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Abstract

Economies of scale and scope are usually derived under the assumption that the
set of production possibilities are shared by all firms in an industry irrespective
of whether they specialize in a single output or not. Mental health care
institutions in the Netherlands vary substantially in the scale and the number of
outputs. Estimation of one cost function therefore seems very restrictive and
requires the allowance of zero-values. We used a translog cost function model
with dummy-variables for different types of institutions, to allow for different
technologies. We found evidence for differences in technologies between
institutions specialized in counseling and integrated institutions that also
performed other activities, expressed by the number of days in the hospital or
permanent care, number of treatments in daycare or number of day activities.
The marginal costs of counseling were lower for the integrated institutions than
for the specialized institutions.

Keywords: economies of scale, economies of scope, stochastic frontier analysis, mental
health care

Introduction

Governments seek tools to control the growth of healthcare spending. Producing
at the optimal scale and full use of economies of scope can help reducing the
healthcare spending. However it is important that the economies of scale and
scope are correctly derived. In this study, we will determine economies of scale
and scope of mental health care institutions in the Netherlands. The mental
healthcare in the Netherlands is particularly interesting because of the
increasing costs in mental health care due to an increasing number of patients.
Furthermore, the size of the institutions and the combinations of activities
offered varies widely between mental healthcare providers. If economies of
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scale and scope exist potential cost savings can be realized by restructuring the
sector.

Economies of scale and scope are generally derived under the assumption that
all firms in a certain industry operate under the same production possibilities,
irrespective of whether they specialize in a single output or not (Baumol et al.,
1988). In this paper we test that the assumption of the same technology for all
for the mental health in the Netherlands. Mental health care institutions in the
Netherlands vary widely in scale and in the number and kind of services they
offer. Basically there are two types of firms; integrated firms that offer a wide
range of care and ambulant firms that offer only ambulant care. Given the huge
differences between institutions the possibility of a different cost function for
the different types of institutions seems very appropriate. We therefore apply a
cost model to the Dutch mental health care institutions that allows for such
differences, in order to estimate economies of scale and scope as tools to
increase the productivity level. Allowing for differences between the
technologies of the two types of institutions seems a more realistic approach.

Determination of economies of scale and scope starts with the estimation of a
cost function. The assumption that all firms operate under the same production
possibilities implies the estimation of one cost function for all firms. Economies
of scope therefore only depend on differences in cost levels and do not account
for differences in cost functions between specialized and integrated firms.
Moreover, estimation of the frequently used translog function, introduced by
(Christensen et al., 1973), requires the handling of substantial amount of zeros
for the specialized institutions in the outputs. It has been suggested to estimate
separate translog cost functions (Weninger, 2003). Here, we estimate a cost
function where we allow for different parameters for the specialized and
integrated institutions.

Methods

Model

Institutions vary widely with respect to scale and type of treatment they offer. A
substantial part of the institutions only perform ambulant care (counseling), and
are likely to vary substantially from integrated institutions that not only offer
counseling but also offer residence to their patients for example. We therefore
estimated a cost function that allows for different technologies between
different types of institutions by including dummy variables. We divided the
institutions into two groups, the first group consisted of institutions that had
counseling as the only output, and the second group was all other institutions.
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Under the assumption of a translog form (Christensen et al., 1973), we
estimated the following cost function:
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With:
C = Total costs;
Dumb = Dummy variable for institutions that performed only counseling
Dinige = Dummy variable for integrated institutions
Y; =outputi(i=1,., m);
W;  =Price ofinputi (i = 1,.., n);
T = year;

a,.b,c.b,,c,.e;,aa,,ab,,ac,,ab,,ac,,ae,, parameters to be estimated.

/R 72 T

With Shephard’s lemma we obtain share equations :
8, =Dyl ¢, +Zn:c,.j ln(Wi)+ie,.jln(K) I+
amb[ac +Zac 111 Zae ln )] (j=1.,n)
)
With :
S; = Cost share equation of input j (j = 1,.., n)

The following restrictions were imposed on the parameters to impose linear
homogeneity in input prices and symmetry:

by=b, ; c¢;=c; ; ab,=ab, ; ac; = ac;,
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Zc =1; Zc,,, =0 (Vn'); Ze =0 (Vm);

Zac =]; Zac =0(Vn'), iae”” =0 (Vm);
€)

We first estimated the cost function under the assumption of the same
technology for different types of institutions by assuming the same parameters
for the ambulant institutions as for the integrated institutions. For the
specialized institutions we multiplied the parameters of the zero-outputs with a
dummy variable to make sure they were not estimated for that observation. The
obvious restrictions that we impose in case of the assumption of same

technology:

aa, =a,,ab, =b,,ac, =c,,ab; =b,,ac, =c;,ae; =e,

Next, we estimated the model under the assumption of different technologies.
We tested the hypothesis of a same technology using a loglikelihood ratio test.

The models were estimated with maximum likelihood. Moreover, we used a
thick frontier approach with the first estimation over all observations and the
second estimation over the 50% most efficient observations (according to the
first estimation). We also tested the required monotonicity and concavity of the

model.

The estimated cost functions were used to derive economies of scale and
economies of scope. The economies of scale were represented by the cost
flexibility which described the increase in cost relative to the increase in output
(Baumol et al., 1988), depending on the type of institution. The cost flexibility
is described by the following formula:
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Economies of scope were deducted from the marginal cost of the overlapping
outputs between specialized and integrated institutions. We determined the
marginal costs at varying levels of output to account for differences in scale
between institutions. The marginal costs were derived as follows:

oC € aln(C) . 2
= = =|b. b. InlY. In ) *—

Data

The mental health care institutions in the Netherlands report to the Ministry of
Health in the Netherlands. The yearly data collected for this purpose were used
in this analysis over the years 2008-2010. We selected the institutions that dealt
with mental health care only, so departments of psychiatry as part of general
hospitals for example were not included. We selected those institutions that had
valid and plausible values for all variables. In total 201 observations
(institutions per year) remained (59 in 2008, 73 in 2009 and 69 in 2010).

We included four measures of treatment as output variables: the number of
counsels, the number of days in residence, the number of part-time treatments
and the number of day activities (Table 1). Of these institutions, 32 were
specialized in the sense that they only performed counseling. The other
institutions did counseling and at least one of the other treatment activities.
None of the institutions was specialized in one of the other activities. We
therefore used two groups to which we refer to as specialized and integrated
institutions. We used two inputs, personnel and material and capital. The latter
two were added and used as one variable. Costs of the inputs were available and
we used the number of full time jobs to calculate the price of personnel. The
prices of materiel and capital were based on an index constructed from the
Consumer Price Index and a Price Index for investments of fixed activa of the
government (Statistics Netherlands, www.cbs.nl).

Results and discussions

We estimated the cost function under the assumption of a common technology
for both specialized and integrated institutions and under the assumption of
different technologies (Table2). The hypothesis of the same technology for both
groups was rejected by the log likelihood ratio test (p< 0.001).

The parameters of the models are very different. Moreover, under the
assumption of a common technology the signs of two of the outputs become
negative. The parameter of output 1 (counseling) had a value that was close to
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the value of the specialized institutions under the assumption of different
technologies, but then overestimated the total costs of the integrated institutions.
Therefore, the parameters of the other outputs were given values that decrease
the total costs of the integrated institutions. Under the assumption of different
technologies, the costs of the specialized institutions were slightly more
influenced by costs of materiel and capital than by personnel, compared to the
integrated institutions. No significant change was found over time. The model
fulfilled the criteria of monotonicity and concavity.

Since the model with the assumption of the same technology for both types of
institutions does not result in plausible estimates, we report economies of scale
and scope only for the model with different technologies. The integrated
institutions operate under diseconomies of scale on average (cost flexibility
1.05). This particularly applies to the relatively small integrated institutions
(Table 3). The larger institutions operate under increasing economies of scale.
The specialized institutions operate under economies of scale on average (0.72).
However, the cost flexibility rapidly increases for these institutions and the
larger ones operate under diseconomies of scale. All the specialized institutions
are smaller than 0.5 of the average size institution.

The economies of scope follow from the marginal costs of counseling in a
specialized or integrated institution with the same scale (Table 4). The marginal
costs of counseling are higher for the specialized institutions than for the
integrated institutions, except for the very small institutions. Moreover, costs
increase with scale for the specialized institutions, and decrease with scale for
the integrated institutions. The marginal costs of all other products also decrease
with scale, reflecting the economies of scale.

Conclusions

Specialized and integrated mental health care institutions in the Netherlands
vary in the way they operate, as shown by the different technology assumption.
We also found indications that increasing the scale of the institutions and that
integrating counseling in institutions with other types of treatment could
increase the productivity of the sector.

The assumption of the same technology did not give plausible estimates because
of the negative parameter values of two of the outputs. Instead of using dummy
variables, we also tried to replace the zero-values with the minima of the non-
zero values and estimate the model under the assumption of the same
technology for all institutions. The estimates were very similar then to the
estimates of the model that allows for different technologies, as derived for the
integrated institutions alone. This approach also led to the rejection of the
hypothesis of equal technologies.
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