Stockholm University
Department of Statistics
Per Gésta Andersson

Econometrics II

WRITTEN EXAMINATION
Monday August 14, 2017

Tools allowed: Pocket calculator

Passing rate: 50% of overall total, which is 100 points. For detailed grading
criteria, see the course description.

For the maximum number of points on each problem detailed and clear
solutions are required.

Observe:: If not indicated otherwise, the error terms €; in the models are
assumed independent and N (0, o2).

1. (20p) The monthly average values y, for a particular stock during seven
months were:
Month "
1 7.2
7.0
74
7.3
7.2
7.1
7.2

- D T 1

(a) Would you consider , to be stationary? Why/why not?

(b) Use an appropriate smoothing method to compute a forecast
(prognosis) for month number 8. Use the discount factor 0.3 and
the whole given series of values for computation of the starting
value.

(c) Compute 1 and ps.

(d) Compute the value of a suitable model-fit measure with respect
to your chosen smoothing method.



2. (25p) True or false? Short motivation/comment also needed.

(a) The Yule-Walker equations are used to obtain autocorrelations

(b)
(c)
(d)
(e)
(f)
(g)

()

for MA processes.

Rejection in the unit root test means that we have detected a
random walk process.

The Hausmann test is used to determine the number of dependent
variables in a regression model.

A dynamic model for y, contains at least one lagged y-component.
An MA process is always stationary.

Doing the second order differencing for a process y, means that
we obtain ¥ — ye—1 + Me-2-

The Koyck model and the REM model are both examples of
dynamic models.

The expectation of y; in an AR model is equal to the constant
term 4.

3. (20p) Cousider the following situation: We have three similar compa-
nies and for each company we have observed values of three variables
Y, X; and X . Each variable is obscrved during the time points
t =1,...10. We want to formulate a model with the X-variables as
regressors and Y as the dependent variable.

(a)
(b)

()

(d)

Is this a balanced model? Why/why not?

Formulate first the pooled OLS regression model with suitable
notalion and indices.

},it = ...
As an alternative we would also like to try a random cffects re-
gression model. Formulate also this model.

=
In doing this, also explain the difference between the pooled OLS
model and the random cffects model and how they relate to cach

other. Especially: How is the error term of the pooled OLS model
related to the the error term of the random effects model?

The Hausmann test is often used to choose between the fixed
effects model and the random effects model and technically it is
a test about a specific property of the error terms in the random
effects model. Which property?



O

. (20p) Below we have a model, which is essentially a regression model,

but here we will look at it from a times series model perspective.

Y =3 — 2t + ¢,
where t = 0,1,2,..., ¢ ~ N(0,1) and Cov(eg, e,-1) = T(k).
(a) Compute (derive expressions of) E(y:), V() and Cov{y, Ye—k)

(b) Why is 3 nonstationary? Is e, stationary? Why/why not?

(c) Xf we apply the method of first difference to this times scries, do
we obtain stationarity? Why/why not?

. (15p) From a realization of a stationary time series the following esti-

mators were computed: j; = 0.8, g, = 0.5 and p3 = 0.4.

(a) Which AR-model would you fit to these data? AR(1) or AR(2)?
(b) Derive estimates for the parameters in your chosen model.

(c) Compute an estimate for py.
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Under the simple linear madel o= 3+ 3ary + ouy, where n, ~ N0, 0‘2) and
given independent pairs of observatious (y1.00)... .. {1t 0. the OLS (and ML)
estimators are:

31 = [ - 7
3, 2t =) (e ~ 1)
) ol =77
52 _ BSS _ ¥ (m-j)

-2 n—2

where 7, = ;?l + .‘%.r, mul where E'(j;) = 3. E(E) =3 and F(F7) = g2

Comparing an “old™ model with a “new” (larger):

r (555, - 85 500) /uumber of new COETOSEOS
B85, 00/ (n = number of parameters in the new model)

(87, — 1% ) /mumber of new regressors
(1 =2, )/(n = number of parameters in the new muodel)

Comparing an "unrestricted” model with g restricted”:

(RSSn — RYSep)/m  (REp — RH)/m
RSS(n/in — k) (T =R n = 1)

where m s the numiber of linear constraints and & is the number of parametors
in the nurestrict ed wmodel. g

Dynamic models: y, = 0y + a0, + el + 1y

Rovek: gy = ol - A} + dya, + Agp o+ 1y

Adaptive expectations: y, = o+ 33wy (1 =)oy + (e = (1 =~ Yy _q)
Partial adjustment: y, = Oy + 83y = (1 = O e + Sty

The Durbin Watson d statistic:

~ 9
g o Dot (B = )

il -

Zor=1 ¢

The Durbiu £ statistic:

————

h

——m—— N 1) i =

. ,; i
! \: l —-n [l.’(ﬁ_i)}



[ o
MSE = = ()7 =
I ”')_I[f, 1y

Autocorrelation function:

& Vg

Sample correlation fanction:

Cloe{ie g on)

T e = D e = 0

[ R "
;L[!Ir =~ pll - 1),
=1

Chk=0012.

= pFaRT - =012
Sy e oom
Simple wmoving averaze:
! i
— N
My v 2 t
tal =Ml
First-orvder exponential smoothing:
By =AMy =l Ny

Second-order exponential stmoothing

-1 1 -2
B = A Mgy

=020 Al
where " =

Holt's moethod:

Ly == "']."(1
o= k=L

Gro ) =Li+r

a){Ly -1
=1l =y

e =] Y



Forecast under a constant process:
ric(T)=jr 7= L2

torceast under a linear trened:

gre-(Ty=gy = 3 4.

X 8 Y e asl) 2
where g = dyp + 3 27 = 250 ~ 57

[For white noise:
pese N{L L) k=12

T 03 statistie:

h
Q=n Z[Jf. = \*(R)
k=1

The Linng-Box statistic:

N 13
OrLp=nin~ E)Z (”—fi-f-i-) = (R

k=1

\Rl[.\‘[)f|3

P gl
- - :
=0+ g Dlfr—y ™ = E Frep_,
re=]

=]



Siationarity and invertibility conditions for some tane series muodels:

Model Stationarity  lnvertibiliey
- conditions conditions
AR(1} oyl < | None
(_,Jl -t 1
ATR(Z) gy ey < | None
s < | a
MM N o< |
Ul —(}_1 oy |
MA(2) Nun (o =21 p
thy e | a
ARMALLY o < i <1
[T e ] i ”1 - fj_s 1
ARMMZY) o — 7y 1 fy 1y = 1
By < 1 ty = 1
The Yale-Walker equations for ARIp)
S8
e = > (MY S | e .
peel
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TAPLE 2 Upper Percentage Points of the F Distribution
Example

Pr(fF = 1.59) = 0.25

Pr(F = 242)=0.10 fordf Ny =10

Pr(F = 3.14) = 0.05 and N; = 9

Pr(f = 5.26) =0.01

3% aren

[¢ aren

0
df for
denom- df for numerator Ny
inator
N; Pr 1 2 3 4 5 6 7
25 5.83 7.50 8.20 B.58 882 B.98 9.10
1 A0 399 49.5 53.6 55.8 57.2 58.2 589
05 181 200 216 225 230 234 237
25 2.57 3.00 3.15 3123 328 in 3.34
2 .10 8.53 9.00 9.16 9.24 929 9.33 9,35
05 185 19.0 19.2 19.2 19.3 19.3 19.4
01 985 99.0 99.2 99.2 99.3 99.3 99.4
.25 202 2.28 2.36 239 24 242 243
3 A0 5.54 5.46 5.39 5.34 5 5.28 5.27
05 109 9.55 9.28 912 5.0 B.94 8.89
01 349 30.8 29.5 28.7 28.2 27.9 27.7
.25 1.81 2.00 2.05 2.06 2.07 2.08 2.08
4 .10 4.54 4.32 4.19 4.1 4.05 4.0 3.98
.05 7.7 6.94 6.59 6.3% 6.26 6.16 6.09
01 21.2 18.0 16.7 16.0 15.5 15.2 15.0
25 1.69 1.85 1.88 1.89 1.89 1.89 1.89
5 10 4.06 3.78 3.62 3.52 3.45 340 .37
.05 6.61 5.79 540 519 5.05 4.95 4.88
0 16.3 13.3 12.1 1.4 11.0 10.7 10.5
25 1.62 1.76 1.78 1.79 1.79 1.78 1.78
6 A0 3.78 3.46 3.29 318 in 3.05 EX)
.05 599 5.14 4.76 4.53 4.39 4.28 4.21
01 137 109 9.78 9.15 8.75 8.47 B.26
25 1.57 1.70 1.72 1.72 .71 1.7% 1.70
7 10 3.59 3.26 3.07 2,96 2.88 2.83 2.78
05 5.59 4.74 4.35 412 3.97 3.87 3.79
01 122 9.55 8.45 7.85 7.46 7.19 699
.25 1.54 1.66 1.67 1.66 1.66 1.65 1.64
8 J0 - 346 i 2.92 2.81 273 2,67 2.62
.05 5.32 4.46 4.07 384 3.69 3.58 3.50
L0 a3 8.65 7.59 7.0 6.63 6.37 6.18
25 1.51 1.62 1.63 1.63 1.62 1.61 1.60
g 10 3.36 3.01 2.81 2.69 2,61 2.55 2.51
.05 512 4.26 3.86 3.63 3.48 3.37 3.2¢9
.01 10.6 8.02 6.99 642 6.06 5.80 5.61
Souree, From B, S Paaeson and 0O Hartley. eds., Sromessdar Tt for Starare e ol 1 04 ol

Reprodiices by permissing of the editors and trasiees of Bromenil o

8

9.19
59.4
239

3.35

9.37
19.4
99.4

2.44

5.25

8.B5
27.5

2,08

3.95

6.04
14.8

1.89

3.34

4.82
10.3

1.78
2.98
4.15
8.10

1.70
2.75
373
6.84

1.64
2.59
3.44
6.03

1.60
247
323
547

9

9.26
59.9
24

3.37

9.38
19.4
99.4

2.44

5.24

as
27.3

2.08

3.94

6.00
14.7

1.89

3.32

4.77
10.2

1.77
2.96
410
7.98

1.69
2.72
3.68
6.72

1.63
2.56
3.39
59

1.59
2,44
318
5.35

314 526
wom
932  9.36
602  60.5
242 243
338 3.39
939  9.40
194  19.4
99.4  99.4
244 245
523 522
879 876
272 27
208 2.08
3192 391
596 594
145 144
189 1.89
330 328
474 47
100 996
.77 177
294 292
406  4.03
787 779
169 1.69
270 268
364 360
662 654
163 1.63
254 252
3315 331
581 573
1.59  1.58
242 240
314 310
526 5.8

12

2.41
60.7
244

3.3¢9

941
19.4
99.4

2.45

5.22

B.74
27.1

2.08

3.90

5.91
14.4

1.89
3.27
4.68
9.89

1.77
2.90
4.00
772

1.68
2.67
3.57
6.47

1.62
2.50
3.28
5.67

1.58
2.38
3.07
511

It 1%, Cambiendge University Press. Noa ook 1966
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15

9.49
61.2
246

ia

9.42
19.4
99.4

2.46

5.20

8.70
269

2.08

387

5.86
14.2

1.89
3.24
4.62
9.72

1.76
2.87
3.94
7.56

1.68
2.63
3.5
6.3

1.62
2.46
3.22
5.52

1.57
234
3.01
4,96

20

9.58
61.7
248

343

9.44
194
99.4

2.46

518

B.66
26.7

2.08

3.84

5.80
14.0

1.88
3.21
4.56
9.55

1.76
2.84
3.87
7.40

1.67
2.59
3.44
6.16

1.61
2.42
315
5.36

1.56
230
294
4.81

24

9.63
62.0
249

3.43

9.45
19.5
99.5

2.46

5.18

8.64
26.6

2.08

3.83

5.77
119

1.88
319
4.53
9.47

1.75
2.82
3.84
7.3

1.67
2.58
i
607

1.60
240
312
5.28

1.56
2.28
290
4.73

3o

9.67
62.3
250

3.44

9.46
19.5
99.5

247

517

B.62
26.5

2.08

.82

575
13.8

1.88
37
4.50
9.38

1.75
2.80
3.81
7.23

1.66
2.56
3.38
5.99

1.60
2.38
3.08
5.20

1.55
2.25
2.86
4,65

40

9.71
62.5
251

3143

9.47
19.5
99.5

247

5.16

B.59
264

208

3.80

572
137

1.88
318
4.46
9.29

1.75
2.78
.77
7.14

1.66
2.54
3.34
591

1.59
2.36
3.04
512

1.55
223
2.83
4.57

df for numerator Ny

50

9.74
62.7
252

3.45

G947
19.5
99.5

247

5.15

8.58
26.4

2.08

3.80

5.70
13.7

1.88
315
4.44
9.24

1.75
277
3.75
709

1.66
2.52
332
5.86

1.59
235
202
5.07
1.54
2.22
280
4.52

60

9.76
62.8
252

346

9.47
19.5
99.5

247

515

8.57
26.3

2.08

3,79

569
13.7

1.87
314
4.43
9.20

1.74
276
3.74
7.06

1.65
2.51
3.30
5.82

1.59
2.34
1.0
5.03

1.54
2.2
2.79
4.48

100

5.78
63.0
253

347

9.48
19.5
99.5

2.47
5.14
8.55
26.2
2.08
3.78
5.66
13.6

1.87
313
4.41
9.13

1.74
2,75
371
5.99

1.65
2,50
.27
5.75

1.58
2.32
297
4.96

1.53
219
2,76
4.42

120

9.80
63.1
253

347

9.48
19.5
9.5

247

5.14

8.55
26.2

208

378

5.66
136

1.87
a2
4,40
2.1

1.74
2.74
370
6.97

1.65
2.49
3.27
5.74

1.58
2.32
297
1.95

1.53
2.18
2.75
4.40

200

9.82
63.2
254

3.48

9.49
19.5
99.5

247

5.4

B.54
26.2

208

3.77

5.65
135

1.87
312
4.39
9.08

1.74
2.73
3.69
6.93

1.65
2.48
3.25
5.70

1.58
2.3
2.95
4.91

1.53
217
2.73
4.36

Appendix O hratssat fuli

500

9.84
63.3
254

3.48

9.49
19.5
99.5

2.47

5.14

8.33
26.1

2.08
3,76
3.64
13.5
1.87
in
4.37
9.04

1.74
273
3.68
6.90

1.65
248
3.24
3.67
1.58
2.30
2.94
4.88

1.53
217
2.72
4,33

o

9.85
63.3
254

3.48

9.49
19.5
99.5

2.47

513

B.53
26.1

2.08
3.76
5.63
13.5
1.87
3.10
4.36
9.02

1.74
2,72
367
.88
1.65
2.47
3.23
5.65

1.58
2.29
293
4.B6

1.53
2.16
2.7
4.31

. e et

{Continuzd)
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TABLE 2.3 Upper Percentape Points of the F Distribution (Continned )

cif .fur l

denom-, df for numerator N,
inator | - = - : c >
Nz Pr 1 2 3 4 5 6 7

i .25 1.49 1.60 1.60 1.59 1.59 1.58 1.57
10 | .10 3.29 2.92 2.73 2.61 252 246 24
| .05 4.96 4.10 371 3.48 3.33 322 3.14
[.0T 100 7.56 6.55 5.99 5.64 5.39 5.20
|

25 1.47 1.58 1.58 1.57 1.56 1.55 1.54
10 3.23 2.86 2.66 2.54 245 2.39 2.34
.05 4.84 3.98 3.59 3.36 3.20 3.09 im
.0 9.65 7.21 6.22 5.67 5.32 5.07 4.89

25 1.46 1.56 1.56 1.55 1.54 1.53 1.52
12 .10 3.8 2.81 2.61 2.48 2.39 233 2,28

05 4.75 3.89 349 3.26 in 3.00 291
.0 9.33 6.93 5.95 5.4 5.06 4.82 4.64

25 1.45 1.55 1.55 1.53 1.52 1.51 1.50
13 .10 314 2.76 2.56 2.43 2.35 2.28 2.23

.05 4.67 3.81 341 3.8 3.03 292 283
.0 9.07 6.70 5.74 5.21 4.86 4.62 4.44

.25 1.44 1.53 1.53 1.52 1.51 1.50 1.49
.10 3.10 2,73 2,52 2.39 2.31 2.24 219
.05 4.60 .74 3.34 in 296 2.85 2.76
.01 8.86 6.51 5.56 5.04 4.69 4.46 4.28

25 143 152 152 151 149 148 1.47
15 |10 307 270 249 236 227 221 216
.05 454 368 329 306 200 279 27
[ .01 B8.68 636 542 489 456 432 4.4

.25 142 151 1.51 1.50 1.48 1.47 1.46
10 3.05 2.67 2.46 2.33 2.24 2.18 213

11

14

16 |

| 05 4.4% 3.63 3.24 EX] 2.85 2.74 2.66
01 8.53 6.23 5.29 4.77 4.44 4.20 4.03
.25 1.42 1.51 1.50 1.48 1.47 1.46 1.45

17 | A0 3.03 2.64 2,44 2.31 2.22 2.15 2.10
| 05 4.45 3.59 3.20 2.96 2.8 2.70 2.61

0 8.40 6.11 518 4.67 4.34 410 3.93

| -25 1.4 1.50 1.49 1.48 1.46 1.45 1.44

18 ‘ .10 3.01 2.62 2.42 2.29 2.20 213 2.08
.05 4.4 3.55 3.6 2.93 2.77 2.66 2.58

01 8.29 6.0t 5.09 4.58 4.25 4.01 3.84

| .25 1.41 1.49 1.49 1.47 1.46 1.44 1.43

19 | A0 2.99 2.61 2.40 2,27 218 2.1 2.06

| .05 4.38 352 313 2.90 274 263 2.54
01 B.18 593 5.0 4.50 4.17 194 3.77

| .25 1.40 1.49 1.48 1.46 1.45 1.44 143

20 | 10 2.97 2,59 2.38 2.25 2.16 2.09 2.04
.05 4.35 349 310 2.87 2N 2.60 2.51

.0 8.0 5.85 4,94 4.43 410 3187 370

8
1.56
2.38
.07
5.06

1.53
2.30
2.95
1,74

1.51
2.24
2.85
4.50

1.49
2.20
2.27
4.30

1.48
215
2.70
4.14

1.46
2,12
2.64
4.00

1.45
2.09
2.59
3.89

1.44
2.06
2.55
3.79

1.43
2.04
2.51
3N

1.42
2.02
2.48
3.63

1.42
2.00
245
3.56

9
1.56
2,35

3.02
4.94

1.53
2.27
2,90
4.63

1.5
221
2.80
4.39

1.49
2.16
2.7
4.19

1.47
212
2.65
4.03

1.46
2.09
2.59
389

1.44
2.06
2.54
3.78

1.43
2.03
2,49
168

1.42
2.00
2.46
3.60

1.41
1.98
2.42
3.52

1.4
1.96
2.39
3.46

10
1.55
2.32
2.98
4.85

1.52
2.25
2.85
4.54

1.50
219
2.75
4.30

1.48
2.14
2.67
4.10

1.46
2.10
2.60
3.94

1.45
2.06
2.54
3.80

1.44
2.03
2,49
3.69

1.43
2.00
2.45
1.59

1.42
1.98
2.41
.51

1.41
1.96
2.38
3.43

1.40
1.94
2.35
337

11

155
2.30
2.94
4.77

1.52
2,23
2.82
4.46

1.50
217
2.72
4.22

1.47
212
2.63
4.02

1.46
2.08
2.57
3.86

1.44
2.04
2.51
373

1.44
2.01
2.46
3.62

142
1.98
2.41
352

1.41
1.96
2.37
343

1.40
1.94
234
336

1.39
1.92
2.3
329

12
1.54
2.28

29
4.7

1.51
2
2.79
4.40

1.49
2,15
2.69
4.16

147
210
2.60
396

1.45
2,05
2.53
3.80

1.44
2.02
2.48
3.67

1.43
1.99
242
1.55

1.41
1.96
2.38
3.46

1.40
1.93
2.34
3.37

1.40
1.91
2.31
3.30

1.39
1.89
2.28
3.23
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F’J[%SL\( U“ﬁtum(r\

df for numerator Ny

15 20 24 30 40 50 60 100 120 200 500 o Pr l Nz
1.53 1.-52 1.52 1.51 1.51 1.50 1.50 1.49 149 1.49 148 148 25

2.24 220 218 216 213 212 2.1 2.09 2.08 2.07 206 2.06 A0 l 10
2.85 2.77 2.74 2.70 2,66  2.64 262 2.59 2.58 2.56 255 254 .05

4.56 441 4.33 4.25 417 492 4,08 4.01 4.00 3.96 3.93 3.9 .01 |

1.50 1.49 1.49 1.48 147 147 1.47 1.46 1.46 1.46 1.45 1,45 .25 |

217 212 2.10 2,08 205 204 203 2.00 2.00 1.99 198 197 .0 11
272 2.65 2.61 2.57 253 2.51 249 2.46 245 2.43 242 240 05 I

4.25 430 4.02 394 186 381 .78 3.71 369 3.66 362 3.60 .0

1.48 1.47 1.46 1.45 1.45 144 .44 1,43 1.43 1.43 142 142 .25 |

210 2.06 204 2.01 199 197 1.96 1.94 1.93 1.92 1.91 1.90 10 12
262 2.54 2.5 2.47 243 240 238 23S 2.34 2.32 2.3 2.30 .05 I

4.01 3.86 3.78 .70 362 357 3.54 3.47 3.45 3.4 338 3.38 a7

146 1.45 144 1.43 142 142 1.42 141 1.4l 140 140 140 25 |

205 2.00 1.98 1.96 1.93 192 1.90 1.88 1.88 1.86 1.85 1.85 g 13
253 2.46 242 2.38 234 23 230 2.26 2.25 223 222 2.2 .05 |

382 3.66 3.59 3.51 343 338 3,34 3.27 3.25 3.22 319 3.7 .01

1.44 1.43 1.42 1.41 1.41 1.40 140 1.39 i.39 139 1.38  1.38 .25 |

2401 1.96 1.94 1.91 189 1.87 1.86 1.83 1.83 1.82 180 180 10 14
246 2.39 2.35 231 227 2124 222 219 218 216 214 213 .05 |

366 3.51 3.43 3.35 327 322 318 i 1.09 1,06 3.03  3.00 ot

1.43 1.41 1.4 1.40 139 1.39 1.38 1.38 1.37 1.37 1.36  1.36 25 |

1.97 1.92 150 1.87 185 183 1.82 1.79 1.79 1.77 1.76 176 A0 15
2.40 233 2.29 2.25 220 218 216 212 2 210 2.08 207 05 |

3152 3.37 329 3.21 113 308 3.05 298 296 292 289 2.87 0 I

1.41 1.40 1.39 1.38 137 137 136 1.36 1.35 1.35 134 1.34 25 |

1.94 1.89 1.87 1.84 1.81 1.79 1.78 1.76 1.75 1.74 .73 1.72 A0 16
2.35 2.28 2.24 2.19 215 212 20 207 206 2.04 202 201 05 | 2
3N 326 318 310 302 297 293 286 2.84 2.8 278 275 01

1.40 1.39 1.38 1.37 136 1.35 1.35 1.34 1.34 1.34 1,33 133 .25 I

1.91 1.86 1.84 1.81 1.78 V.76 1.75 1.73 1.72 1.71 i69 1.69 10 17
13 223 219 2.15 230 2.08 206 202 2.01 1.99 1.97 196 05 |

in 316 3.08 3.00 292 287 2.83 276 2.75 2.7 2.68 163 01

1.39 1.38 1.37 1.36 135 1.3 1.34 1.33 1.33 1.32 132 1.32 25

1.89 1.84 1.81 1.78 178 174 1.72 1.70 1.69 1.68 1.67 1.66 10 | 8
2.27 219 215 2.1 206 204 202 1.98 1.97 1.95 193 192 05

3.23 j.o8 .00 292 2.84 278 275 268 2.66 262 259 257 0!

1.38 137 1.36 1.35 134 133 1.33 1.32 1.32 1.3 1.31 1.30 25

1.86 1.81 1.79 1.76 1.73 W7 1.70 1.67 1.67 1.65 164 1.63 A0 | 19
.23 216 211 2.07 203 200 1.98 1.94 193 1.91 189 1.B8 05 |

115 300 292 2.8 2.76 271 267 260 258 2.55 251 249 01 :

1.37 1.36 1.35 1.34 .33 133 1.32 1.31 1.31 1.30 130 129 .25

1.84 1.7¢ 1.77 1.74 1.71 1.69 1.68 1.65 1.64 1.63 1.62 161 10 20

2.20 212 2.08 2.04 199 1.97 1.95 1.9 1.90 1.88 186 1.84 05
31.09 294 2.86 2.78 2,69  2.64 2.61 2.54 2.52 2.48 244 242 .01

{Continuet
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TABLE D.3  Upper Percentage Points of the

df for

F Distribution  (Continued)

denom- df for numerator N,
inator — - —
N: | Pr | 2 3 4 5 6 7 8 9
25 140 148 147 145 144 142 141 140 139
J0 295 256 235 222 213 206 201 197 193
22 1os 430 344 305 282 265 255 246 240 234
01 795 572 482 431 399 376  3.59 345  33¢
25 139 147 146 144 143 141 140 139 138
24 |10 293 254 233 219 210 204 198 194 19
05 426 340 301 278 262 251 242 236 230
01 782 S61 472 422 390 367 350 336 326
25 138 146 145 144 142 141 139 138 137
56 |10 291 252 231 217 208 201 196 192 1838
05 423 337 298 274 259 247 239 232 227
01 772 553 464 414 382 359 342 329 318
25 138 146 145 143 141 140 139 138 137
10 289 250 229 216 206 200 194 190 187
2 s 420 334 295 271 3256 245 236 229 224
01 764 545 457 407 375 353 336 323 312
25 138 145 144 142 140 139 138 137 136
30 |0 288 249 228 214 205 198 193 188 185
05 417 332 292 269 253 242 233 227 291
01 756 539 451 402 370 347 330 317 307
25 136 144 142 140 139 137 136 135 134
a0 |10 284 244 223 209 200 193 187 185 179
05 408 323 284 261 245 234 225 218 212
01 731 518 431 383 351 329 312 299 o289
25 135 142 141 138 137 135 133 132 131
6o |10 279 239 218 204 195 187 182 177 174
05 400 315 276 253 237 225 217 210 204
01 708 498 413 365 334 312 295 282 272
25 134 140 139 137 135 133 131 130 129
120 |19 275 235 213 199 190 182 177 172 18
05 392 307 268 245 229 217 209 202 19
01 685 479 395 348 317 296 279 266 256
25 133 139 138 136 134 132 131 129 128
s00 |10 273233 211 197 188 180 175 170 1¢6
05 389 304 265 242 226 214 206 198 193
01 676 471 388 341 311 289 273 260 250
25 132 139 137 135 133 13 129 138 127
10271 230 208 194 185 177 172 167 183
© o los 384 300 260 237 221 210 201 194 1sa
0l 332 302 280 264 251 241

4.61

3.78

a7

1.37
1.86
2,22
3.09

1.36
1.84
2.19
3.03

1.35
1.82
2.16
2.98

1.33
1.76
2.08
2.80

1.30
.2
1.99
2.63

1.28
1.65
1.9
2.47

1.27
1.63
1.88
2.41

1.25
1.60
1.83
2.32

ER .

1.37
1.85
22
3.09

1.36
1.84
218
3.02

1.35
1.81
2.15
296

1.35
1.79
213
2.91

1.32
1.73
2.04
2.73

1.29
1.68
1.95
2.56

1,27
1.62
1.87
2.40

1.26
1.60
1.84
2.34

1.24
1.57
1.79
2.25

1.35
1.81
2,15
296

1.34
1.79
2.12
2.90

1.34
1.77
2,09
2.84

1.31
1.71
2.00
2.66
1.29
1.66
1.92
2.50

1.26
1.60
1.83
2.34

1.25
1.57
1.80
2.27

1.24
1.55
1.75
2.18
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- \ . ) '
| U IC ( e
AUl (o d
di for
df for numeratar Ny denom-
| inator
15 20 24 30 40 50 60 100 120 200 SOQ o Pr N,
1.36 1.34 1.33 1.32 1.31 1.31 1.39 1.30 1.30 1.29 1.29 1.28 25 |
1.81 1.76 1.73 1.70 1.67 1.65 1.64 1.61 1.60 1.59 1.58 1.57 By 22
2.15 2.07 2.03 1.98 1.94 1.91 1.89 1.85 1.84 1.82 1.80 1.78 .05
2,98 2.83 2.75 2.67 2.58 2,53 2.50 2.42 2.40 2.36 2.33 2.31 R
1.35 1.33 1.32 1.3 1.30 1.29 1.29 1.28 1.28 1.27 1.27 1.26 .25
1.78 1.73 1.70 1.67 1.64 1.62 1.61 1.58 1.57 1.56 1.54 1.53 A0 ) 24
21 2.03 1.98 1.94 1.89 1.86 1.84 1.80 1.79 1.77 1.75 1.73 .05 -
2.89 2.74 2.66 2.58 2.49 2.44 2.40 233 2.3 2.27 2.24 2.21 Rl
1.34 1.32 1.3 1.30 1.29 1.28 1.28 1.26 1.26 1.26 1.25 1.25 25 |
1.76 1.71 1.68 1.65 1.61 1.59 1.58 1.55 1.54 1.53 1.51 1.50 A0 2
2.07 1.99 195 1.90 1.85 1.82 1.80 1.76 1.75 1.73 1.71 1.69 .05
2.81 2.66 2.58 2.50 2.42 2.36 2.33 2.25 2.23 2.19 2.16 213 N
1.33 1.31 1.30 1.29 1.28 1.27 1.27 1.26 1.25 1.25 1.24 1.24 .25
1.74 169 1.66 163 1.59 1.57 1.56 1.53 1.52 1.50 1.49 1.48 0 18
2.04 1.96 1.91 1.87 1.82 1.79 V.77 1.73 1.71 1.69 1.67 1.65 05
2.75 2.60 2.52 2.44 2.35 2.30 2.26 2.19 217 2.13 2,09 2.06 N
1.32 1.30 1.29 1.28 1.27 1.26 1.26 1.25 1.24 1.24 1.23 1.23 .25
1.72 1.67 1.64 1.61 1.57 1.55 1.54 1.51 1.50 1.48 1.47 1.46 A0 l 30
2.01 1.93 1.89 1.84 1.79 1.76 1.74 1.70 1.68 1.66 1.64 1.62 05
2.70 2.55 2.47 2.39 2.30 2.25 221 213 211 2.07 2.03 2.01 01
1.30 1.28 1.26 1.25 1.24 1.23 122 1.2% 1.21 1.20 1.19 1.19 25
1.66 1.61 1.57 1.54 1.51 1.48 1.47 1.43 1.42 1.41 1.39 1.38 A0 40
1.92 1.84 1.79 1.74 1.69 1.66 1.64 1.59 1.58 1.55 1.53 1.51 0s
2,52 2.37 2.29 2.20 211 2.06 202 1.94 1.92 1.87 1.83 1.80 (3]
1.27 1.25 1.24 1.22 121 1.20 1.19 1.17 117 i.16 115 1.15 .25
1.60 1.54 1.51 1.48 1.44 1.41 1.40 1.36 1.35 1.33 1.3 1.29 A0 60
1.84 1.75 1.70 1.65 1.59 1.56 1.53 1.48 1.47 1.44 1.41 1.39 .05
2.35 2.20 212 2.03 1.94 1.88 1.84 1.75 1.73 168 1.63 1.60 .01
1.24 1.22 .21 1.19 1.18 1.47 1.16 1.14 1.13 112 1.1 1.10 .25
1.55 1.48 1.45 1.4 1.37 1.34 1.32 1.27 1.26 1.24 1.21 1.19 10 120
1.75 1.66 1.61 1.55 1.50 1.46 1.43 1.37 1.35 1.32 1.28 1.25 .05
219 2.03 195 1.86 1.76 170 1.66 1.56 1.53 1.48 1.42 1.38 0
1.23 1.21 1.20 1.18 1.16 1.14 1.12 1.11 1.10 1.09 1.08 1.06 .25
1.52 1.46 1.42 1.38 1.34 1.31 1.28 1.24 1.22 1.20 117 1.14 10 200
1.72 1.62 1.57 1.52 1.46 1.41 1.39 1.32 1.29 1.26 1.22 1.19 05
2.13 1.97 1.89 1.79 1.69 1.63 1.58 1.48 1.44 1.39 1.33 1.28 0
1.22 1.19 1.18 1.16 1.14 1.13 1.12 1.09 1.08 1.07 1.04 1.00 25 I
1,49 1.42 1.38 1.34 1,30 1.26 1.24 1.18 117 1.13 1.08 1.00 10 ! -

1.67 1.57 1.52 146 139 1.35 132 124 1.22 147 1.1 1.00 .05 |
2.04 1.88 179 170 1.5  1.52 1.47 1.36 1.32 1.25 115 100 .01
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