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Abstract -

As the rapid development of the Intelligent Transportation System(ITS) and the
maturity of the relative technology, the government has taken BOT to encourage the
private participating to the construction and operation of Electronic Toll Collection
(ETC). However, after overall used ETC to be charged for the freeway toll, the
“Discrimination of Pricing on Peak and Off-peak Periods”’(DPPOP) should be
implemented, in order to be more effectively using the resources of the highway.
Hence, this study will take the DPPOP as core of the research for the freeway toll, and
explor the setting lever of freeway toll . from the position government that cooperate
with the private sector for the freeway ETC construction and operation while focusing
to achieve the self-liquidating goal of financial. Therefore, the research individually
built up the demand model of freeway, total variable cost function, the benefit
function, and the future forecast of the relative demand, the cost and the revenue
Then we also considered the influence on variable cost by the committed service
charge for the privatization of ETC. Furthermore, the demand transferring in the time
and space of highway after the regime of DPPOP,are combined in the above model
The point of the research is the “financial breakeven” and set up the financial balance
model during the DPPOP. Moreover, we will discuss the difference of the
reasonable freeway tolls set up between the target social welfare and the achieving
financial self-liquidating goal of the highway.

The empirical results show that the basic toll will be lower while implementing



the DPPOP . However, under the same discounted rate and payback period the
multiple coefficients is increasing, and the trend of basic rate is getting lower .
Namely, while the strategy of DPPOP is adopted in the toll collection of freeway, then
the period of pay-back will be shorten to balance the revenue and expenditure. This
result also match the expectation of lower toll under the objective of maximization of
social welfare. It means that the government implement this strategy will generate the
positive benefit for the policy and the society.

In addition, we worked out the basic toll with maximum social welfare in order to
balance the revenue and expenditure. The result shows that the basic toll is pretty low
if we estimated the balanced rate with the maximum social welfare. However, if Peak
& Off-peak’s coefficient is high and the discount rate is low, the basic toll can still
achieve balance the revenue and expenditure in Equity Pay-Back Period. Besides, the
result of this study shows that while discrimination pricing on peak and Off-peak
coefficient is 2.5 time, and the Equity Pay-Back Period is 25 years in a good financial
conditions, and the discount rate is 4% which is the lower rate in the market.
Consequently, the basic toll NT$0.1682 will be generated which can be taken as the
most optimal basic toll of the balance of financing and the maximum social welfare.

Under the regime of reasonable adjusted toll, while the toll is adjusted every five

years according with the price’ index, the estimated result shows that under the same
pay-back period and discount rate, and the financial conditions, the social welfare of
the adjusted toll will have more 3.2% than those of the constant toll. This indicates

the regime of reasonable adjusted toll poss the positive economic meaning.
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- Al E[H 3%&%{&1! F o | EIH E[H %ﬁ?ﬁﬁl
FEVRA | VR | R VRY FEvRA | R VRE | FEVRR

68 46.12 67.62 70.00 81 30.56 46.94 60.00
69 43.78 64.68 68.10 82 31.38 47.82 60.00
70 41.44 61.74 66.20 83 32.20 48.70 60.00
71 39.10 58.80 64.30 84 33.02 49.58 60.00
72 36.76 55.86 62.40 85 33.84 50.46 60.00
73 34.42 52.92 60.50 86 34.66 51.34 60.00
74 32.08 49.98 58.60 87 35.48 52.22 60.00
75 29.74 47.04 56.70 88 36.30 53.10 60.00
76 27.40 44.10 54.80 89 37.12 53.98 60.00
77 27.75 44.20 57.40 90 37.94 54.86 60.00
78 28.10 44.30 60.00 91 38.76 55.74 60.00
79 28.92 45.18 60.00 92 39.58 56.62 60.00
80 29.74 46.06 60.00 93 40.40 57.50 60.00
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68 2,414,475,070 |2,995,801,994(1,498,347,760| 6,908,624,824
69 2,407,424,024 |3,114,040,850(1,915,425,955| 7,436,890,828
70 2,512,917,083 |2,840,089,269(1,917,716,289 | 7,270,722,640
71 2,634,791,974 |2,595,237,842(1,931,840,903| 7,161,870,719
72 2,844,357,530 |2,650,844,902(1,999,166,957| 7,494,369,389
73 3,041,658,949 12,656,024,001)2,204,130,918 | 7,901,813,868
74 3,006,379,574 12,512,411,23312,347,090,330( 7,865,881,137
75 3,187,760,919 12,590,786,98812,639,942,021 | 8,418,489,928
76 3,620,534,894 12,675,904,82713,004,869,772 | 9,301,309,493
77 | 4,547,984,519 |2,837,982,462(3,569,100,660[10,955,067,640
78 | 5,398,103,376 |2,924,776,283|3,813,264,600[12,136,144,260
79 | 6,314,461,456 |3,144,617,818(3,905,291,160 |13,364,370,434
80 | 6,725,977,344 |3,306,595,076(4,027,472,640[14,060,045,060
81 | 7,028,985,896 |4,612,579,566|2,780,363,280 |14,421,928,742
82 | 7,646,295,501 |4,695,547,178{3,228,761,280(15,570,603,960
83 8,532,112,826 (4,798,119,871|3,653,361,600(16,983,594,297
84 9,478,748,937 14,966,946,909 |13,720,259,320(18,165,955,166
85 10,262,460,697 ({5,309,560,553 |13,721,555,920(19,293,577,170
86 [10,390,352,756(5,312,897,208 |3,685,907,640(19,389,157,604
87 [11,766,221,3301(5,227,714,64313,907,853,760(20,901,789,734
88 [12,590,512,268 |5,626,371,924 14,098,838,440(22,315,722,632
89 [13,560,716,7451(5,861,130,263|4,104,027,120(23,525,874,128
90 114,256,982,71916,071,475,3564,030,651,920(24,359,109,995
91 15,337,704,871 (6,221,128,022 14,125,932,520(25,684,765,413
92 117,231,059,116|6,125,707,834(4,192,839,840(27,549,606,790
93 18,902,200,985 (6,584,279,116 |4,564,501,920130,050,982,021
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68 63,275 81 241,307
69 a7 82 264,196
70 89,868 83 286,191
71 94,647 84 308,086
72 103,093 85 333,948
73 114,511 86 356,624
74 119,272 87 376,910
75 137,992 88 387,708
76 154,229 89 399,154
77 166,758 90 387,250
78 184,267 91 398,248
79 199,340 92 403,056
80 219,637 93 413,786
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68 101784 81 299678
69 124787 82 328104
70 144561 83 301368
71 152249 84 324424
72 165835 85 351657
73 163144 86 375536
74 169927 87 396898
75 196598 88 392536
76 219731 89 399114
77 237581 90 387250
78 228841 91 399046
79 247560 92 405000
80 272766 93 409162
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94 | 424,002 | == | 110 {706,265 | 2.32%
95 | 439,772 | - | 111 {721,944 | 2.22%
96 | 457,363 |4.00% | 112 | 737,032 | 2.09%
97 | 475,429 [3.95% | 113 | 751,552 | 1.97%
98 | 493,543 (3.81% | 114 | 765,456 | 1.85%
99 | 511,656 [3.67% | 115 | 778,774 | 1.74%
100 | 529,768 [3.54% | 116 [ 791,391 | 1.62%
101 | 548,628 [3.56% | 117 | 803,420 | 1.52%
102 | 567,281 [3.40% | 118 | 814,748 | 1.41%
103 | 585,775 [3.26% | 119 |825,421 | 1.31%
104 | 603,992 [3.11% | 120 |835,409 | 1.21%
105 | 621,931 [2.97% | 121 | 844,682 | 1.11%
106 | 639,594 [2.84% | 122 [853,213 | 1.01%
107 | 656,863 [2.70% | 123 | 861,745 | 1.00%
108 | 673,744 [2.57% | 124 [870,363 | 1.00%
109 | 690,251 [2.45% | 125 [879,066 | 1.00%
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68 [0.4021 (0.2681 [0.4021 | 0.3440 0.4251
69 [(0.4021(0.2681 (0.4021 | 0.3460 0.4374
70 [0.6702 [0.4021 [0.5362 | 0.5302 0.6556
71 0.6702 10.4021 10.5362 | 0.5369 0.6624
72 [0.6702 [0.4021 [0.5362 | 0.5397 0.6634
73 0.670210.4021 |10.5362 | 0.5427 0.6695
74 [0.6702 [0.4021 10.5362 | 0.5446 0.6771
75 0.670210.4021 |10.5362 | 0.5457 0.6828
76 [0.6702 (0.4021 10.5362 | 0.5498 0.6888
77 [0.6702(10.402110.5362 | 0.5571 0.6949
78 [0.6702 (0.4021 10.5362 | 0.5635 0.6957
79 [0.6702 [0.4021 10.5362 | 0.5680 0.6918
80 1.0724 10.6702 |0.8713 | 0.9202 1.1188
81 1.0724 10.6702 |0.8713 | 0.9050 1.0593
82 1.0724 10.6702 |10.8713 | 0.9094 1.0700
83 1.0724 10.6702 |0.8713 | 0.9155 1.0782
84 1.0724 10.6702 |0.8713 | 0.9213 1.0767
85 1.0724 {0.6702 | 0.8713 | 0.9229 1.0716
86 1.0724 [{0.6702 |0.8713 | 0.9240 1.0709
87 1.0724 {0.6702 | 0.8713 | 0.9342 1.0762
88 1.0724 10.6702 | 0.8713 | 0.9341 1.0744
89 1.0724 10.6702 | 0.8713 | 0.9371 1.0716
90 1.0724 [{0.6702 {0.8713 | 0.9389 1.0681
91 1.0724 [{0.6702 | 0.8713 | 0.9427 1.0682
92 1.0724 10.6702 | 0.8713 | 0.9524 1.0703
93 1.0724 10.6702 |0.8713 | 0.9537 1.0711
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68 | 64,659,963 | 21,807,010 [49,944,428 -- 136,411,401
69 |97,355,838 | 56,725,951 -- -- 154,081,789
70 (117,774,222| 66,238,915 - - 184,013,137
71 (132,565,617| 77,388,142 - - 209,953,759
72 (148,716,891 85,377,293 - - 234,094,184
73 152,809,792 85,643,392 - - 238,453,184
74 162,083,774 115,144,674 - o 277,228,448
75 |174,592,985( 116,726,393 - - 291,319,378
76 181,410,950 125,884,312 - - 307,295,262
77 195,921,451 120,536,983 (41,994,689 | 67,686,180 | 426,139,303
78 (240,814,290 313,486,430 (51,505,934 (70,965,385 | 676,772,039
79 (252,044,699 333,017,252 | 58,073,308 (82,764,360 | 725,899,619
80 283,740,671 432,469,004 (69,379,666 70,531,365 | 856,120,706
81 |361,955,650| 508,198,817 74,575,032 193,285,038 {1,038,014,537
82 (353,073,631 548,719,382 |89,484,212|83,813,337 (1,075,090,562
83 [426,155,995| 603,697,054 |71,881,570197,995,198 (1,199,729,817
84 (520,238,007 | 766,514,796 |100,680,964]106,275,016|1,493,708,783
85 521,750,093 725,343,059 (110,892,592|111,329,034(1,469,314,778
86 585,071,677 | 768,493,191 (122,143,428]110,742,346(1,586,450,642
87 1631,850,420| 755,628,119 [145,297,1521125,551,4981,658,327,189
88 677,754,000 782,775,000 (176,167,000|132,583,000(1,769,279,000
89 (694,273,088 832,555,500 [180,460,768|135,814,483(1,843,103,839
90 799,460,874 934,412,000 (207,801,981(156,391,436(2,098,066,291
91 |876,065,875( 960,034,000 (227,713,739(171,376,992(2,235,190,606
92 1933,027,284(1,006,923,000(242,519,583(182,519,847(2,364,989,714
93 (996,425,007 (1,054,129,000(258,998,404(194,921,781|2,504,474,192
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68 - - - - - - -

69 127,699,652| 94,950,648 | 23,737,662 -- -- 297,965,854 544,353,816
70 (144,830,269 328,800,000 [ 82,200,000 -- -- 337,937,295 893,767,564
71 1197,068,441| 342,400,000 | 85,600,000 - - 459,826,363 | 1,084,894,804
72 1193,729,968| 440,000,000 | 110,000,000 - - 452,036,592 | 1,195,766,560
73 {196,950,643| 440,000,000 | 110,000,000 -- -- 459,551,500 | 1,206,502,143
74 1201,239,470| 486,294,204 | 121,573,551 - - 469,558,764 | 1,278,665,989
75 1209,684,017| 456,000,000 | 114,000,000 -- - 489,262,707 | 1,268,946,724
76 (207,524,226 48,000,000 [ 12,000,000 - - 484,223,193 751,747,419
77 -- 199,586,603 | 49,896,651 -- 596,881,458 -- 846,364,712
78 -- 67,507,826 | 16,876,957 -- 464,045,204 -- 548,429,987
79 1424,525,942] 781,252,000 | 633,650,000 - 145,552,016 - 1,984,979,958
80 438,781,506|2,663,296,256| 1,229,854,610 — 154,529,833 - 4,486,462,205
81 [465,0602,625( 772,035,992 | 287,628,917 - 167,428,588 - 1,692,696,122
82 |444,953,377| 837,955,229 | 221,300,000 - 171,618,462 - 1,675,827,068
83 |417,784,843 - - -= 209,985,549 | 847,244,470 | 1,475,014,862
84 461,060,726 -- -- - 656,011,983 | 572,044,349 | 1,689,117,058
85 459,738,754 - £ L 425,727,703 | 564,889,977 | 1,450,356,434
86 499,573,964 - - -5 472,977,000 396,262,000 | 1,368,812,964
&7 (491,020,539 -- -= -- 456,246,000 | 280,557,000 | 1,227,823,539
88 531,082,000 - - 3,000,000,000{421,062,000 | 686,156,000 | 4,638,300,000
89 512,549,249 -- -- -- 431,324,662 | 662,211,753 | 1,606,085,664
90 563,617,393 -- -- -- 496,673,711 728,191,608 | 1,788,482,712
91 724,246,358 - - 1,000,000,000] 544,265,396 | 935,723,643 | 3,204,235,397
92 |777,107,700 - - - 579,653,288 | 1,004,020,302 | 2,360,781,290
93 933,772,434 - - - 619,039,809 | 1,206,430,567 | 2,759,242,810
TR KR AL B § @ 2B E 4R (L 68-93) T E




Z 4-15 fF 2 A dfez L0 & F R A

Y| BB R R | HE RS A | H A AR T

68 136411402 115018 0

69 698435605 129917 327468
70 | 1077780701 155154 537666
71 | 1294848563 177027 652643
72 | 1429860744 197381 719340
73 | 1444955327 199710 725799
74 | 1555894437 232185 769210
75 | 1560266102 243578 763363
76 | 1059042681 203238 452231
77 | 1272504015 193260 509150
78 | 1225202026 300654 329920
79 | 2710879577 322479 1194109
80 | 5342582911 412588 2698932
81 | 2730710659 505609 1018279
82 | 2750917630 477606 802634
83 | 2674744679 530385 706455
84 | 3182825841 661519 792154
85 | 2919671212 640503 630625
86 | 2955263606 692773 588618
87 | 2886150728 706874 527989
g8 | 6407579000 752564 1942768
89 | 3449189503 736652 594303
90 | 3886549003 850797 661796
91 | 5439426003 829077 993910
92 | 4725771004 860622 635085
93 | 5263717002 898627 672889
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Z04-16 TR b ATl o B F B A

IR RN RN T

68 219430881 185018 0

69 1123500957 208984 526764
70 1733714090 249581 864888
71 2082888658 284765 1049839
72 2300068758 317507 1157128
73 2058634174 284527 1034048
74 2216689610 330794 1095897
75 2222917940 347027 1087567
76 1508822740 289554 644295
77 1812942036 275339 725388
78 1521574260 373381 409727
79 3366632196 400485 1482960
80 6634935683 512392 3351795
81 3391260350 627914 1264598
82 3416355319 593137 996788
83 2816588053 558511 743919
84 3351613075 696599 834162
85 3074503193 674470 664068
86 3111983074 729511 619833
g7 3039205097 744360 555989
38 6487373696 761936 1966961
89 3448844619 736579 594243
90 3886549003 850797 661796
91 5450326656 830738 995901
92 4748564112 864773 638148
93 5204901614 888586 665371
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% 4-17 BB e - adL AR E
Pyl WA A | FEE A

94 992463 740060
95 1105137 769663
96 1242135 800449
97 1411238 832467
98 1676224 865766
99 1968884 900396
100 | 2041677 931910
101 | 2133553 964527
102 | 2229563 998286
103 | 2329893 1033226
104 | 2434738 1069389
105 | 2544301 1106817
106 | 2658795 1145556
107 | 2778441 1185650
108 | 2903471 1227148
109 | 3034127 1270098
110 | 3155492 1314552
111 | 3281712 1353988
112 | 3412980 1394608
113 [ 3549499 1436446
114 | 3691479 1479539
115 | 3839138 1523926
116 | 3992704 1569643
117 | 4152412 1616733
118 | 4318509 1665235
119 | 4491249 1715192
120 | 4670899 1766647
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AR RN Y e ST B ARRS A A G LR

RS NZEBPFEP EERE T R HE REEFRP -
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WA S 2B L AT R 2 RORICR.2004) [64] 27§ ¢
" Z kg Ben-Akiva [4]) #re sk > Hoaa* Sie? R BB AL R

SR A E AP F L DI T A4S b RS

RIS
A
-

FE WA E PR s a S 2040 56 B A
EH R B EEE s NN 45 B T T iR R
B i A3 s 4o 4 4-18 95 o T b AR HRHGL FE F)2 &

E5-0.7
E)ZK =(1=R)x X x fy

F 4-18 @A I BN 2 M E
BRSO R

I 1% i -0.24 -0.57

TR D - R FE L ¥ N R E AR TP R TR AITRST G T e

fa (1At ¢ ¥ € = ~ = (Social opportunity Cost rate) > #73] A € 1 § =
Ao RApF R EF NP HELEFT on N H W A AT T Al
b AL E B E S QFE RS AARARET £ A QF
EBEA A AT AT LR 2RI LERT T ETERL A
- BRILOILELTFHATAITRIO L AT 429 57 2 23k 0
T BHEZATRENTAEELA4 (DA EFRF BTS2
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B SR 2 SR Tl SRR T E KRB ARE TR
AT 22 60% 11 b o @ T B SRR T s K1k 30% o FeHT PR IC
FEBEOREFR A - RO R BN TR R A
;;.z,_uﬁ]z\hﬁ-fd pka ’J;l-s% 2z )ﬁ_—% L*“ - 3% Er;ﬁ_‘}\ 1}3_}\.)@% 4

92% » g gH FERIBCF A B AT R R A R EE 0 4ok 4-19 Hfon e

3 4-19 % B pp ¢ ARl &

e I R S R € BRI | I 0 R S L € | B
94 8747776779 110 15081903991
95 9099756828 111 15433863240
96 9494631751 112 15772568212
97 9900168297 113 16098498496
98 10306782338 114 16410604868
99 10713377916 115 16709584216
100 11119964410 116 16992787763
101 11543322481 117 17262814304
102 11962047398 118 17517106825
103 12377181133 119 17756695647
104 12786124281 120 17980894271
105 13188804025 121 18189052688
106 13585294161 122 18380560494
107 13972944242 123 18572087262
108 14351892297 124 18765529297
109 14722430506 125 18960905752
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B tedok 420 957 0 1 F

f
fﬁ“’”ﬁzﬂ\lﬂ i‘yf’rf(]‘mi —)‘Lé@ ﬁffp;ﬁ_lif* &.E.H%‘_:’F*,‘\—"F*,‘\#,Lo]‘\
SRR R IR E S WA R 94~120 & 2 B A R F AR AR
Bl M H TR E 8% A4t b TIEKE E2 L LK § FRYE
A RS FE A R BRI R Aok 421 #F o
%420 A ERZBE A ABRI;EE
oy | A | [®N AR
(ﬂ/“ﬁ') (ﬂ/“ﬁ')
68 | 0.6027 | 81 | 2.4100
69 | 0.6996 | 82 | 2.4453
70 | 0.7988 | 83 | 2.6390
71 | 0.8422 | 84 | 2.7602
72 | 0.8942 | 85 | 2.8525
73 | 0.9894 | 86 | 2.9813
74 | 1.0511 | 87 | 3.1275
75 | 1.1308 | 88 | 3.2174
76 | 1.2346 | 89 | 3.3029
77 | 1.3918 | 90 | 3.4922
78 | 1.5606 | 91 | 3.7659
79 | 1.8034 | 92 | 4.0553
80 | 2.0394 | 93 | 4.3606
2 04-21 B A W ¥R 2
EX Rl i woy | MR
({1 b0 /KD (f1 b @ %/ kD)
94 4.6824 108 10.7526
95 5.0210 109 11.2843
96 5.3768 110 11.8284
97 5.7502 111 12.3275
98 6.1416 112 12.8321
99 6.5513 113 13.3416
100 6.9795 114 13.8555
101 7.4021 115 14.3731
102 7.8391 116 14.8939
103 8.2904 117 15.4174
104 8.7557 118 15.9431
105 9.2348 119 16.4704
106 9.7275 120 16.9988
107 10.2336 121 17.0000
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P: 23§ R FdF(~/22)
kK :#p4tsh& 2 & 6l
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AAFFRE G IR R 22 22§ RAF RS ZORAGE

S

nQ=a+fInP+yInM+d-K+e .ccoeeiiviiiiiiiiiiieieeeeen(5-2)
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511 “Q\\,ﬁ:é.'ﬁ 1\\] ‘B&ﬁlp\“?%
L BRI AR F e LS

-\1'1

Pl 2 TR FREAR R G 2 FR S bR T A iER
R SR AT & 051 407 0 & Bl BRI 5 AR N BF M 5

FIIG FALEF VR 68-93 E HETHE FEEIEAES DR L L2

FoFSEFY S REKET RABEFLH > 8 Sl 17 =0.9676 -
251 aPF Ry I LG rak bR S
5 B B t ok F A
R (@) 13.8183 13.6012
Pl =AY R (P) -0.1584 -1.2004
[a&'élﬁ’?rﬁ(M) 0.7437 9.0573
A EL B A B il (K) 0.2840 5.2878
Durbin-Walltson il 0.6923; 0.6923<D.=0.9

H#ede 5-1 B2, BcE A (5-D) > FEH Sk

Q — e713.8183+04284k P70.158 M 0.743 (5_3)
d b A2 R S% AT RAET S BEE

(D). L3 FP) 2 ARES f B TATEL A S eprae

H2 7 FE>F v ®i > d Cobb-Douglas & ez ${tdost 5-4
om0 B ke L H SR o BEor B RGN > B AR

$arier

EN
&
FTNS
|

&
E!
A
-
™
=
_3\
‘\1
1ﬁ7
]
o
St

|

S
e
W

BHEAA L0

aQ
OINQ/ QS 1EQA e, 5-4
“%mpz QL =&, =—0.1584 (5-4)
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Q) A EFEHEKZ GBI E  FEEZRER L S
H e

FOHAFFEORFERHBEZRET L R I
CREE- RS T F L E L L ERIER LR S

2. AEMEFEFF I RERE
SF RS L R R S @ (R 87) [49) 2 e
FOPE LAY EMEG R I L I A B S A8 R A8 g d =]

252 T EMmEFEFF TRk SRR
% e e 8 t A% EE
(@) 10.3314 11.2199
] = 4B (P) -0.3798 -2.5381
B A A (M) 1.0158 12.8544
HEEEEL A B P ] (k) 0.2915 4.4566
Durbin-W;ltson fili © 0.6818 ; 0.6818<DL=0.9

512 ")\ﬁ%'lﬁ ‘}'\m ﬁl&’r&i“ g%ﬁiﬂ :lv:&g_‘:_
1 i lg % 2 AP M e T

kA TFE AL P AP e T 0 AF7 F # Durbin-Watson 1 %2 - D-W
(Durbin-Watson) se3- & » (3 % rifg T E RGN 2 TR AT 5 - 1 LiwjFe i

AL o d 4 5-1 2522 DW B5 2% s ¢ B Sl

|l
=

B % S0 e 2

D-W &5 0.6923 2 0.6818 - H & % -] > D-W g/ B2 7 " (0.9) > =IE% &

B > TG - PR SRR
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SHEMAL P APHHIEOEE S AFT ARSERY > B - BERE
Hoood HRHS RS- DR Rl S ATIIRE M T R ES AR
FEHEZEORCEM B3 %k2 DW E5 09758 H @+ D-Wih E2 7

FUE(0.9) » 4rd 5-3 0 e BIER R A BK > FTE-IFA LR FHEL o

253 FTEMEGFETFFE 2 AP O FERERER
7

Wy FO. e t k5 E

B () 9.7814 11.8625

] = A (P) -0.2777 -2.0531

Bl A H (M) 1.0650 14.9965
HEEFEL A B Pl (k) 0.2662 4.6143

Durbin-Watson ]'QEJ :0.9758 ; 0.9758>D.=0.9

HEITRBERIrd 53 %m0 & Sl GEEE Y 5L A%om, v H
=0.9761 « ¥ ¢t > d £ 532 BRI TRAELFLEY RR T FRHEL K

~p

SRR o g HAE TR L MEEF LHEFLNT -

Bt 53z thEE R AG-DNATEFE kA
Q = & 702682k OGNy, LA S A (5-5)
2. =3 oI e 2 RSk
FY R T F EFT L8 R 0 =09761 0 A7 H R 4 Rl

FHHT LR A (1P =09676) L 4F o ¥ b WRARE B SAp B A2 ATT
RIFC g p A AR R O A R BEA RS 5 0.001~0.003
AR ENEE R EZET AR T ELLFLFR AT R

EF R RN T 2 R AMpM B RS S TEEL

@R E B S dost 5250 BT MAEY SR L RfE e
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5.2 6 & & 32 R
521 & & SR i

S S NS e

LA, nW nw, eéA‘z In\WW, e%AZI InW, InW,

TVC = e®W, "W, " e2

LT (5-6)
y egAﬂ InW; InW, Q® eQB” h‘Ql“QeA B InW InQ g ArB; InWs InQ
Ao
TVC @ 3 2B EH 4 4
W . b P 2 E QB EAn ]
IR ZRRAZFDBEIRFRZEE 24P 1L F)

A7 A% TSP $icdf iz Zellner(1962) 13 ) 2_ [ 1T 1 & B ik E]a; (Seemingly
Unrelated Regression) | 2 E B A2V (7 f5 Sz kg » H 22 2 8- 0OLS 2 |

PP AMEZ S fRe iR R AT AR T 5 F o

APFEEF RPN R AL L PREEL T Jtach b T AT B A
Sl B F B HR - PR RE S BRI F o S R g AR

TRV s N N

AFT2Z 3 oS AR ESES AR S E Aok

54 #55F o R A S HZ WKig % 0 d FHGEIEIIAVEZRBRY v B3R O

Fhadcd 10 B Efcz tEEF  AfRfEad e o d AR GBERER

.
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Fie

G0 R SR ASd2 RPE S 090310 &7 B fFat 2 2R i
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522 * A SikRiGEFR TS SfE >

BN AT BRBECRZ S AGYE A A 2 ERT EH s T
A Sl Jf % & Varain(1984)# 748 2. w B AgF > T DB - B2 AL
B 2L b B w

WgP’f#Li:?bq\:Lq\:jkﬁyﬁi _@ J’E_,p_,.]..?a}:ﬁﬁol}ﬂ&{ﬂ'ﬁ“%
Translog & & S#cm 3 » L35 0 RIEE 2 TR F WP 407

1. - =& 2 L0 2 4 T (homegenous of degree one in input prices

and symmetry constraints) : ¢ > Translog = # S $c2_ 55 > 48 % § & 32
RIS /XA L e | AL iE e N R I R o o 3
FLiER2 e pormie kAR TR R E T - ARl

2 S UL

2L § iE i 4% T (non-decreasing in input prices) : AF7 F 2 & A S #F S
PSR R ORI IAIPEZ EAR L F LA AGIERITEY &

e SRR A S TR PR R ok 555 40T o

H 33 M i% i & 2 (monotonicity condition) @ o AFFF 2. 2 & I Bely Sodic
T ) TR T T W BT T TrRTE Sy ey SR

ST R THAMEER T dek 557 o

w4 % it 44 % (concave in input prices) : ARG U Z B A & F 2 5 A

it &) » B Hessian Matrix 2. #c# ;8 40T

0°C 0°C
OW.OW,  AW,0W,
o’C ’C (5-7)

OW,OW,  OW,W,
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FUBE SRS A GBI AP T R R
W = 7=l o £ PR 5 W = PRI 2 Tranlog & & 5 431 & > 7

Hessian Matrix & #& #% % -

. c _
\le (812+BII_SI) V\/1W2 (SISZ+BIZ)
C Cla2n o) |eorooiiiainnnn. (5-8)
H= B,) — B, —
AR RL N Ee S ELY
%552 (A irdom @ TEG

d 7% 5-8 V#7482 Hessian Matrix $
Pt o KE SR FIRA G DR A S

m

MR AT R 3 FI2EE L B AcEARIT YR > A A ST 2 5 TiT it E
%;;1‘_’;7‘1:” ‘:}"&J °

ot AR g i 2§ MR A Sl Varain v BRI R 2
% Ark 56 417 o
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BEREORSAAIEIETALpAPH DR T SR TEFHET R ED
B a2 D-W 8 1.4764 ¢ @484 n & BK > 7 T E - [P p L iR e

3054 b A Sz 4Bk D 2

SYCE | SPEEREE | oW | UEEE
A0 Hieg 140,653 5.4469
Al InW1 -1.1475 -1.8222
A2 InW2 2.1475 34101
Bl InQ -12.1308 -5.3917
All InW1*InW1 0.1674 8.8343
A22 InW2*InW?2 0.1674 8.8464
B11 InQ*1nQ 0.5421 5.6497
Al2 InW1*InW2 -0.1674 -8.8517
AlBI InW1*nQ 0.0690 2.5983
A2B1 InW2#1nQ 10,0690 22,5909

Bt 2542 BEARA NS 6FFHEH S ASHE
1
TVC = gH06syy—11475\p 21475 65(0'1674)“‘"\4 InWj (~01674) W I
3 | P

L 0.1674) 05 1nwy 1

1 1
L (0.5421)InQINQ  —(0.069)InW, InQ —(-0.069)InW, InQ
%2 Q( 12.1308) o2 g2 g2

FCARTT L E a2 A A S T E 2 R SRR S A S 4ot 59

VLR M IREEEY OO 2 R e
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255 BHEOBRAASERBER 2 FAEE LI RE L

B | SRR | PR howo |
SLES Sk g A | o h e | BT A R 2

0.019778 0.26282 0.73688 |-0.00287314.24092x1077
0.023085 0.20792 0.79165 10.005859 1.68085%107’
0.024547 0.19648 0.80302 [0.005851 P.75782x107"
0.033706 0.20152 0.79795 10.004207 }1.0842x107"®
0.036133 0.20567 0.79386 |0.000718 |.12486x107"®
0.040192 0.22081 0.77867 10.000428 }.84603x107"
0.04839 0.23478 0.7647 0.000272 (.45389x107"
0.042313 0.29904 0.70059 10.001519 [1.02831x107’
0.055924 0.28207 0.71759 10.000441 }.50521x107"
0.056889 0.43567 0.56403 1-0.003272R.67362x107"

0.1064 0.2387 0.76079 [-0.003745(-0.0014380

NN N =R === =]=]=]=|—=]—= wlalwlo]—~
wln|=|olo|lw|w|lalula|lw|v|=|o|C|[®|[2

0.19386 0.14688 0.85243 1-0.001053 0
0.1189 0.34579 0.65363 |-0.0009031[1.89735x107"
0.12279 0.38139 0.6181 -0.000850/.76183x107"
0.10327 0.42632 0.57325 |-0.000813}.25261x107"°
0.12298 0.44872 0.55079 1-0.000836].0842x107"
0.11357 0.48565 0.51391 [-0.0013765.42101x107"°
0.11644 0.51065 0.48891 |-0.001425(5.39483x10°*
0.1127 0.5374 0.46219 (-0.001507}5.7146x10°°
0.21085 0.3343 0.66509 |-0.001041[3.84225%x10°*
0.12225 0.53266 0.46694 |-0.0011124.12233x10°*
0.13647 0.54113 0.45843 1-0.000942[3.58368x10°*
0.18128 0.47239 0.52713 |-0.000895}1.6263x107"
24 0.15955 0.55844 0.44115 1-0.000841[3.14624x10°*
25 0.16832 0.56198 0.43761 1-0.0010104.00614x10°°
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TR= N +——(2248.97x M'" x (=14 C, = 2.50x F; x ¢
P
+ P(2.50 +12.96 X P —12.96 X Fo X frvvvoovoeeeeeeeeeeeeeeeseeeeeeeeeeeeeeeeeeeeeeeee (5-10)
TC =
1 ) 0.08log[W; 12 +0.27x|0g[wlz ~0.069 Iog[wlxlug[W2 1+0.08LOG[W; ]2

1.68x10° x (e

(M H10.19 + F>))12_13 ( ( )

P1A38
29160.8xM 1 (0.19+P)
V1 008 0Bl 1+0.069 logl =D R OO lodWa ] €24y s (5-11)
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Wi A-1 RE# %Efﬁﬁﬁﬁi%‘j‘:&«i%
¥ im
ZR ’J‘&;—g' ""jt']—g' EE?’%E' .f‘;é;éj' 1;\{.’;‘
RN 3 % HRUEN 3 % HRUES '3 %

68 52,352,018 | 61.44% | 22,151,745 | 26.00% | 10,702,484 | 12.56% | 85,206,247 -

69 54,989,128 | 59.05% | 24,072,672 | 25.85% | 14,063,333 | 15.10% | 93,125,133 9.29%
70 60,639,891 | 61.80% | 23,000,399 | 23.44% | 14,484,262 | 14.76% | 98,124,552 | 5.37%
71 67,385,984 | 64.50% | 22,068,349 | 21.12% | 15,022,091 | 14.38% | 104,476,424 | 6.47%
72 77,376,429 | 66.06% | 23,727,577 | 20.26% | 16,018,966 | 13.68% | 117,122,972 | 12.10%
73 88,368,941 | 67.11% | 25,094,709 | 19.06% | 18,215,958 | 13.83% | 131,679,608 | 12.43%
74 93,715,074 | 67.48% | 25,134,166 | 18.10% | 20,026,368 | 14.42% | 138,875,608 | 5.46%
75 | 107,187,657 | 67.84% | 27,538,127 | 17.43% | 23,279,912 | 14.73% | 158,005,696 | 13.77%
76 | 132,136,310 | 69.58% | 30,339,057 | 15.98% | 27,416,695 | 14.44% | 189,892,062 | 20.18%
77 | 163,891,334 | 72.17% | 32,103,874 | 14.14% | 31,089,727 | 13.69% | 227,084,935 | 19.59%
78 | 192,103,323 | 74.78% | 33,011,019 | 12.85% | 31,777,205 | 12.37% | 256,891,547 | 13.13%
79 | 218,342,374 | 76.43% | 34,800,994 | 12.18% | 32,544,093 | 11.39% | 285,687,461 | 11.21%
80 | 226,159,292 | 76.50% | 35,894,432 | 12.14% | 33,562,272 | 11.35% | 295,615,996 | 3.48%
81 | 230,006,083 | 76.08% | 49,132,718 | 16.25% | 23,169,694 | 7.66% | 302,308,495 | 2.26%
82 | 243,667,798 | 76.22% | 49,096,060 | 15.36% | 26,906,344 | 8.42% | 319,670,202 | 5.74%
83 | 264,972,448 | 76.88% | 49,262,011 | 14.29% | 30,444,680 | 8.83% | 344,679,139 | 7.82%
84 | 287,060,840 | 77.97% | 50,090,227 | 13.61% | 31,002,161 | 8.42% | 368,153,228 | 6.81%
85 | 303,264,205 | 78.39% | 52,611,579 | 13.60% | 31,012,966 | 8.02% | 386,888,750 | 5.09%
86 | 299,779,364 | 78.43% | 51,742,279 | 13.54% | 30,715,897 | 8.04% | 382,237,540 | -1.20%
87 | 331,629,688 | 80.06% | 50,054,717 | 12.08% | 32,565,448 | 7.86% | 414,249,853 | 8.37%
88 | 346,846,068 | 79.92% | 52,979,020 | 12.21% | 34,156,987 | 7.87% | 433,982,075 | 4.76%
89 | 365,321,033 | 80.50% | 54,289,832 | 11.96% | 34,200,226 | 7.54% | 453,811,091 | 4.57%
90 | 375,777,088 | 80.86% | 55,336,086 | 11.91% | 33,588,766 | 7.23% | 464,701,940 | 2.40%
91 | 395,709,620 | 81.44% | 55,804,880 | 11.48% | 34,382,771 | 7.08% | 464,701,940 | 2.40%
92 | 435,347,628 | 83.02% | 54,094,912 | 10.32% | 34,940,332 | 6.66% | 485,897,271 | 4.56%
93 | 467,876,262 | 83.08% | 57,254,601 | 10.17% | 38,037,516 | 6.75% | 524,382,872 | 7.92%
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Sl 40.6 59.7 543 62.2
71| PISEEVRA | T 37.6 76.2 56.8 66.9
Fiat 39.1 67.7 55.5 64.3
1=F 28.2 56 472 56.5
76 | TEEIERRIE | R 26.6 48.1 37.3 53.1
Fiat 27.4 51.7 42.3 54.8
J=F 27.1 60.4 39.6 63.8
78 | TIFIENRA | 29.1 57.3 41.3 56.2
fiwt 28.1 58.8 40.5 60
Ly g 31.7 61.1 44.6 62.1
83 | THREE R | 32.8 59.2 45.6 58
it 32.2 60.1 45.1 60
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Hiiek A-3 B iR 2
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1AEH | BERRE | LI RER IO ro® B8
£ R 82-96 78-91 90-96 76-92 79-96
76 - -- - 267.48 -
77 -- -- -- 2804.51 --
78 -- 5.15 -- 3760.13 --
79 -- 126.60 -- 2058.43 395.41
80 -- 284.49 -- 36124.15 1004.50
81 -- 1286.31 -- 18438.03 270.09
82 72.60 3577.01 -- 32145.21 5724.18
83 60.63 6123.95 -- 10936.38 5782.41
84 360.04 5669.85 -- 8857.88 8851.83
85 897.45 3160.33 -- 7427.02 10366.42
86 1502.09 1873.00 -- 5710.80 19730.40
87 2952.20 1314.06 -- 3446.92 22579.03
88 6442.70 425.52 -- 2738.12 60324.46
89 5601.95 597.97 - 2435.21 49129.62
90 3412.37 74.06 15.42 903.1 27942.77
91 3061.14 116.51 3.76 1041.75 16234.22
92 4309.99 0.00 0.00 1271.14 8136.01
93 5659.77 0.00 0.00 0.00 2507.65
94 8695.03 0.00 295.00 0.00 1172.30
95 6511.57 0.00 139.55 0.00 1321.71
96 6008.67 0.00 968.47 0.00 27696.34
TRKR I BEERETE
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WHRA-S AR AR
? A SEGE
OPTIONS MEMORY=12,CRT;
SET NOBS;
SMPL 1,NOBS;
2 TR
LOAD tc wl w2 q sl s2;
? WA NS
LT =LOG(tc);
FRML CF2EQ1
LT=A0+A1*LOG(w1)+A2*LOG(W2)+0.5*A11*LOG(W1)*LOG(W1)+A12*LOG(wW1)
*LOG(w2)+0.5*A22*LOG(w2)*LOG(W2)+B1*LOG(q)+0.5*B11*LOG(q)*LOG(q)
+BA1*LOG(W1)*LOG(q)+BA2*LOG(w2)*LOG(q);
P X T RIS EE L 0
FRML CF2SW1 s1=A1+A11*LOG(w1)+A12*LOG(W2)+BA1*LOG(q);
FRML CF2SW2 s2=A2+A22*LOG(W2)+A12*LOG(w1)+BA2*LOG(q);
FRML CF2SQ1 1=A1+A2;
FRML CF2SQ2 0=A11+A12;
FRML CF2SQ3 0=A12+A22;
FRML CF2SQ4 0=BA1+BA2;
PR AR FK
PARAM A0 A1 A2 A11 A12 A22 B1 B11 BA1 BA2;
?REHME S RE
SUR(HETERO,ROBUST) CF2EQ1 CF2SW1 CF2SW2 CF2SQ1 CF2SQ2 CF2SQ3 CF25Q4;
23R EE
ES1=A1+A11*LOG(W1)+A12*LOG(W2)+BA1*LOG(q);
ES2=A2+A22*LOG(W2)+A12*LOG(W1)+BA2*LOG(q);
ETC=EXP(LT);
ECY=B1+B11*LOG(q)+BA1*LOG(W1)+BA2*LOG(W2);
EAC=ETC/q;
EMC=ECY*EAC;
SMPL 1,25;
? A 2 B
PRINT ETC;
PRINT ESI;
PRINT ES2;
PRINT EMC;

end;
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? — A Sl 1 i

OPTIONS MEMORY=12,CRT;
SET NOBS=26;

7R TR A

SMPL 1,NOBS;

LOAD QP Mk;

7R Twk

LQ =LOG(Q);

FRML CF2EQ LQ=A0+A1*LOG(P)+B1*LOG(M)+C1%*k;
7R TR G fHEc

PARAM A0 A1 B1ClI ;

? ¥ip ik

LSQ CF2EQ;

end;

IR :IEAY N BT L C AR
OPTIONS MEMORY=12,CRT:

SET NOBS;

SMPL 1,NOBS;

? 1IQF ~ B FHE T AR PHS
LOAD Q SPMk;

LQ=LOG(Q);

FRML CF2EQ LQ=A0+A 1*LOG(P)+B1*LOG(M)+D1*LOG(S)+C1*k;
7R TR S

PARAM A0 Al BI C1 DI;

? ¥ip ik

LSQ CF2EQ;

end;
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