ge University of the Bristol Business School
West of England

BRISTOL
Academic Year: 10/11
Examination Period: January
Module Leader: John Paul Dunne
Module Code: Econometrics

Title of Module: UMEN3P-15-M
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Candidates should use the answer books provided and write their student number and their
name on each answer booklet used.
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Additional Specialised Material : Distribution Tables on Pages 10 — 13.

Treasury tags & adhesive triangles will be supplied as standard
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Section A — Students MUST answer this question.
This question is worth 40% of the overall mark.

Question One

Consider the following estimation results from Microfit:

Ordinary Least Squares Estimation
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk
Dependent variable is GC

50 observations used for estimation from 1949 to 1998
Ak Ak Ak Ak A hk Ak hhhhhhk kA hAh bk hhkhhkhk kA A dh bk bk hkhhkhk kA dkhkhhhkhkhkhkhkhkhkdhh bk hkhkhkhkhkhkhdhkhhhhkhkkhkkhkhkhkhkhhhh kK %k

Regressor Coefficient Standard Error T-Ratio[Prob]
C .0081152 .0044608 1.8192[.075]
GY .59018 .077685 7.5971[.000]
GP -.11219 .039605 -2.8327[.007]
Z(-1) -.066153 .027551 -2.4011[.020]
hhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk
R-Squared .66681 R-Bar-Squared .64508
S.E. of Regression .010850 F-stat. F( 3, 4o6) 30.6867[.000]
Mean of Dependent Variable .023467 S.D. of Dependent Variable .018213
Residual Sum of Squares .0054154 Equation Log-likelihood 157.3163
Akaike Info. Criterion 153.3163 Schwarz Bayesian Criterion 149.4922
DW-statistic 1.1838

E R R L R R T R 3

Diagnostic Tests
Ak Ak kA hkhkhkhhk kA hhhkhhkhkhA kA h bk hk kA hk Ak bk hk Ak Ak Ak bk ko bk hk kA kA h bk hkhhkhkhkhhkhkhdkhkhkhkhhkhhkhkhkhkhkhkhkhkhkkhkhkhxhxkx*

* Test Statistics * LM Version * F Version *
Ak hkhkhkhkkhkhhkhkhkhkhkhkhhkhhkhk bk bk bk ok bk hkhkhkhk bk hk bk hkhkhkhk bk hk bk hkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkhhkhdkhkhkkh*xk
* * * *
* A:Serial Correlation*CHSQ( 1)= 9.3009[.002] *F ( 1, 45)= 10.2837[.002]%*
* * * *
* B:Functional Form *CHSOQ ( 1)= .72215[.395]1*F ( 1, 45)= .65946[.421]%*
* * * *
* C:Normality *CHSOQ ( 2)= 2.8857[.236]1%* Not applicable *
* * * *
* D:Heteroscedasticity*CHSQ ( 1)= 1.2581[.262]*F( 1, 48)= 1.2389[.271]1+*
hhkhkhkhkhkkhkhhkhkhkhkhhkhhkh bk hk bk hkhhk bk ok hk bk hkhkhk bk hkhk bk hk bk hk bk hkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhrhkhkhkhkhkhkhkhkhkkhkhkhkhdkhkhkhxk

A:Lagrange multiplier test of residual serial correlation

B:Ramsey's RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values

Where:

C: Constant

LC: Log of real consumers’ expenditure in 1995 prices
LY: log of real personal disposable income in 1995 prices
LP: log of the consumer price index

GC=LC-LC(-1)

GY=LY-LY(-1)

GP=LP-LP(-1)

Z=LC-LY
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Question One Cont’d.....

Required:

a) Briefly explain what the results tell us about the determination of consumption.

(25%)

b) Briefly explain the meaning of the t ratios, the F-statistic, R-Squared, the DW

statistic and the Residual Sum of Squares.

(25%)

c) Briefly explain what diagnostic test A, diagnostic test B, and diagnostic test D are

and what they tell us.

d) Consider the following estimates.

Ordinary Least Squares Estimation
hhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk
Dependent variable is GC

50 observations used for estimation from 1949 to 1998
Ak hkhkhkhkkhkhhkhkhkhkhkhkhhkhhkhkhkhkhhkhkhkhk bk hk bk ok bk ok hkhkhk bk hk bk hkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrhkhkkhkhkhkhdkhkhkkh*xk

Regressor Coefficient Standard Error T-Ratio[Prob]
C .30868 .27380 1.12741.266]
GY .61300 .079513 7.7093([.000]
GP -.11198 .040374 -2.77341.008]
LC(-1) -.17379 .082656 -2.1025[.041]
LY (-1) .14931 .068616 2.1760[.035]
LP(-1) .0034151 .0062205 .54901[.586]
Ak Ak kA A h Ak hhhhhhkhkhAkhAh kb hhkhhkhk kA A dh bk bk hkhkhkhkhkhkhhkh bk hkhkhhkhkhkhkdhhhhkhkhkhkhkhkhkhkhhhhhkhkhkkhkhkhkhhhhhkk*k
R-Squared .68074 R-Bar-Squared .64446
S.E. of Regression .010860 F-stat. F( 5, 44) 18.7634[.000]
Mean of Dependent Variable .023467 S.D. of Dependent Variable .018213
Residual Sum of Squares .0051891 Equation Log-likelihood 158.3835
Akaike Info. Criterion 152.3835 Schwarz Bayesian Criterion 146.6474
DW-statistic 1.1532

E R T R R T R 3

Diagnostic Tests
Ak Ak kA hkhkhkhhk kA h bk hkhhkhkhAhhh bk hk Ak Ak Ak bk hk Ak Ak Ak hk ko bk hk kA hkhh bk hk Ak hkhkhkhhkhk bk dkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkkhkhkhhkxkhx*k

* Test Statistics * LM Version * F Version *
Ak hkhkhkhkkhkhhkhhkhkhhkhhkhhkhkhk bk bk ok bk hkhk bk hkhkhk bk ok hkhkhk bk hk bk hkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkhhkhdkhkhkkhxk
* * * *
* A:Serial Correlation*CHSQ( 1)= 12.6900[.000]*F( 1, 43)= 14.6252[.000]*
* * * *
* B:Functional Form *CHSOQ ( 1)= .59297[.441]1*F ( 1, 43)= .51607[.476]1%*
* * * *
* C:Normality *CHSQ ( 2)= 3.8397[.147]1%* Not applicable *
* * * *
* D:Heteroscedasticity*CHSQ ( 1)= .73871[.390]*F ( 1, 48)= .71980[.400]~*
hhkhkhkhkhkkhkhhkhkhkhkhhkhhkhhkhkhhkhkhk bk hkhkhkhkhkhk bk ok hkhkhk bk hk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkrhkhkhkhkhkhkhkhkhkkhkhhkhdkhkhkkh*xk

A:Lagrange multiplier test of residual serial correlation

B:Ramsey's RESET test using the square of the fitted values

C:Based on a test of skewness and kurtosis of residuals

D:Based on the regression of squared residuals on squared fitted values

(20%)

(30%)
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Question One Cont’d.........

And the following results:

Wald test of restriction(s) imposed on parameters
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkkk
Based on OLS regression of GC on:
cC GY GP LC(-1) LY (-1)
LP(-1)
50 observations used for estimation from 1949 to 1998
Ak Ak kA Ak hk Ak hhhhhkhkhkhAk A hd kb hkhhkhk kA A dhk bk bk hkhkhkhkhkhkhhkhhhkhkhkhkhkhkhkdkhhhhkhkhkhkhkhkhkhkrhkhhhkhkkhkkhkhkhhkhhhhkk*k
Coefficients Al to A6 are assigned to the above regressors respectively.
List of restriction(s) for the Wald test:
a6=0; ad4=-ab5
Ak Ak kA A hk Ak hhhhhhkhkhAkhAhhhhhhhkhk kA Ak Ak bk hkhhkhk kA hkhkh bk ko hkhkhkhkhkdhhhhkhkhkhkhkhkhkhdhkhhhkhkhkhkkhkhkdkhkhhhhkhk*k

Wald Statistic CHSQ( 2)= 1.9190[.383]

khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkkhkkhkkhkkhkkhkkhkkhkkk

Explain carefully what these results tell us (hint: consider how they relate to the
results presented at the start of the question).
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Section B - Answer 2 other questions from this section

Question Two

a) Write down an ARDL(1,1) model.
(10%)

b) Show how you can impose restrictions on your ARDL(1,1) model to derive at
least 4 alternative static and dynamic nested models.
(40%)

c) Derive the static long run equilibrium of the equations in part a).
(20%)

d) Discuss the benefits of using an error correction model in applied econometric

work
(30%)
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Question Three

a) Define a stationary process. Explain what it means for variables to be 1(0), I(1)
and 1(2).
(30%)

b) Explain in detail how to interpret the tables below and what they tell us about the
variable LY (log of real personal disposable income in 1995 prices). GY is the first
difference of LY.

(40%)
Unit root tests for variable LY
The Dickey-Fuller regressions include an intercept and a linear trend
46 observations used in the estimation of all ADF regressions.
Sample period from 1953 to 1998

E R R R T L R 3

Test Statistic LL AIC SBC HQC
DF -2.5852 115.3569 112.3569 109.6139 111.3293
ADF (1) -3.3024 118.2592 114.2592 110.6019 112.8892
ADF (2) -2.6337 118.5193 113.5193 108.9477 111.8068
ADF (3) -2.5050 118.5404 112.5404 107.0544 110.4853
ADF (4) -1.9249 119.4611 112.4611 106.0608 110.0635
khkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk
95% critical value for the augmented Dickey-Fuller statistic = -3.5088
LL = Maximized log-likelihood AIC = Akaike Information Criterion
SBC = Schwarz Bayesian Criterion HQC = Hannan-Quinn Criterion

Unit root tests for variable GY
The Dickey-Fuller regressions include an intercept but not a trend
hhkkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk
45 observations used in the estimation of all ADF regressions.
Sample period from 1954 to 1998

hhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkkhkkhkkhkkhkkhkkhkkhkkk

Test Statistic LL AIC SBC HQC
DF -5.2122 110.2021 108.2021 106.3954 107.5286
ADF (1) -5.2508 111.7664 108.7664 106.0564 107.7562
ADF (2) -4.4994 112.0494 108.0494 104.4361 106.7024
ADF (3) -4.9082 114.0705 109.0705 104.5538 107.3867
ADF (4) -3.4660 114.2007 108.2007 102.7807 106.1802
Ak Ak kA hkhkhkhhk kA h bk hkhhkhkhAhhh bk hk Ak Ak Ak bk hk Ak Ak Ak bk ko bk hk kA hkhh bk hkhhkhkhkhhkhk bk hkhkhkhkhhkhkhkhhkhkhkhkrkhkhkkhkhkhhkxkx*k
95% critical value for the augmented Dickey-Fuller statistic = -2.9271
LL = Maximized log-likelihood AIC = Akaike Information Criterion
SBC = Schwarz Bayesian Criterion HQC = Hannan-Quinn Criterion

c) Explain what cointegration is and how you would test for it using the Engle-
Granger method. How would your answer change if you were dealing with more
than 2 variables?

(30%)
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Question Four
Consider the following model
Yi=a+PBx;+ U

where E (u) =0
E(u) =
E(us,u)=0VvVs=t

Required:

a) What problems would least squares estimators of this model have and what are
the likely causes?
(40%)

b) Explain the methods by which you could test for first order serial correlation and
then for higher order serial correlation.
(40%)

c) If you knew u; = 0.4 u.; + & where & ~ IN(0, &°), then how would you proceed?
(20%)

Question Five

a) Explain why the errors in the regression equation need to have a common
variance and what the implications are for OLS if they do not.
(40%)

b) Discuss how you might test for this problem in at least three different ways.
(40%)

c) Inthe linear regression model Y; = a + BX;+ & Where g are assumed to have a
variance depending on Z; , how would you choose between variance (g ) = 6°Z,
and variance (g ) = 6°Z% ?

(20%)
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Question Six

In the following linear model:

Vi= 0+ BX + U

Required:

a)

b)

Derive the least squares estimator of g and show it is equivalent to the maximum
likelihood estimator when u; ~N(0, &°).

(40%)
Show that the least squares estimator of g is unbiased.

(30%)
Discuss how the results in sections a and b would be affected if a lagged
dependent variable was introduced into the equation.

(30%)

Question Seven

a)

An investigator estimated a model, with 4 coefficients including the constant, over
the period 1950-80, which gave a residual sum of squares of 0.0012141, and
then over the period 1950-85, which gave a residual sum of squares of
0.0014892.

i. Undertake a predictive failure test to assess whether or not there is evidence
of parameter instability in this model over the period 1950-85.
(25%)
ii. Show how dummy variables can be used to perform a test for structural
stability. What do the coefficients and standard errors of the dummy variables
represent?
(25%)

Discuss the relationship between the Wald, LR and LM principles of constructing
test statistics.
(50%)
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Question Eight

Consider the model
Y: = a + X + 0z + W + & where i=1,...Nand w; = 2z

Required:
a) Explain in detail the problems of estimating the coefficients of this relationship
using OLS.
(30%)
b) Discuss at least three ways in which you could detect multicollinearity and
determine whether it was a problem.
(40%)

c) Discuss the pros and cons of dropping variables as a solution to multicollinearity.
(30%)

Question Nine

Consider the following model of supply and demand:

Demand: QF = Bo + BiPr + BoW; + Uy

Supply: Q° = op+ 4P + aZ; + Uz

Where Q is quantity, P is price and W and Z are other relevant exogenous variables.
Required:

a) Derive the reduced form of the system stating your assumptions.
(50%)

b) Explain how you would estimate the structural parameters of the system and how
your answer would be affected by an extra exogenous variable in the demand

equation.
(50%)

END OF QUESTION PAPER
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3 165 1.638 2,383 3182 4.541 5.841 12.541 20 [ r2o | var | 100 184 | 100 | 168 | 090 | 183 [0 | 19
4 141 1.533 2132 2776 3147 4.604 ] 8.610 ] 22 142 1 1.54 103 167 093 IRl QK 19
L] m 1.476 2,015 2.5M 1.365 4.032 6.859 a3 P2 143 [ s | 1S4 [ 105 | 166 | 0% | 180 [ one | 194
2 n 126 | 144 | 117 1.54 108 166 | 099 179 | o 192
g :;:7 ::ﬁ :::;: ::;;; ;;;: ::g; ﬁ;: _:4 1 1‘1 P45 1 019 | eSS | 1o [ 166 [ 1o [ 1R | ovy | 190
: 706 1397 1.860 2,306 289 3358 5041 B has oA s a2 ] oreh Jores | oior faes e
9 703 1.383 1.833 2.262 2821 3.250 478 W L VI A6 | R LSS s | aes | e | 176 09K | iR
10 .700 112 1.812 221 2.764 3169 4587 L nd frar [ oase | 116 | 1es [ 1om | 176 | ron | orwe
28 1.3} 148 1.26 1.56 118 165 Lin 175 m 1 RS
1 697 1.363 1.796 2.201 2718 1106 440 9 L 03 1a8 ) 1 oese | 120 | ues | e [ o | res | oake
12 695 1.3% .| 1782 2179 2.681 3.055 4318 0 | ouas [ rae ] e2s [ s e s [ e [ ore |10 | s
13 694 1.350 1M 2.160 2.650 3.012 4.2 Wofrse faso e st | ey [es | |1 [ [
14 .692 1.345 1.761 2,145 2624 29Mm 4.140 »n 137 1.50 13 1.57 1.2 1.65 118 173 (N1} 1 K2
15 .691 1.341 1.753 i 2.602 2.947 4.0m Woeae f s ) ou3x sk [ 126 [1es e [Ty [ ad |
16 69 1.7 1.746 2120 258 2921 408 MOop3e st |1 ] ase | 127 | ees o [ am [ s [
1 689 1.333 1.740 2110 2.561 289 1.965 35 1140 | a2 | ey | s [ 028 [1es [ 022 [ 073 [ 1ae | 180
18 688 1.33%0 1.734 2.101 2.552 2878 3922 36 1 141 ) 152 | 038 | 0s9 | 129 | res | 124 [0y | s | 120
9 ¢a 1328 1729 2,093 2539 2861 1883 3 L rax L sy [ 036 f 059 |03 | e | e2s |02 | a9 | 10
20 687 1.325 1.7125 2.086 2.528 2.845 1850 8 | 143 | asa | a3 | ese |32 | ies [ [ o2 | [
» 14] 1.54 1.38 1.60 1.33 1.66 .27 .n 1.22 179
21 686 1.32) 1.121 2,080 2518 2831 18l 40 | 144 | 1se |19 | ae0 [ 134 [ aes |19 a2 a3 | e
2 686 1.321 L7 2,074 2.508 2819 1192 as | 1as | ous? [ a3 | ae2 | 038 (167 |asa |02 |9 |
3 685 1.319 1.714 2.069 2.500 2.807 3.767 so | 1so 1o | e |rex [ va2 | e [0 | uer e [am
24 685 E L7 2084 1 am 2 55 {15y | 160 | 149 | i6a | nas |ves | | | a3s | 1w
25 684 A « 5 B . . 60 155 1.62 1.51 165 1.48 169 144 17} 141 177
26 684 1.315 1.706 2.056 2419 | 2779 3.707 65 | 157 | 163 | 154 | 166 | 150 | 170 | 147 | 173 | 144 |7
27 684 1.314 1.703 2.082 2473 2.1 3.690 : 0 (138 ) 064 135 | 167 | 152 | 170 [ 149 |07 | 186 | T
28 683 1.313 1.701 2,048 . 2467 2763 3.674 75 (160 [ 165 | 157 f 168 | 054 [ am | st | 1ra | 149 | 12
29 683 1311 1.699 2.043 2462 | 275 1.659 80 160 | 166 | 159 | 169 | 156 | 072 [ sy | era | st | am
30 683 Lo 1.697 2.042 2457 2750 1.646 85 162 1 167 [ 160 | 0170 | 057 | 072 | 158 | 075 | 152 | 197
9% 16 g

© 681 1.303 1.684 2021 2423 2.704 3551 ol o ) 2 Fpe ol BB SR G
60 679 1.29 1.671 2.000 2.3%0 2.660 3.460 o | is 173 1 0s8 |17 | 156 | 178
120 & 1.289 1.658 1.980 2358 2617 11 165 | 169 | 163 | 172 |16l | 174 | 139 | 136 [ 157 | 178

@ 674 1.282 1.645 1.960 2326 2.576 3l n = number of observations.

k' = number of explanalory variables

* This table is abridged from the ** Statistical Tables™ of R, A. Fisher and Frank Yates published

by Oliver & Boyd, Lid., Edinburgh and London, 1938. 1t is here published with the kind issi ' This Table is reproduced from Biometrika, vol. . ;

of the authors and their publishers. T e iometrika. vol. 41, p. 173, 1951, with the permission of
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Table E-3 Cumulative chi-square distribution®

L= L F PR )
Flu) _I - ek
°

T D)
\ !

" 003 010 025 050 100 2s0| .so0| .750| 900 | 950 | .975| .990 | .99s
I 04931 | ons7| o'e2]| 0m91]| o5 d02 | .ass| 132 2| 384 so2| 63| 7.88
2 0100 0201 0506 103 211 S15| 139 | 277|461 | s99| 238| 9.21 | 106
3 07 RTL 216 382 584 120 | 237 | an| e2s| 781 | 935|113 | 128
4 207 297 AB4 F1T) 1.06 192 | 336 | sao| 7.78| 94| iy | 133 | 149
5 412 554 831 115 1.61 267 | 435 | 663| 924|101 | 128 | 151 | 167
6 676 am 1.24 1.64 2.20 345 | s3s | 784|106 | 126 | 144 | 168 | 185
7 989 1.24 1.69 217 2.8) 425 | 635 | 904|120 | 141 | 160 | 185 | 203
] 1.4 1.65 2.18 2.1 1.49 507 | 734 | 102 | 134 |iss |17s | 200 | 220
9 1.713 2.09 2.70 133 417 590 | 834 | 114 | 147 | 169 | 190 | 217 | 236
10 2.16 2.56 1.25 1.94 487 674 | 934 | 125 | 160 | 183 | 205 |232 | 252
T 2.60 1.0 1.82 4.57 5.58 758 1103 |37 |17 |97 | 219 | 247 | 268
12 3.07 1.57 4.40 5.23 6.30 844 [ 113 | 148 |85 [ 210 [ 233 |262 | 283
13 1.5 411 5.0 5.89 7.04 930 | 123 | 160 | 198 | 224 | 247 | 277 | 298
14 407 4.66 3.6) 6.57 1.19 102 133 |ara |2t | 237 260 | 291 | 31
s 4.60 5.2 6.26 7.26 8.5% 110 {143 |82 | 223 | 250 | 275 | 306 | 328
16 5.14 5.81 6.91 1.96 9.31 19 |15y |94 |23 | 263 | 288 | 320 | 343"
17 5.70 6.41 1.56 8.67 10.1 128 | 163 |205 | 248 | 276 | 302 | 3.4 | 357
18 6.26 1.01 8.2} 9.39 10.9 137 173 | 216 | 260 | 289 |35 |48 | 372
19 | 684 1.63 8.91 10.1 1.7 146 | 183 |227 | 222 | 300 | 329 |362 | 386
0 |14 8.26 9.59 10.9 12.4 155 [ 193 | 238 | 284 | 314 | 342 | 376 | 400
21 8.03 8.90 10.3 11.6 13.2 163 [203 | 249 | 296 | 327 |55 |89 | 414
22 | 864 9.54 1.0 12.3 14.0 172 |23 | 260 | 308 | 339 |68 |403 | 428
23 9.26 102 1.7 13.1 148 180 [223 270 | 320 [ 352 |381 |416 | 442
24 .| 989 109 12.4 13.8 15.7 190 [233 |282 332 |64 | 394 |30 |4s6
25 |10 1.5 13.1 14.6 16.5 199 243 | 293 | 344 | 377 | 406 |443 | 469
26 |12 122 13.8 154 17.3 208 253 |304 |56 | 389 |49 |4ase | 483
271|118 129 14.6 162 181 27 |263 |3s | 367 |400 |42 |470 | 496
28 |12 136 15.3 16.9 18.9 227 |213 | 326 | 319 |41y |aas |483 |s10
29 |11 14.3 16.0 1.7 19.8 26 [283 |337 |39 426 |457 |496 |52
30 |138 150 16.8 185 20.6 245 |[293 |348 |403 |438 |470 |s09 |3537

® This table is abridged from " Tables of percentage paoints of the incomplete beta function and of the chi-square disiribution,” Biemeirika,
Vol. 32 (1941). It is here published with the kind permission of its author, Catherine M. Thompson, and the editor of Biomeirika.
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606 14 VECTOR AUTOREGRESSIONS. UNIT ROOTS. AND COINTEGRATION
EXERCISES

Table 14.1 Critical Values for Unit Root Tests

Sample K-Test 1-Test F-Test"
Size 1% 5% 1% 5% 1% 5%
AR (1)
4 25 -11.9 -7.3 —-2.66 '~ 1.95
50 -12.9 -7.7 -2.62 -1.95
100 -13.3 -17.9 -2.60 -1.95
250 -13.6 -8.0 -2.58 —-1.95
500 -13.7 -8.0 -2.58 -1.95
o0 -13.8 -8.1 -2.58 -1.95
AR (1) with constant
25 -17.2 —-12.5 -3.75 -3.00
50 - 189 -13.3 -3.58 -2.93
100 -19.8 -13.7 -3.51 -2.89
250 -20.3 -14.0 -3.46 -2.88
500 -20.5 -14.0 -3.44 -2.87
o -20.7 -14.1 -3.43 -2.86
AR (1) with constant and trend
25 -22.5 -17.9 . —-4.38 . -3.60 7.24 10.61
50 -25.7 -19.8 —4.15 -3.50 6.73 9.31
100 -274 -20.7 -4.04 -3.45 6.49 8.73
250 -28.4 -21.3 -3.99 -3.43 6.34 8.43
500 -28.9 -21.5 -3.98 -3.42 6.30 8.34
o -29.5 -21.8 -3.96 -3.41 6.25 8.27

‘K=T (-1, 1=(p—1)/SE(p) and F-testis for y=0andp=liny, = a + y + py,_, + u,
Source: W. A. Fuller, Introduction to Statistical Time Series (New York: Wiley, 1976), p. 371
or the K-test and p. 373 for the r-test; D. A, Dickey and W. A. Fuller, “Likelihood Ratio

tatistics for Autoregressive Time Series with a Unit Root," Econometrica, Vol. 49, No. 4,
1981, p. 1063 for the F-test.

UMEN3P-15-M

Table 14.2 Critical Values (5%) for the

Cointegration Tests

n ;4 CRDW DF ADF*
2 50 0.78 -3.67 ~3.29
100 0.39 ~3.37 =347
200 0.20 —3.37 —3.25
3 50 0.99 -4.11 =303
100 0.55 -3.93 -13.62
200 0.39 -3.78 -3.78
4 50 1.10 -4.35 -3.98
100 0.65 g, -4.02
200 0.48 —4.18 -4.13
5 50 1.28 -4.76 -4.15
100 0.76 —4.58 -4.36
200 0.57 —4.48 —4.43

“CRDW = Y, (d, — &,_,/Y, 4}, CRDW means

“cointegraling regression Durbin-Watson" statistic; DF
= f-lestfora=0in A &4, = ad,_, + n,; ADF = -test for

a=0in Ad, = ai,_, + 2 &,Ad,_, + m,. In all these tests
I

d, is the residual from the cointegrating regression.

Source: R. F. Engle and S. Yoo, “Forecasting and Testing
in Cointegrated Systems," Journal of Econometrics, Vol.

35, 1987.
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s oo {2 [wea ey fuvy fsa [roa|ivafsa v fova fasarosfaos [19s 195|193 193
101 |95 [920 |902 {901 |ooa |nn9 [nns [unn | 079 074 | 070 | 068 | R&4 [B62 [ B39 [0S7 | 033 [83)
7 694 | 639 |69 | o626 | 616 | 609 | 604 | 600 | 396 | 591 | 386 | SBO | 577 | 375 | 572 | 569 | 564 | 56)
6610 | 379 | 3540 | 509 [s03 |a9s |anm |42 | 477 | 474 [ 460 [462 [ 458 |43) [ 450 | 448 [44) 440 |4 N7

999 | 304 |47 |43) 409 | 420 |42 [ 413 | 400 [408 [ 400 | 394 [ D07 | )04 | DRI | D7D | D4 | 370 | D&T
$59 | 474 |48 [an2 | 397 | 3m7 | 379 |37 | D60 [ 364 | DST | XS0 | Na4 | D40 | NDE JDD4 fDDO | D27 [ D2)
$32 | 446 407 | daa | 369 | 358 | 330 | D44 | D9 |35 J D28 | D22 | XU5 | DI2 [DO8 | Y04 [DO1 | 297 | 29)
S02 | 426 |06 |D6) 24m | 337 329 | 32) | Mg |24 | 207 300 [ 294 | 290 {286 | 28D |279 |275 |20
496 | 400 | 370 | 340 |23 322 |34 Jd0O7 | D02 {290 (291 | 205 | 277 | 274 |270 | 266 | 262 | 250 | 234

404 |298 |33 |33 |320 309 (01 |29 | 290 | 205 J279 | 272 [ 265 |260 |257 |23) |149 |145 |240
475 |389 |349 | 326 [30n 300 J291 205 |280 J275 1269 [262 [254 |230 (247 |24 208 |204 |230
467 |00 |40 | ham 303 [ 292 [2e) | 277 [ 270 247 |260 |29) [ 246 | 242 |200 [234 230 (225 (200
460 274 |34 |3a0 |296 [205 |276 |270 |265 |260 | 250 |246 (209 | 235 |200 {210 |22 J218 [21)
454 | 368 1329 306 |290 279 Q270 264 259 |254 | 240 [240 [2)) | 229 | 225 J220 | 216 |2.00 207

449 |6 |324 300 205 274 |266 |259 |254 |249 | 242 [205 228 (224 [2U9 Q203 | 200 |204 201
445 |3%9 |220 296 |2m0 270 [260 253 |249 |243 | 238 |230 | 223 f209 |25 J210 |206 201 [196
440 |88 |36 |29) |27 266 [R50 | 250 |246 |240 | 234 |227 [209% J20% 200 J206 202 JU97 [192
19 J430 | 3382 [01) |29 |274 [26) | 254 | 248 (242 |238 | 200 223 Q206 [ 200 [207 J20) [198 J19) |10
0 |435 [)49 |10 [207 |27 J260 [230 |243 (239 23S |228 [220 | 202 J208 |204 099 195 J190 (184
20 |432 | 247 J07 |2ea | 268 | 257 | 249 | 242 | 2037 |22 | 223 |28 210 {205 {200 J19 192 107 |10
22 |430 |d44 |05 [282 [ 266 |255 |246 |[240 |24 | 230 J22) | 203 |207 (200 [09% [ 094 | 109 |1B4 |1 TR
1) |428 |[342 |)0) [280 264 |253 |244 |237 |23 Q227 [220 [20) [203 J200 [196 |090 186 J181 [iT6

M4 |426 |40 J00 |27 262 (250 |24 236 |20 (225 [X0B |20 Q203 [U9B 194 [IB9 J1B4 179 O D)
15 424 |[))9 (299 |276 (260 249 |240 |234 (228 (224 (206 J209 (200 (096 092 L0N7 LIB2 JITY? 0T

YO [407 |32 292 269 | 233 [242 [23) J227 {220 [206 208 J200 [09) [RR9 JIB4 N7 074 |06 {162
40 |4om |32) J2ma J261 f24as |234 [225 [2as |202 |208 200 J092 Jug4 [0 |04 |ue9 Jr6a 0S8 |0 51
60 [400 (303 J276 23 |RO7 Q228 Q210 J200 |204 [U099 |192 QA4 |05 JNT0 [063 J039 J133 Q47 L0 W9
120 |392 {307 |268 |245 [229 |28 |209 202 {096 |0191 |08} Q078 JU66 JUé) Q035 J0sO [ad4d Juds Ju2s
w (184 |)00 |260 |237 |220 200 Q200 094 (008 JUED Q075 QD67 Q057 QOS2 J146 |19 |0.D2 (022 (10O

L LA L

-
[ ]

- e =
- B =

-
-

Degrees of [reedom lor denominator
= -

Interpolation should be performed using reciprocals of the degrees of ieedom.
' This table is reproduced with the permission of the Biometrika Trustees from M. Merrington, C. M. Thompson, “Tables of perceniage poinis
of the inverted beia (F) digtiribution,” Biomeirika, vol. 33, p. 73, 194). Also reprinted in Dinon and Massey, op. cit.
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