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Abstract

In shipping practice, the utilizations of owned and leased containers are generally regarded as
homogenous factor inputs and perfect substitution in providing container shipping service. In economics
theory, the characteristic of perfect substitution implies an extremely price-sensitive pattern of factor input
utilization. To follow the input ratios and price ratios of owned to leased containers, the former one shows a
relatively stable pattern, but the latter one presents a trend with gradually decreasing rental rates of leased
containers in recent years. Obviously, the practical observations on the pricing behavior of international
container leasing market and the theoretical implications of the production function with perfect
substitution are contradicted. The paper shows that the substitution between leased and owned containers is
not perfect even though these two kinds of containers are homogeneously treated in shipping operation. By
contrast, a fixed proportion production function is verified. Given a production function with fixed
proportion technology, theoretically, it implies that the optimal combination between owned and leased
containers will be located at a fixed ratio which is completely determined by some exogenous factors, other
than the price ratios of owned and leased containers. As a consequence, the result suggests that some
unknown factors not included in the production function may play the key roles on determining the
combination between owned and leased containers in the operation of container shipping.

Keywords: container leasing, container shipping, elasticity of substitution,
perfect substitution, fixed proportion technology

1. Introduction:

In international container shipping industry, it is a critical and complicated issue for carriers to
determine a proper stock of containers for maintaining their operations and services along the port
network they call. In practice, shipping lines need to keep a container fleet to support their ongoing
operations, and prefer to buy a relatively fixed proportion of owned containers, irrespective of the
whims of the market (Containerisation International Yearbook, 2007, p. 15). Due to the tremendous
burden of capital cost associated with holding required amount of containers by container carriers,
there are only a few carriers, especially in the early stage of containerization, able to afford the
costly expenditure on expanding their containers fleet without sacrificing the growth of
containerships fleet.

However, the fluctuations of market demand have brought an extreme difficulty for carriers to
remain the balance between the demand and supply of containers. Facing with a volatile
transportation demand in global container shipping, an aggressive attitude toward the development
of containers fleet may lead to a number of idle containers scattered at the ports called and a huge
capital burden for holding excessive containers. In contrast, a conservative attitude may incur a loss
of business opportunities due to containers shortages. Therefore, a development strategy of
container fleet by mixing with leased and owned containers has been widely adopted by container
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shipping lines to support transportation demand and to hedge against the risk of capital loss as
holding too many owned containers or suffering devalued container price under a low-demand
market condition.

In addition, Theofanis and Boile ( 2009) and Rodrigue (2009) also indicate that the empty
container reposition caused by the trade imbalance between the eastern and western hemisphere
after 1980s is a highly cost-consuming problem for container shipping lines and leasing companies.
Since the beginning of containerization in the 1970s, as a consequence, the container leasing
industry has emerged to offer an alternative tool in the management of containers fleet, enabling
shipping companies to cope with temporal and geographical fluctuations in the demand (Rodrigue,
2009). Obviously, it will be helpful for shipping lines, container leasing companies and researchers
to foresee the market development in global container leasing industry if the factors on determining
the combination of leased and owned containers among container shipping lines are discovered.

The purpose of this paper is mainly to investigate the elasticity of substitution between owned
and leased containers. By utilizing industry-specific data with the viewpoint of global container
shipping industry, this study has applied a production function with constant elasticity of
substitution (CES) to analyze the elasticity of substitution between owned and leased containers.
Different from the practical observation viewing owned and leased containers as a pair of
homogenous factor inputs in shipping operation, interestingly, the finding shows that a fixed
proportion, but not perfect substitution, production function is a proper function form to describe
the behaviors of shipping lines on holding a container fleet mixed with owned and leased
containers.

2. Practical observation and theoretical implications
2.1 Observation on container leasing market:

On the purpose of delivering cargos, it is generally indifferent for a container shipping line to
use owned or leased containers to load cargoes in transportation. And therefore, the two kinds of
containers can be regarded as perfect substitution in shipping practice. In literature, Wang (2012)
points out that the perfect substitution between owned and leased containers has benefited the
shipping lines by utilizing and expanding their own container fleet to erode the market power of
container leasing companies. In turn, any attempt by leasing companies to exert market pressure on
rental rates will simply result in the purchase of more containers by shipping lines. Due to the sound
financial structures among the huge container shipping lines and more friendly and accessible
international capital market under a fairly low interest rate during the past decade, it has also
facilitated most container shipping lines to purchase more containers for building up their own
container fleet. As a result, the container leasing industry has experienced a gradual evolution with
decreasing rental price per diem and lost market share to the carriers own containers since 1990s.

Compared with the rising trend on the price ratios of owned to leased containers, as shown in
Figure 1, the input ratios of owned to leased containers present a relatively stable level around 1.2.
It demonstrates that the global container fleet in the container shipping industry is mixed with a
roughly fixed proportion of owned and leased containers, regardless of the per diem rates of leased
containers gradually becoming cheaper than the ones of carriers own containers.
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2.2The elasticity of substitution:

In economics, neoclassical production theory recognizes the possibility of substituting one
factor of production for another. Under a production technology, an isoquant is the set of all
possible combinations of inputs that are sufficient to produce a given level of output. And, the
elasticity of substitution (o) is generally used as an index to reflect the geometric expression for the
curvature of an isoquant. Graphically, the index shows changes in relative factor demand with
respect to changes in the marginal rate of technical substitution. Meanwhile, it is also equivalent to
the elasticity of input ratio with respect to input prices ratio. Therefore, the elasticity of substitution
in a production function with two factor inputs can be expressed as:

dX/X
0= dW/W

(1)

where X = % W = % And, W; and W, are the factor prices corresponding to input factors, X;
2 2

and X,. By definition, the value of ¢ varies between 0 and <. Following with economics theory,
each of the extreme values, as shown in Figure 2, implies a special case of production pattern with a
L-shaped or straight line isoquant cure, respectively. In other words, the production function
presents a pattern with fixed proportion® or perfect substitution between factor inputs, as 6—0 or
o—0, respectively.
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! By definition, an isoquant curve with a zero value of ¢ implies no possibility of substitution between different factor
inputs, conditional on producing a given level of output. Conceptually, this type of isoquant is just like the case of
perfect complement in consumer theory. Thus, the fixed proportion can be viewed as a complementary case in the usage
of the two factor inputs.



According to the theory of production in economics, the optimal input combination for an
L-shaped isoguant curve, as shown in Figure 2, must be located at the points along the arrow line
OT, which is completely determined by an exogenously given ratio of factor inputs. In fact, it
reflects an isoquant with zero elasticity of substitution, and therefore indicates that there is no
possibility to substitute one input factor with the other one at the optimal point even if the input
price ratio has been greatly changed. Apparently, the price ratio plays no role on determining the
optimal combination of factor inputs if the production function is characterized with fixed
proportion technology.

In perfect substitution case, the optimal input combination is always located at either one of the
corner points along the straight line isoquant, and therefore totally dependent on the price ratio of
the two factor inputs. For example, an isoquant curve specified as X;+X,=1 and shown in Figure 2
implies that the firm will merely use input X; to produce the given amount of output if the price

ratio, W = % is less than one. Under a production technology with perfect substitution, the most
2

cost-saving input combination for the firm is to use input X; only while the price of the input X is
less than input X,. Accordingly, it implies that container shipping lines will completely utilize the
type of containers with lower price if the two types of containers are perfect substitution.

With reference to the curves shown in Figure 1, it shows that the price ratios of owned to
leased containers, Po/Py, have been over one since 2002 to indicate a relatively higher cost for a
container carrier holding its own containers. Nevertheless, the more expensive owned containers
have never forced shipping lines to completely abandon developing their own container fleet.
Furthermore, the less expensive leased containers did not make container leasing companies to earn
a dominant role with share over half amount of global containers either. On observing the
coexistence of owned and leased containers in the container shipping industry, obviously, it is
implausible to argue that the two kinds of containers are perfect substitution.

3. The estimation of elasticity of substitution
3.1 Production function with constant elasticity of substitution:

To follow the production theory in economics, it is well recognized the possibility of
substituting one factor of production for another. In order to investigate the extent of substitution
between the owned and leased containers in the international container shipping industry, it is
assumed that there are only two inputs, owned containers (X;) and leased containers (Xz), used to
support a given output level (Y), measured by the unit of TEU (twenty-foot equivalent unit). In
addition, a time variable (t) is also included into the function to represent the exogenously
disembodied technological change in container shipping transportation. Accordingly, the production
function of shipping industry can be specified as:

Yo =f(X1e X200 t) (2)

In order to know the substitution between the factor inputs of production function, it is
necessary to specify a production function. In empirical studies, the Cobb-Douglas (CD) function is
the most commonly utilized form in the specification of the production function because it can be
easily linearized to estimate important production parameters. However, a priori condition with a



unitary elasticity of substitution is the most suspicious idea, while assessing the adequacy of
function form in the studied cases. Hence, the strong assumption to restrict a unitary elasticity of
substitution under a CD production function is still questionable and proved to be an improper
specification of production function in some empirical studies (Hsing, 1996; Bonga-Bonga, 2009).
Since the main goal of this study is focused on investigating the substitution between owned and
leased containers in container shipping industry, the unity of elasticity of substitution implies the
inadequacy of CD production technology. Instead, a CES production function is applied in this
study to investigate the substitutability between owned and leased containers in international
container shipping industry. In recent years, the CES production technology has gained much
popularity in empirical studies, and can be addressed a wider range of elasticity of substitution
embodied in a production function.

In this study, a CES production function will be selected to investigate the substitution between
the owned and leased containers in container shipping industry. It is assumed that the production
function at time t is specified as:

Y, = Aoe”t[aXl_f +(1- a)X;f]Th (3)
where Ao, y, p, and h are scale, technological change, substitution and return to scale parameters.
And, o and (1-«) are factor distribution parameters. Based on the definition and theoretical
derivation, the elasticity of substitution corresponding to equation (3) can be measured by

1
o=1 4)

Hence, the range of values for p is -1 < p < «. By equation (4), the CES function is a L-shaped
isoquant to represent a fixed proportion production function as p—oo and 6—0. And, the isoquant
curve becomes a straight line to represent a perfect substitution case as p—-1 and c—o0. When p—0
and 6—1, the CES function is reduced being a CD function with a constant elasticity of substitution
equal to one. Therefore, the CD function is a special case of CES function.

3.2 Estimation approach:

Other than the estimation of CD function only needs a logarithmic transformation for its
linearization, the CES function is non-linear and cannot be easily transformed to be linear
regression equation. Thus, the standard linear estimation methods cannot be applied to the
estimation of the parameters in a CES function® By utilizing the marginal production of factor
input, in this study, an indirect estimation with two-step approach is applied to estimate the

? Kmenta (1967) provides an approach that directly estimates the CES production function by approximating the
non-linear CES specification with Taylor transformation around p = 0, and linearizing it by dropping the terms
involving powers of p larger than one. However, the application of Kmenta approximation is limited because it only
returns reliable results if p is close to its point of approximation, i.e. zero (Thursby and Lovell, 1978). Hence, the
linearization of non-linear CES production function by employing Kmenta approximation is only applicable for
elasticities of substitutions in the neighborhood of unity. In addition, other problems with Kmenta approximation
include that it is only applicable to a two input case and presupposes that the elasticity of substitution is unity (Hoff,
2004).Also, the estimation of CES function by using the non-linear methods cannot either perform very well due to the
problems, a large flat of surface of objective function to cause local minima, the discontinuity of CES function and
considerable rounding errors at specific parameters (Henningsen and Henningsen, 2012).



parameters of the CES production function (Erol, 2006, Xu, 1999, Fitzroy, 1995).
In the first step, the marginal productivity of factor input is derived as follows:

—h—p

ay - T v

= Ae?t[aX "+ (1—a)X,”] * haX, (o+1) (5)
oy - 5t ~(p+1)

ox, Age? [aX;? + (1 - )X, "] » h(1 — )X, (6)

Under a competitive shipping market, the first order condition for profit maximization implies
that the optimal condition for the demand of the owned and leased containers can be expressed as:

ax. = MPx, =7 (7)
Y _ —-Eﬁ
ax, = MPx, =7 (8)

Dividing equation (7) by (8), the ratio of owned to leased container prices is derived as:

(9)

Next, by taking natural logarithm to equation (9), a linear regression equation can be
developed as:

aXl_(p+ 1) W
(1—a)X2_(p+1) W,

X w-
h =2 Y and B, = — ——
where B, = e n(l—a) and B, = ey

In fact, equation (10) is utilized as the first step in the linearization of the CES function. At this
step, the elasticity of substitution, o, is estimated as well as the distribution parameter «. In the
meantime, the hypothesis for testing the elasticity of substitution corresponding to the production
function specified in equation (3) can be set as:

1
H0:HO:_BI=E=G=0 (ll)

Statistically, this hypothesis testing implies a fixed proportion production function if the hypothesis
can’t be rejected.
Given the estimated values for the two parameters, o and «, furthermore, a composite
explanatory variable, Z;, is constructed and expressed as:
Zy =laX;{ + (1 - )X, 5]71 (12)
By replacing equation (12) into equation (3) and taking a natural logarithm transformation for
the resulting equation, the second step for linearizing a CES function is performed to construct a
linear regression equation as:
InY, = InAy + vyt + h*InZ,; (13)
Obviously, the parameters, Ao, y, and h, in the CES production function can be estimated by
equation (13).

3.2 Data sources and empirical results:



In the empirical study, two regression equations specified in equation (10) and (13) will be
estimated for computing the elasticity of substitution and other parameters in the production
function. On estimating the parameters in equation (10), two ratio variables respectively
representing the input prices (W1/W5) and factor input usages (X1/X;) should be measured at first.
Hence, there are only four variables needed to perform the regression estimation for equation (10)
and (13). In this study, the discounted present values of newly built containers with 8-year life time
and zero residual value are computed to measure the holding cost of containers owned by container
shipping lines. The sample period spans from 1990 to 2010. All the data for the four variables are
mainly drawn from the relevant issues of the Containerisation International Yearbook and Review
of Maritime Transport.

Initially, the ordinary least square (OLS) technique is utilized to estimate the parameters in
equation (10) and (13). Since the residual errors of the OLS estimation reveal a significantly serial
correlation, an autocorrelation model is applied. The estimated parameters of the two equations
along with their p-values are reported in Table 1. The R* values for equation (10) and (13) are 0.76,
0.98, respectively. In equation (10), the estimate of constant term reveals statistically significant.
However, the key parameter, 1, which represents negative elasticity of substitution, is not
significantly different zero, and therefore implies that the elasticity of substitution is statistically
equal to zero. Accordingly, the argument of perfect substitution between the owned and leased
containers is not supported by this empirical result. By contrast, it significantly suggests that the
CES production function specified in equation (3) is developed from a fixed proportion production
function with L-shaped isogquant. Associated with the theoretical implication of the fixed proportion
production function, surprisingly, the empirical result implies that the utilization of factor inputs is
completely unrelated with the prices ratios of owned and leased containers.

In fact, the finding reflects the relationship between the two curves shown in Figure 1 that the
increasing input ratios of owned to leased containers are associated with increasing price ratios.
Since 2004, in particular, the uprising trend of input ratios is unexpectedly corresponding with an
increasing trend of price ratios. Therefore, it illustrates that the utilization of factor inputs does not
follow the theoretical implication to present a negative relationship between the input and price
ratios if the two types of containers are substitute each other. Implicitly, the result indicates that
some unknown factors not included in the production function may play the key roles on
determining the combination of owned and leased containers in the global operation of container
shipping.

In equation (13), the estimates of parameters show to be significant in technical parameter,
but insignificant in scale parameter, h. The result indicates that the growth rate of technical progress
in the operation of global container shipping is significant with an annual rate of 7 percent.
Surprisingly, the insignificant scale parameter presents an outcome to show the ineffectiveness of
expanding the scale of global container fleet on the productivity growth of international container
shipping industry. Obviously, this finding implies that an over-capacity of global container fleet has
been deployed into shipping market by the container shipping lines and leasing companies. Given
the higher container price under the more expensive steel price, in fact, the persistently low cost of
capital caused by the historically low interest rate during the past several years may have outpaced



the disadvantage of higher container prices, and push container shipping lines and leasing
companies eager to expand their container fleet. Under a fixed proportion technology of production,
in addition, this finding may provide some clue to investigate the factors for determining the mix of
owned and leased containers among the shipping lines and leasing companies.

Table 1
Equation (10) Equation (13)
Variable  Coefficients P-value | Variable Coefficients P-value
Bo 0.303 0.003 y 0.07 0.001
B1 0.207 0.235 h 0.00001 0.359
R 0.76 R 0.98

4 Conclusion

In shipping practice, the utilizations of owned and leased containers are generally regarded as
homogenous factor inputs and perfect substitution in providing container shipping service. In theory,
the characteristic of perfect substitution implies an extremely price-sensitive pattern on the
utilization of factor inputs. By observing the input ratios and price ratios of owned to leased
containers, however, the former one shows a relatively stable pattern and latter one presents a trend
with a gradually decreasing rate of leased containers in the past two decades. Accordingly, the
theoretical implication for the production function with perfect substitution and the practical
observation on the price ratios and utilization ratios of owned and leased containers are
contradicted.

By applying a production function with CES technology, this paper finds that the substitution
between owned and leased containers is not perfect. In contrast, it follows a pattern with fixed
proportion technology. Given a production function with fixed proportion technology, theoretically,
it implies that the optimal combination between owned and leased containers will be located at a
fixed ratio which is completely determined by some exogenous factors, except the price ratios of
owned and leased containers. In other words, the finding suggests that some unknown factors not
included in the production function may play the key roles on determining the utilizations of owned
and leased containers in the global operation of container shipping.

In the further study, this paper can be extended to investigate what and how the key factors
have played on determining the fleet developments of owned and leased containers for container
shipping lines. And therefore, the findings of the study will be very helpful on forecasting the
individual growth of the leased and owned containers in the future.
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