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AbstractThis paper attempts to analyse the productive structure in the airport industry. The 
analysis was made using the neoclassical approach of dual cost function. A translog joint cost 
function was used, as its flexibility gave us the possibility of directly modelling the cost 
structure without imposing arbitrary a priori restrictions on the structure of production. In 
order to test several hypotheses on the joint cost function we derived parameters such as cost 
elasticities, economies of scale and elasticities of substitution between inputs. The main 
conclusions of this work are: 1) The translog form, linear homogeneous in input prices, was 
statistically significant generalization of the rest of restricted functional forms to represent the 
productive structure of the Spanish airport industry, 2) The existence of economies of scale in 
airport operations. Having this an important repercussions in investment programme (airport 
planning) and cost structure.  

1. Introduction 
The study of the productive structure of a given industry implies the estimation of a functional rela-

tionship between the inputs used in the process and the outputs obtained. An airport "processes" passengers 
and freight through its facilities, using capital, labour and certain types of supplies such as electricity and 
fuel. Hence, it seems reasonable the determination of a production function that permits the analysis of the 
"productive" process developed in the airport in order to explore the most relevant aspects of its technology. 

In this work we analyze the productive structure of Spanish airports using the neoclassical approach 
of dual cost function. The existence of economies or diseconomies of scale, the evaluation of productivity 
and technical progress and other aspects related to the productive efficiency, such as sustituibility between 
productive factors and price elasticity of the inputs demand, are characteristics directly derived from the dual 
costs function that underlies the productive structure. 

First, in section 2 we will estimate a dual cost function that represents the productive structure for 
the Spanish airport network using the translogarithmic (translog) specification. Subsequently, in section 3, 
from the dual cost function coefficients we derive some relevant parameters of this technology.  Finally, the 
conclusions of this work are summarized. 

2. Estimation of the translog joint cost function for the Spanish airport network 
The variable output used was UT (units of traffic transported) to avoid multicolinearity problems be-

tween freight and passenger. One UT is equal to a passenger or a hundred kilogrammes of freight1

The assumption on the error is that Φit must be identically and independently distributed, i.e. the er-
rors term of any unit are not interrelated: they are independent for contemporary units (i) as well as for dif-
ferent lags (t). Furthermore, we adopt the assumption that the errors term variance is constant for every ob-
servation, and that the errors Φit are normally distributed. Consequently, we can use the ordinary least 
squares method to estimate the parameters of the proposed model. The hypotheses on the error were tested 
through the Shapiro-Wilk and Breusch-Pagan tests. According to the results obtained, the basic hypotheses of 

. The price 
of labour (L) is defined as the ratio between the personnel expenses and the number of workers. In the same 
way, the price of materials (M) is defined as the ratio between the materials expenses and the units of traffic 
transported (UT). The model adopted for the joint cost function was: 

COP = F (UT, L, M)                                                                     (1) 

The estimation of the previous function was made through a pool of data referring to years 1991-
1992. The stability of the value of the estimated coefficients respect to each group of data or year was tested 
separately using the Chow test. According to the results obtained, we accept the hypothesis of stability. 

                     
1 UT = number of passengers + (kilogrammes of freight/100). 
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the model are not rejected. The coefficients of the translog function, linear homogeneous in input prices, 
does not give us any useful information thus we derive directly the relevant parameters. The cost elasticities 
respect to the production variable, with their corresponding confidence intervals, and the returns to scale are 
shown in table 1. The results obtained for Allen elasticities of substitution are presented in table 2. 

As we see in the table 1, there are significant economies of scale in airport operations. This means 
that as an airport increases its traffic throughput the cost per unit of traffic (UT) declines. The implication of 
this is that smaller airports will tend to have higher units cost. From an airport planning point of view it sug-
gests that concentration of air traffic within a region on a small number of larger airports will result in lower 
airports cost than spreading air services to a large number of relatively smaller airports.  

Table 1. Returns to scale and cost elasticities (1992) 

 
Airport 

 
EC 

 
Confidence interval 

 
EE 

Alicante 0.256 (0.245 , 0.267) 0.744 
Almería 0.230 (0.219 , 0.241) 0.77 
Asturias 0.206 (0.195 , 0.217) 0.794 

Barcelona 0.311 (0.3 , 0.322) 0.689 
Bilbao 0.228 (0.217 , 0.239) 0.772 

La Coruña 0.189 (0.178 , 0.2) 0.811 
Fuerteventura 0.169 (0.158 , 0.18) 0.831 
Gran Canaria 0.258 (0.247 , 0.269) 0.742 

Granada 0.218 (0.207 , 0.229) 0.782 
Ibiza 0.242 (0.231 , 0.253) 0.758 
Jerez 0.251 (0.24 , 0.262) 0.749 

Lanzarote 0.184 (0.173 , 0.195) 0.816 
La Palma 0.167 (0.156 , 0.178) 0.833 
Barajas 0.309 (0.298 , 0.32) 0.691 
Málaga 0.310 (0.299 , 0.321) 0.69 

Menorca 0.246 (0.235 , 0.257) 0.754 
Murcia 0.223 (0.212 , 0.234) 0.777 

Palma de Mallorca 0.267 (0.256 , 0.278) 0.733 
Pamplona 0.235 (0.224 , 0.246) 0.765 

Reus 0.270 (0.259 , 0.281) 0.73 
San Sebastián 0.219 (0.208 , 0.23) 0.781 

Santander 0.241 (0.23 , 0.252) 0.759 
Santiago 0.245 (0.234 , 0.256) 0.755 
Sevilla 0.306 (0.295 , 0.317) 0.694 

Tenerife Norte 0.223 (0.212 , 0.234) 0.777 
Tenerife Sur 0.272 (0.261 , 0.283) 0.728 

Valencia 0.288 (0.277 , 0.299) 0.712 
Valladolid 0.159 (0.148 , 0.170) 0.841 

Vigo 0.226 (0.215 , 0.237) 0.774 
Vitoria 0.269 (0.258 , 0.280) 0.731 

Zaragoza 0.216 (0.205 , 0.227) 0.784 

EC and EE are, respectively, the cost elasticity respect to the production 
variable and the returns to scale. 

On the other hand, when airport undertake development programmes which are too large in relation 
to immediate traffic needs or which are undertaken too soon, the short-term and medium-term effect is to 
increase their unit costs. This is not only because the airport’s depreciation and other capital costs go up but 
also because operating cost rise. A major new terminal has to be heated, lighted, cleaned and maintained and 
staffed even if the number of passenger using it is below the design capacity. In this sense, there are econo-
mies of density in terminal building operations (Walters, 1978). 

These economics characteristics of airport may appear contradictory in that there are economies of 
scale on the one hand, while on the other development programmes aimed at achieving these economies push 
up costs. In fact these two conclusions are reconcilable. There are a number of situations in any industry with 
falling long-run costs where an increase in capacity will lead to higher costs in the short-term: first, if the 
investment in new capacity takes place too soon and demand is not in a position to grow sufficiently quickly 
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to allow the utilization of the new capacity at a low-cost output level; second, if investment in capacity need 
to be undertaken in large discrete stages, implying that the short-run cost curves are far apart from each other, 
then the effect of a new investment programme is the same. In both cases demand or traffic throughput is too 
low in relation to the increased capacity to ensure low unit costs. It is clear that in many airport situations 
both factors often occur in conjunction. Investments are undertaken too soon and the jumps in productive 
capacity which result from these investments are too great. In other words there is a divergence between 
short-run and long-run costs. 

Table 2. Elasticities of substitution and price elasticities (1992) 

 
Airport 

 
lm 

 
ell 

 
Emm 

Alicante -0.589 0.571 0.016 
Almería 0.612 -0.531 -0.081 
Asturias 0.650 -0.553 -0.098 

Barcelona 1.572 -1.686 0.113 
Bilbao 0.401 -0.369 -0.033 

La Coruña 0.711 -0.575 -0.136 
Fuerteventura 0.556 -0.493 -0.063 
Gran Canaria 3.583 -3.642 0.060 

Granada 0.661 -0.558 -0.104 
Ibiza -0.104 0.099 0.003 
Jerez 0.610 -0.530 -0.081 

Lanzarote 0.355 -0.329 -0.027 
La Palma 0.668 -0.561 -0.107 
Barajas 1.399 -1.541 0.141 
Málaga 2.282 -2.358 0.076 

Menorca 0.212 -0.200 -0.013 
Murcia 0.732 -0.577 -0.155 

Palma de Mallorca 1.870 -1.961 0.090 
Pamplona 0.706 -0.574 -0.133 

Reus 0.701 -0.573 -0.128 
San Sebastián 0.735 -0.577 -0.158 

Santander 0.680 -0.566 -0.115 
Santiago 0.455 -0.414 -0.041 
Sevilla 9.485 -9.530 0.049 

Tenerife Norte 0.404 -0.371 -0.033 
Tenerife Sur 2.948 -3.013 0.065 

Valencia -0.494 0.478 0.014 
Valladolid 0.752 -0.575 -0.178 

Vigo 0.644 -0.549 -0.095 
Vitoria 0.633 -0.543 -0.090 

Zaragoza 0.671 -0.562 -0.109 

lm is the elasticity of substitution, and ell and emm are, respectively, 
the price elasticity of labour and supplies demand. 

In most Spanish airports, the values obtained for the elasticities of substitution between inputs were 
positive. This indicates the existence of sustituibility between factors. Only the airports of Alicante, Ibiza and 
Valencia contradicted such affirmation. In the case of big airports, sustituibility seems more intense. On the 
other hand, except for some rare cases, the values obtained for price elasticities of inputs demand showed the 
right sign, that is to say, according to the regularity conditions required for the joint cost function2

Caves et al. (1980) point out that the most common restrictions on the production structure are ho-

 (see table 
2). 

3. Conclusions 

                     
2 MacFadden (1978) points out that the translog function does not satisfy the condition of being globally concave for the 

whole input prices vector. It does not exist the possibility of guaranteeing through restrictions on parameters this condition being 
fulfilled. 
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mogeneity and separability. They demonstrate that these restrictions can be relaxed through the use of flexi-
ble functional forms. Such specifications permit to test these and other basic hypotheses on the productive 
structure, not needing to impose a priori arbitrary restrictions on it. Following these authors, we state a set of 
hypotheses on the productive structure of the Spanish airport network. The hypotheses tested support the use 
of the translog form, linear homogeneous in inputs prices, to represent this productive structure.  

Other important aspect to emphasize is the use of variable UT. This variable permitted to reduce 
multicolinearity problems, which were a consequence of the translog form design. The estimation of the 
translog model, considering the variables "freight" and "passenger" in a separate way, led to results that con-
tradicted the regularity hypotheses required for the dual joint cost function. 

The trade-off between economies of scale and density in airport operations has a great importance to 
airport planning. The implications are clear. Airports should hold back investment as long as possible if they 
want to keep their unit costs of production low. In addition they should avoid grandiose developments which 
entail very large jump in capacity in a single step.  
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