Stockholwy University
Depariment of Statistics
Per Gista Andersson

Econometrics 11

WRITTEN EXAMINATION
Wednesday May 31, 2017, 10 i - 3 pm
Tools allowed: Pocket ealeniator

Passing rate: 50% of overall total, which is 90 points. For detailed grading
criteria. see the conrse description,

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

Observe:: If not indicated otherwise. the cerror lerins £ i the models are
asswmed independent and N(0, o2},

No Swedish version (his time. bat you may answer in Swedish.
1. (18p) The athlete Usain Bol perforined the following vearly hest re-

sults for the 100 meter event.
Year  Best result (sceonds)

2005 10,18
2000 0.96
2007 0.85
2008 9.69

{a) Use anappropriate smoothing method for this time series. Choose
the value of the discount factor/factors equal to 0.3 and nse the
whole series (o determine the starting value(s).

(b) Use the smoothing to predict the best result for Usain Boll in
2009. {The actual value (time) for 2000 was 9.58 and a workl
record which still holds.)



2, {15p)
(1) Below we have ACF:s for two stationary AR(L) processes. De-
termine the values of ¢ in both cases.
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(1) Below we have ACE:s and PACE:s for two stationary processes.
Whick type of model seems to fit in both cases” Can von say
sotething about any of the parameters for these (wo cases? [low

do they dilfer?
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3. (18p) Below we have plots corresponding Lo n = 369 daily closing 1BA
stock prices.

Closing price

ACF

(a)
(b)
(c)

Why does this time series not scem stationary?

Which model do you suggest?

Based on your answer in (b). which transformation would you
use in order to obtain stationarity? What <o vou call the model
for the transformed time series? What do you call the mode] lor
the original thme series?

According to your modelling. what would be {ho forecasted value
of the stock price in time point 4007 (This has 1o be done ap-
proximately.)

Can we use some particular test here (o decide analyvtically whether
we have stationarity or not? If so, shortly deseribe the construe-
tion of this tes(,
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1. (18p) Below and on the next page we have STATA results lor daa.
where for seven conntries we have the dependent. variable Y and one
independent variable XL both measured in 1) time points. The mod-
els are the pooled OLS model and the FEM using dummy varinbles.

(1) Write down the OLS model using appropriate notation.

(b) Looking at the OLS results. how is F(1,68) compnted? low is
the corresponding F-test formulated? What is the result here of
Lthis test?

(¢) Write down the FEM using dummy variables. where country A
(or 1) is used as “henchmark™. Use appropriate notation,

(1} Looking at the PEM results. what is the main improvement com-
pared with the OLS results?

{¢) Perfori a suitable test which compares the two maodels, Result?

OLS regression

. regress y xl

source SS df MS Number of obs = 70
F( 1, 68) = 0.40
Model 3.7039e+18 1 3.7039e+18 Prob > F = 0.5272
residual 6.235%e+20 63 9.1705e+18 R-squared = {,0059
Adj R-squared = -0.0087
Total 6.2729%e+20 69 9.0912e+18 RoOt MSE = 3.0e+09
y coef. std. Err. t P>|t] [95% conf. Intervall
1| a.95e:08  7.79e408  0.64 (0.527) -1.06e+09  2.05e+09
_cons 1.52e+08 6.21e+08 2.45 a17 2.85e+08 2.76e+09
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. %Xi: regress y x1 i.country

“i.country —lcountry_1-7 (aterally coded; Leountry_ 1 omitred) H 0
Fixed Effects using least
Source 55 i Ms Number of obs
— FC 7, G2) 2.61 1
Mode] | 1.4276es20 7 2.03%4c+l9 Frob s oe 0.019a squares dlelle variable
Residual 4.845404+20 62 7.B151c+lH R=squarod 0.2276
Ad] R-squared - 0.1404 mOde' (LSDV)
Total 6.2729e+20 69 95.0912e+18 RO MSE 2.8e+09
¥ Coef. std, krer. S Pt [95% Conf, Imterval)
x1 2.48e+09 1.11e+09 2.24 C:g;QSED 2.630408 4,6%+09
lcountry, 2 =1.94c4+09 1.26e+09 1.53 T130 4.47e+09 5.89%e+08
lcountry 3 -2.060e8+09 1.60e+09 =1.63 0.108 =5.79¢+09 5.87c+08
~Icountry_4 2.28e+09 1.260+09 1.81 0,075 -=2.39c+08 4.80e+09
=Tcountry_S =1.48e4+09 1.27e+09 =1.17 0.247 =4 ,0Ze+09 1,050+09
~Tcountry_G 1.13e4+09 1.2%e+09 0.88 0,384 =1.45e+09 3.71e+09
lcountry 7 «1.87a+09 1.500+09 =1.2% 0.218 -4 . 860409 1.13e+09
_cons B.Ble+08 9.62e+08 0,92 4.363 =1.04e+00 2.80e+09

3. (18p) True or false? Short motivation/comment also ueeded.

(1) Antocorrelation in residuals can be tested for using the Ljung-
Box test.

(L) The expectation of a stationary AR-model without the constant
term 4 is always 0,

(¢) The Durbin h-test can be used to detect autocorrelation in AR-
models.

{d) Rejection of the nall hvpothesis in the Ljung-Box test means that
we st have identified a nonstationary process.

{e) In the Kovck-model. Cor(re. vy} = 0. where s the distur-
bance variable. '

(f} In first-order smoothing, an increased value of tie discount factor
A means more smoothing, not less.

6. (13p} To decribe yearly GNP (Gross National Prodnet) values for Swe-
den, the following model was nsed:

mtl
.U’ —1 6 + - .A‘-"—‘vf-ﬁ + :f'
m
where z¢ is Gaussian white noise with variance 1 and m is sotne positive
integer,

(a) Identify the model.
(

b) Derive expressions for E(u ).V () and py.



Formula sheet, Econometrics II, Spring 2017

Under the simple linear model o= 8y + Bory + uy, where 1y ~ N{0,0%) and
given independent pairs of observations (o). .. {##n.n). the OLS (and ML)
estimators are:

S o= §-3T

3 = 2 e =Ty (o - ¥)
. oo =T

50 - BSS _ Y -w)

n=-2 n—2
where i, = ﬁl - ﬁ_».r', and where E(E{) = 1. E(E) = [y and F(7°) = o*

Comparing an "old™ mode] with a “new™ (Largoer):

I" (88,00 — £55,00)/mumber of new FOEFCSSOLS
RE5,../(n = number of paranietors in the new maodel
t

(R, — &%) /mmuber of new FOZTOSS0rsS
(1= B2}/ (6 —uumber of parameters in (e mow model)

Comparing an “unrestricted” model with a *restricted”:

o= (WS8R — RSSi-p)/m _ (I?f‘.n = R?;).-'m
RSSpp/(n — k) (1= R-p)/(n = k)

where m is the mumiber of linear constraints and £ is the nuntber of parameters
in the unrestricted maodel, :

Dynamic models: g = ag + a2, + Ootfy =1 + 1y
Wovek: g = o1 = X) + dyay + My + vy

Adaplive expectations: y, = i) + 28,1 + (L ==y + (= (1 )y -1)
Partial adjustment: g = §.3) + 33,0, + {18y +duy

The Durbin Watson o statistic:

3

{,__Z;;g(ﬁ} e )
Sore iy

The Durbin i statistic:

. n

_—_F“(‘-{—_,)J =NV ilp=0



]

] 2 | - 2
MSE = =3 b = = 3 [y =it - 1}

tal =1

Autocorrelation [unction:

Cov{i e 1)

- =02, .
Vi)

e =

Sample correlation Mmuoetion:

n=k

3 ot W - e =),
PE= n k N -k
Yot U @)

=1L,

Simple moving average:

First-order exponential stoothing:
Gr=2%yr+ (1 - Mar
Second-order exponential smoothing:
ﬂl-}_‘l : .\!}}ll + (I AH}_I'L -
{2} =11}

where igy"' = 1
Holt's method:

Lo = ayp=(1-—a)(Lio+1 )

T o= Al ~=Lia)+( =)o

i) =Ly w7y, 7= 12,



Foreenst under a constant process;

where fjp == }';’{;_T < 3]'-;-'1' = '-).’}5"1) - !].E,?)

For white noise:

The Q statistic:

IS
Q=n) p=\*K)
=1

The Ljung-Box statistic:

LY -
Qs =ntw+ 23 () = v

k=1

ARMA(pq):

I ki
”f = ()-+Z f-'-':'.'l!—u T G = Z{)-‘fl =1

=1 i=1



Stationarity and invertibility conditions for some time series nmundels:

Model Stationarity  Invertibility
o ~ conditions vonditions
AR(D ol <1 None
o+ e < |
AR(2) oy — o < None
oa| <
MA(D None jml <1
0, +0: <
MA(2) None 0, -0 <1
jal <1
ARMA(LD) o < Jth) <1

oy o < | i+t <]
ARMA(Z2) o2 o < thy —f; <1
[ = 1 jtal =1

The Yule-Walker equations fur AR(p):

Ir

M= Z-J.p;.._,. L=1.2....

r=1




ARO Appendix D Sraristical Tables

TAPLE 2 Upper Percentage Points of the F Distribution
Example

Pr{F = 159) =025

Pr(F = 242)=0.10 for df Ny =10

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

Pr{f = 526)=0.01

5% area

1¢¢ area

r
0 314 5.26
df for
denom- df for numerator Ny
inator - - T -
Ny Pr 1 2 3 4 5 6 7 8 9 10 n 12
25 5.83 7.50 8.20 8.58 8.82 8.98 .10 9.19 9.26 9.32 5.36 9.41
1 10 399 49.5 536 55.8 57.2 58.2 589 59.4 59.9 60.2 60.5 60.7
05 181 200 216 225 230 234 237 239 241 242 243 244
.25 2.57 3.00 3.15 3.23 3.28 3.3 3.34 31.35 3.37 3.38 3.39 3.3¢9
2 10 B.53 9.00 2.16 9.24 9.29 9.33 9.35 9.37 9.38 9.39 9.40 9.41
.05 185 19.0 19.2 19.2 i9.3 19.3 19.4 19.4 194 19.4 19.4 19.4
01 985 99.0 99.2 99.2 993 99.3 99.4 99.4 99.4 99 4 99.4 99.4
.25 2.02 2.28 2.36 2.39 2.41 242 243 2.44 2.44 2.44 2.45 2.45
3 .10 5.54 5.46 5.39 5.34 5N 5.28 527 5.25 5.24 5.23 5.22 522
05 104 9.55 9.28 9.12 .01 8.94 8.89 8.85 8.81 8.79 B.76 8.74
01 341 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3 27.2 271 27.1
.25 1.87 2.00 2.05 2.06 2.07 2.08 2.08 2.08 2.08 2.08 2.08 2.08
4 10 4.54 4.32 4.19 4.11 4.05 4.0 3.98 .08 3.94 392 ER:d) 3.90
05 7.n 6,94 6.59 6.39 6.26 6.16 6.09 6.04 6.00 5.96 5.94 591
01 2.2 18.0 16.7 16,0 15.5 15.2 150 14.8 14,7 14.5 14.4 14.4
.25 1.69 1.85 1.88 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89 1.89
5 0 4.06 3.78 3.62 3152 3.45 3.40 337 3.34 3.32 3.30 3.28 3.27
.05 6.61 5.79 5.4 5.19 5.05 495 4.88 4.82 4.77 4.74 4.71 4.68
0 16.3 13.3 121 11.4 1.0 10.7 10.5 10.3 10.2 101 9.96 9.B9
.25 1.62 1.76 1.78 1.79 1.79 1.78 1.78 1.78 1.77 1.77 1.77 1.77
6 10 3.78 3.46 3.29 3.18 ER R 3.05 i 2.98 2.96 2.94 2.92 2.90
.05 599 5.14 4.76 4,53 4.39 4.28 4,21 4.15 4.10 4.06 4.03 4,00
0 13.7 10.9 9.78 2.15 8.75 8.47 8.26 810 798 7.87 7.79 7.72
25 1.57 1.70 1.72 1.72 1.71 .1 1.70 1.70 1.69 1.69 1.69 1.68
7 10 3.59 3,26 3.07 296 2.88 2.83 2.78 2.75 2.72 2.70 2.68 2.67
.05 5.59 4.74 4.35 412 3.97 3.87 379 3.73 3.68 3.64 3.60 3.57
01 12.2 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72 6.62 6.54 6.47
25 1.54 1.66 1.67 1.66 1.66 1.65 1.64 1.64 1.63 1.63 1.63 1.62
8 10 3.46 n 2.92 2.81 2.73 2.67 2.62 2.59 2.56 2.54 2.52 2.50
.05 5.32 4.46 4,07 384 3.69 3.58 3.50 3.44 3.39 3.35 N 3.28
01 113 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91 5.81 5.73 5.67
.25 1.5 1.62 1.63 1.63 1.62 1.61 1.60 1.60 1.59 1.59 1.58 1.58
9 10 3.36 1.0 2.81 2.69 2.61 2.55 2.51 2.47 2.44 2.42 2.40 2.38
05 5.12 4,26 3.86 3163 3.48 337 3.29 3.23 318 314 310 3.07
.01 10.6 8.02 6.99 6.42 6,06 5.80 5,61 547 5.35 5.26 518 51

Source From E S Pearson and 11 O Hartley, eds., Sremetrika Tablos for Stansicians, va Lo dded table 1R, Cambigt

Peproduced by permission of the editors andf trustees of Bromserita

e Universiy Press, Sew Yk, 1966



F—table cntiiied

15
9.49
61.2
246

N

9.42
19.4
99.4

246

5.20

8.70
269

2.08

3.87

5.86
14.2

1.89
3.24
4.62
9.72

1.76
2.87
3.94
7.56

1.68
2.63
1.5
6.31

1.62
2.46
3.22
5.52

1.57
2.34
1.0
4.96

20
9.58
61.7
248

343

9.44
19.4
99.4

2.46

5.18

B.66
26.7

2.08

3.84

5.80
14.0

1.88
3.2
4.56
9.55

1.76
2.84
3.87
7.40

1.67
2.59
3.44
6.16

1.61
2.42
3.15
5.36

1.56
2.30
2.94

4.81

=
9.63
62.0
249

3.43

9.45
19.5
99.5

2.46

5.8

8.64
26.6

2.08

3.83

5.77
13.9

1.88
319
4.53
9.47

1.75
2.82
184
7.3

1.67
2.58
EX )
6.07

1.60
2.40
ERP-
5.28

1.56
2.28
2.90
4,73

30
9.67
62.3
250

3.44

9.46
19.5
99.5

2.47

517

B.62
26.5

2.08

3.82

5.75
13.8

1.88
3.17
4.50
9.38

1.75
2.80
3.81
7.23

1.66
2.56
3.38
5.99

1.60
238
3.08
5.20

1.55
2.25
2.86
4.65

40

9.71

62.5
251

3.45

9.47
19.5
99.5

2.47

5.16

8.59
26.4

2.08
3.80
5.72
13.7
1.88
316
4.46
9.29

1.75
2.78
1.77
7.14

1.66
2.54
334
5.91

1.59
2.36
3.04
5.12

1.55
223
283
4.57

30
9.74
62.7
252

3.45

9.47
19.5
99.5

2.47

513

8.58
26.4

2.08

3.80

5.70
13.7

1.88
3.15
4.44
9.24

1.75
2.77
3.75
7.09

1.66
2.52
3.32
5.86

1.59
2.35
2.02
5.07

1.54
2.22
2.80
4.52

60
9.76

628
252

3.46

9.47
19.5
99.5

2.47

515

8.57
263

2.08

3.79

5.69
13.7

1.87
3.4
4.43
9.20

1.74
2.76
3.74
7.06

1.65
2.51
3.30
5.82

1.59
2.34
30
503

1.54
221
2.79
4.48

df for numerator Ny

100
9.78

63.0
253

3.47

9.48
19.5
99.5

2.47

5.14

8.55
26.2

2.08

378

5.66
13.6

1.87
313
4.41
9.13

1.74
275
N
6.99

1.65
2.50
3.27
5.75

1.58
2.32
297
4.96

1.53
219
2.76

120
9.80

63.1
253

3.47

9.48
19.5
99.5

2.47

514

8.55
26.2

2.08

378

5.66
13.6

1.87
312
4.40
211

1.74
2.74
3.70
6.97

1.65
2.49
3.27
5.74

1.58
2,32
2,97
4,95

1.53
218
2.75
4.40

200
9.82

63.2
254

3.48

9.49
19.5
99.5

2.47

5.14

8.54
26.2

2.08

3.77

5.65
13.5

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
295
4.9

1.53
217
273
4.36

Appendix D

500
9.84
63.3
254

3.48

9.49
19.5
99.5

247

5.14

8.5
26.1

2.08

3.76

5.64
13.5

1.87
3
4.37
9.04

1.74
2.73
3.68
6.90

1.65
2.48
.24
5.67

1.58
2.30
294
4.88

1.53
217
272
4.33

od
9.85
63.3
254

3148

9.49
19.5
99.5

2.47

513

853
261

2.08

3.76

5.63
13.5

1.87
3.10
4.36
9.02

1.74
2.72
3.67
6.88

1.65
2.47
3.23
5.65

1.58
2,29
293
4.86

1.53
216
2.7
4.31

Stasisficad Tabley  amed

{Continued)



B82 Appendix D Swuuistical Tables

TABLE .3 Upper Percentage Points of the F Distribution (Continned)

1

df for |

denom-
inator
Nz

10
O

1"

12

13

14

15

17

18

20

| Pr
.25

| .10
| 05

1.49

3.29

4.96
10.0

1.47
3.23
4.84
9.65

1.46
3.18
4.75
9.33

1.45
3.14
4.67
9.07

1.44
310
4.60
8.86

1.43
307
4.54
8.68

1.42
3.05
4.49
8.53

1.42
3.03
4.45
8.40

1.41
EN0) |
441
8.29

1.41
2.99
4.38
8.18

1.40
297
4.35
8.10

2
1.60
2.92
4.10
7.56

1.58
2.86
3.98
7.21

1.56
2.81
3.89
6.93

1.55
2.76
3.8
6,70

1.53
2.73
3.74
6.51

1.52
270
3.68
6.36

1.51
2.67
3.63
6.23

1.51
2.64
3,59
6.1

1.50
2.62
3.55
6.0

1.49
2.61
3.52
593

1.49
2,59

3
1.60
2.73
in
6.55

1.58
2.66
3.59
6.22

1.56
2.61
3.49
595

1.55
2.56
34
5.74

1.53
252
3.34
5.56

1.52
2.49
3.29
542

1.51
2.46
3,24
5.29

1.50
2.44
3.20
518

1.49
242
36
5.09

1.49
240
3.13
3M

1.48
2.38
3.10
4.94

4
1.59
2.61
3.48
5.99

1.57
2.54
3.36
5.67

1.55
2.48
3.26
5.41

1.53
243
318
2

1.52
2.39
in
5.04

1.51
2.36
3.06
4.89

1.50
2.33
3.0
4.77

1.49
231
2.96
4.67

1.48
2.29
2.93
4.58

1.47
2.27
2.90
4.50

1.46
2.25
2.87
4.43

df for numerator N,

5

1.59
2.52
333
5.64

1.56
2.45
3.20
532

1.54
2.39
in
5.06

1.52
2.35
3.03
4.86

1.51
2.3
2.96
4.69

1.49
227
290
4.56

1.48
2.24
285
4.44

1.47
2,22
2.81
4.34

1.46
2.20
2.77
4.25

1.46
218
2.74
417

1.45
216
2.7
4.10

6

1.58
2.46
3.22
519

1.55
2.39
3.09
5.07

1.53
2,33
3.00
4.82

1.51
2.28
292
4.62

1.50
2.24
2.85
4.46

1.48
2.21
2.79
4.32

1.47
2.18
2.74
4.20

1.46
215
2.70
410

1.45
2.13
2.66
4.01

1.44
2.11
2.63
3.94

1.44
2.09
2.60
3.87

7
1.57
241
3.4
5.20

1.54
2.34
i
4,89

1.52
2.28
291
464

1.50
2.3
2.83
4.44

1.49
219
2.76
4.28

1.47
216
2.71
4.14

1.46
213
2.66
403

1.45
210
2.61
3.93

1.44
2.08
2.58
3.84

1.43
2.06
2.54
3.77

1.43
2.04
2.51
3.70

8
1.56
2.38

3.07
5.06

1.53
2.30
2.95
4.74

1.51
2.24
2.85
4.50

1.49
2.20
2.27
4.30

1.48
215
2.70
414

1.46
212
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
37

1.42
2.02
2.48
3.63

1.42
2.00
2.45
3.56

9
1.56
2.35
3.02
4.94

1.53
2.27
2,90
4.63

.51
2.21
2.80
4.39

1.49
2.16
2N
419

1.47
212
2.65
403

1.46
2.09
2.59
3.89

1.44
2.06
2.54
3.78

1.43
2.03
2,49
3.68

1.42
2,00
2.46
1.60

1.41
198
2.42
3.52

1.41
1.26
2.39
.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
1.80

1.44
2.03
2.49
3.69

1.43
2.00
2.45
3.59

1.42
1.8
2.4
3.51

1.41
1.96
2.38
3.43

1.40
1.94
2.35
3.37

n
1.55
2.30

2.94
4.77

1.52
2.23
2.82
4.46

1.50
217
2,72
4.22

1.47
2.12
2.63
4.02

1.46
2.08
2.57
3.86

1.44
2.04
2.51
3.73

1.44
2.00
2.46
3.62

1.42
1.98
2.4
3.52

1.41
1.96
237
3.43

1.40
1.94
2.34
3.36

1.39
1.92
2.3
3.29

12
1.54
2.28

2.9
4.7

1.51
2
2.79
4.40

1.49
215
2.69
4.16

147
210
2.60
3.96

1.45
2.05
2.53
3.80

1.44
202
248
3.67

1.43
1.99
242
3.55

1.4
1.96
2.38
346

1.40
1.93
2.34
337

1.40
1.91
23
3.30

1.39
1.89
2.28
3.23
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1.53
2.24
2.85
4.56

1.50
217
272
425

1.48
2.10
2.62
4.01%

1.46
2.05
2,53
3.82

1.44
2.01
246
3.66

1.43
1.97
2.40
352

1.41
1.94
2.35
3.41

1.40
1.91
231
N

1.39
1.89
2.27
3.23

1.38
1.86
2.23
3.15

1.37
1.84
2.20
3.09

p————

F-A

20

1.52
2.20
277
441

1.49
212
2.65
4.10

1.47
2.06
2.54
3.86

1.45
2.01
2.46
3.66

1.43
1.96
2.39
1.51

1.41
1.92
2,33
3.37

1.40
1.89
2.28
3.26

1.39
1.86
223
3.16

1.38
1.84
219
3.08

1.37
1.81
2.16
3.00

1.36
1.79
212
294

24

1.52
218
2.74
4.33

1.49
210
2.61
4.02

1.46
2.04
2.51
3.78

1.44
1.98
242
3.59

1.42
1.94
2.35
3.43

1.41
1.90
2,29
3.29

1.39
1.87
2.24
318

1.38
1.84
219
.08

1.37
1.81
215
3.00

1.36
1.79
2
2.92

1.35
1.77
208
2.86

30

1.51
2.6
2.70
4.25

1.48
2,08
2.57
3.94

1.45
20
2.47
370

1.43
1.96
2.38
.51

1.41
1.91
2.31
3.35

1.40
1.87
2.25
1.21

1.38
1.84
2.19
310

1.37
1.81
2.15
3.00

1.36
1.78
21
2.92

1.35
1.76
2.07
2.84

1.34
1.74
2.04
2.78

a0

1.51
213
2.66
417

1.47
2.05
2.53
1.86

1.43
1.99
243
31.62

1.42
1.93
2.34
343

1.41
1.89
227
3.27

1.39
1.85
2.20
313

1.37
1.81
215
1.02

1.36
1.78
2.10
292

1.35
1.75
2.06
2.84

1.34
1.73
2.03
2.76

1.33
1.71
1.99
2.69

4’3‘\)\‘( ((‘-iﬁ-H]tH’(ii

di for numeratar Ny

50

1.50
212
2.64
4.12

1.47
2.04
2.51
3.81

1.44
1.97
2.40
3.57

1.42
1.92
2.3
3.38

1.40
1.87
2.24
3.22

1.39
1.83
218
3.08

1.37
1.79
212
297

1.35
1.76
2.08
2.87

1.34
1.74
2.04
2,78

1.33
1.71
2.00
2N

1.33
1.69
1.97
2.64

60

1.50
2n
2.62
4.08

1.47
203
2.49
3.78

1.44
1.96
2.38
3.54

1.42
1.90
2.30
3.34

1.40
1.86
222
318

1.38
1.82
2.16
3.05

1.36
1.78
211
2.93

1.35
1.75
2.06
2.83

1.34
1.72
2.02
2.75

1.33
1.70
1.98
2.67

1.32
1.68
1.95
2.61

100

1.49
2.09
2.59
4.0

1.46
2.00
2.46
3N

1.43
1.94
2.35
347

1.41
1.88
2.26
3.27

1.39
1.83
219
3.1

1.38
1.79
212
2.98

1.36
1.76
207
2.86

1.34
1.73
2.02
2.76

1.33
1.70
1.98
2.68

1.32
1.67
1.94
2.60

1.31
1.65
19N
2.54

120

1.49
208
2.58
4.00

1.46
2,00
2.45
3.69

1.43
1.93
2.34
345

1.41
1.88
2,25
325

1.39
1.83
218
3.09

1.37
1.79
2N
2.96

1.35
1.73
2.06
2.84

1.34
1.72
2.00
2.75

1.33
1.69
1.97
2.66

1.32
1.67
1.93
2.58

1.31
1.64
1.90
2,52

200

1.49
2.07
2.56
3.96

1.46
1.99
2.43
3.66

1.43
1.92
2.32
3.4

1.40
1.86
2,23
3.22

1.39
1.82
2.6
3.06

1.37
1.77
2.0
292

1.35
1.74
2.04
2.81

1.34
1.71
1.99
2.7

1.32
1.68
1.95
2.62

1.31
1.65
1.91
2.55

1.30
1.63
1.88
2.48

Appendix D

500

1.48
2.06
2.53
393

1.45
1.98
242
3162

1.42
1.9
2.3
3.38

1.40
1.85
2.22
3.19

1.38
1.80
214
3.03

1.36
1.76
2,08
2.89

1.34
1.73
2.02
2.78

1.33
1.69
1.97
2,68

1.32
1.67
1.93
2.59

1.31
1.64
1.89
2.51

1.30
1.62
1.86
2.44

1.48
2.06
2.54
39

1.45
1.97
2.40
3.60

1.42
1.90
2.30
3.36

1.40
1.85
2.21
3.17

1.38
1.80
213
3.00

1.36
1.76
2,07
2.87

1.34
1.72
2m
2.75

1.33
1.69
1.96
2.65

1.32
1.66
1.92
2.57

1.30
1.63
1.88
249

1.29
1.61
1.84
2.42

Statnsticnl Tables ol

| df for
denom-

inator
Pr l Nz

10

Wl

12

13

14

|15

16

18

19

20

1

{Continuet
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884 Appendix D Swwistical Tables

TABLE D.3 Upper Percentage Points of the F Distribution (Continted

df for
denom- df for numerator N,
inator
Ny | pr 1 2 3 4 5 6 7 8 9 N 12
25 140 148 147 145 144 142 141 140 139 139 138 137
22 |19 295 256 235 222 213 206 2001 197 193 19 188 186
05 430 344 305 282 266 255 246 240 234 230 226 229
0795 572 482 431 399 376 359 345 335 326 318 317
25 139 147 146 144 143 141 140 139 138 138 137 136
24 |10 293 254 233 209 210 204 198 194 191 18 185 183
05 426 340 301 278 262 251 242 236 230 225 221 218
01 782 561 472 422 390 367 350 336 326 317 309 303
25 138 146 145 144 142 141 139 138 137 137 136 13
6 |10 297 252 231 217 208 201 196 192 18 186 184 18
05 423 337 298 274 259 247 239 232 227 222 218 215
01 772 553 464 414 382 359 342 329 318 309 302 296
25 138 146 145 143 141 140 139 138 137 136 135  1.34
58 |10 289 250 229 216 206 200 194 190 187 184 181 179
05 420 334 295 271 256 245 236 229 224 219 215 212
01 764 545 457 407 375 353 336 323 312 303 296 290
25 138 145 144 142 141 139 138 137 136 135 135 134
50 |0 288 249 228 214 205 198 193 188 185 182 179 177
05 417 332 292 269 253 242 233 227 221 216 213 209
01 7.56 539 451 402 370 347 330 317 307 298 291 284
25 136 144 142 140 139 137 136 135 134 133 132 1.3
40 |10 284 244 223 209 200 193 1.87 183 179 176 173 171
05 408 323 284 261 245 234 225 218 212 208 204 200
00 731 518 431 383 351 329 312 299 289 280 273 266
25 135 142 141 138 137 135 133 132 131 130 129 1.29
c0 110 279 239 218 204 195 187 182 177 174 171 168 166
05 400 335 276 253 237 225 217 210 204 199 195 192
01 7.08 498 433 365 334 312 295 282 272 263 256 250
25 134 140 139 137 135 133 131 130 129 128 127 1.2
20 |10 275 235 213 199 190 182 177 172 168 165 162 160
05 392 307 268 245 229 217 209 202 19 191 187 183
01 685 479 395 348 317 296 279 266 256 247 240 2.4
25 133 139 138 136 134 132 131 129 128 127 126 125
00 |10 273233 211 197 188 180 175 170 166 163 160 1.§7
05 389 304 265 242 226 214 206 198 193 188 184 180
0 676 471 388 341 311 289 273 260 250 241 234 227
25 132 139 137 135 133 131 129 128 127 125 124 1.24
A0 2717 230 208 194 185 177 1.2 167 163 160 157 155
¥ |os 384 300 260 237 221 210 201 194 188 183 179 175
01 663 461 378 332 302 280 264 251 241 232 225 218
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1.36
1.81
215
298

1.35
1.78
2
2.89

1.34
1.76
2.07
2.81

1.33
1.74
2.04
2.75

1.32
1.72
2.01
2,70

1.30
1.66
1.92
2.52

1.27
1.60
1.84
2.35

1.24
1.55
1.75
219

1.23
1.52
1.72
213

1.22
1.49
1.67
2.04

20
1.34
1.76
2.07
2.83

1.33
1.73
2,03
2.74

1.32
1.7
1.99
2.66

1.31
1.69
1.96
2.60

1.30
1.67
1.93
2.55

1.28
1.61
1.84
2.37

1.25
1.54
1.75
2.20

1.22
1.48
1.66
2.03

1.21
1.46
1.62
1.97

1.19
1.42
1.57
1.88

T—_t\‘\v"lc (..(\i'l%ih‘{('f)

24

1.33
1.73
2.03
2.7%

1.32
1.70
1.98
2.66

1.3
1.68
1.95
2.58

1.30
1.66
1.91
2.52

1.29
1.64
1.89
2.47

1.26
1.57
1.79
2.29

1.24
1.51
1.70
212

1.21
1.45
1.61
1.93

1.20
1.42
1.57
1.89

1.18
1.38
1.52
1.79

30

1.32
1.70
1.98
2.67

1.3
1.67
1.94
2.58

1.30
1.65
1.50
2.50

1.29
1.63
1.87
2.44

1.28
1.61
1.84
2,39

1.25
1.54
1.74
2.20

1.22
1.48
1.65
2.03

1.19
1.41
1.55
i.B6

1.18
1.38
1.52
1.79

1.16
1.34
1.46
1.70

40
1.3
1.67
1.94
2.58

1.30
1.64
1.8%
2,49

1.29
1.61
1.85
242

1.28
1.59
1.82
2.35

1.27
1.57
1.79
2.30

1.24
1.51
1.69
21

1.21
1.44
1.59
1.94

1.18
1.37
1.50
1.76
1.16
1.34
1.46
1.69

1.14

©1.30

1.39
1.59

df for numerator Ny

50
1.3
1.65

1.91
2.53

1.29
1.62
1.86
2.44

1.28
1.59
1.82
2.36

1.27
1.57
1.79
2.30

1.26
1.55
1.76
2.25

123
1.48
1.66
2.06

1.20
1.4
1.56
1.88

117
1.34
1.46
1.70

1.14
1.3
1.41
1.63

113
1.26
1.35
1.52

60
1.30
1.64
1.89
2.50

1,29
1.61
1.84
2.40

1.28
1.58
1.80
2.33

1.27
1.56
1.77
2.26

1.26
1.54
1.74
2.21

1.22
1.47
1.64
2.02

1.19
1.40
1.53
1.84

1.16
1.32
1.43
1.66

112
1.28
1.39
1.58

1.12
1.24
1.32
1.47

100
1.30
1.61
1.85
2.42

1.28
1.58
1.80
233

1.26
1.55
1.76
2.25

1.26
1.53
1.73
219

1.25
1.51
1.70
213

1.21
1.43
1.59
1.94

117
1.36
1.48
1.75

1.14
1.27
1.37
1.56

111
1.24
1.32
1.48

1.09
1.18
1.24
1.36

120

1.30
1,60
1.84
2.40

1.28
1.57
1.79
2.3

1.26
1.54
1.75
2.23

1.25
1.52
1.71
217

1.24
1.50
1.68
21

1.21
1.42
1.58
1.92

1.17
1.35
1.47
1.73

1.13
1.26
1.35
1.53

1.10
1.22
1.29
1.44

1.08
1.17
1.22
1.32

200

1.29
1.59
1.82
2.36

1.27
1.56
1.77
2.27

1.26
1.53
1.73
219

1.25
1.50
1.69
213

1.24
1.48
1.66
207

1.20
1.41
1.55
1.87

1.16
1.33
1.44
i.68

112
1.24
1.32
1.48

1.09
1.20
1.26
1.39

1.07
1.13
1.17
1.25

Appendix D

500
1.29
1.58

1.80
2.33

1.27
1.54
1.75
2.24

1.25
1.51
1.7
216

1.24
1.49
1.67
2.09

1.23
1.47
1.64
2.03

119
1.39
1.53
1.83

1.15
1.31
1.41
1.63

1
.21
1.28
1.42

1.08
1.17
1.22
1.33

1.04
1.08
IR
1.15

[ )

1.28
1.57
1.78
2.3

1.26
1.53
1.73
2.21

1.25
1.50
1.69
213

1.24
1.48
1.65
2.06

1.23
1.46
1.62
201

1.19
1.38
1.51
1.80

1.15
1.29
1.39
1.60

1.10
1.19
1.25
1.38

1.06
1.14
1.19
1.28

1.00
1.00
1.00
1.00

Pr
25

01
25

.10
.05

.25
A0

.05
.01

.25

10
.05

.01

.25
A0
05

.01

25
0

.05

01

.25

10

.05

.01

.25
.10
05
.01

.25
a0

a5

01

.25
10
.05
.
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