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ABSTRACT

The purpose of this paper is to attempt to measure biases in the
technological change of an airport over a period of time. This study is
divided into two stages. The first stage involves the construction of Torngvist
indices. Indices for three output groups and three input groups are
constructed and discussed. Index of total factor productivity is also
constructed. In the second stage, we adopt a dual approach to production
Jfunction to investigate possible biases in the rate of technological change
between inputs and outputs. The Generalized McFadden profit functional
Jorm is used. In the case of C. K. S. Airport, the measures of biases in
technological change suggested that materials and services were Hicks-using
relative to the other input groups. It is different from the results of T orngvist
TFP. The measures of biases for the outputs indicate that movements had
experienced  faster  technological growth than passengers and
non-aeronautical revenue. In conclusion, we use a non-parametric index
number approach to illustrate how such a global measure can be used to
investigate airport productivity, and a parametric duality function method to
measure biases in the technological change that often are very useful to
airport managers and to those monitoring airport operations.

Key Words: Adirport; Biases in technological change; Total Jfactor
productivity; Hicks-neutrality of technology change
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82 | 37,225 |5,576,806 780,367,446 | 1.7230 | 305 | 2,591,218 | 1,889,635 | 0.9860 | 1.7476
83 | 41,704 15,809,287} 754,890,000 | 1.8681 | 296 | 2,988,597 | 1,965,676 | 1.0123 | 1.8454
84 | 46,097 16,292,899 688,309,000 | 2.0005 | 310 | 2,791,751 | 1,940,048 | 0.9747 | 2.0524
85 | 50685 16,792,925] 690,876,000 | 2.1370 | 315 | 2,787,640 | 2,002,443 | 0.9698 | 2.2035
86 | 54459 17,092,427 721,761,000 | 2.2474 | 324 | 3,165492 | 1,908,568 | 1.0210 | 2.2009
87 | 54,888 16,912,800 854,806,000 | 2.2409 | 323 | 3,261,768 | 2,030,047 | 1.1301 | 1.9830
88 | 54.846 17,651,628 874,029,000 | 2.2703 | 322 | 3,643,636 | 2,158,072 | 1.1675 | 1.9446
i
/| 0.0871 | 0.1001 0.0268 | 0.0649 [0.0072| 0.0046 0.0748 | 0.0141 | 0.0542
’R
BRI [7] -
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Ht%; ;’9"'1""”"’ p&J +§ﬁ.~pﬂ+:§1)ﬁ,~cp,-,t+ﬂc{:213y Zp,-J £ t=1-T (24)
Hep gy =p; Vij=1-5

7 =8 i BRABRBELCEATISE
Py = 5B t FF 7 PR IR (E RS TR

Py =55t B IRE R ERS RS

Py =55t EZTHEESIEE

Dy =B t 2B TR ABERIEE

Ds, =B t |2 A BRI

Do =25 t FEZ FEHE A [EFSFEE

t =FE s 2 RS |

B BEETRAGHIRAIZE -

EERERA - EHHEYT  AAEEEE—HNEREREEAER - LR
GM FEEEH » AR B =P R A EREBEREELER  Rig
Hotelling’s Lemma » 7] FH(24):Z F {8 B H 2 HHEEHE EREBER R A\ T KB BEE
RARAOT -

5
qi=p i+ 28171)%6, +Pict+Bey it’ +en  i=14--5, t=1--T
jA

1 SNSHBuvnp: '
got =fs—7 zzﬂm%gt +Boct + ooy 6t e t=1-T (25)

Jj=li=1

Hrp g, FRE IR ABELER ¢, RHEMFEBELC TERE HEEH
HR (24) AFHHER (25) BRARE T EREEREA - BT LB
HER » AHIEHRA Zellner AYMEIEFERIHEL S ( seemingly unrelated regressions

(SUR) ) ETRMESERME » RERKEZ SUR (G iR 2EBREABAMEETF
( maximum likelihood estimator )

HRFIR A SUR #ETBILAER (24) (25) B/ & ARIMS
FHE - HZFERBGCREE (eigenvalues ) A - BURLULER T EATEAE R EEERT
EEHEERMME (convex in price ) ZMH - IRAIBBURFERCERB=(8,]1 T

RIEFIE (positive semi-definite ) - SEIEHELR GM FIEREH N EERSME - B
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Bu PBun B ay; 0 0 Jlay ay A3
B By Bn Bxn |= Gy 0y, 0 0 a, ay

By B B Q3 Gz O3 0 0 as
2 (26)
o a1y LTLET
- 2 2
= G210, ay tas A yl3 TAY05,

2 2 2
Q30 A3y Tan0,, a3 tas, tas,

e EZRTAT > GM RIS K ARdR Hotelling’s Lemma » FOFINSERS R s it

FEHTRERERARRSENTZ L, 1B 28 - Fi: » AT R

(24) (25) B0k (26) HETTHRMIERIT HREREAAS » B BN 3 » FiitiEt
< BEEREIIE SR K e ELFEEAE:

79t %EE?E&(%SE@EA%X%EE& (25) FPATSEH A R B I - (A
T

. [a%pj}[p%] L =16 (27)

&y _Bi R
apj Ds L, 1, ,5

5
aqi/ap6=‘a‘1“ap.=—2’9"'%g i=1-.5 (28)
i Jj=1
dqs/ _ NBipip;
=22 P

ER ARGz oy T SR8 - JIEL » FIFH (26) o, WHREA - L (27) 5
SRAHBEHES ERENIR 4 B EHY BRI RIS & S Bs: -
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PR A BRI EREERA  £5-1.936 » BURIIZEub IR TR ST F & o rsis
AREGZ B > 555 TS B BTSN - 45 5155-0.152 F2-0.036 -

3 JFRMER/NESIEEEHER

2 % ftiEHE e t-fE
B GRESIEREERIEE) 43.325 0.999 43.347
oy 1.959 0.050 39.052
Ay 471.820 1.061 444.600
oy -89.037 0.941 -94.622
A gy 0.003 0.009 0.288
as, -53.025 1.284 -41.288
B, (RSO RS TR BO<IFRS) 360.320 1.415 254.680
B oo (EERTRERS) 0.009 0.015 0.589
B, (RERBES T8 1.528 1.000 1.528
%y -91.206 1.047 -87.149
a3, -5.181 1.031 -5.025
a4 0.051 0.054 0.957
As, 279.840 1.546 180.980
B 2 GREIRHS S SRBOIE ) 7318 1.001 7.308
B, FHEEEEE) 0.919 1.000 0.919
A3 -12.674 1.007 -12.590
Ay 0.069 0.074 0.925
sy 135.180 ° 3.306 40.888
B s, (RSB E B 0.025 1.001 0.0247
B, (5T (RS 158 ~246.070 2.822 87.197
Qyq -0.506 0.090 -0.624
as, 21.822 2.189 9.967
B 4o (577153 A ERSHEEOEER) 17.592 1.481 11.881
B s EEEIEHEE) 0.876 1.000 0.876
Qss 1.149 1.001 1.149
B s, GeLfE I B X ) 3.888 1.071 3.631
B ¢ (FRRIE A (M5 80) 1.261 1.001 1.261
B s (FREEE AU RO ) 3.062 1.042 2940
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MESEE SN RRBBAIHE—R T ELH %555

T4 PIEMZILRA  EHZ EMREE

BTN | BERER |REAKR | B 8 |8 7 |# & 2 | b
REREZER | 0.07371 | 0.04495 | -0.00458 | 0.00058 | -0.00275 | -0.11191
MRE AR | 012623 | 0.07985 | -0.00776 | -0.00298 | -0.00951 | -0.18583
H § & -0.00550 | -0.00332 | 0.00035 | -0.00027 | 0.00007 | 0.00867
B 3| -0.01143 | 0.02073 | 0.00433 | -0.15254 | -0.07162 | 021053
fE & E| 002758 | 0.03398 | -0.00057 | -0.03676 | -0.03653 0.01230
P& A | 118527 | 0.70082 | -0.07647 | 0.11405 | 001298 | -1.93665

H (23) FTE B BAOTEBATE & 2 (RO RS EINE 5 6 Fin - Hbsk 5
REAARSMBBFAEL  RBIEE » R ESHELE SHEEZ KM TR
ABREE BRI RIAEREEN » HER2 B A s A B 2
RIS 0 > FAERETR - RERES PRI A B I ABS S - ik
XBH5NLHER - EFMRAEERZFRELE SR SREEESaE
R NFFRAY  MEETHERE (joint test) » BHFR T/ AR EES
AR - RERBETER R B A TR T ¢ MES 14128 ARERES
232y ZHREE 5.99 » HEABRREIE - JREI AT B HTE S (A A o (i e
EZHH - MH Tornquist #EEREENIEMAS LR » TR A B RER
BAHIES 7:5% « BTIERZERRER 0.7%  BIEBZ/AS 0.5% » ESHHERK
MEBIEAL > BITBE [RIFSETRE Tomqvist METE% 4 B 7RIt ks AT
R K 2RI R E 2 S B AR T — B R B 1y
BE - ANEEARITBIERF & B RIBEL - Wit > 8T ABEEEEY - S5a%
R HRERVAIRTRE I SRR RSB PR - SRS s 1B
BEFIRRE » R A BAEE RIS B R B AR » MR NS E
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