IENAC22 / FORECASTING / APPLIED PROBLEM SET 2

Topic: Discrete choice modelling (exam style)

e You are given cross-sectional data on the characteristics of T = 595 individuals from
the 1982 U.S. Panel Study of Income Dynamics (PSID). The variables are: union
membership (union= 1: union member, union= 0: not union member), years of
full-time work experience (ex), weeks worked during year (wks), occupation (occ= 1:
manual work, occ= 0: non-manual work), industry (ind= 1: manufacturing, ind= 0:
non-manufacturing), residence (south= 1: southern U.S., south= 0: non-southern
U.S.), residence (smsa= 1: city, smsa= 0: non-city), marital status (ms= 1: married,
ms= 0: not married), sex (fem= 1: female, fem= 0: male), years of education (ed),

race (blk= 1: black, blk= 0: non-black), and log wage (lwage).

e Under exam conditions, questions (a) to (h) would be expected to take 60
minutes, for a total of 50 marks. For the in-class work, three additional
questions have been added: (i), (j), and (k). In an exam, these would be
awarded extra marks. Questions (j) and (k) require additional EViews

manipulation, and this is not given in the handout.
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(a) Perform a brief preliminary analysis of the variables, and explain your findings, in
no more than one paragraph. In addition: How many individuals are union members?
What percentage of individuals are manual workers? What percentage of individ-
uals are not in a manufacturing industry? What do you notice about the sample

distribution of years of education?
(8 marks)

(b) The following probit equation has been estimated (probit eqn):

Prob(union = 1) = ®(8y + [ ex + P2 wks + §3 occ + 4 ind + S5 south

+ (g smsa + Oy ms + fg fem + By ed + B¢ blk) + error

What are the estimated coefficients? Briefly interpret the regression output.
(4 marks)

(c) Let x denote the vector of explanatory variables (including a constant), in the
same order as listed in the probit model given in part (b) above. Compute the

following:
OProb(union = 1)
Ox

given f = B\,m =7,
where B are the estimated coefficients, and 7 is the sample mean of x.

(10 marks)

(d) Interpret your result on 8P/raa(union = 1)/0x in part (c) above, for the

explanatory variables occ (occupation) and ed (years of education).

(4 marks)
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(e) Test Hy : Bg = 0 against H; : fg # 0, using t and Wald tests (perform the t test
manually, and refer to the EViews output for the Wald test), at the 90% level. In

each case, explain your choice of critical value.
(8 marks)

(f) Compute the likelihood-ratio (LR) statistic, and test the null that the restricted
model is true (all coefficients except the constant are zero), against the alternative

hypothesis that the null is not true, at the 99% level.

(6 marks)
(g) Compute McFadden’s R? manually.

(2 marks)

(h) You are given probability response curves of P/ra)(union = 1) against ex_plot
(vears of experience), for occ = 0 (non-manual worker) and occ = 1 (manual
worker): these curves are labelled union 0 and union 1 respectively. The
explanatory variables wks and ed are set to their sample means, while ind, south,
smsa and ms are set to 1, and fem and blk are set to 0. Interpret the curves, with

emphasis on the impact of occupation and years of experience.
(8 marks)

(i) Additional question for class exercise: Consider the logit model logit eqn. Find

the estimated odds-ratio evaluated at the sample mean, and interpret.

(0 marks)
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(j) Additional question for class exercise: Estimate a model for the log wage, and

interpret your results briefly.

(0 marks)

(k) Additional question for class exercise: Build a 2x2 table of hits and misses for

probit _eqn, and use this to further assess the quality of the model.

(0 marks)
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Figure 2:
: Descriptive statistics
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Figure 3: Boxplots.
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Figure 4: Correlations.
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=3 A=E)

['-.-'iew ][P‘rDc ][Objecl: ] [F"rint ][N.ame ][Freeze ] [Estimate ][Fﬂrecast ][Stats ][F-lesids ]

Dependent Wwariakle: LIRIM

mMethod: ML - Binary Probit (CQuadratic hill climbino
Cate: 1270710 Time: 14:328

Sample: 1 595

Included abservations: 595

Convergence achieved after 5 iterations

Gl (Hubermvwhite) standard errors & covariance

wariahle Coefficient Std. Error z-Statistic Frok.

- 25816784 02289249 2026127 o.ooza

Ex -0.006932 0005515 -1.256974 0.zogg

WykS -0.050829 00129032 -4 23754231 o.ooo0

L] 0955490 o1sy012 B.O0285444 o.ooo0

gln o.09z2827 0119774 oy7anz2z 04383

SOUTH -0.592739 0137469 -4.3117949 o.ooo0

ShSAa 0.2e0700 0127454 2045454 o.o0408

M= 0250520 0209580 1. 672644 0o.0944

FER -0.407026 0295710 -1.376437 01627

ED -0.0a7382 o.0z283549 -Z2n0233se1 o.0430

BLIK 0226482 0241118 0939302 0.23476

McFadden R-squared 01928323449 Mean dependent var 02366287

S.D. dependent var 0482222 S E. ofredgression 0420228

Akaike info criterion 1.090351 Sum sgquared resid 103.4247%2

Schware criterion 11714584 Log likelihood -313.3749458

Hannan-cdinn criter. 1121947 Restr. log likelihood -290.9177

LR statistic 19507632 Avg. log likelihood -0.5266828
ProbiLR statistich o.o000oon

s with Dep=0 37T Total obhs a95
CObs with Dep=1 218

Figure 5: Regression results for probit_eqn.
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Figure 6: Estimated residuals from probit eqn.
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Figure 7: Estimated covariance matrix from probit_eqn.
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M Fquation: PROBIT_EQN Workfile: PSID::Psid\

|'-.|'iew ||F'r|:n: ||CJI:|]'En:t | |F'rir|t ||Name ||Freeze | |E5timal:e ||F|:|recast ||5l:at5 ||Flesi|:I5 |

Wald Test:

Equation: PROBIT_EGM

Test Statistic Value df Frobability
F-statistic 4.1833881 (1, 584) 0.0413
Chi-sguare 4.133881 1 0.0403

Mull Hypothesis Summany:

Mormalized Restriction (= 0) Value =td. Etr.

i) 0.260700 0127454

Festrictions are linear in coefficients.

Figure 8: Wald test output for probit eqn.
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File Edit Ohbject Wiew Proc Quick Options  Window  Help
series ex_plot=7+(51-TrF@irendii@obs{@trend)-13

Range: 1595 -- 595 abs
Sample:1 8958 -- 595 ohs

% ?nrdﬂupm Ex_PLOT

100 200 300 400 a00

Figure 9: Variable definition: ex plot.
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Figure 10: Probability response curves from probit eqn.
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BN Fquation: LOGIT_EOQON Workfile: PSID::Psid\

['-.-'iew][F"r-:lc][DI:ljecI:] [F"rint][N-ame][FrE:eze] [Estimate][F-:lrecast][Stats][FlE:sids]
Dependent Wariakle: LIRICR
mMethod: ML - Binarn Lodit (Craadratic kill climbinog
Cate: 120710 Time: 14:58
Sample: 1 595
Included observations: 9945
Convergence achieved after 5 iterations=s
il (Hubermvwhite) standard errors & covariance
wWariahle Coefficient Std. Error Z-Statistic Frob.
- 4. 220823 1.500746 291490949 00025
Ex -0.0111432 0009259 -1.190503 022328
L) L -0102126 0025875 -4178774 o.ooo0
] 1.653222 0277YETE 5971787 o.ooon0
I 01281818 o.z200410 og9o7z2az 0.3643
SOUTH -1.044332 02432972 -4 292500 o.aoon0
ShSAa 04423389 o.z214601 20894045 00267
M= 0604999 0260747 1677074 009325
FEmM LI IR 05401732 -1.429583 01528
ED -0.090799 0042437 -1.874576 008509
BLI 0255706 0424259 ogz2gs2149 040149
McFadden R-squared oz2o01017 Mean dependent var 0.366337
S.D. dependent var 0482222 S E. ofregression 0419664
Alkaike info criterion 1.0836346 Sum sgquared resid 102.85249
Schwarz criterion 11679749 Log likelihood -312.3367
Hannan-2inn criter. 1.118442 Restr. log likelihood -390.9177
LR =stati=tic 1971619  Avg. log likelihood -0.5249326
Probi{LR statistic) o.000oon0
CObhs with Dep=0 ary Total abs 945
COhs with Dep="1 218

Figure 11: Regression results for logit eqn.




IENAC22 / FORECASTING / APPLIED PROBLEM SET 2

16

Areas Under the Normal Curve

Z  Cump Tailp Z  Cump Tailp I Cump Tailp I Cmmp Talp I Cump Tailp
0.00  0.5000 0.5000 040 06554 03446 080 07881 02119 120 08849 01131 160 09431 00548
001 05040 0.4960 041 06591 0.3409 081 07910 02090 121 08860 01131 161 09463 0,057
002 05080 0.4920 042 06828 03372 082 07939 02061 122 08888 01112 162 09474 00526
003 05120 0.4880 043 06664 0.3336 083 07967 02033 123 08907 01003 163 09484 00516
0.04 05160 0.4840 044 06700 0.3300 084 07995 02005 124 08925 01075 Led 09495 00505
005 05199 04801 045 06736 03264 085 08023 01977 135 08944 01056 LG5 09505 00495
006 05239 04781 046 06772 0328 086  0.8051 0.1949 126 0.8962 01038 166 09515 00485
007 0579 04721 047 06808 0.3192 087 08078 0.1922 127 08980 01020 167 09523 00475
008 0.5319 04881 048 06844 03156 088 08106 0.1804 128 0.8997 01003 168 09535 00465
009 0.5359 04sdl 049 06879 0.3121 089 D8133 0.187 120 09015 0,0985 169 09545 00455
010  0.5398 0.4a02 030 06915 0.3085 090 08159 01841 130 09032 0.098 170 09554 00446
011 0.3438 04562 051 06950 0.3050 091 08186 0.1814 L3 0.9049 0.0051 171 09564 0043
012 05478 04522 052 06985 03015 092 08212 0.1788 132 09066 0.0934 172 09573 00427
013 03517 0.48 053 07019 0.2981 093 D138 0.1762 13 09082 0.0918 173 09582 00418
014 05557 04443 034 0.7054 02946 094 08264 0173 LM 0.90% 00001 174 09591 0.0409
015 0559 04404 035 0.708% 02912 095 0829 01711 L3 09115 0.0885 175 09599 00401
016 03636 04364 056 07123 08T 096 08315 0.168 L3 09131 0089 176 09608 00392
017 03675 04325 057 07157 0.288 097 0.8M0 0.1660 L3 09147 0.0853 177 0916 00384
018 05714 0428 058 07190 02810 098 08365 0.163 L3 09162 00838 178 09625 00375
019 0.5753 04247 059 0724 0277 099 0839 01611 13 09177 00823 179 09633 0037
020 05793 0.4207 060 07257 02743 100 08413 01587 140 09192 0.0808 180 0941 00359
021 03832 04168 061 07201 02709 101 08438 01562 141 09207 00793 L8 09649 00351
022 03571 0419 062 07324 0267 102 D861 01539 142 09222 00778 182 09636 0034
023 05910 0.4090 063 07357 02643 103 08485 01515 143 0923 00764 183 0964 00336
024 05948 04032 064 07380 02611 104 08308 0.149 144 09251 00749 L84 0971 00329
025 0597 04013 065 07422 02578 105 08531 01469 145 09265 00735 185 09678 0,032
026 06026 0.3974 066 07454 02546 106 08554 0146 146 09279 0072 186 0968 00314
027 D064 0.2936 067 07486 02514 10T 08577 01423 147 09292 0.0708 L8 09693 00307
028 06103 0.3897 068 07517 0.2483 108 08599 01401 148 09306 (.06%4 188 09609 0.0301
029 06141 0385 069 07549 0431 109 08621 01379 149 09319 00681 189 0.9706 0.0294
030 06179 0.382 070 07580 0240 110 08643 01357 150 09332 (0668 100 00m3 00287
031 06217 0.3783 071 07611 02389 LIT - 08665 0133 151 08345 00655 100 0979 00281
032 06255 03745 072 0764 02358 112 08686 0.1314 152 09357 00643 192 09726 00274
033 06203 0.3707 073 07673 02317 LI3 08708 01292 153 09370 00630 193 09732 0.0268
034 06331 03660 074 07704 0229 L4 0819 002N 154 09382 00618 104 09738 00262
035 06368 03632 075 07734 0226 LI5S 0849 01251 155 09304 0.0606 105 09744 00256
036 06406 0.3504 076 07764 02236 L6 08770 01230 156 0.9406 00504 L9 09750 00250
037 06443 0.557 077 07794 02206 11T 08790 0.1210 157 09418 00582 197 09756 0.024
038 06480 0.3520 078 07823 01T LIS 08810 01190 158 0.9420 0051 108 09761 0.0239
039 06517 03483 079 07852 02148 119 08830 0170 159 09441 00559 199 09767 00233
Figure 12:  Statistical table for N(0,1). These tables are taken from

http://fsweb.berry.edu/academic/education/vbissonnette/tables/tables.html.
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Figure 13: Statistical table for Student’s ¢(r).
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Critical Values of the I Distribution

(=05

df benwean

5 &

H

[+

41

510

LA
=
o

05 [ 405

4.88

4.53

4.76

4.3

& i 514 433 | 43 425 [ 21 | 415 [ 400 | 3.84 | 3.47
7 S50 | 474 | 435 [ 412 ) 307 [ 38T | 378 | 375 | 357 ) 341 [ 523
2 532 | 446 | 407 | 3E4 | 360 | 358 | 350 | 344 | 328 ) 312 [ 283
g 51T | 426 | 3.B6 | 363 | 348 | 337 | 318 | 325 | 307 ) 200 [ 371
10 | 426 [ 410 | 371 | 345 | 333 | 322 [ 314 | 307 [ 281 ) 274 | 254
11 484 | 30E | 350 | 336 | 320 [ 3090 ) 301 | 205 | 278 ) 241 [ 241
12 475 | 380 | 340 | 31 311 [ 300 ) 201 [ 285 | 240 | 251 | 230
13 467 | 3BD | 341 | 318 ) 303 [ 202 ) 283 | 277 | 240 ) 242 [ 221
14 | 460 [ 374 | 334 | 211 | 206 | 285 [ 276 | 270 | 2.55 | 235 | 113
15 4.5 JBE | 320 | 306 | 200 | 27® [ 271 | 262 | 2.AB | 220 | 207
16 | 448 334 | 301 ) ZES [274 ) 268 | 250 | 243 ) 22 201
17 | 4.4f 320 | X0g | TEL [ 270 | 261 | 255 | 23E | 119 | 198
18 | 441 . 316 | 203 | 177 [ 266 | 258 | 251 | 234 | 215 [ 1.2
10 | 438 [ 352 | 3013 | 200 | 274 | 2463 [ 254 | 248 | 251 | 211 | 1.88
0 ) 435 [ 340 ) 300 | ZET | 271 | 160 [ 251 | 245 [ 228 | 208 | 1.84
11 432 | 347 | 307 | ZE4 | I6E [ 257 | 248 | 242 | 225 | 205 [ 1.81
12 430 | 344 | 305 | ZEI | 166 [ 255 | 248 | 240 | 223 | 203 [ 1.7E
23 428 | 342 | 303 | ZEQ | 464 [ 253 | 244 | 237 | 220 | 201 | 178
24 | 426 [ 340 ) 300 | 275 | 262 | 151 [ 242 | 238 | 218 | 1.9E | 1.73
25 424 | 330 | o0 | 176 | 160 [ 240 | 240 | 234 | 216 | 196 [ 1.71
16 | 423 [ 3537 | 208 | 174 | 150 ) 247 [ 230 | 232 | 215 | 185 | 142
17 | 421 [ 335 ) 204 | 273 | 25T | 146 [ 237 ) 231 | 213 | 183 | 1.47
8 | 420 [ 3534 | 205 | 271 | 236 | 45 [ 234 | 228 [ 213 | 191 | 1.&6
0 | 418 [ 333 | 293 | 270 | 235 | X143 [ 235 | 228 [ 210 | 180 | 184
30 ) 417 [ 332 ) 202 [ 260 ) 233 ) X4l [ 233 | 227 | 1@ | 1E8 | 12
40 | 408 [ 323 ) 2B4 [ 261 | 245 | 138 [ 215 | 208 | 100 J8 | 151
0 ) 400 [ 305 | 276 | 253 | 237 | LIS [ 217 | 200 | 182 | LTD | 1.38
B0 34 311 | 272 | 240 | 233 | 221 | 203 | 208 | 1.BE | 185 | 1.33
100 | 3.8 300 | 270 | 46 | 231 ) 18 [ 200 | 203 | 185 | 185 | 1.28
120 ) 382 [ 307 | 268 [ 245 | 220 ) 218 [ 209 ) 2.02 [ 183 | 1.1 | 1.26
@ 384 | 3 161 | 237 | 22T [ XI0 ) 201 [ 184 | LTS | 152 | 1.0

Figure 14: Statistical table for F(m,n) at the 5% level.
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Critical Values of the F Distribution
fo=_01)

df betwasn

1 & 3 4 5 g 7 g 12 24 =

5 1626 [ 1327 | 1206 ) 1138 | 10.87 | 10067 [ 1046 | 10.20 | 888 | £.47 [ 202
& 1375 [ 1082 ) .78 | 015 | B75 | 847 | 824 | 810 | 7.72 | 7.31 [ 4688
7 1225 [ 055 | BE45 | TES | 746 | 710 | 400 | 684 | 647 | £.07 [ 545
3 1126 [ B85 | 7.50 | 701 | 663 | 637 | 418 | 603 | 567 [ 528 [ 438
4 1056 [ BOZ | 600 | 642 | 606 | 580 [ 561 | 547 | 511 | 473 [ 431
10 | 10.0s) 7.5 6.55 | 500 ) 544 | 538 | 520 [ 50§ | 471 | 4335 | 341
11 085 [ 731 | 622 | 567 | 332 | 507 | 480 | 474 | 440 [ 402 [ 340
12 033 03 | 505 [ 541 | 504 | 482 | 242 | 450 [ 4146 | 578 | 338
13 07 [ 670 | 574 | 52 486 | 4.6 | 444 | 230 | 3.06 | 3.50 [ 317
14 86 [ 651 | 5.56 | 504 | 460 | 448 | 428 | 214 | 3.80 | 3.43 [ 301
15 6 [ 636 | 542 | 480 | 434 | 432 | 414 | 200 | 3.7 | 3.20 [ 2.87
16 E53 [ 633 | 520 | 477 | 444 | 420 | 403 | 388 | 355 | 308 [ 275
17 E40 [ 611 | 518 | 467 | 434 | 410 | 303 | 379 | 346 | 3.08 [ 285
18 20 ) 601 | 500 [ 458 [ 435 | 401 | 382 | 371 | 337 | 300 | 257
19 1 ] 4350 ) 417 | 308 [ 377 | 343 | 3.50 | 202 [ 248
20 443 [ 410 | 387 | 370 | 354 | 323 | 286 | 2.42
11 437 [ 404 | 381 | 382 | 351 | 317 [ 2.80 | 238
12 431 [ 380 | 374 S0 | 345 | 302 [ 275 | 231
13 426 [ 304 [ 371 | 354 | 341 | 3.07 [ 290 | 228
24 421 [ 300 | 367 | 350 | 334 | 303 | 246 | 221
15 418 [ 385 | 363 | 346 | 331 | 2ag | 242 | 217
26 414 [ 382 | 350 | 342 | 320 | 208 | 258 | 215
27 411 [ 37 356 | 3.2 316 [ 283 | 355 | 210
28 407 [ 375 | 355 | 336 | 323 | 2.0 | 252 | 2407
20 404 [ 373 [ 350 | 333 | 320 | 287 [ 240 | 204
30 402 [ 370 | 347 | 330 | 307 | 2.84 | 247 | 201
40 181 [ 35 329 [ 302 | 208 | 246 | 220 [ 1.81
0 165 [ 334 | 312 | 205 | 252 | 250 | 212 | 1.0
] 356 | 326 | 304 | 287 | 274 | 242 | 203 | 150
100 51 [ 32 200 | 282 | 248 | 257 | 198 [ 1.43
120 148 [ 3017 | 204 | 279 | 2466 | 2.34 | 185 | 138
x 332 [ 302 | 280 | 244 | 23] | 218 | 179 | 1.0

Figure

15: Statistical table for F'(m,n) at the 1% level.
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Critical Values of the y* Distribution

Area i the Upper Tail
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Figure 16: Statistical table for x?(q).




