8 Part d

3

4 ## Granger Causality Test
5

6 par(mfrow=c(1,2)) g |
7 plot(ts(airquality$Temp,start=c(1973,5), frequency = 365),ylab='T
8 grid(col="skyblue',lty=1)

9 plot(ts(airquality$Ozone,start-=c(1973,5), frequency = 365),ylab="
16 grid(col="skyblue',lty=1) g
o g
12 library(lmtest) § |
‘1‘3 \ggﬂulMOdel 1'."\n")

souceonse 3 /'

Rt ¢
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3
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|

> plot(ts(airquality$Temp,start=c(1973,5),frequency = 365),ylab="'Tem
p',lwd=2,col="blue") \ (

> grid(col="skyblue',lty=1) \ ) | i
> plot(ts(airquality$0zone,start=c(1973,5), frequency = 365),ylab="0; o
:n;;{;?g:%:f:t;;gzg?li;i_lj 197‘3.0 197‘31 197‘32 197‘33 197‘31
>

Time

This is the ozone dataset as we have seen.
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6 par(mfrow=c(1,2))

7 plot(ts(airquality$Temp,start=c(1973,5),frequency = 365),ylab="T
8 grid(col="skyblue',lty=1)

9 plot(ts(airquality$0zone,start=c(1973,5), frequency = 365),ylab="
10 grid(col="skyblue',lty=1)

11

12 library(lmtest)

13 cat('Model 1',"\n")

14 brangertest(Ozme ~ Temp, order = 1, data = cirquality)

15

16 cat('Model 2',"\n")

17 narannartact(Nzans ~ Tamn  ardar = 2 data = airaualitv)
161 (oplew t Rsaript ¢

150

100
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]
-
50

Consoe Teminal - Backsround Jobs

R R422  ~/DownicadsTeaching Regression and Clssaton NPTEL]

Model 2: Ozone ~ Lagé(()zone, 1:1) ] | , ' m
Res.DFDF F  Pr(sP) MJ l ) m/
|

1 12

2 113 -1 16.939 7.403e-05 *** o

Signif. codes: 0 “***' @.001 ‘+*' 0.01 ¥’ 0.05 . 0.1 ¢ ' 1 RS WEN fma R e
> Time

So, the first thing we are running here is in from the LM test. The first model that we are

trying to fit is the grangertest where Ozone is a function of Temperature and with only lag 1

and if we run this.
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> plot(ts(airquality$Temp, start=c(1973,5),frequency = 365),ylab='Tem
p',lwd=2,col="blue")
> grid(col="skyblue',lty=1)
> plot(ts(airquality$Ozone,start=c(1973,5), frequency = 365),ylab="0z & -
one',lwd=2,col="purple")
> grid(col="skyblue',lty=1)
> library(lmtest)
> grangertest(Ozone ~ Temp, order = 1, data = airquality) gl
Granger causality test °

©zone

Model 2: Ozone ~ Lags(0zone, 1:1)

50

Model 1: Ozone ~ Lags(0zone, 1:1) +[Lags(Temp, 1:1) ‘

Res.Df Df F PrGE)

234 1699 Ttz MJ" l )” W %/

Signif. codes: @ ‘***’ 0.001 ‘**’ 0.01 ‘*’ .05 ‘> 0.1 “ ' 1 9.5
>

19730 19731 19732 19733 19734

Time

And data is over air quality we run this the P value this is the F test run. So, the Model 1 is
Ozone with Lag 1 Ozone and Lag 1 Temperature and then the second model is only the null
model and then it did a test whether the lag model has effect or not and then it says that ok the

null model is not right.
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irquality$0zone, start=c(1973,5), frequency = 365),ylab="1 DS (TP - NPTEL
10 grid(col="skyblue',lty=1)
11
12 library(1lntest)
13 cat('Model 1',"\n")
14 grangertest(Ozone ~ Temp, order = 1, data = airquality) 3 |
15
16 cat('Model 2',"\n")
17 |gmngertest(020ne ~ Temp, order = &, data = airguality)
18 .
19 # Study of Airquality o ¥
2 3
PRI s ,
Console | Tamalx_ Bckground oy a8 ol
R R4.22 - ~/Dounloads Tesching Regression and Chssifcaion NPTEL/ L
Model 2: Ozone ~ Lags(0zone, 1:2) | )M
Res.Df Df FooPrR) \ ( ” w‘
1 109 \ ) |
2 111 -2 7.7001 0.0007447 *** o4

Signif. codes: @ ‘***' 0.001 “**’ 0.01 ** 0.05 ‘.’ 0.1 ¢ ' 1
>

19730 19731 19732 19733 19734

Time

So, that means, temperature does have a effect on the Ozone. Similarly, we run the second
model and in this ozone again as a function of Temperature, but now we are going up to the

second order of the granger causal test model.
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> grangertest(Uzone ~ lemp, order = 1, data = airquality)
Granger causality test

Model 1: Ozone ~ Lags(0zone, 1:1) + Lags(Temp, 1:1)
Model 2: Ozone ~ Lags(0zone, 1:1)

Res.Df Df FooPrGR)
1 1
2 113 -1 16.939 7.403e-05 ***
Signif. codes: 0 ‘***' @.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1 ®]
> grangertest(0zone ~ Temp, order = 2, data = airquality) g
Granger causality test ’

I

50

Model 1: Ozone ~ Lags(0zone, 1:2) + Lags(Temp, 1:2)
Model 2: Ozone ~ Lags(0zone, 1:2)

Res.Df Df F PrG>F) \ l
1109 \ )
2 111 -2 7.7001 0.0007447 *** o
Signif. codes: 0 ‘***’ .001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1
>
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Time

Its essentially autoregressive model essentially its autoregressive model and P value is still

small. So, we can say that temperature does have effect on ozone.
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17 grangertest(0zone ~ Temp, order = 2, data = airquality)
18

19 ## Study of Airquality

20

21 air_data<-airquality

22 h<-nrow(air_data)

23 air_data$0zone_lagl<-NA

24 air_data$0zone_lagl[2:n]<-air_data$0zone 1: (n-1)]

25 air_data$0zone_lag2<-NA

26 air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)] 8
27

28 air_data$Temp_lagl<-NA

Te 1 oaAT T i Aol T FA L ANT ,
1

Paom A 0 f 5.

a0 i i d
21 (Toplewe t

Console Terminal - Backeround Jobs = o
3

R R422 ~Dou

Res.Df

T
2 111 -2 7.7001 0.0007447 *** \ ) | /

o4

Signif. codes: 0 ‘***' 9.001 ‘**’ 0.01 “*’ 0.05 ‘.’ 0.1 ‘' 1
> air_data<-airquality
>

19730 19731 19732 19733 19734

Time

So, in order to understand a little bit more how this whole thing is working. So, we take the

air quality data.
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19 ## Study of Airquality

20

21 air_data<-airquality

22 fe-nrow(air_data) 1

23 air_data$0zone_lagl<-NA

24 air_data$0zone_lagl[2:n]<-air_data$Ozone 1:(n-1)]

25 air_data$0zone_lag2<-NA

26 air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)] 8

7 H

28 air_data$Temp_lagl<-NA 6

N L s

Consoe  Terminal - Backeround Jobs =0 g

R R422  ~/DownicadsTeaching Aegression and Clssicaton NPTEL]

Signif. codes: 0 ‘***' @.001 “**’ 0.01 ¥’ 0.05 ‘.’ 0.1 ‘"1 \ l r
> air_data<-airquality \ ) | d
> n<-nrow(air_data)

o4

>n

10730 1931 19732 19733 19734
[1] 153
s Time

n is the number of samples. First what we and now if you look into the let us look into the

air_data.
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19 ## Study of Airquality
20
21 air_data<-airquality
22 n<-nrow(air_data) I 1
23 air_data$0zone_lagl<-NA
24 air_data$0zone_lagl[2:n]<-air_data$0zone 1: (n-1)]
25 air_data$0zone_lag2<-NA
26 air_data$0zone_lag2[3:n]<-air_data$0zone1:(n-2)] 8
27 H
28 air_data$Temp_lagl<-NA §
A e T e AT P £ AT s :
Consoe  Terminal - Background Jobs =0 g '
R R4.22  ~Dounloads Tesching egression and Clssicaton NPTEL
148 9 25 \
149 30 193 6.9 70 9 2 \ (
150 NA 14513.2 77 9 7 \ ‘ | /
151 14 191143 75 9 28 P
152 18 131 8.0 76 9 29 ! J ! ! !
153 Z@ 223 1.5 68 9 3@ 19730 16731 19732 19733 19734

Time

i |
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137 9 24109 71 9

138 13 1m1us 7 9
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40 18 224 13.8 67 9

141 13 27103 76 9

142 1 233 10.3 68 9

143 16 201 8.0 82 9
44 13 23312.6 64 9 2

9

9

9

9

9

9

9

9

9

150

~
S
©zone
100

145 23 1492 71
146 36 139103 81
147 7 4910.3 69
148 14 20 16.6 63
149 30 193 69 70
150 NA 14513.2 77
151 14 191143 75
152 18 131 8.0 7
153 20 223115 68

i |

o
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50

28 P
29 T T T T
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So, that is how the data looks like, ok.
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> air_data

0Ozone Solar.R Wind Temp Month Day
1 41 19 7.4 67 5
2 36 18 8.0 72
3 12 14912.6 74
4 18 313115 62
5 NA NA 14.3 56
6
7
8

28 NA 14.9 66

23 299 8.6 65

19 99 13.8 58
9 8 19 20.1 61
10 NA 194 8.6 69
11 i NA 6.9 74
12 16 256 9.7 69
13 11 290 9.2 66
14 14 274 10.9 68
15 18 6513.2 58
16 14 334115 64
17 34 307 12.0 66
18 6 7818.4 57
19 30 322 11.5 68

100

©
©zone

50

16 °1

17 19730 19731 19732 19733 19734

R T R R T R T R N T R NV Y T R
.
(S

Time

That is how the Ozone Solar Solar.R radiation Wind Solar.R stands for radiation Wind

Temperature Month and Day. Now, there are some NA observations are available.
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21 air_data<-airquality NPTEL

22 n<-nrow(air_data)

23 air_data$0zone_lagle-NA air_data 153 obs. of 7 variab..

24 air_data$0zone_lagl[2:n|<-air_data$0zone 1:(n-1)] data 144 obs. of 5 variab..

25 ir_datas0zone_lag2<-NA data_te.. 48 obs. of 5 variabl..

26 air_data$0zone_lag2[3:n]<-air_datasOzone 1:(n-2)] data_tr.. 96 obs. of 5 variabl..

2 fit.arl List of 13

28 air_data$Temp_lagl<-NA Wles Plos Packiges Hep Views  Presemation =0

29 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)] 2 toom | Begen+ 10 | { 5.

30 air_data$Temp_lag2<-NA

31 air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)]

32

3 1m N7ana-Nzana 1anT.Temn Tanl data-nin data)

21 Topiow ¢ wsam

Console | Termalx _ Bckground ks -0

B R4.22. ~DovnlonsTeicingegssion and, Cssason NPTEL/ 9

151 14 191143 75 9 28 g

152 18 131 8.0 76 9 29

153 20 223 11.5 68 9 30

> air_data$0zone_lagl<-NA

> air_data$0zone_lagl[2:n]<-air_data$0zone[1:(n-1)]

N View(ﬂil" datu) 19730 19731 19732 19733 19734

1t B Time

So, it is always bit difficult how you do this you know imputation, but for the time being we
are not handling the missing data. We are only going to use the data which is fully available

to us, but for the time being. So, we suppose we want to fit the first model we create the lag

data set ok.
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Console Terminal - Backeround Jobs

28

152 18 131 8.0 76 9 29

153 20 223 11.5 68 9 30

> air_data$0zone_lagl<-NA

> air_data$0zone_lagl[2:n]<-air_data$0zone[1:(n-1)]
> View(air_data)

>

Ozone

19730 19731 19732 19733 19734

Time

So, here we have created the lag. So, 41 was here we just created lag 36 just brought it down

by 1.
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21 air_data<-airquality

22 n<-nrow(air_data)

23 air_data$0zone_lagl<-NA
24 air_data$0zone_lagl[2:n]<-air_data$0zone 1: (n-1)]
25 air_data$0zone_tag2<-NA

26 air_data$0zone_lag2(3:n]<-air_datasOzone 1:(n-2)]
27

28 Lir_datu$Temp_1agl<—NA

29 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)]
30 air_data$Temp_lag2<-NA

31 air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)]
32

22 ml--1m N7ana.N7ans 1anT.Temn 1anl data-ninr data)
71 Toplew)

Console Terminal +  Backeround Jobs
R R422  ~/DounicadsTeaching Regression and Clsscaton NPTEL]

> air_data$0zone_lagl<-NA

> air_data$0zone_lagl[2:n]<-air_data$0zone[1:(n-1)]
> View(air_data)

> air_data$0zone_lag2<-NA

> air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)]
> View(air_data)

>

Then we created the lag2 variable.

Wistory  Cennictions  Git Tutorial
Susmee o [

or Dt +

Data
air_data 153 obs. of 8 variab..
data 144 obs. of 5 variab..
»data_te.. 48 obs. of 5 variabl.
data_tr.. 96 obs. of 5 variabl..
fit.arl List of 13

Bles Plois Pickiges Help Viewer  Presentation

£ om B O f %.

Ozone

19730 19731 19732 19733 19734

Time
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s woow s s i u
¢ w we w5 s 1 »data_te.. 48 obs. of 5 variabl.
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Console  Terminal - Background Jobs =l
R R4.22  ~/Dounlcads Tesching Regression and Chssifcaton NPTEL/

> air_data$0zone_lagl<-NA

> air_data$0zone_lagl[2:n]<-air_data$0zone[1:(n-1)]

> View(air_data)

> air_data$0zone_lag2<-NA

> air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)]

> View(air_data)

B |

Ozone

19730 19731 19732 19733 19734

Time

So, now you have see the lag2 variables have been created ok.
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23 mr_data$0zone_Lagl<-NA NPTEL
24 air_data$0zone_lagl[2:n]<-air_data$Ozone 1: (n-1)]
25 air_data$0zone_lag2<-NA air_data 153 obs. of 10 varia.
26 air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)] data 144 %bs. of 5 variab..
g; o T Tl dato_te.. 48 obs. of 5 variabl..
il el dato_tr.. 96 obs. of 5 variabl..
29 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)] fit ;rl List of 13
30 air_data$Temp_lag2<-NA o T e v T T =
31 air_data$Tenp_lag2[3:n] <-air_datasTemp(1: (n-2)] e
32

33 ml<-1m(0zone-Ozone_lagl+Temp_lagl,data-air_data)
34 m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_

w1 oplew t Rsrip 5

Console Terminal - Backeround Jobs =
R R422  ~DownioadsTexching Regessr

> air_dutas(]zone_lagZ[év:;1j<—uir;datc$ﬂzoqe[l:(n-Z)]
> View(air_data)

> air_data$Temp_lagl<-NA

> air_data$Temp_lagl[2:n]<-air_data§Temp[1:(n-1)]
> air_data$Temp_lag2<-NA
>
>

Ozone

air_data$Tenp_log2[3:n]<-air_datasTenp[1: (n-2)] WED I IS RS

Time

Then similarly we create the Temperature lagl and Temperature lag?2 variables.
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Console | Temalx_ Bckgroundobs

R R4.22 - ~/Downieads Teiching/Reqession and Chsseaton NPTEL/

> View(air_data)

> air_data$Temp_lagl<-NA

> air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)]
> air_data$Temp_lag2<-NA

> air_data$Temp_lag2([3:n]<-air_data$Temp[1:(n-2)]
> View(air_data)

>

NPTEL - doc_ugdate -RStuclo

Temp_lig2

HwPTHL -
fnvironment  Migtory  Cennections  Git  Tutorial =0
21 PaponDuann + * 78+ f e
&+ ) Gobal Envronment +
Data

air_data 153 obs. of 10 varia.
data 144 obs. of 5 variab..
»data_te.. 48 obs. of 5 variabl..
data_tr.. 96 obs. of 5 variabl.
fit.arl List of 13

Bles Plois Pickiges Help Viewe:  Presentation =0

£ om B O f %.

Ozone

19730 19731 19732 19733 19734

Time

So, Temperature lagl, Temperature lag2 variable have been created.
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26 alr,data$Uzoﬁe,Lag£Lj:nj<—alr,data$020ne,1:(n—Z)J 5 nment ’ NPTEL
27 fit.arl List of 13
28 air_data$Temp_lagl<-NA fit_res.. List of 12
29 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)] fit_tre.. List of 12
30 air,data$Temp,1agZ<-NA . fit_tre. List of 13
;; rlr_datuSTemp_lugZ[3:n]<—a1r_data$Temp[1:(n—Z)] fittre. List of 12
ml List of 13
33 ml<-1m(0zone-0zone_lagl+Temp_lagl,data-air_data) ! T =
34 m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_ = :stcflm:f D'”} = o
35
36 cat('AIC of Model 1 = ',AIC(m1),"\n")
37 cat('AIC of Model 2 = ',AIC(m2),"\n")
38
w1 Toplew ¢ s s

Console Terminal - Backeround Jobs _~
R R422 -/DounleadsTexching Aegression and Clss

> air_data$Temp_lagl<-NA

> air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)]
> air_data$Tenp_lag2<-NA

> air_data$Temp_lag2[3:n]<-air_data§Temp[1:(n-2)]
> View(air_data)

> ml<-1m(0zone~0zone_lagl+Temp_lagl,data=air_data)
>

sifcaion NPTEL/

Ozone

19730 19731 19732 19733 19734

Time

Now, if you fit the model with Ozone lagl and Temperature agl ok.
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 Osowceonsaw | Q o ahin | 5o« 2 FlapouDuas + | > 73M8 - s+
27 ke .'mm T
28 air_data$Temp_lagl<-NA ‘~f}t_resm LPSt of 1
29 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)] ofit_tre. List of 12
30 air_data$Temp_lag2<-NA ofit_tre.. List of 13
31 air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)] ofit_tre.. List of 12
32 oml List of 13
33 mi<-1m(0zone-0zone_lagl+Temp_lagl,data-air_data) om0 List of 13
34 ml@ <-1m(0zone~0zone_lagl,data=air_data) Fes Plos Pickges Hep Viewe  Presemation -0
35 anova(n10,n1) #2on B 0 { 5
36
37 m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_
38
30 eab(IATC of Madal 1= ' ATA(RT) "\n") S

Console  Terminal - Background Jobs _
R R4.22 - ~/Dounloads Teaching Regression and Chssifcation NPTEL/

> air_data$Temp_lagl[2:n]<-air_data§Temp[1:(n-1)]

> air_data$Temp_lag2<-NA

> air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)]

> View(air_data)

> ml<-1m(0zone~0zone_lagl+Temp_lagl,data=air_data)

> ml0 <-1m(0zone~0zone_lagl,data=air_data)

>

Ozone

19730 19731 19732 19733 19734

Time
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§ e ) Gobil NPTEL
fit_res.. List of 12

> air_data$0zone_lag2[3:n]<-air_data$0zone[1:(n-2)] fit_tre.. List of 12

> View(air_data) fit_tre.. List of 13

> air_data$Temp_lagl<-NA fit_tre. List of 12

> air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)] il List of 13

> air_data$Temp_lag2<-NA 10 List of 13

> air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)] e T e —

> View(air_data) 2 oom | Bbxgen » [0 | f 5.

> ml<-1m(0zone~0zone_lagl+Temp_lagl,data=air_data)
> ml0 <-1m(0zone~0zone_lagl,data=air_data)

> anova(ml@,ml)

Analysis of Variance Table

Model 1: Ozone ~ (Ozone_lagl
Model 2: Ozone ~ Ozone_lagl + Temp_lagl
Res.Df  RSS Df Sum of Sg F PrG>F)
1 96 74010
2 95 62352 1 11658 17.762 5.702e-05 ***
Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1
>

Ozone

19730 19731 19732 19733 19734

Time

Ozone lagl and Temperature lagl and similarly m1 say for null I will use 0, but just copy
this entire thing and but instead of Temperature lagl I am dropping the Temperature lagl.
So, I am just saying the Ozone is only function of its own ok. Now, you see anova if you just

run anova between m10 versus m1 ok.

You can see that it is the F test reject the null hypothesis and it says that the lagl temperature

does have effect on Ozone. So, you can do the Granger causal test in this way as well.



(Refer Slide Time: 06:30)

) NPTEL - doc_ugdate -RStuclo
¢ mia- § - B adine -

1 Oveommen Wiy Cenmceions Gt Tutoral o
s f x| @

nnnnnnnnn Ve tin | "oe

29 alr,dsataﬁemp,/laglu:nj<—alr,datu$TempL1:(n—l)J . #+ 1) Gobil i

30 air_data$Temp_lag2<-NA fit_tre. List of 13
31 air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)] fit_tre. List of 12
32 ml List of 13
33 ml<-1m(0zone-0zone_lagl+Temp_lagl,data-air_data) 10 List of 13
34 m1@ <-lm(0zone~0zone_lagl,data=air_data) "2 List of 13
35 anova(n1d,n1) n20  List of 13
36

37 m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_ — PTZM?“?LWT? ;"m; s 5f-
38 m20<-1m(0zone~0zone_lag1+0zone_lag2,data=air_data)

39 anova(m2,m20)

40

41
1 Toplewd st s
Console | Termalx _ Bckground s a0
® R4.22  ~/ownicads(Texching/Regression and Clssifeaton NPTEL/ 2
Model 2: Ozone ~ Ozone_lagl + Ozone_lag2 g

Res.Df  RSS Df Sum of Sq F PrG>P) 1
1 77 39001
2 79 45574 -2 -6573.9 6.4395 0.002486 **

Signif. codes: @ ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1
b

19730 19731 19732 19733 19734

Time

Similarly, this is m2 this test with the 2 lag and then I can define the model with null model
here, but only with the lag Ozone not with the temperature I am dropping the temperature and

then we run the anova m test or F test 2 to comma m20 ok.
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RIS ! Bl
s

Console Terminal - Background jobs =
R R4.2.2  ~/DownleadsTeaching Regession and Clssfeation NPTEL/

> m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lag2,data=air_da
ta)

> m20<-1m(0zone~0zone_lagl+0zone_lag?, data=air_data)

> anova(m2,m20)

Analysis of Variance Table

Model 1: Ozone ~ Ozone_lagl + Ozone_lag2 + Temp_lagl + Temp_lag2
Model 2: Ozone ~ (Ozone_lagl + Ozone_lag2

Res.Df  RSS Df Sum of Sq F PrGH)
1 77 39001
2 79 45574 -2 -6573.9 6.4895 0.002486 **
Signif. codes: 0 ‘***’ @.001 ‘**’ @.01 ‘*’ 0.05 ‘" 0.1 ‘' 1
> I

K weTe.
Witoy Comnictons Gt Tutoral =0
o Datast + * 7208+ st +
fit_tre. List of 13
fit_tre.. List of 12
ml List of 13
mlo List of 13
m2 List of 13
m20 List of 13
fle o Fickges Wb Ve Preematon )
2 2oom | Hoger s 8 f %

Ozone

19730 19731 19732 19733 19734

Time

Y
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§ix
§

RAVZAY
§3
NS
S

il
NPTEL

And you can see you can reject the F test. So, lag2 have effect on the Ozone.
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33 ml<-1m(0zone~0zone_lagl+Temp_lagl,data=air_data)
34 ml@ <-lm(Dzone~0zone_lagl,data=air_data)
35 anova(m1@,ml)

NPTEL - doc_ugdate -RStuclo

37 m2<-1m(0zone~0zone_lagl+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_

38 m20<-1m(0zone~0zone_lagl+0zone_lag2,data=air_data)
39 anova(mZ,m20)

£ cat('AIC of Model 1 = ',AIC(ML),"\n")
43 cat('AIC of Model 2 = ',AIC(n2),"\n")
4|

441 Toplew) ¢

Signif. codes: 0 ‘***' @.00L “**’ 0.01 “** 0.05 ‘.’ 0.1 ‘"1

> cat('AIC of Model 1 = ',AIC(mL),"\n")
AIC of Model 1 = 918.759
> cat('AIC of Model 2 = ',AIC(m2),"\n")
AIC of Model 2 = 750.2042

i 1

Enviomment  Mistoy  Conmections Gt Ttoral B
erme e s - | @+

fit_tre. List of 13
fit_tre.. List of 12

ml List of 13
mlo List of 13
m2 List of 13

m20 List of 13

Fles Pl Pickiges Help Viewer  Presemation -

£ om B O f 5.

Ozone

19730 19731 19732 19733 19734

Time

Now, if I compute the AIC of Model 1 and Model 2 clearly the Model 1 has a more AIC than

the Model 2 the Model 2 has a lower mic AIC. So, we can we would prefer Model 2 over the

Model 1.



(Refer Slide Time: 07:51)

NPTEL - doc_update - RStucio
C .. " § - B aoums -
« Moy Comections Gt Tuoial =
waset + * 166MB - List =

souceonse R /'

32 Bl X .
33 ml<-1m(0zone-Ozone_lagl+Temp_lagl,data-air_data) fit_tre. List of 13
34 ml@ <-lm(Dzone~0zone_lagl,data=air_data) fit_tre. List of 12
35 anova(ml@,m1) ml List of 13
36 Mo  Listof 13
37 m2<-1m(0zone-0zone_lagl+0zone_lagZ+Temp_lagl+Temp_lagZ, dota=air_ > List of 13
38 m20<-1m(0zone-~0zone_lagl+0zone_lag? ,data=air_data) 120 List of 13
39 anova(mZ,m20) I
Mo Pas Pickges Heb View  Preseatn -0
4 B o | Biu- 0 %

41 m2<-1m(0zone~0zone_lag1+0zone_lag2+Temp_lagl+Temp_lagZ,data=air_
42 m20<-1m(0zone-0zone_lagl+0zone_lag2,data-air_data)
43 anova(m2,m20)

441 Toplew) ¢

Consoe Terminal - Backsround Jobs

R R422  ~/DownicadsTeaching egression and Clsscaton NPTEL]

Ozone

Signif. codes: 0 ‘***' 9.001 ‘**’ 0.01 “*’ 0.05 ‘.’ 0.1 ¢ ' 1
> cat('AIC of Model 1 = ',AIC(mL),"\n")
AIC of Model 1 = 918.759

> cat('AIC of Model 2 = ',AIC(m2),"\n")
ATC of Model 2 = 750.2042 10730 1931 19732 19733 19734
N Time

Similarly, you can go for the third variable third lag we have to create a lag here. So, we can

always create these lines.
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28 air_data$0zone_lag3[4:n]<-air_data$Ozone 1:(n-3)]
9

30

31

32 air_data$Temp_lagl<-NA

33 air_data$Temp_lagl[2:n]<-air_data$Temp[1:(n-1)]
34 air_data$Temp_lag2<-NA

35 air_data$Temp_lag2[3:n]<-air_data$Temp[1:(n-2)]
36 pir_data$Temp_lag3<-NA

37 air_data$Temp_lag3[4:n]<-air_data$Temp[1:(n-3)]
38

39

W1 oplew ¢

Console Terminal - Backeround Jobs

R R422  -Downlos

> cat("'AIC o g
AIC of Model 2 = 750.2042
> atr_data$0zone_lag3<-NA
> air_data$0zone_lag3[4:n]<-air_data$0zone[1:(n-3)]
> air_data$Temp_lag3<-NA

> air_data$Temp_lag3[4:n]<-air_data$Temp[1:(n-3)]
>

MONNPTEL]

(m2),"\n")

Srce +

Enviomment Wistoy  Connections  Git Tutorial =

2 AimponDuase - * I65MB < [

- | 8 Gobil Enirmmen +
Data
air_data 153 obs. of 12 varia.
data 144 obs. of 5 variab..
data_te.. 48 obs. of 5 variabl.
data_tr.. 96 obs. of 5 variabl.
fit.arl List of 13

Bles Plois Pickiges Help Viewer  Presentation —

£ om B O f %-

Ozone

19732 19733 19734

19730 19731
I Time

First, we have to create these lines. So, maybe lag3, lag3, 2, 4, 3.
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9 e s e8P 08" o0 o Hitoy  Comcions Gt Tutoda =0
Souceonsave O /' tn e e + # 1 mponDuass + *is3mE e § st -
44 2+ ) Gobal Eniranment «
45 m2<-1m(0zone~0zone_lagl+0zone_Llag2+Temp_lagl+Tenp_lag?, data-air_ o fit_tre. List of 12
46 m20<-1n(0zone~0zone_lagl+0zone_lag2,data=air_data) ml List of 13
47 anova(mZ,m20) m10 List of 13
48 " List of 13
49 m2<-m(0zone~0zone_lag1+0zone_lag2+Temp_lagl+Temp_lag2,data=air_ ;29 List of 13
5@ m2@<-1m(0zone~0zone_lagl+0zone_lag2 data=air_data) "3 list of 13
51 qno\/a('"z,'ﬂz@) Files Plots  Packiges Help Viewe: Presentation =0

52 Pom Bppms 0 f o
53 m3<-1m(0zone-0zone_lagl+0zone_lag2+0zone_lag3:Temp_lagl+Temp_lag
54 [r20<-1n(0zone-0zone_lagl+0zone_lag2, data-oir_data)

55 anova(m2 ,m20)

561 oplew) :

CondeTami
R R422 -Don
> air_data N

g3<
> air_data$0zone_lag3[4:n]<-air_data$0zone[1:(n-3)]
> air_data$Temp_lag3<-NA
> air_data$Temp_lag3[4:n]<-air_data$Temp[1:(n-3)]
> m3<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag2+
Temp_lag3, data=air_data)
=

©zone

19730 19731 19732 19733 19734

Time

So, we have to create these lags for ozone and then now we have to create these lags for

temperature third lag plus 3. And then what we need is model for third lag and Ozone plus 3

lag plus 3 and ok.
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List of 13
49 m2<-1m(0zone-~0zone_lag1+0zone_lag2+Temp_lagl+Temp_lag2,data=air_ List of 13
50 m20<-1m(0zone~0zone_lagl+0zone_lag2 data=air_data) List of 13
z; anova(m2,m20) list of 13
m3 List of 13

53 m3<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag -
m30 List of 13

Fles Pl Pickiges Help Viewer  Presemation —

55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3, date=air_data)
56 janova(m3,m30)

57

58

59

SEL (Toplew) t

£ om B O f %-

Console  Terminal - Background Jobs -

@ R4.22 - ~/Douniods/Teiching Regessio

Temp_lag2 +

Temp_lag3

Model 2: Ozone ~ Ozone_lagl + Ozone_lag2 + Ozone_lag3
Res.Df  RSS Df Sum of Sg F Pr(>F)

1 61 26091

2 64 27174 -3 -1083.3 0.8443 0.475

>

Ozone

19730 19731 19732 19733 19734

I Tine

And the 3 naught null we just Ozone it will be only function of Ozone and then we will see if

1t 1s still effective.
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ALL of Model 1 = Y1¥./5Y List of 13
> cat('AIC of Model 2 = ',AIC(m2),"\n") m10 List of 13
AIC of Model 2 = 750.2042 m2 List of 13
> air_data$0zone_lag3<-NA 20 List of 13
> air_data$0zone_lag3[4:n]<-air_data$0zone[1:(n-3)] 3 list of 13
> air_data$Temp_lag3<-NA 30 List of 13
> air_data$Temp_lag3[4:n]<-air_data$Temp[1:(n-3)] T e —
> m3<-1m(0zone~0zone_lagl+0zone_lagZ+0zone_lag3+Temp_lagl+Temp_lag2 2 2om | Bvg s 0| { i

Temp_lag3, data=air_data)

> m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3,data=air_data)
> anova(m3,m30)

Analysis of Variance Table

Model 1: Ozone ~ Ozone_lagl + Ozone_lag2 + Ozone_lag3 + Temp_lagl +

Ozone

Temp_lag2 + 1
Temp_lag3
Model 2: Ozone ~ Ozone_lagl + Ozone_lag2 + 0Ozone_lag3
Res.Df  RSS Df Sum of Sg F Pr(>F)
1 61 26091
2 64 27174 _3 '1@83.3 0.8443 0.475 19730 19731 19732 19733 19734
N Time

And now when we are doing third lag we are adding third lag its not effective anymore.



(Refer Slide Time: 09:38)

NPTEL - doc_ugdate -RStuclo

=0 Mistory  Cennections  Git  Tutorial =0
4hun 4 Source o Dataset + * 164 MiB « o st =
anova(mé,m) ironmen
List of 13
53 m3<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag List of 13
54 List of 13
55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3, datc=air_data) List of 13
56 anova(m3,m30) List of 13
¥ List of 13
58 Files Pl Packs Help Vi Press
o P Pcges Wb Viwe  Presematon )
59 Bron Bope- 8 5

60 cat('AIC of Model 1 = ',AIC(n), "\n")
61 cat('AIC of Model 2 = ',AIC(m2), "\n") |
62 cat('AIC of Model 3 = ',AIC(m3),"\n")
63 |

61| Toplese) ¢
Console Terminal + Backeround Jobs =

R R422  ~/DownicadsTeaching Aegression and Clsscaton NPTEL,

Model 2: Ozone ~ Ozone_lagl + Ozone_lag2 + Ozone_lag3
Res.Df  RSS Df Sum of Sq F Pri>F)

1 61 26091

2 64 27174 -3 -1083.3 0.8443 0.475

> cat('AIC of Model 3 = ',AIC(m3),"\n")

AIC of Model 3 = 613.5645

>

Ozone

19730 19731 19732 19733 19734

Time

But can we choose m3 what is the AIC of model third model.
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» NPTEL - doc_update - RStucio

oo # - B~ adine - O -
) veomment Witoy Connections Gt Tuoral o
*pemse f List = | (e

52 ml List of 13
53 m3<-1m(0zone~0zone_lag1+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag om10 List of 13
54 2 List of 13
55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3, datc=air_data) 120 List of 13
56 anova(m3,m30) ) List of 13
¥ M0 List of 13
58 ~

1 Hles Plois Pickiges Help Viewer  Presematon =
59 A om Bpger s 0 f %

60 cat('AIC of Model 1 = ',AIC(m1),"\n")
61 cat('AIC of Model 2 = ',AIC(m2),"\n")
62 cat('AIC of Model 3 = ',AIC(m3),"\n")
63 |

61| Toplew) ¢ Rsrip ¢
Consoe Teminal - Backsround Jobs s

- Dounieads Teiching e

S Gt ATC of Model T =

AIC of Model 1 = 918.759

> cat('AIC of Model 2 = ',AIC(m2),"\n")
AIC of Model 2 = 75€.2042

> cat('AIC of Model 3 = ',AIC(m3),"\n")
AIC of Model 3 = 613.5645

>

Ozone

19730 19731 19732 19733 19734

Time

Now, if you interestingly if you see what is happening. You see what is happening here the
AIC is constantly dropping whereas, model; that means, third model is probably better than

the first and second model.
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) NPTEL - doc_ugdate - RStucio
- Adin - -

Wistory  Cennections  Git Tutoial i
BRI RN s - | @+

souceonse X /' Srce +

49 m2<-1m(0zone-0zone_lag1+0zone_lag2+Temp_lagl+Temp_lag2,data=air_ **
ml

List of 13

50 m20<-1m(0zone-~0zone_lagl+0zone_lag2,data=air_data)

51 anova(mZ,m20) 10 List of 13

52 m2 List of 13

53 m3<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag om20 List of 13

54 m3 List of 13

55 m30<-1m(0zone~0zone_lag1+0zone_lag2+0zone_lag3,datc=air_data) 30 List of 13

56 anova(n3,m30) [ — s
57 2 2om | Bexgen - (0 | f 5.
58

59

6@ cat('AIC of Model 1 = ',AIC(m1),"\n")
61 Fat('AIC of Model 2 = '.AIC(m2)."\n")

> anova(ms,m:
Analysis of Variance Table

Model 1: Ozone ~ Ozone_lagl + Ozond_lag2 + Ozone_lag3 + Temp_lagl +
Temp_lag2 +
Temp_lag3
LModel 2: Ozone ~ Ozone_lagl + Ozone_lagZ + Ozone_lag3

19730 19731 19732 19733 19734

Time

However, what we are seeing that third model the lag does not have any effect. So, that
means, we cannot really use we cannot say that third lag has any effect on the 3 lag model of a

granger causal model does any effect any of temperature has no effect on the Ozone.

So, that means, as we are putting as we are you know put more and more lags. So, naturally
what is happening the model complexity increases and its going to higher and higher
dimension as model complexity increases it is doing some overfitting because my AIC is
constantly going down. But we know, but most likely it is effectively losing its

interpretability and that is why probably its not running its not giving any effect.
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. NPTEL - doc_update - RStucio
QIR -10 0] B[4 ouncoame | § | B atin - B -
©7Reg_Class Lect_8 Part d.f* =7 fEnvionmest Mistory Cenmections  Git  Tutorial =0

] Csouceonsave R /' hn “Surce 2 #mponDutase + * 156 M + f Uit e

51 anova(mé,m@) #.+ ) Gobl Envronment -

52 oml List of 13
53 m3<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag om0 List of 13
54 om List of 13
55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3,datc=air_data)  ,p2p List of 13
s o3 List of 13
57 sumary(i3) om0 Listof 13
58
59 anova(m3,m30) ¥ PT:,.,:M:-!L;:‘." Dw.».:; e g
60
61
62

63 cat('ALC of Model 1 = ',AIC(n1),"\n")
o e

Console  Terminal - Background Jobs

®R R4.2.2  ~Downiaads/Texching Regresson and_Clssifcaton NPTEL/

Residual standard error: 20.68 on 61 degrees of freedom
(85 observations deleted due to missingness)

Multiple R-squared: ©.5876,  Adjusted R-squared: 0.547

F-statistic: 14.49 on 6 and 61 DF, pl-value: 3.418e-10

>

Ozone

19730 19731 19732 19733 19734

Time
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NBTEL - doc_update -RStuclo

SN
.o Fe L an Do - AV
SV E
0 Reg Clss Lect 8 Par 45 [ Enveonmest Mistoy Cenmections Gt Tutorial =0 N E
soceonsie Q /'« T sune = @ H | Popouduae - | * 1568 s e
51 anova(mé,m@) @+ ) Gobil Envronment « NPTEL
52 ml List of 13
53 m3<-1m(0zone~0zone_lag1+0zone_lag2+0zone_lag3+Temp_lagl+Temp_lag om10 List of 13
54 m2 List of 13
55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3, datc-air_data) 120 List of 13
56 m3 List of 13
57 summary(m3) 30 List of 13
58
59 anova(n,130) ™ w:um:m:-im»::‘., e o0
60
61
62
63 cat('AIC of Model 1 = ',AIC(m1),"\n")
561 Toplee ¢ s

Console Temial - Buck
R R422 I

Ozone

Estimate Std. Error t value Pr(>Itl)

(Intercept) -57.075641 391207726 -1.456 0.15060
Ozone_lagl ~ @.416355 0.137841 3.021 0.09368 **

Ozone_lag2  -.008118  0.143069 -0.057 0.95493
Ozone_lag3  0.187251 0.142906 1.310 0.19500 | o e s s
Temp_lagl 0.294474  0.584445  0.504 0.61618
Tenp_lag2  0.244689 0.577099 0.424 0.67306

Time

But we though we know that you know lagl and lag2 does have a effect. So, we can see that
you know you know very high M3 in case of third model except the lagl model does not have

any effect.
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00 NPTEL - doc_ugdate -RStucio
RN A Gutienmcin | § - o adto - 0w -
©Reg_Class Lect_8 Part d.f* =7 [nveonment Mistory Cennections  Git  Tutorial =0
] lsouceonsave Q /'« Sl < Source 2 iponDutase + * 156MB - Uit -

54 - | 8 Gobil nirmmen + NPTEL

55 m30<-1m(0zone~0zone_lagl+0zone_lag2+0zone_lag3,date=air_data) ~ oml List of 13

56 om0 List of 13

57 summaranB) om2 List of 13

58 om20 List of 13

59 stmany(nZ) om3 List of 13

gg anova(n3, n30) om30  List of 13

@ ™ Pl;{sm::k::.ut‘p‘llellu Dv..».:; resematon o0

63

64 cat('AIC of Model 1 = ',AIC(M),"\n")
S cat('AIC of Model 2 = ',AIC(n2),"\n")
66 cat('AIC of Model 3 = ',AIC(M3),"\n")

skl (Toplew) t

=

Consoe Teminal - Backsround Jobs
R R4.22 - /Oounioads Teiching egession and Cssfcaton NFTEL/

Residual standard error: 22.51 on 77 degrees of freedom
(71 observations deleted due to missingness)

Multiple R-squared: ©.4973,  Adjusted R-squared: 0.4711

F-statistic: 19.04 on 4 and 77 DF, p-value: 6.398e-11

Ozone

19730 19731 19732 19733 19734

Time

=5
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.- §e L A B -

Souree 8o

t Mistory Conmectons Gt Tutoral 4

BRI [
Console Teminal « Background jobs 5

R R4.2.2  ~/Downioads Teaching Regession and Clssfeaton NPTEL)

List of 13

Residuals: ) List of 13
Min 1Q Median 30 Mox n List of 13
-46.98 -15.21 -2.57 13.63 73.30 List of 13

List of 13
List of 13

Coefficients:

Estimate Std. Error t value Pr(>Itl) o e e T e i —
(Intercept) -96.855461 32.6898%96 -2.963 0.00405 ** 2 tom | Bopm 19| £ .
Ozone_lagl ~ @.237211 0.107478 2,207 0.03029 *
Ozone_lag2 -0.0036%6 0.125248 -0.030 0.97653
Temp_lagl 1.357221  0.504285 2.691 0.09872 **
Temp_lag2 0.269165 0.516830 0.521 0.60400 I

Signif. codes: 0 ‘***’ 0.001 ‘**’ 9.01 ‘*’ 0.05 ‘.’ 0.1 ¢ ' 1

Ozone

Residual standard error: 22.51 on 77 degrees of freedom

(71 observations deleted due to missingness)
Multiple R-squared: 0.4973,  Adjusted R-squared: 0.4711
F-statistic: 19.04 on 4 and 77 DF, p-value: 6.398e-11

19730 19731 19732 19733 19734

> Time

Whereas, m2 if you see m2 lagl temperature does have a effect we see it does have a effect

whereas, the lag2 does not have a effect.
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) NPTEL - doc_ugdate - RStucio
- Adin - U -

Soee S0 tveor

Console Terminal + Background jobs =0

R R4.2.2  ~/DownloadsTeaching Regession and Clssfeaion NPTEL/

ml List of 13

Coefficients: m10 List of 13

Estimate Std. Error t value Pr(>Itl) 2 List of 13

(Intercept) -57.075641 39.207726 -1.456 0.15060 20 list of 13
Ozone_lagl ~ ©.416355 0.137841 3.021 0.00368 **

m3 List of 13

Ozone_lag2 -0.008118 ©0.143069 -0.057 0.95493
Ozone_lag3  0.187251 0.142906 1.310 0.19500
Temp_lagl ~ 0.204474 0.584445 0.504 0.61618 e
Tenp_lag2  0.244689 10.577099 0.424 0.67306
Temp_lag3  0.390885 0.574474 0.680 0.49881

m30 List of 13

S{gn:f. codes: @ ‘***’ 0.00L ‘**' ¢.01 ** .05 ‘.7 0.1 ‘' 1 L]
m

‘n H
! HA‘N"M “\M,

19730 19731 19732 19733 19734

Residual standard error: 20.68 on 61 degrees of freedom .

(85 observations deleted due to missingness) H
Multiple R-squared: 0.5876,  Adjusted R-squared: 0.547
F-statistic: 14.49 on 6 and 61 DF, p-value: 3.418e-10

> summary(m2)

Call: Tine

Also, if you look into the standard error standard error in third model is 0.577 whereas, in the
second model for lag 1 is 0.50. So, that means, standard error is increasing. So, there is a high
possibility that a multicollinearity also creeping in because of the multicollinearity these lags
are not any more effective because their standard error is going up because of the

multicollinearity.

So, you have to be very careful about how you do the interpretation of these statistical
inference and these you have to be very careful about these statistical inferences when
particularly when you are adding more and more features just because every time you are

increasing lag.

That means, your model is getting complex your complexity of your model is increasing it

will have a higher tendency to overfit because end of the day your training datasets is finite



most of the time your data training dataset is not increasing. So, as a result your model will
overfit and as it overfits you do not want your model to overfit because your bias will when it

happens your bias will be small.

But you will have a very high variance in out of the sample it will not do very well. So, you
have to be very careful about model fitting when for adding more complex lag variable and it
is better to obtain a parsimonious small model and just stop there, ok. So, far this week we
will this is that is how this much we will be discussing. Next week we will see you with a

new video with a new chapter.

Thank you very much. Take care. Bye.



