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Conceros

Conceitos

oreditoras continuas e categadricas
iNnteracao entre preditoras

matriz do modelo (algebra linear)
simplificacédo do modelo
colinearidade
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NModelo Linear simples

Y=o+ fxr+e
e = N(0,0)

Modelo Linear Multiplo

y:a+25z'ib’z‘+€
e = N(0,0)

2,

3



Retomando © Modelo Linear

Davis 1990

sex weight height repwt repht




Davis (1990)

Variavel Descricdo TIpo
| é(}ﬂ@@@ﬂcackﬂgrm&aﬁw.F>
écomﬁmua(kg>

continua (cm)

é@eS@f@poﬁado écomﬁmua(Ky

altura reportada - continua (cm)



Deso ~ welgnt

[Im(weight~height, data = Davis)]

170 180
Altura (cm)




Call:
Im(formula = weight ~ height, data = Davis)

Residuals:
Min 190 Median 30 Max
-19.928 -5.406 -0.651 4.891 42.641

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) -130.84185 12.30184 -10.64 <2e-16 **x*
height 1.15112 0.07193 16.00 <2e-16 **x*

Signif. codes: 0 '***x' (Q0.001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1

Residual standard error: 8.635 on 178 degrees of freedom
Multiple R-squared: 0.5899, Adjusted R-squared: 0.5876
F-statistic: 256.1 on 1 and 178 DF, p-value: < 2.2e-16

Analysis of Variance Table

Response: weight

Df Sum Sq Mean Sq F value Pr (>F)
height 1 19095 19095.0 256.08 < 2.2e-16 ***
Residuals 178 13273 74 .6

Signif. codes: 0 '***x' (Q0.,001 '**' 0.01 '*' 0.05 '.




NModelo Linear peso ~ altura

anoval

Res Df RSS  Df

178 1327271 1

160 170 180 190
Altura (cm) P

Puc

160 170 180 190
Altura (cm)
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NModelo Linear

Imweight ~ height + sex. data - Davis)



[Im(weight ~ height + sex, data = Davis)]

170
Altura (cm)




Call:
Im(formula = weight ~ height + sex, data = Davi

Residuals:
Min 190 Median 30 Max
-20.302 -4.808 -0.335 5.239 41.366

Coefficients:

Estimate Std. Error t wvalue
(Intercept) -80.2107 16.8415 -4.763
height 0.8341 0.1021 8.169
sexM 7.7070 1.8345 4.201

Signif. codes: 0 '"***' (Q0.001 '**' 0.01

Residual standard error: 8.258 on 177 degrees ¢
Multiple R-squared: 0.6271, Adjusted R-squarec
F-statistic: 148.8 on 2 and 177 DF, p-value:




## (Intercept) height sexM

## -80.2107328 0.8340964 7.7070166




welgnt ~ neignt + sex

Altura (cm)




welgnt ~ heignt + sex + neigntsex

170 180
Altura (cm)




Call:
Im(formula = weight ~ height + sex + sex:height

Residuals:
Min 190 Median 30 Max
-20.990 -4.548 -0.926 4.821 41.023

Coefficients:

Estimate Std. Error t value Pr(>|t|
(Intercept) -45.7988 24 .8453 -1.843 0.06
height 0.6252 0.1507 4.148 5.22e-
sexM -57.4326 34.8293 -1.649 0.10C
height:sexM 0.3815 0.2037 1.873 0.062

Signif. codes: 0 '"***' Q0.001 '**' 0.01 '*' O.

Residual standard error: 8.2 on 176 degrees of
Multiple R-squared: 0.6344, Adjusted R-squarec
F-statistic: 101.8 on 3 and 176 DF, p-value:




Imlweight ~ heignt + sex + sexheight. data-Davis)

## (Intercept) height sexM height:sexV
## -45.7988220 0.6252035 -57.4326307 0.3815088

Feminino (sex = 0)

w = & + Bysex + Byheight + Bs:hseaz x height
Wy, = & + Brheight

Masculinos (sex = 1)

w =&+ ﬁ; sex + ﬁAhheight + ths sex x heitght
wp, = &+ Bs + (Bn + B.s) * height

2.15



## (Intercept) height sexM height:se

## —-45.7988220 0.6252035 -57.4326307 0.381508€8

-45.8 + 0.625 * 161

## (Intercept)

## 54.85893



Predito pelo modelo

o Uma mulher com 161cm de altura tem peso 54.86 kg,






## (Intercept) height sexM height:se
## -45.7988220 0.6252035 -57.4326307 0.3815088

-45.8 -57.4 + 0.625 * 182 + 0.381 * 182

## (Intercept)



Imlweight ~ heignt + sex + sexheight. data-Davis)

e UM homem com 182cm de altura tem peso 79.99 kg

Altura (cm)



## sex weight height
## 1 M 77 182
## 2 F 58 161

#4 (Intercept) height sexM height:sexM
## 1 1 182 1 182
## 2 1 161 0 0

## (Intercept) height sexM height:sexM
## -45.7988220 0.6252035 -57.4326307 0.3815088

(lmdavisfull) [1:2,] % (lmdavisfull)

## [,1]
## 1 79.99018
## 2 54.85893




Qual o melhor modelo?

Principio da parciménia (Navalha de Occam)

e MINIMO NUMero de parametros

Linear & melhor gue ndo-linear

reter menos pressupostos

simplificado ao minimo adequado
explicactes mais simples sao preferivels

2.2



simplificacao do modelo

Meétodo do modelo chelo ao minmo adequado

1. ajuste o modelo maximo (chelo)
2. simplfique o modelo:
e INSPECIONe 0s coeficientes (summary)
e remova termos nao signincativos
3, ordem de remocao de termos
e INteracao N&o signiicativos (maior ordem)
e termaos quadraticos ou N&o lineares
o variavels explicativas n&o significativas
e agrupe nivels de fatores sem diferenca
o ANCOVA: intercepto ndo signihcativo -> 0

2.22



* retenha o modelo mais simples

* continue simplificando

* retenha o modelo complexo
* modelo MINIMO ADEQUADO




Call:
Im(formula = weight ~ height + sex + sex:height

Residuals:
Min 190 Median 30 Max
-20.990 -4.548 -0.926 4.821 41.023

Coefficients:

Estimate Std. Error t wvalue Pr (>|t|
(Intercept) -45.7988 24 .8453 -1.843 0.06
height 0.6252 0.1507 4.148 5.22e-
sexM -57.4326 34.8293 -1.649 0.10C
height:sexM 0.3815 0.2037 1.873 0.062

Signif. codes: 0 '***' Q0_001 '**' 0.01 '*' O.

Residual standard error: 8.2 on 176 degrees of
Multiple R-squared: 0.6344, Adjusted R-squarec
F-statistic: 101.8 on 3 and 176 DF, p-value:




(lmdavisfull, lmdavisO01l)

Analysis of Variance Table

Model 1: weight ~ height + sex + sex:height
Model 2: weight ~ height + sex

Res .Df RSS Df Sum of Sq F Pr (>F)
1 176 11833

2 177 12069 -1 -235.82 3.5075 0.06275

Signif. codes: 0 '"***' Q0.001 '**' 0.01 '*' O.



Call:
Im(formula = weight ~ height + sex, data = Davi

Residuals:
Min 190 Median cle) Max
-20.302 -4.808 -0.335 5.239 41.366

Coefficients:

Estimate Std. Error t wvalue
(Intercept) -80.2107 16.8415 -4.763
height 0.8341 0.1021 8.169
sexM 7.7070 1.8345 4.201

Signif. codes: 0 '"***' (Q0.001 '**' 0.01

Residual standard error: 8.258 on 177 degrees ¢
Multiple R-squared: 0.6271, Adjusted R-squarec
F-statistic: 148.8 on 2 and 177 DF, p-value:




Analysis of Variance Table

Model 1: weight ~ height + sex
Model 2: weight ~ height

Res .Df RSS Df Sum of Sq F Pr (>F)
1 177 12069

2 178 13273 -1 -1203.5 17.65 4.204e-05 **+*

Signif. codes: 0 '***' (Q0.001 '**' 0.01 '*' O.

2.27



(1lmdavis01)

Call:
Im(formula = weight ~ height + sex, data = Davi

Residuals:
Min 190 Median 30 Max
-20.302 -4.808 -0.335 5.239 41.366

Coefficients:

Estimate Std. Error t wvalue
(Intercept) -80.2107 16.8415 -4.763
height 0.8341 0.1021 8.169
sexM 7.7070 1.8345 4.201

Signif. codes: 0 '***' (0.001 '**' 0.01

Residual standard error: 8.258 on 177 degrees c
Multiple R-squared: 0.6271, Adjusted R-squarec
F-statistic: 148.8 on 2 and 177 DF, p-value:




(lmdavis01)

Analysis of Variance Table

Response: weight

Df Sum Sq Mean Sq F value Pr (>F)
height 1 19095.0 19095.0 280.04 < 2.2e-1¢€
sex 1 1203.5 1203.5 17.65 4.204e-0
Residuals 177 12069.2 68.2

Signif. codes: 0 '***' Q0_001 '**' 0.01 '*' O.




(1lmdavisO01)

## (Intercept) height sexM
## -80.2107328 0.8340964 7.7070166

(1mdavisO01)

## 2.5 % 97.5 %
## (Intercept) -113.44661 -46.974852
## height 0.63259 1.035603
## sexM 4.08671 11.327323




VModelo Minimo Adeguado

[Im(weight ~ height + sex, data = Davis)]

170 180
Altura (cm)




Diagnostico do Modelo

Residuals vs Fitted Normal Q-Q

Residuals

Standardized residuals

Fitted values Theoretical Quantiles

Scale-Location Residuals vs Leverage

Cook's di§tance
| | | I | |
0.00 0.01 0.02 0.03 0.04 005 0.06 0.07

IStandardized residuals|
Standardized residuals

Fitted values Leverage
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NModelo Linear Multiplo

quais variavels incluir

curvatura em resposta a variavel preditora
Nteracoes entre variavels

correlacdo entre variavels preditoras (colineardade)
saturacaoc do modelo (complexidade

.2



POLUICA0: OZONIO
Quals variavels climaticas estao relacionadas a
concentracao de ozonio?

rad temp wind ozone

3.

3



OzOonlo data

var natureza tipo descricao
| continua | radiacao
continua | temperatura

continua |

resposta | continua | 0zénio



_nearigace

100 150

100 200 300

0

[=)
]
o
[*%]
o
~
o
[{e]




Curvatura da relacao: polinomios

y=4+2x-0.1*x"2
y=4+2"x-0.2* x"2

y =12 - 4x + 0.35x"2

+ 0.5x + 0.1x"2




Correlacao entre preditoras

100 150
1 ]

0.35

100 200 300

0

0.70

[=)
]
o
[*%]
o
~
o
[{e]

0.61




Correlacao entre preditoras

Ndice de colinearidade (confirmar)

VIF Variance Inflation Factor

Proporcional a variagcao compartilnada com outras preditoras

1
- R

VIF =

Ri coeficiente de determinacéo da preditora (k) em relacdo a outras
oreditoras do modelo

« VIF =1 n&o ha variacdo compartilhada;
« VIF = 4 75% de variacdo explicada ;
« VIF = 10 90% de variacdo explicada

3.8



Colinearidade: solucdes

e reter apenas uma das variavels colineares
e reduzir as dimensées das variavels colineares (PCA)

3

.9



Definir 0Ss termos do modelo chelo

Modelo para concentracdo de ozonio:
Modelo Chelo

o lemp

e WINA

e rad

o temp”2

o WINAN2

o rad2

o temp  wind

e temp : rad

e wind : rad

o temp wind : rad

3.10



Imozfull <- (ozone ~ temp + wind + rad +
(temp”*2)+ ' (wind”*2) + = (rad”*2) +
temp:wind + temp:rad + wind:rad +

temp:wind:rad, 0z0)
Imozfull <- (ozone ~ temp * wind * rad +
(temp”*2) + ' (wind”*2) + @ (rad”*2),




Call:
Im(formula = ozone ~ temp * wind * rad + I(temp”2) + I (wind”"2)
I(rad*2), data = o0zo)

Residuals:
Min 190 Median 30 Max
-38.894 -11.205 -2.736 8.809 70.551

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) .683e+02 .073e+02 .741 0.00725 **
temp 1.076e+01 .303e+00 .501 0.01401 ~*
wind .237e+01 .173e+01 .760 0.00687 =**
rad .117e-01 .585e-01 .558 0.57799
I(temp”2) .833e-02 .396e-02 .435 0.01668 *
I (wind”2) .106e-01 .469%e-01 .157 6.81le-05 **x*
I(rad”*2) .619%e-04 .573e-04 .407 .16265
temp:wind 2.377e-01 .367e-01 .739 .08519
temp:rad 8.403e-03 .512e-03 .119 .26602
wind:rad 2.054e-02 .892e-02 0.420 .67552
temp:wind:rad -4.324e-04 .595e-04 -0.656 .51358

Signif. codes: 0 '***' Q0.001 '**' 0.01 '*' 0.05 '.' 0.1

2
4
1
5
2
1
2
1
7
4
6

Residual standard error: 17.82 on 100 degrees of freedom
Multiple R-squared: 0.7394, Adjusted R-squared: 0.7133
F-statistic: 28.37 on 10 and 100 DF, p-value: < 2.2e-16




Imoz01 <- (ozone ~ temp + wind + rad +
(temp*2)+ | (wind”*2) + ' (rad”2) +
temp:wind + temp:rad + wind:rad,
(lmozfull, 1lmoz01l)

Analysis of Variance Table

Model 1: ozone ~ temp * wind * rad + I(temp”2) + I(wind”2) + I(
Model 2: ozone ~ temp + wind + rad + I(temp”2) + I(wind”2) + I(
temp:wind + temp:rad + wind:rad
Res .Df RSS Df Sum of Sq F Pr (>F)
1 100 31742
2 101 31879 -1 -136.44 0.4298 0.5136




Call:
Im(formula = ozone ~ temp + wind + rad + I(temp”2) + I (wind”"2)
I(rad”*2) + temp:wind + temp:rad + wind:rad, data = ozo)

Residuals:
Min 190 Median
-39.611 -11.455 -2.901

Max
70.325

3Q
8.548

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])

(Intercept)
temp

wind

rad
I(temp”2)

I (wind”2)
I(rad*2)
temp:wind
temp:rad
wind:rad

-1.

.245e+02
.021e+01
.802e+01
.628e-02
.953e-02
.173e-01
.388e-04
.734e-01
.750e-03

127e-02

.957e+02
.209e+00
.645e+00
.142e-01
.382e-02
.461le-01
.541e-04
.497e-02
.459e-03
.277e-03

.680
.427
.906
.123
.499
.225
.333
.825
1.525
-1.795

0.
0.
0.
0.
0.

0086
0170
0045
9026
0141

5.25e-05

0.
.0709

1855
1303

.0756

o ONOMNMNENNMNOBMR

0
0.
0
0

T%% %! T %% ! T %11

Signif. codes: O .001 0.01 .' 0.1

of freedom
0.715
p-value: < 2.2e-16

Residual standard error:
Multiple R-squared:
F-statistic: 31.66 on 9 and 101 DF,

17.77 on 101 degrees
0.7383, Adjusted R-squared:

1




Imoz02 <- (ozone ~ temp + wind + rad +
(temp*2)+ | (wind”*2) + ' (rad”2) +
temp:wind + wind:rad, 0z0)
(lmoz01l, 1lmoz02)

Analysis of Variance Table

Model 1: ozone ~ temp + wind + rad + I(temp”2) + I(wind”2) + I(
temp:wind + temp:rad + wind:rad
Model 2: ozone ~ temp + wind + rad + I(temp”2) + I(wind”2) + I(
temp:wind + wind:rad
Res .Df RSS Df Sum of Sq F Pr (>F)
1 101 31879
2 102 32613 -1 -734.23 2.3262 0.1303




Call:
Im(formula = ozone ~ temp + wind + rad + I(temp”2) + I (wind”"2)
I(rad*2) + temp:wind + wind:rad, data = o0zo)

Residuals:
Min 190 Median
-42.040 -11.962 -2.863

Max
70.475

3Q
9.661

Coefficients:
Estimate Std. Error t wvalue Pr(>|t])

(Intercept) .488e+02 1.963e+02 .796 0.00619

temp -1.
wind -2
rad 3.
I(temp”2) 7
I(wind”*2) 6.
I(rad*2) -2.
temp:wind 1.
wind:rad A

144e+01

.876e+01

06le-01

.145e-02

363e-01
690e-04
840e-01
38le-02

.158e+00
.695e+00
.113e-01
.265e-02

465e-01

.516e-04
.533e-02
.090e-03

.752
.967
.751
.154
.343
.069
1.930
-2.268

0.00702
0.00375
0.00704
0.00211

3.33e-05

0.28755
0.05644

0.02541 *

4
9
1
2
1.
2
9
6
0

Signif. codes: 0 '***x' (0.001 '*¥*' 0.01 '*' 0.05 '.' 0.1 " ' 1

Residual standard error: 17.88 on 102 degrees of freedom
Multiple R-squared: 0.7322, Adjusted R-squared: 0.7112
F-statistic: 34.87 on 8 and 102 DF, p-value: < 2.2e-16




1lmoz03 <-

(ozone ~ temp + wind + rad +
(temp”2)+ 1 (wind”*2) +
temp:wind + wind:rad,

( 1lmoz02, 1lmozO03)

Analysis

Model 1:
temp:
Model 2:
wind:
Res.Df

1 102
2 103

of Variance Table

ozone ~ temp + wind + rad + I(temp”2) + I(wind”2) + I(
wind + wind:rad
ozone ~ temp + wind + rad + I(temp”2) + I(wind”2) + ter
rad

RSS Df Sum of Sq F Pr (>F)
32613
32978 -1 -365.45 1.143 0.2875

3.

17



Call:
Im(formula = ozone ~ temp + wind + rad + I(temp”2) + I (wind”"2)
temp:wind + wind:rad, data = ozo)

Residuals:
Min 190 Median 30
-41.379 -11.375 -2.217 8.921

Max
71.247

Coefficients:
Estimate Std.
514.401470 193.

Error t value Pr(>|t]|)

(Intercept) 783580 2.655 0.00920 **

temp -10.
wind -27.
rad 0.
I(temp”2) 0.
I(wind”*2) 0.
temp:wind 0.
wind:rad -0.

654041
391965
212945
067805
619396
169674
013561

.094889
.616998
.069283
.022408
.145773
.094458
.006089

-2.
-2.
3.
3.
.249
1.
-2.

4

602
848
074
026

796
227

0.01064 *
0.00531 **
0.00271 **
0.00313 **
4.72e-05 ***
0.07538 .
0.02813 *

Signif. codes: 0 '***x' (Q0.001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1

Residual standard error: 17.89 on 103 degrees of freedom
Multiple R-squared: 0.7292, Adjusted R-squared: 0.7108
F-statistic: 39.63 on 7 and 103 DF, p-value: < 2.2e-16




Imoz04 <- (ozone ~ temp + wind + rad +
(temp”2)+ 1 (wind”*2) +
wind:rad, 0zo)
( 1lmoz03, 1lmozO04)

Analysis of Variance Table

Model 1: ozone ~ temp + wind + rad + I(temp”2) + I(wind”*2) + ter
wind:rad
Model 2: ozone ~ temp + wind + rad + I(temp”2) + I(wind”*2) + wi
Res .Df RSS Df Sum of Sq F Pr (>F)
1 103 32978

2 104 34011 -1 -1033.1 3.2267 0.07538

Signif. codes: 0 '***x' (Q0.001 '**' 0.01 '*' 0.05 '." 0.1 " ' 1



Call:
Im(formula = ozone ~ temp + wind + rad + I (temp”2)
wind:rad, data = 0z0)

+ I(wind”2)

Residuals:
Min
-44 .478 -10.

190 Median
735 -2.437

Max
77.543

3Q
9.685

Coefficients:
Error t wvalue
618223 2.077

Estimate Std.
(Intercept) 223.573855 107.

r(>|t])
040221

temp
wind
rad

I(temp”2)
I (wind”2)

wind:rad

-5.
10.
0.
0.
0.
-0.

197139
816032
173431
043640
430059
009819

.775039
.736757
.066398
.018112
.101767
.005783

-1.
-3.

873
952

2.410
4.226

O

P
0.
0
0
2.612 0.
0
5
0

698

.063902
.000141

010333

.017731
.12e-05
.092507

Signif. codes: 0 '***' (0.001 '**x' 0.01 '*' 0.05 '.' 0.1 ' " 1

Residual standard error:
Multiple R-squared: 0.7208, Adjusted R-squared:
F-statistic: 44.74 on 6 and 104 DF,

18.08 on 104 degrees of freedom
0.7047
p-value: < 2.2e-16




Imoz05 <- (ozone ~ temp + wind + rad +
(temp”2)+ ' (wind”2),
0z0)
( 1lmoz04, 1lmozO05)

Analysis of Variance Table

Model 1: ozone ~ temp + wind + rad + I(temp”2) + I(wind”*2) + wi
Model 2: ozone ~ temp + wind + rad + I(temp”2) + I (wind”"2)

Res .Df RSS Df Sum of Sq F Pr (>F)
1 104 34011

2 105 34954 -1 -942.85 2.883 0.09251

Signif. codes: 0 '***x' (0.001 '*¥*' 0.01 '*' 0.05 '.' 0.1 " ' 1



Call:
Im(formula = ozone ~ temp + wind + rad + I(temp”2) + I(wind”"2),
data = 0zo0)

Residuals:
Min 190 Median 30 Max
-48.044 -10.796 -4.138 8.131 80.0098

Coefficients:
Estimate Std. Error t wvalue Pr(>|t]|)
(Intercept) 291.16758 100.87723 2.886 0.00473 *=*

temp 6.33955 .71627 -2.334 0.02150 *
wind -13.39674 .29623 -5.834 6.05e-08
rad 0.06586 .02005 3.285 0.00139 **
I(temp”2) 0.05102 .01774 2.876 0.00488 **
I (wind”"2) 0.46464 .10060 4.619 1.10e-05 **x*

Signif. codes: 0 '***' (0.001 '*¥*' 0.01 '*' 0.05 '.'" 0.1 " ' 1

Residual standard error: 18.25 on 105 degrees of freedom
Multiple R-squared: 0.713, Adjusted R-squared: 0.6994
F-statistic: 52.18 on 5 and 105 DF, p-value: < 2.2e-16




Imoz06 <- (ozone ~ temp + wind + rad +
(wind”2)
0Zz0)

(1moz05, 1lmoz06)

Analysis of Variance Table

Model 1: ozone ~ temp + wind + rad + I(temp”2) + I (wind”"2)
Model 2: ozone ~ temp + wind + rad + I (wind”*2)
Res .Df RSS Df Sum of Sq F Pr (>F)
1 105 34954
2 106 37708 -1 -2753.7 8.2718 0.004877 **

Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.'



Call:
Im(formula = ozone ~ temp + wind + rad + I(temp”2) + I(wind”"2),
data = 0zo0)

Residuals:
Min 190 Median 30 Max
-48.044 -10.796 -4.138 8.131 80.0098

Coefficients:
Estimate Std. Error t wvalue Pr(>|t]|)
(Intercept) 291.16758 100.87723 2.886 0.00473 *=*

temp 6.33955 .71627 -2.334 0.02150 *
wind -13.39674 .29623 -5.834 6.05e-08
rad 0.06586 .02005 3.285 0.00139 **
I(temp”2) 0.05102 .01774 2.876 0.00488 **
I (wind”"2) 0.46464 .10060 4.619 1.10e-05 **x*

Signif. codes: 0 '***' (0.001 '*¥*' 0.01 '*' 0.05 '.'" 0.1 " ' 1

Residual standard error: 18.25 on 105 degrees of freedom
Multiple R-squared: 0.713, Adjusted R-squared: 0.6994
F-statistic: 52.18 on 5 and 105 DF, p-value: < 2.2e-16




DIAGNOSTICO DO MODELO

Residuals vs Fitted Normal Q-Q
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lmoz07 <- ( (ozone) ~ temp + wind + rad +
(temp”*2)+ | (wind”*2) + ' (rad”®2) + temp:wind +
temp:rad + wind:rad + temp:wind:rad,

0z0)
(1lmoz07)

Call:

Im(formula = log(ozone) ~ temp + wind + rad +
I(rad*2) + temp:wind + temp:rad + wind:rad
data = 0zo0)

Residuals:
Min 10 Median 30 Max
-1.91943 -0.24169 -0.01742 0.28213 1.11802

Coefficients:

Estimate Std. Error t wvalue Pr (
(Intercept) 2.803e+00 5.676e+00 0.494
temp -3.018e-02 1.178e-01 -0.256
wind -9.812e-02 3.211e-01 -0.306
rad 2.771e-02 1.529e-02 1.812




emp

## I (wind”*2) 8.732e-03
## I (rad”2) -1.489%e-05

## temp:wind -1.985e-03
## temp:rad -2.507e-04

4.021e-03
7.043e-06
3.742e-03
2.056e-04



lmoz08 <- (ozone) ~ temp + wind + rad +
(temp”2)+ ' (wind”*2) + ' (rad”2)
.|.
temp:wind + temp:rad + wind:rad,
0z0)
(lmoz07, 1lmoz08)

Analysis of Variance Table

Model 1: log(ozone) ~ temp + wind + rad + I (ten
temp:wind + temp:rad + wind:rad + temp:winc
Model 2: log(ozone) ~ temp + wind + rad + I(ten
temp:wind + temp:rad + wind:rad
Res .Df RSS Df Sum of Sq F Pr (>F)
1 100 23.787

2 101 24.256 -1 -0.46883 1.9709 0.1634




1moz09 <- (ozone) ~ temp + wind + rad +
(temp”2)+ ' (wind”*2) + ' (rad”2)

.|.
temp:wind + wind:rad,

(1lmoz08, 1lmoz09)

Analysis of Variance Table

Model 1: log(ozone) ~ temp + wind + rad + I (ten
temp:wind + temp:rad + wind:rad
Model 2: log(ozone) ~ temp + wind + rad + I(ten
temp:wind + wind:rad
Res .Df RSS Df Sum of Sq F Pr (>F)
1 101 24.256
2 102 24.281 -1 -0.02515 0.1047 0.7469




1mozl0 <-

4+

(ozone) ~ temp + wind + rad +
(temp”2)+ ' (wind”*2) + ' (rad”2)

wind:rad, 0ZzO0)

(lmoz09, 1lmozlO0)

Analysis

Model 1:

temp

Model 2:

1
2

wind:

Res.Df
102
103

of Variance Table

log(ozone) ~ temp + wind + rad + I (ten

:wind + wind:rad

log(ozone) ~ temp + wind + rad + I(tenr
rad
RSS Df Sum of Sq F Pr (>F)
24 .281
24.401 -1 -0.11987 0.5035 0.4796




lmozll <- ( (ozone) ~ temp + wind + rad +
(temp”*2)+ ' (wind”*2) + ' (rad”*2),
0zO0)
(lmoz1l0, lmozll)

Analysis of Variance Table

Model 1: log(ozone) ~ temp + wind + rad + I (ten
wind:rad
Model 2: log(ozone) ~ temp + wind + rad + I (ten
Res .Df RSS Df Sum of Sq F Pr (>F)
1 103 24.401
2 104 24.522 -1 -0.12081 0.51 0.4768




lmozl2 <- ( (ozone) ~ temp + wind + rad +
(wind*2) + | (rad*2), 0ZO)
(lmozll, lmozl2)

Analysis of Variance Table

Model 1: log(ozone) ~ temp + wind + rad + I(ten

Model 2: log(ozone) ~ temp + wind + rad + I(wi
Res .Df RSS Df Sum of Sq F Pr (>F)

1 104 24.522

2 105 24.707 -1 -0.18512 0.7851 0.3776




( 1moz12)

Call:
Im(formula = log(ozone) ~ temp + wind + rad + 1I
data = 0z0)

Residuals:
Min 10 Median 30 Max
-1.85551 -0.25578 0.00248 0.31349 1.16251

Coefficients:

Estimate Std. Error t wvalue Pr (>|
(Intercept) 7.724e-01 .350e-01 1.216 0.22¢
temp .193e-02 .237e-03 6.723 9.52¢
wind .211e-01 .874e-02 -3.765 0.00C
rad .466e-03 .323e-03 3.215 0.00
I (wind”*2) .390e-03 .585e-03 2.859 0.00E
I (rad”2) .470e-05 .734e-06 -2.183 0.03

Signif. codes: 0 '***' Q_001 '**' 0.01 '*' 0.C




lmozl3 <- ( (ozone) ~ temp + wind + rad +
(wind”*2) , 0zo0)
(lmozl2, lmozl3)

Analysis of Variance Table

Model 1: log(ozone) ~ temp + wind + rad + I(wi
Model 2: log(ozone) ~ temp + wind + rad + I(wi
Res .Df RSS Df Sum of Sq F Pr (>F)

1 105 24.707

2 106 25.828 -1 -1.1216 4.7665 0.03125 *

Signif. codes: 0 '"***' Q0.001 '**' 0.01 '*' O.



Diagnostico do Modelo

Residuals vs Fitted Normal Q-Q
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(1lmoz12)

Call:
Im(formula = log(ozone) ~ temp + wind + rad + 1I
data = 0z0)

Residuals:
Min 10 Median 30 Max
-1.85551 -0.25578 0.00248 0.31349 1.16251

Coefficients:

Estimate Std. Error t wvalue Pr (>|
(Intercept) 7.724e-01 .350e-01 1.216 0.22¢
temp .193e-02 .237e-03 6.723 9.52¢
wind .211e-01 .874e-02 -3.765 0.00C
rad .466e-03 .323e-03 3.215 0.00
I (wind”*2) .390e-03 .585e-03 2.859 0.00E
I (rad”2) .470e-05 .734e-06 -2.183 0.03

Signif. codes: 0 '***' Q_001 '**' 0.01 '*' 0.C




lmozl2a <- ( (ozone) ~ I (temp/100) + wind + rad +
((wind/100)*2) + @ (rad”*2), 0zo)
(Imozl2, 1lmozl2a)

## Analysis of Variance Table

#4

## Model 1: log(ozone) ~ temp + wind + rad + I(wind”*2) + I (rad”2)
## Model 2: log(ozone) ~ I(temp/100) + wind + rad + I((wind/100)*2
## Res.Df RSS Df Sum of Sq F Pr (>F)

## 1 105 24.707

## 2 105 24.707 O 1.0658e-14




(1lmozl2)

## (Intercept) temp wind rad I(w

## 7.723892e-01 4.193355e-02 -2.211428e-01 7.465764e-03 7.3902
## I(rad”2)
## -1.470231e-05

(1lmozl2a)

## (Intercept) I(temp/100) wind rad
## 7.723892e-01 4.193355e+00 -2.211428e-01 7.465764e-03

## I((wind/100)~2) I(rad”2)
## 7.390204e+01 -1.470231e-05

3.

37



tempR <- (ozo$temp)
windR <- (ozo$wind)
radR <- (ozoSrad)

## modelo rescalonado
lmozl2R <- ( (ozone) ~ tempR + windR + radR + ' (radR"2)+
(windR"2) , 0ZO0)




Call:
Im(formula = log(ozone) ~ tempR + windR + radR + I (radR"2) +
I (windR”*2), data = o0zo)

Residuals:
Min 10 Median 30 Max
-1.85551 -0.25578 0.00248 0.31349 1.16251

Coefficients:

Estimate Std. Error t wvalue Pr(>|t])
(Intercept) 3.44421 .07836 43.951 < 2e-16
tempR 0.39963 .05944 6.723 9.52e-10
windR -0.26425 .05688 -4.646 9.86e-06
radR 0.18520 .05268 3.516 0.000649
I (radR”*2) -0.12216 .05595 -2.183 0.031246
I (windR"2) 0.09362 .03274 2.859 0.005126

Signif. codes: 0 '***' (0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' " 1

0
0
0
0
0
0

Residual standard error: 0.4851 on 105 degrees of freedom
Multiple R-squared: 0.7004, Adjusted R-squared: 0.6861
F-statistic: 49.1 on 5 and 105 DF, p-value: < 2.2e-16
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