Stockholm University
Department of Statistics
Per Gasta Andersson

Econometrics 11

WRITTEN EXAMINATION
Friday June 1, 2018

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 arc required.

Observe:: If not indicated otherwise. the error terms ¢ in the models are
assumed independent and N (0.02).

You may answet in Swedish.

1. (20p) Considér the following data consisting of annual lumber pro-
duction in USA from 1947 through 1976 (the years being coded 1... .. 30)
{unit: millions of board [eet):

1-6 712 13-18 19-24 25-30
35404 36762 32901 38902 37515
37462 36 742 36 356 37 858 38 629
32901 33285 37166 32926 32019
33178 34171 35733 35697 35710
21449 36124 35791 34548 36 693
38044 38638 34392 32087 371533

(a) We are first worried about possible autocorrelation, so we com-
pute estimated antocorrelations for lag | up to lag 6:

Lagk 1 2 3 1 5 6
e 020 -0.05 013 0.1 001 -0.17

Test if we should reject the hypothesis that py = - = p; = 0 at
approximate significance level 5%.



2

{b) We now want to usc smoothing methods in order to extract the
“signal” from Lhis data set. A simple smoother to start with is

Compute jfip lor the first five time points and the last live time

points. (%, 4 = 1 076 556)

Aunother possibility is the simple tnoving average

1 T
1\[ = - ]
=2 Z "
== N+

Compute Ay for the last five time poiits using the span N = 3,
{c} The next step is to use exponential smoothing. Use with motiva-

tion expential stoothing of apprupriate order.

Compute gr for the first five time points and the last five time

points. {A = 0.3) Use fy = 7 and jra5 = 35 000.
Actually. fi7 can be seen as a special case of jr. In what way?

—

Finally we want to use our "smwothers™ to wake foreensts, Assu-
ming {perhaps not very realistic) that the pattern of observations
are similar up to the year 20106, what are the predicted values of
yro using the three different “smoothers " figg. Mg and j?

. (20p} Below we have a process, which is essentially is a regression

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

nh = 3= + €.

where t =0,1,2..., ¢ ~ V(0. 1) and Covie.e_p) = 7(k).

(Observe that the ervor terins are here not assumned to be independent )

(a} In the model, what is the part 2t called?

{(b) Compute for the process y (derive expressions of) E(y). Vi)
and Cov{y,, yr—)

(¢} Is g stationary”? Why /why not? Is € stationary? Why /why not?

. (20p) Counsider the [ollowing situation: We have five similar companies

and for each company we have observed values of four variables ¥,
Xi. Xo and Xy and each variable is observed 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)

Even if we suspect that the companies may show different pat-
terns. we first try the pooled OLS regression model. Formulate
this model using appropriate notation.

As an alternative we would also like to try a fixed effects regres-
sion model using dummy variables. Formulate this model using
appropriate notation.

As it turned out, the f*-values for the models in (a) and (b).
were 0.9-16 and 0.971, respectively.

Compute the value of a suitable test statistic for deciding if we
should prefer using the fixed effects model in this case. (You do
not have to perform the test since corresponding tables are not
provided here.)

In general. besides the risk of lower R*-values using the pooled
model insteacd of the fixed effects model, what other negative
consequence can we get if we use the pooled model in cases where
the fixed effects model is (theoretically} more appropriate?

4. (20p} Consider the following time series process:

wp =4 +e —0.63,1 — 0.24¢; .

where wy, = {1 = Blyi =t — 41

What would vou call the process w,?

Is this model invertible? Why/why not?

Is the process g stationary? Why/why not? What would vou
call the process y,?

Compute E{uy), V() and the ACF:s for lag b = 1,2,
Compare your results for the ACF:s with the results of the sample
ACT:s from a simulation based on the model above for wy in the

figure helow. Do the simulation results results agree with your
theoretical results? '

B
1.0y
0.81

0.6
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(20p) Some random walk problems:

(a)

Let ns frst consider the most simple random walk model:

W=l +¢& (1)

This means that. for example, y, = yy + ¢;. Rewrite (1) so that
it 15 a snm of the starting value yp and a stochastic trend. Use
this to show that y; is not stationary.

If we realize values of this process over time, what is the effect of
the violation against stationarity”? (You can illustrate it graphi-
eally if you prefer that.)

Now we add a coustant § to our model:
=0 -6 12)

What is ¢ ususally called? Rewrite {2) in the same wav as vou
did for {1). so that the result now is that y is the sum of the
starting value yg. some [unction of § and a stochastic trend.
Show that y, is nonstationary.

What is § usuallv called? What effect has this function on the
process? Also here you can illustrate it graphically.)
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Under the simple linear model y, = 8, + 337, + u,, where 1w, ~ N{0,¢7) and
given independent pairs of observations (y;. x1)...., {yn.£n). the OLS {and ML}
estimators are:

7~ i

Y e =F) (e )
¥ (x, -7

RSS _ Y (n-5)°

n=2 no-2

L)
L

o
|:

L]

Q)
Il

where i, = 3y ~ Bar; and where (3} = 3. F(3:) = 3 and E(G%) =¢
Comparing an "old” maodel with a "new” (larger):

(ES5Spew — E55,14) /number of new regressors
88, o/ {1 = munber of paranceters in the new model)
(R

ne s

I

— 122,,)/number of new regressors

I - R2,. )/ {n = number of parameters in the new model)
new

Comparing an "unresiricled”™ madel with a “restricied”:

(RSSp — RSSyp)/m _ (Rpg - RR)/m
RSSur/(n=k) (1= Rip)/(n—k)

where m is the nunber of linear constraints and & is the munber of parameters
in the unrestricted model.
Dynamic models: y;, = ag+ a,x; ~aay, 1 + 1y

Koyck: gy =a(l = A) + gy + Ay + 1y
Adaptive expectations: ¥, = 330 + 7512y ~ (L =)y + (ue — (1 —~)ugy)
Partial adjustment: y, =83 — d311, + (1 — 8)yr—y + duey

The Durbin Watson o statistic;

n

— = N, 1), ifp=0
t—n V()]



- I L y2 1 - ! ~ 12
MSE = ;Z e} = 5 Z e = et = 1)

im) t=xl

Autocorrelation Mmnetion:

Cov( i, Yrpn)

5 A=0,12,...
Vi) '

P =

Sample correlation function:

Zr..[ e — F) (et — 17)

Zr-l (11e '-'_2

k=012

pr =

Simple moving average:

1
|
Mp=< Yooom

t=T=N=+1

First-order exponentinl smoothing:

yro= Ayr (L= A) o
Second-order exponential smoothing:
_i2) L1 .
ur '\l;?" - {l A)y‘,ll
(1]

_(2)
where iy =i

Holt's methorl:

L,
T

m— (=) (L1 +Tim)
Y{Le— Lic))+{1-7) Ty

dre-()=Ly+7rily, 7=1,2...



Forecast under a constant process:

Yrer(Ty=gr r=1L2..

Forecast under a linear {rend:

Bre-{1) = jr + 3 77

where jr = Jor + 3 1T = 25'(1-" S !7¥‘JJ

For white noise:

P = N0 I/n) k=12, .

The Q statistic:

The Ljung-Box statistic:

I .
Qru=n(n+2)y_ (”p_kk) = *(N)

k=1

ARMA{p.q):

P

]
m=8=Y o te = e,
=1 ra

§ =



Stationarity and invertibility conditions for some Lime series models:

Model Stationarity  Invertibility
condilions condilions
AR(D) ol <1 None
o)+ < |
AR(2) on - <1 Noue
loal <1
MA(L) None W < 1
by + 8, <1
.\l.\(?) None !l)_v - 9[ <1
[ < 1
ARMA(LD) oy < 1 0] <1

o ~on <l 0 +0: <1
.\R.\[.\(Q.B or—0op <1 i —th <1
o) <1 iy <1

The Yale-Walker eqnations for AR{p):

=1
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BBG  Appendix O Sturistical Tablos

TABLE D.4
Lpper Percentage
Points of the x*
Distribution

Example

Pr(x? > 10.85) =095
Pr(x?=23.83)=025 fardf=20
Pr{x? > 31.41) = 0.05

25% aren

10,82 2333 314 a
Degree;\‘l’r : -
of freedom | 995 990 975 950 .900
1 1392704 x 1079 157088 x 10~7 982069 x 10-% 393214 x 10-8 0157903
2 f 0100251 0201007 0506356 102587 .210720
3 0717212 114832 215795 -351846 584375
4 | 206990 297110 484419 J10721 1.063623
5 i 411740 554300 831211 1.145476 1.61031
6 675727 .B72085 1.237347 1.63539 2,20413
7 I 989265 1.239043 1.68987 2.16735 2833t
8 1344419 1.646482 217973 2.73264 3.48954
9 l 1.734926 2087912 2.7003¢9 3.3251 4.16816
10 2.15585 2.55821 3.24697 3.94030 4.86518
11 2,60321 3.05347 3.81575 4.57481 557779
12 » 3.07382 3.57058 4.40379 5.22603 6.30380
13 ! 3.56503 4.10691 5.00874 5.89186 7.04150
14 | 4.07468 4.65043 5.62872 6.57063 7.78953
15 4.60094 5.22935 6.26214 7.26094 8.54675
16 5.14224 5.81221 6.90766 7.96164 9.31223
17 5.69724 6.40776 7.56418 B.67176 10.0852
18 6.26481 7.01491 8.23075 9.39046 10.864%
19 6.84398 7.683273 8.90655 10.1170 11.6509
20 7.43386 8.26040 9.59083 10.8508 12.4426
21 8.03366 8.89720 10.28293 11,5913 13.2396
22 8.64272 9.54249 10.9823 12.3380 14.0475
23 9.26042 10.19567 11.6885 13.0903 14.8479
24 9.88623 10.8564 12.40M1 13.8484 15.6587
25 10.5197 11.5240 13.1197 14.6114 16.4734
26 11,1603 12.1981 13.8439 15,3791 17.2919
27 11,8076 12.8786 14.5733 16.1513 18.1138
28 12.4613 13.5648 15.3079 16.9279 18.9392
29 130211 14,2565 16.0471 17.7083 19.7677
30 13.7867 14.9535 16.7908 18.4926 20.5992
40 20.7065 22.1643 24.4331 26.5093 29.0505
50 27.9907 29.7067 32.3574 34.7642 37.6886
60 35.5346 37.4848 40.4817 43.1879 46.4589
70 43.2752 454418 48.7576 51.7393 55.3290
80 511720 53.5400 57.1532 60.3915 64.2778
20 59.1983 61.7541 65.6-166 69.1260 73.2912
100° i 67.3276 70.0648 74.2219 77.9295 82.3581
*Far df grater e 190 he sxprassion v 370w 130 Dy 2 fol o s e srwsedi s o didribute s v ke pangm e

tre degmezs of it Lim
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.500

100

750 250
1015308 454937 1.32330
575364 1.38629 2.77259

1.212534 2.36597 410835
192255 3.35670 533527
a.snao 435146 6.62568
"5 45460 5.34812 7.84080
4.25485 6.34581 9.03715
5.07064 7.34:412 10.2188
5.89883 B.34283 11.3887
73720 9,34182 12.5489
58412 10.3410 13.7007
B.43842 11.3403 14.8454
9.29906 12.3398 15.9839
10,1653 13.3393 17.1170
11.0365 14.3389 18.2451
11.9122 15.3385 19.3688
12.7919 16.3381 20,4887
13.6751 17,3379 21,6049
14.5620 18.3376 227178
15.4518 19,3374 238277
16.3444 20.3372 24,9348
17.2396 21,3370 26.0393
18.1373 22.3369 27.1413
19.0372 23,3367 282412
19.9393 24.3366 29.3389
20.8434 25.3364 30.4345
21.7494 26.3363 31,5284
22.6572 27.3363 32,6205
es.sess 28.3362 33.7109
A4 4776 29,3360 34,7998
33,6603 39.3354 45.6160
42.9421 49.3349 56.3336
52.2938 59.3347 669814
1.6983 69.3344 77.5766
’-9|.1445 79.3343 88,1303
80.6247 £9.3342 98.6499
99.3341 109.141

90.1332

Hepsodiesd by peensaien of e ed tors aid trastees of Broo er e

2.70554
4.60517
625139
7.77944

9.23635
10 6446
120170
13.3616
14.6837

159871
17.2750
18.5494
19.8119
210642

223072
23.5418
24,7690
259894
27.2036

28.4120
29.6151
30.8133
32.0069
33.1963

34,3816
35.5631
36,7412
37.9159
39.0875

40.2560
51.8050
63.1671
74.3970

855271
96 5782
107.565
118.498

LETEE e uinid

050 025
3 B41d6 502389 6.63490 7.8794
5.99147 7.37776 9.21034 10.5966
7.81473 9.34840 11.3449 12.8381
9.48773 11.1433 13.2767 14.8602
11.0705 128325 15.0863 16.7496
12.5916 T4.4494 168119 18.5476
14.0671 16.0128 184753 20.2777
15,5073 17.5346 20.0902 21.9550
16.9190 19.0228 21.6660 23.5893
18.307¢ 20,4831 23.2093 25.1882
19.6751 21,9200 24.7250 26.7569
21.0261 23.3367 262170 28.2995
22,3621 24.7356 27.6883 29 8194
23.6848 261190 29.1413 31.3193
24,9938 27.4884 30.5779 32.8013
26.2962 28,8454 31,9999 34.2672
27.5871 30.1910 33.4087 35.7185
28.8693 31.5264 34,8053 37.1564
30.1435 32.8523 36,1908 38.5822
31.4104 34.1696 37.5662 39.9968
32.6705 35.4789 389321 41.4010
33.92:44 36.7807 402894 42.7956
351725 38.0757 41.6384 44.1813
36.4151 39,3641 42.9798 45.5585
37.6525 40.6465 443141 46.9278
38.8852 41,9232 456417 48.2899
40.1133 43.1944 46,9630 49.6449
41.3372 44,4607 48.2782 50,9933
42.5569 45.7222 49.5879 52,3356
43.7729 46.9792 508922 53.6720
55.7585 59.3417 63.6907 66.7659
67.5048 71.4202 76.1539 79.4900
79.0819 83.2976 88.3794 91.9517
90,5312 95.0231 100.425 104.215
101.879 106.629 112,329 116.321
113.145 118.136 124116 128.299
124.342 129.561 135.807 140.169
crosel b ed erie 3, Uaarindos Linegiats Pind Nas Yosh, 1966
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