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Lo AT
CLRM Assumptions

A1: model is linear in parameters

A;: regressors are fixed non-stochastic

A3 the expected value of the error term is zero E(uj|X) =0
A,: homoscedastic or constant variance of errors var(u;|X) = o2

As: no autocorrelation, cov(uj,u;) =0,i # j

Ag: no multicollinearity; no perfect linear relationships among the Xs
A7: no specification bias
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Basic Idea |

o CLRM assumes the covariance between u; and u; is zero
E(uiuj)) =0 for i#}j

e the disturbance term relating to any observation is not influenced by
the disturbance term relating to any other observation
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No Autocorrelation

@ in time series

o the disruption due to a labour strike affecting output in one quarter
will not be carried over to the next quarter

@ in cross section

o the effect of an increase of one family's income on its consumption
expenditure is not expected to affect the consumption expenditure of
another family
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Autocorrelation |

E(ujuj) #0 for i#j

@ the disruption caused by a strike this quarter may very well affect
output next quarter

@ the increases in the consumption expenditure of one family may very
well prompt another family to increase its consumption expenditure
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Autocorrelation |l

o this is likely to be the case with time series data

o the possible strong correlation between the shock in time t with the
shock in time t + 1
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Autocorrelation: Example

@ a discernible pattern among the u's [cyclical pattern]
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Autocorrelation: Example

@ a discernible pattern among the u's [upward linear trend)]
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Autocorrelation: Example

@ a discernible pattern among the u's [downward linear trend]
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Autocorrelation: Example

@ a discernible pattern among the u's [linear and quadratic trend)]
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No Autocorrelation: Example

@ no discernible pattern among the u's [no systematic pattern]
- no autocorrelation in this case
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Serially Correlated Errors [EEIelI[gec

Inertia - Partial Adjustment

@ most time series variables (e.g., gnp, price indexes, production,
employment, and unemployment) exhibit business cycles

@ there is a momentum built into them, and it continues until
something happens (e.g., increase in interest rate or taxes or both) to
slow them down
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Serially Correlated Errors [EEIelI[gec

Misspecification - Specification Bias

o excluded variables: the omission of a relevant variable which is itself

positively or negatively autocorrelated over time, and whose influence
is then absorbed by u;

@ incorrect functional form
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Serially Correlated Errors [EEIelI[gec

Cobweb Phenomenon and Lags

@ the supply of agriculture commodities react to price with a lag of one
time period because supply decisions take time to implement

@ consumption level this year depends on income this year and
consumption level last year
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Serially Correlated Errors [EEIelI[gec

Data Manipulation: Smoothing

@ raw data is often manipulated by taking average, which introduces
smoothness into the data by dampening the fluctuation in the raw
data

@ interpolation and extrapolation of the data can be introducing
autocorrelation
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Serially Correlated Errors [EEIelI[gec

Nonstationarity

@ a time series is stationary if its characteristics (mean, variance and
covariance) are time invariant

@ that is, they do not change over time
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Serially Correlated Errors Consequences

Autocorrelation and OLS Estimation

@ if autocorrelation exists, several consequences ensue

o OLS estimators still unbiased and consistent

o still normally distributed in large samples

e no longer efficient, meaning that they are not longer BLUE

@ in most cases standard errors are underestimated

o hypothesis testing procedure becomes suspect, since the estimated
standard errors may not be reliable, even asymptotically (i.e., in large
samples)
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B
Graphical Method

@ plot the values of the residuals e; chronologically

o if discernible pattern exists, autocorrelation likely a problem
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Serially Correlated Errors Detection

Example: US Consumption Function

@ table6_1 time series data 1947-2000

@ real consumption expenditure, real disposable personal income, real
wealth, real interest rate

@ the term real means adjusted for inflation
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table6_1

Serially Correlated Errors Detection

Example: OLS Estimation

Cependent variable: LMCONSUMP
Method: Least Squares

Date: 07166 Time: 156:16
Sample:1 54

Included obsenations: 54

YWariable Coefficient Std. Error 1-Statistic Froh.
C 0467712 0.042778  -10.93347 n.ooon
LMDPI 0804873 0.017458 4599338 n.ooon
LMWEALTH 0.2012r0 0.017593 11.44063 n.ooon
IMNTEREST -0.002689 0.000762  -3.B29279 0.00o049
R-squared 0999560 Mean dependent var 7.826093
Adjusted R-squared 05999533 S0 dependentwar 0552368
S.E. of regression 0.011934 Akaike info criterion -5.947705
Sum squared resid 0007121 Schwarz criterion -B 800373
Log likelikood 164 5880 Hannan-Quinn criter. -5 890885 p &5‘_:9 ‘_
F-statistic 3783266 Durbin-Watson stat 12859232 @\"‘2““9@\
Frob(F-statistic) 0.0o00on

The Economic Society

Dr. Hany Abdel-Latif (2016)

ES1004ebe Lecture 6

Autocorrelation

20 / 41



Serially Correlated Errors Detection

Example: OLS Estimation

Cependent variable: LMCONSUMP
Method: Least Squares

Date: 07166 Time: 156:16
Sample:1 54

Included obsenations: 54

YWariable Coefficient Std. Error 1-Statistic Froh.
C 0467712 0.042778  -10.93347 n.ooon
LMDPI 0804873 0.017458 4599338 n.ooon
LMWEALTH 0.2012r0 0.017593 11.44063 n.ooon
IMNTEREST -0.002689 0.000762  -3.B29279 0.00o049
R-squared 0999560 Mean dependent var 7.826093
Adjusted R-squared 05999533 S0 dependentwar 0552368
S.E. of regression 0.011934 Akaike info criterion -5.947705
Sum squared resid 0007121 Schwarz criterion -B 800373
Log likelikood 164 5880 Hannan-Quinn criter. -5 890885 p &5‘_:9 ‘_
F-statistic 3783266 Durbin-Watson stat 12859232 @\"‘2““9@\
Frob(F-statistic) 0.0o00on
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B
Example: Graphical Method |
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B
Example: Graphical Method |l

g IQ.IT' Options  Window  Help
Sample. ..

Ll iZenerate Series...

Show ...

araph ...

Empty Group (Edit Series)

Series Statistics L4
Group Statistics L4
Estimate Equation. ..

Cl
Estimate YAR. .. S02:00
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Rt
Example: Graphical Method |l

e
800 |%| Series List
I rList of seties, groups, andjor series expressions

b resid{-1) resid|

Cancel |

(IR TR Y]
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B
Example: Graphical Method |l

zeneral:

IBasic graph YI
Specific:

Cuantile - Quantile
Boxplok

Graph data; IRaw data

Fit. lines: | Options

Axis borders: INone

uuLu

Mulkiple series: ISingIe araph
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Serially Correlated Errors Detection

Example: Graphical Method |l
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B
Durbin Watson Test: Assumptions |

@ the regression model includes an intercept term
@ the regressors are fixed in repeated sampling
@ the error term is normally distributed

@ the regressors do not include the lagged value(s) of the dependent
variable Y}

g
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B
Durbin Watson Test: Assumptions Il

o the error term follows the first order autoregressive (AR1) scheme

Uy = puUz_1 + V¢

@ where p (rho) is the coefficient of autocorrelation, a value between -1
and 1

el
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Detection
Durbin Watson Test: Decision |

@ two critical values of the d statistic, d; and dy
@ d value always lies between 0 and 4

e closer to 0 — positive autocorrelation

o closer to 4 — negative autocorrelation

o about 2 — no evidence of positive or negative (first order)
autocorrelation
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Detection
Durbin Watson Test: Decision |l

Reject Hy | \ \ | Evidence of |

| Zone \ \ Zone | negative |
Evidence of  |of indecision | Accept Hy | of indecision |autocorrelation |
positive | \ \ \ \
autocorrelation|| | | | |

| | | | |
0 do du 2 4-dy 4-d. 4
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Serially Correlated Errors Detection

Example: OLS Estimation

Cependent variable: LMCONSUMP
Method: Least Squares

Date: 07166 Time: 156:16
Sample:1 54

Included obsenations: 54

YWariable Coefficient Std. Error 1-Statistic Froh.
C 0467712 0.042778  -10.93347 n.ooon
LMDPI 0804873 0.017458 4599338 n.ooon
LMWEALTH 0.2012r0 0.017593 11.44063 n.ooon
IMNTEREST -0.002689 0.000762  -3.B29279 0.00o049
R-squared 0999560 Mean dependent var 7.826093
Adjusted R-squared 05999533 S0 dependentwar 0552368
S.E. of regression 0.011934 Akaike info criterion -5.947705
Sum squared resid 0007121 Schwarz criterion -B 800373
Log likelikood 164 5880 Hannan-Quinn criter. -5 890885 p &5‘_:9 ‘_
F-statistic 3783266 Durbin-Watson stat 12859232 @\"‘2““9@\
Frob(F-statistic) 0.0o00on
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Detection
Durbin Watson Test: Decision Il

k'=1 k=12 k'=3
I dy d, [dp d, |do d,
34 |13 151|133 158 127 165
35 | 140 152|134 158| 128 165
6 |14 152|135 159 120 165
37 | 142 153|136 159 131 166
3 | 143 154|137 159 132 166
30 | 143 154|138 160| 133 166
LA (144 154139 160 134 166
45 1428 157|143 182 138 1467 I
7 1 a 1 a RN A
b b bl AR L B LA L LSS LT, &MU\
55 | 153 160 149 1.64| 145 168 "
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IS
Breusch-Godfrey LM Test |

o this test allows for

o lagged values of the dependent variables to be included as regressors
o higher order autoregressive schemes, such as AR(2), AR(3), etc
e moving average terms of the error term, such as u;_1, us_o, etc

a2y

The Economic Society

Dr. Hany Abdel-Latif (2016) ES1004ebe Lecture 6 Autocorrelation 33 /41



IS
Breusch-Godfrey LM Test Il

@ the error term in the main equation follows the following AR(p)
autoregressive structure

Ut = p1Us—1 + pals—2 + -+ ppls—p + V¢

@ the null hypothesis of no serial correlation is
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IS
Breusch-Godfrey LM Test: EViews

['u'iew lF‘rDc IObject l [Print IName lFreeze

Representations

Estimation Cutput

[Estimate IFDrecast IStats IResids ]

Std. Errar t-Statistic Froh.

Actual,Fitted, Residual 4
ARMA Structure, .,
Gradients and Derivatives 4
Covariance Matrix
Coefficient Diagnostics 4
Residual Diagnostics 4
Stahility Diagnostics 4
Label
At L e Ao
Log likelihood 164.5880
F-statistic I7B32.6R
ProbiF-statistic) n.000o0a

0.042773  -10.93347 0.0000
0.017458 45.99838 0.0000
0.017553 11.44063 0.0000

Correlogram - Q-statiskics.,
Correlogram Squared Residuals. ..

Histogram - Mormality Test

W
7 ‘ég}‘ofwo >
Serial Correlation LM Test.,. SO

Heteroskedasticity Tests. ..
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IS
Breusch-Godfrey LM Test: EViews

Method: Least Squares
Date: 07166 Time: 15:16
Sample: 1 54

Included ohsenmations: 54

Variable 8® O O x| Lags...

C
LMDFI Lags toinclude: | £
LMWEALTH
INTEREST

R-sguared Ok I Cancel |
Adjusted R-squared
S.E. of regression

Dr. Hany Abdel-Latif (2016) ES1004ebe Lecture 6

1-Stafistic Frob.
1093347 0.0000
45 95838 0.0000
11.44063 0.0000
3.5209279 0.0009
twar F.826093
ar 0652368
on -5.9477F05
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SO
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IS
Breusch-Godfrey LM Test: EViews

Breusch-Godirey Serial Correlation Lk Test:

F-statistic 3253931  Proh. F{2,48) 0.0473
Ohs*R-squared 6447226  Prob. Chi-Sguarei2) 0.03498

Test Equation:

Dependent Wariahle: RESID

hMethod: Least Squares

Date: OF/16/16 Time: 16:10

Sample: 1 54

Included ohservations: 54

Fresample missing walue lagoed residuals set to zero.

wariahle Coefficient  Std. Eror  tStatistc  Prob.
C 0006513 0041529 -0.156839 08760

LNDFI 0004187 0017158 -0.244607 08078 . .

LMNWEALTH 0004181 0017271 0242661  0.8093 @e{e’; -ﬁ\l]\

INTEREST 0000116  0.000736 0156870 08758 \S=s2iou)

RESID(-1) 0385178 0151581 2541070  0.0143

RESID(-2) 0165600 0154695  -1.070482 02898
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SEGEIVAGTTE R N TS Remedial Measures

First Difference Transformation |

e if autocorrelation is of AR(1) type, we have
U — pug—1 = V¢

@ assume p = 1 and run the first-difference model
e taking first difference of dependent variable and all regressors

=l
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Serially Correlated Errors Remedial Measures

First Difference Transformation I

['l.-'iew IPruc IOhject ] [F‘rint IName IFreeze ] [Estimate IFurecast IStats IResids l

Dependent Yariahle: DLMCORSLIMP)
hMethod: Least Squares

Date: 07F16/L6 Time: 16:23

Sample {adjusted): 2 54

Included ohserrations: 53 after adjustments

Wariahle Coefficient Std. Errar t-Statistic Frob.
C 0.007046 0.0033495 2075001 0.0433
DLMDF 0714813 0.0g16249 8750475 0.0o0on
DLMWEALTH) 0.078267 n.03gsLva 2050292 0.0457
D{MTEREST) 0.000734 n.0oos0l 04916215 0.3640
R-squared 0645332 Mean dependentvar 0.035051
Adjusted R-squared 0623617 5.0 dependentwar 0.017576
S.E. of regression 0.010733  Akaike info criterion -6.1459264 o
Sum squared resid 0.008637  Schwarz criterian -6.000563 @4&{9— v‘_oU\
Log likelihood 166.9556  Hannan-Quinn criter. Boazngl QLezsB0
F-statistic 29.71909 Dwrhin-Watson stat 1.8957g0 e eonemesedey
Frob(F-statistic) n.oooooo
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Remedial Measures
Other Methods

@ generalised transformation

e estimate value of p through regression of residual on lagged residual
e use that value to run transformed regression

@ Newey-West method
o generates HAC standard errors
o i.e., heteroscedasticity and autocorrelation consistent
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