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Abstract

I study the competition between one nonprofit and one for-profit firm under

various objective functions of the nonprofit firm. The two firms optimize their ob-
jectives with respect to quality and price of their products. The nonprofit firm serves
one-half of the market under pure quality maximization, while it serves about two-
thirds under two other objective functions that in addition to quality, include market
share. In contrast, the market share and profit of the for-profit firm decrease, and
consumer and total surplus increase.
For the case of quality maximization pursued by the nonprofit firm, I derive equi-
libria for several cost configurations. Qualities and prices offered depend on the
steepness of the cost function as well as on the proportion between fixed and vari-
able costs.

Abstrakt

Analyzujem sit’aZ medzi jednou ziskovou a jednou neziskovou firmou za pred-
pokladu réznych tcelovych funkcii neziskovej firmy. Firmy optimalizuji svoje
ciele vzhI'adom na kvalitu a cenu svojich produktov. Neziskova firma poskytuje
svoj produkt polovici spotrebitel'ov pri maximalizacii kvality, kym jej podiel na
trhu je pribliZzne dve tretiny pri d’alSich dvoch ucelovych funkcidch, ktoré okrem
kvality zahffiaji aj podiel na trhu. Podiel na trhu a zisk ziskovej firmy naopak
klesaju, spotrebitel'sky a celkovy prebytok rastd. Pre pripad maximalizécie kval-
ity neziskovou firmou odvddzam rovnovaZzne kvality a ceny pre niekol'’ko Speci-
fikacii ndkladovej funkcie. Ponikané kvality a ceny produktov zavisia od sklonu
ndkladovej funkcie ako aj podiele fixnych a variabilnych ndkladov na celkovych
nédkladoch.
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1 Introduction

Nonprofit and for-profit firms co-exist and compete in areas such as health and social
care, education, and art production (Rose-Ackerman 1996). Market shares of non-
profit and for-profit firms vary across industries and within industries across time (Rose-
Ackerman 1996; Hansmann 1994). The variation might result from different objectives
pursued by nonprofit firms or different groups of consumers they aim to serve and also
from cost structures that differ among industries.

In this paper, I focus on a mixed duopoly with vertical product differentiation. The
two firms, one nonprofit and one for-profit, have different objectives, face different con-
straints, and compete over qualities and prices. The effects of various nonprofit ob-
jectives on equilibrium qualities, prices, and market shares as well as on welfare are
analyzed. The effects of several cost specifications for one particular nonprofit objective
function, quality maximization, on equilibrium outcome is also studied.

Mixed competition between nonprofit and for-profit firms has been analyzed in sev-
eral studies. In light of the often alleged inefficiency of nonprofits (attributed to the
absence of owners), it is at first sight surprising that nonprofits can successfully compete
with strictly profit-maximizing firms. Among the obvious reasons that explain nonprof-
its’ competitiveness are tax and regulatory breaks that the state bestows on nonprofits to
support their socially beneficial activities (Facchina, Showell, and Stone 1993).

With respect to the alleged inability of nonprofits to compete with for-profits, Fries-
ner and Rosenman (2001) show that nonprofits are able to compete with for-profit firms
even without barriers to entry, regulatory and tax breaks, and other subsidies. Under
certain conditions a nonprofit’s ability to compete can be improved by increasing the
nonpecuniary benefits in the form of quality or service, i.e. prestige. Similarly, the
results in Brhlikova (2004) suggest that a nonprofit can successfully compete with a for-
profit. Moreover, the nonprofit acts as a natural leader in the market. This is due to

the zero-profit constraint faced by the nonprofit, which represents the non-distribution



constraint, implying that the nonprofit behaves more aggressively than the for-profit.

Liu and Weinberg (2004) show that competition has a positive impact on nonprofit
production since it diminishes inefficiencies in the firm. Liu and Weinberg also show that
the competition with a nonprofit with regulatory advantages has only a marginal effect
on the for-profit. The different objectives are instead the main force for the competitive
outcome. This result coincides with findings presented in Brhlikova (2004) and Harrison
and Lybecker (2005) that suggest that the competition with a nonprofit might be advan-
tageous for the for-profit in comparison to the competition with another for-profit. If the
nonprofit delivers a significantly different product (e.g. under quality maximization) than
the for-profit, then sufficient maneuvering space for the for-profit to increase its profits
is left. That maneuvering space is not available when both firms maximize their profits.
The nonprofit could, however, sacrifice high quality in order to increase its market share.
Product differentiation then narrows and the tougher competition decreases profit of the
for-profit.

The findings summarized above suggest that the equilibrium outcome depends on
objectives pursued by nonprofits and for-profits. The objectives of nonprofits, unfortu-
nately, cannot be defined as clearly and simply as the objectives of for-profits. In general,
nonprofits aim to provide publicly beneficial services but their specific goals vary across
industries as well as within particular industries. For instance, Newhouse (1970), ana-
lyzing nonprofits in health care, suggests a combination of quality and quantity as a non-
profit objective. In addition to quality and quantity, Hansmann (1981) considers budget
maximization to be included in the objective function of art performing firms. Steinberg
(1986) estimates a nonprofit objective function within a family of functions with service
maximization (maximization of net revenue available for service provision) and budget
maximization as limiting cases. The empirical test suggests that welfare, education, and
arts firms are service maximizers while health firms are budget maximizers.

Among studies that focus on competition between nonprofits and for-profits, Liu and



Weinberg (2004) look at output maximization pursued by the nonprofit. Friesner and
Rosenman (2001) assume that the nonprofit maximizes a convex combination of quality
and quantity of services and nonpecuniary benefits. These nonpecuniary benefits in-
clude prestige that is increasing in quality of services provided and perquisites. Harrison
and Lybecker (2005) analyze the effect of the profit motive on competitive behavior of
nonprofit hospitals. Hospitals are assumed to maximize a combination of profit and a
nonprofit objective such as quantity, quality, or the provision of care to the needy.

Table 1 summarizes nonprofit objectives assumed in the literature.

NP objective
quality Newhouse (1970), Hansmann (1981),
Friesner and Rosenman (2001),
Harrison and Lybecker (2005)
quantity Newhouse (1970), Hansmann (1981),
Friesner and Rosenman (2001),
Liu and Weinberg (2004),
Harrison and Lybecker (2005)
care to needy Harrison and Lybecker (2005)
budget Hansmann (1981), Steinberg (1986)
profit Steinberg (1986)!,
Harrison and Lybecker (2005)
net income per staff member | Pauly and Redisch (1973)
nonpecuniary benefits Friesner and Rosenman (2001),
Glaeser and Shleifer (2001)

Table 1: Objectives of nonprofits as found in the literature

In the present paper, similarly to Friesner and Rosenman (2001) and Brhlikov4 (2004),
I analyze competition between one nonprofit and one for-profit over qualities and prices.
In the first part, I compare equilibria under three different objective functions of the non-
profit. The assumed nonprofit objectives are quality maximization, here summarized in
Section 2 (Brhlikovd 2004); maximization of nonprofit quality and market share (sub-
section 3.1); and maximization of quality and market share of both firms (subsection

3.2). The goal is to explore the ability of nonprofits to compete with for-profits and to

ISteinberg assumes that all available profits are used for service provision, i.e. to enhance quality,
increase quantity, or both.



compare distinctive features of equilibria resulting from different objectives. Welfare
consequences of the three nonprofit objectives are also discussed.

In the second part of the paper, I study competitive equilibria for one of the nonprofit
objectives (quality maximization) and for various cost specifications (Section 4). I de-
part from Brhlikova (2004) that assumes quality maximization as the nonprofit objective
and fixed costs of producing a certain quality (quadratic in quality). Incorporating vari-
able production costs make the model better suited for the analysis of the coexistence
of nonprofits and for-profits in health care, where the variable cost component is non-
negligible. In addition, the differences in cost structure are probably the key driver of
the variation in market shares of nonprofits and for-profits across industries where they
coexist. Specifically, I consider several degrees of steepness of cost functions and the
effects of variable costs on equilibrium qualities, prices, and market shares of the two

competing firms. The fifth section concludes.

2 Model

In this section, I follow the model of mixed duopoly competition from Brhlikova (2004).
One nonprofit and one for-profit that compete within an industry are considered. The for-
profit is assumed to maximize its profit while the nonprofit maximizes its quality? and
faces a zero-profit constraint. The zero-profit constraint represents the non-distribution
constraint imposed on nonprofits, which requires all profits to be invested in the provision
of services. In Brhlikova (2004), it is assumed that all advantages bestowed on nonprofits
such as tax and regulatory breaks as well as availability of donations are aggregated in
a subsidy. This subsidy lowers the part of production costs that has to be covered by
consumers’ payments. In the present paper, I omit this assumption since the effect of

subsidies seems to be of comparatively little importance. Qualities and prices depend

>The model assumes the simplest possible objective, quality maximization, of the nonprofit. In the
following sections, I analyze alternative nonprofit’s objectives.



for the most part on the specification of the nonprofit objective (Liu and Weinberg 2004;
Harrison and Lybecker 2005).

Demand is derived from consumers’ preferences. Heterogeneous consumers maxi-
mize an additive utility function, U;(6;q,z) = 0;q + z, where 0 represents consumers’
sensitivity to quality and is uniformly distributed over (0, 1); ¢ is the quality of public
good; and z is the amount of a private good that is purchased outside the industry of
interest here. Individuals’ demand is constrained by budget, p; + xp, = w. p; is the
price of the public good bought from the nonprofit (j = n); for-profit (j = f); or not at
all (j = z, zero price). The price of the private good, p,., is normalized to one.

In the market for the public good, consumers choose among three quality-price
bundles: nonprofit (g, p,); for-profit (¢s,ps); and non-buying option (g, p.). Since
the nonprofit produces higher quality than the for-profit®, consumers with the high-
est sensitivity to quality prefer the nonprofit product. Specifically, all consumers with
sensitivity parameter 6 € <M 1> prefer the nonprofit producer; consumers with

4n—4qf ’

0 <2’—Jf, ‘Z:’L%ZJ’:> prefer the for-profit product; and consumers with 6 € <O, %> prefer

the non-buying option. The market shares of the two firms are ¢, = 1 — % and
t __ Pn—Py _ p_f

an—qy qr

The two firms choose the quality and price of the product in two stages regardless of

the nonprofit maximand. In the first stage, they simultaneously choose qualities, ¢,, and

qr

NP: max g,

FP: max t;p; — c(qp).*

3See the discussion in Brhlikovd (2004).
“4Production costs are assumed to be fixed costs of producing a certain quality. Costs are increasing and
convex in quality. Specifically, I assume costs to be quadratic in quality, ¢(¢) = ¢2. In Section 4, I also



In the second stage, firms choose optimal prices, p,, and py

NP: choose p, s.t. t,p, = c(qn)

FP : max tfpf - C<Qf)
pf

Solving the problem backward, first-order conditions in the second stage are as fol-

lows:

(1—p—n_pf>pn_qu:O
qn — 4y

. Pndf _
2gn

Py 0

These two conditions determine optimal prices p;,(gn, ¢r) and p}(gn, q). The opti-
mization problems in the first stage, together with the optimal prices, then lead to the

following first-order conditions:

1+ 2q5 + /(1 +2¢)2 — 16g;
_ - _
@ (@n — qr) | (g0 — 2q5)
2(2q0 —qr)*  4(2¢n — qy)?

0

n

—2q5 + =0

In equilibrium, the nonprofit produces higher quality at a higher price than the for-
profit and serves half of the market. The for-profit serves slightly above one quarter of

the market and earns a strictly positive profit’.

work with a scaled quadratic, shifted cubic, and a linear combination of variable and fixed cost functions.
As mentioned above, I abstract from subsidies given to nonprofits here. Results for quality maximization
presented here correspond to results in Brhlikova (2004) for s = 0.

>The closed form solution does not seem to exist for this problem. The numerical solution is presented
in Table 2 (see the subsection 3.2).



3 Alternative Objectives of the Nonprofit

In the previous section, the nonprofit maximizes the quality of an excludable public
good. Many nonprofits, however, care also about their market share. The reason might
be economies of scale or an attempt to increase consumers’ exposure to the quality they
provide. High quality arts and religious education are examples of fields where such
goals are common.

In this section, I focus on objective functions of the nonprofit that include market
share of the general form of ¢,t, + kqst; for k € (0,1). Specifically, I look at the two
limiting cases, & € {0,1}. For k = 0, the nonprofit cares about its own quality and
market share, i.e. the nonprofit thinks that people should consume a high quality good,
more precisely the high-quality nonprofit good, and therefore aims at serving as many
consumers as possible with the highest possible quality. For £ = 1, the nonprofit cares
about the quality and market share of the for-profit in addition to its own quality and
market share. The nonprofit has a paternalistic objective and thinks that the consumption
of the particular public good is beneficial in general. The nonprofit, however, cannot
serve all the market with a high quality. Therefore, it wants the for-profit to serve also as

many consumers as possible with a relatively high quality.

3.1 The Nonprofit Maximizes q, t,

The nonprofit is assumed to maximize its product quality and market share. Under the
assumption of fixed production costs, it is always better for the nonprofit to have larger
market share. The costs, however, increase with quality and there might not be a suf-
ficient number of consumers, heterogeneous with respect to their taste for quality, that
want to purchase the high nonprofit quality. Thus, there is a trade off between higher
quality for smaller market share and lower quality for larger market share. Production

decisions of the two firms are again made in two stages. First, the two firms simultane-



ously choose optimal qualities

NP : max g,t,
In

FP: max t;p; — qJ%
as
Then, given equilibrium qualities they simultaneously choose prices

NP: max gutn, St tupn = ¢>

Pn

FP: maxtrpy— qfc
P

where ¢,, and t; are market shares as derived above.

Despite the difference in the nonprofit objective, the second stage leads to the same
decision with respect to prices as in the previous section (pure quality maximization by
the nonprofit). This is due to the non-distribution constraint being binding and indeed
determining the nonprofit pricing strategy irrespective of the nonprofit objective. The
second stage thus leads to the same first-order conditions as in Section 2 and optimal
prices are determined in the same way. The difference is only in the first stage when
the nonprofit maximizes the product of its quality and market share. Since the nonprofit
cares also about market share, it is willing to sacrifice a high quality in favor of its market
share.® The equilibrium qualities, prices, and market shares under quality and quality-
market share maximization are summarized in Table 2 (see subsection 3.2).

The nonprofit, indeed, decreases its quality when compared to the pure quality max-
imization case. Now, it is able to lower its price and attract additional consumers that
were served by the for-profit previously. The nonprofit now serves two thirds of the

market (compared to one-half.)

®First-order conditions for the first stage are now more complicated than in the case of pure quality
maximization. For computational details see Appendix 7.1 on page ....

7As in Brhlikové (2004), a closed form solution does not seem to exist for this problem. The table
summarizes numerical solutions.



The for-profit also has to cover its production costs and since a part of ‘its’ consumers
now prefers the nonprofit product, it wants to attract additional consumers from the low
end of the taste distribution, i.e. the consumers that previously preferred the non-buying
option. The for-profit, therefore, also decreases its quality and price. The for-profit’s
market share is less than one-fifth (compared to one-quarter.) Its profit decreases since
the for-profit serves consumers with a smaller willingness to pay.

This shift toward consumers that were not served under quality maximization, has
a positive consequence for the total market share served. In addition, as mentioned,
the profit of the for-profit decreases, and therefore, consumer surplus increases when
compared to the case of pure quality maximization pursued by the nonprofit (see Table

3, subsection 3.3). The total surplus also increases.

3.2 The Nonprofit Maximizes ¢, ¢, + q;ts

In this subsection, the nonprofit is concerned about the quality and market share of the
for-profit as well. The nonprofit now operates as public motive maximizer or ideologist,
who thinks that the consumption of high quality products is good for consumers and
cares about customers of the for-profit in addition to its own customers. The nonprofit
thus wants to serve as many consumers as possible with the maximal feasible quality
(just because it is beneficial for consumers) and also wants the for-profit to do the same.

The quality-price setting is again done in two stages. First, the two firms simultane-

ously choose optimal qualities

NP : max g,t, + gty
dn

FP: max typ; — q?,
ar

. Pn—p _ Pn—p p :
where t,, = 1— ﬁ andt; = ﬁ — #. Note that the nonprofit maximand, g,t,+qyty,

. . _ . o _ Pn—pPy Pn—Py _ Pr\ _ _
simplifies to g, — p,, since g, t, +qsty = qp (1 —qn_qf> +qy (—qn_qf qf) = qn — Pn.

10



Given equilibrium qualities they simultaneously choose prices in the second stage

NP: maxgq, —p, s.t. t,p, = QTQL

n

FP: maxt — 2.
p fPr— 4y

The nonprofit again wants to decrease its quality (compared to the quality maximiza-
tion case). At the same time, it is in line with its objective if the for-profit increases its

quality and gains a larger market share. The equilibrium is summarized in Table 2.3

NP objective an qf Dn, Df tn iy Oy, 1T

Gn 0.2323 | 0.0308 | 0.1079 | 0.0071 | 0.5000 | 0.2677 | 0.2323 | 0.0010
Gntn 0.2147 | 0.0168 | 0.0697 | 0.0027 | 0.6617 | 0.1761 | 0.1421 | 0.0002
qntn +qpty | 0.2159 | 0.0174 | 0.0709 | 0.0029 | 0.6569 | 0.1788 | 0.1449 | 0.0002

Table 2: Mixed duopoly under various objectives of the nonprofit

The second column from the right reports O,,, the value of the nonprofit objective
function in equilibrium. The nonprofit attains the highest value under quality maximiza-
tion. In this case, the market share served by the nonprofit is only 0.5 and the total market
share by the two firms is 0.7677. Intuitively in the first case, the nonprofit maximizes
only quality and cares about the number of consumers only to the point that it can cover
fixed production costs. In the second case, the nonprofit aims to serve a market share as
large as possible with as a high quality as possible. Some of consumers that were served
by the for-profit previously (those with a higher taste for quality), can now be served by
the nonprofit and consume a significantly higher quality.

In the third case, the nonprofit again wants to serve a maximal possible market share
with a maximal feasible quality, and at the same time, the nonprofit wants the for-profit
to serve maximal possible market share with maximal possible quality. The nonprofit is

willing to let its consumers with the lowest willingness to pay go under the second case

8Computational details for both stages can be found in Appendix 7.2 on page ...
To compare, in the for-profit duopoly qualities offered are 0.1242 and 0.0364 at prices 0.0474 and 0.0069
respectively. Corresponding market shares are 0.5395 and 0.2698, and profits are 0.0101 and 0.0005.

11



since it can thus increase quality knowing that these consumers are profitable for and

will be served by the for-profit. The for-profit is then also able to increase its quality.

3.3 Welfare

For the welfare analysis, let us assume that there are three types of nonprofit entrepreneurs
that might enter the market: the pure quality maximizer, the quality and market share
maximizer, and the maximizer of her own and her rival’s quality and market share. Equi-
librium outcomes of these three mixed duopoly scenarios were compared in the previous
section with respect to qualities, prices, and market shares. In this subsection, the equi-
librium outcomes are compared with respect to total market share served and welfare.
The following table summarizes total market share covered, the profit of the for-profit,

and consumer and total surplus across three alternative settings discussed above.

NP objective | ¢, +tf I1¢ CS Total surplus
In 0.7677 | 0.0010 | 0.0342 0.0352
Intn 0.8378 | 0.0002 | 0.0492 0.0494
qntn +qsty | 0.8357 | 0.0002 | 0.0489 0.0491

Table 3: Welfare under various objectives of the nonprofit

Considering the total market share, the smallest is attained under the pure quality
maximization by the nonprofit, 0.7677. There are only small differences between the
second and third alternative. In a case when the nonprofit cares about its own (and its
competitor’s) market share, the total market share served increases to 0.8378 (0.8357).
The for-profit earns the same profit in the second and third case, and this profit is sig-
nificantly smaller than under the first alternative. Consumers are better off when the
nonprofit objective also includes market share. The highest consumer surplus is attained
under quality-market share maximization pursued by the nonprofit. This is driven by the
surplus of consumers purchasing the nonprofit product. One half of the market consumes
relatively a high quality of 0.1421.

The total surplus is the sum of for-profit’s profit and consumer surplus, and it is the

12



highest in the case of quality-market share maximization by the nonprofit. Interestingly,
the consumer surplus is maximized when the nonprofit cares only about its own quality
and market share and not under the third alternative when the nonprofit cares also about
the for-profit outcome (although the difference between the two alternatives is tiny). This
result seems to stem from the fact that under the third alternative, the nonprofit takes the
for-profit as a partner that helps to achieve its goal of serving as many consumers with
as high a quality as possible. Nonprofit’s interest also in for-profit quality means that the
nonprofit sacrifices some of its consumers. These consumers will now consume smaller
quality produced by the for-profit, but all consumers of the for-profit benefit because the
for-profit quality increases. At the same time, the nonprofit, by letting go its consumers
with the lowest willingness to pay, can increase its quality and price what transforms into

a smaller consumer surplus.

4 Alternative Cost Configurations

Industries where nonprofits and for-profits coexist are likely to differ in the cost structure.
For example, in some industries such as hospitals and education fixed costs are high
while in other industries such as old-folk and nursing homes fixed costs are low relative
to variable costs. The purpose of this section is to explore the effect of various cost
configurations on equilibrium outcome, namely on product differentiation, market shares
of the two firms, and profit opportunities of the for-profit. The setup of the problem
remains the same as in Section 2 but cost specifications differ. In comparing equilibria, I
start with a generalized version of quadratic fixed costs of producing quality, ¢(q) = ag?
for a € R*, and then look at a cost function that increases slowly for low qualities and
increase quickly for higher qualities, i.e. a shifted cubic function ¢(q) = (¢—b)3+b* with
b € (0,1/4). Finally, I analyze a linear combination of variable and fixed production
costs, c(q) = btq + (1 — b)g* with b € (0,1) and ¢ representing market share served by

the firm.

13



a dn qr Pn Dby (2 tf Hn Hf
1/2 1 0.4834 | 0.0311 | 0.2336 | 0.0075 | 0.5000 | 0.2583 | 0 | 0.0015
0.2323 | 0.0308 | 0.1079 | 0.0071 | 0.5000 | 0.2677 | O | 0.0010
2 10.1053 | 0.0287 | 0.0443 | 0.0060 | 0.5000 | 0.2894 | 0 | 0.0001

Table 4: Numerical solutions to the mixed competition with the scaled quadratic cost
function

41 c(q) =aq?

First, I look at a small variation (in the steepness) of the fixed quadratic cost function.
Intuitively, when fixed costs increase more slowly (a < 1) than in the benchmark case
(a = 1), the nonprofit can enhance its quality and possibly widen the gap between its
own quality and the quality of its competitor. The for-profit can then increase its profit.
High levels of parameter a, in contrast, diminish the difference between the two products
and decrease the profit of the for-profit. The first-order conditions to the problem can be
found in the Appendix 8.1. Table 4 contains numerical solutions to the problem with
a=1/2,1, and 2.

These numbers show that quality differences between the two products are indeed
decreasing with a. The difference goes from 0.4523 (¢ = 1/2) to 0.0766 (a = 2).
The competition is, thus, tougher for quickly increasing cost functions. That means that
the for-profit has to offer a more competitive product (with better a price-quality ratio)
and its profit declines. The market share served by the nonprofit is always 1/2. The
market share of the for-profit is more than half of the nonprofit’s share (t; > t,/2). It
is increasing in a because the product with a better price-quality ratio is purchased also
by consumers with a lower taste for quality. Altogether, the total market share served is

higher for higher levels of a.

4.2 c(q) = (q—0)>+ b

The cubic cost function should allow the nonprofit to increase quality similar to the

quadratic costs discussed above with a < 1.

14



b dn qr Pn Py 12 tf Hn Hf

0 | 0.4535 | 0.1365 | 0.1866 | 0.0281 | 0.5000 | 0.2943 | O | 0.0057
0.05 | 0.5159 | 0.1824 | 0.2026 | 0.0358 | 0.5000 | 0.3037 | 0 | 0.0084
0.15 ] 0.6299 | 0.2731 | 0.2278 | 0.0494 | 0.5000 | 0.3192 | O | 0.0105
0.25 | 0.7209 | 0.3610 | 0.2401 | 0.0601 | 0.5000 | 0.3335 | O | 0.0031

Table 5: Numerical solutions to mixed competition with cubic cost function

Costs increasing slowly for low quality indeed allow the nonprofit to significantly
enhance its quality. Consumers’ willingness to pay increases, and the nonprofit can
increase the quality even further. The for-profit quality is also significantly higher when
compared to the case of quadratic costs. The nonprofit again serves half of the market
while the for-profit now serves about one-third of the market (compared to one-quarter).
The difference in qualities is increasing with b, and profits earned by the for-profit also
decline except in the last line when b = 0.25. Here the flat part of the cost function

corresponds to relatively high quality meaning high production costs.’

43 c(q) =btg+ (1 —10b)g?

The previous analysis was focused on fixed costs of producing quality. Firms had to
attract a sufficient market share to cover fixed production costs of a given quality. The
analysis was motivated by art-performing organizations, for which the variable cost com-
ponent is negligible relatively to the fixed cost component. In industries such as health
care, however, the variable component comprises a significant fraction of total costs.
Here, however, the relative size of the two components also vary. For instance, in hospi-
tals the fixed cost component will be higher than in nursing homes where the total costs
mainly comprise of variable costs of labor and the fixed costs are negligible.

To analyze the effect of variable production costs, I assume that variable costs of £ ¢

are added to the quadratic fixed costs ¢?. As before, t represents market share served

Results are similar to an extreme case when the costs are negligible up to a certain quality and then
start to increase, e.g. for a shifted quadratic function ¢(q) = 0 for ¢ € (0,d), d € RT and ¢(q) = (¢ — d)*
for ¢ € (d,c0). In this case, the nonprofit can again significantly increase its quality. The for-profit
produces quality of d at zero costs, and its profit is increased due to a higher product differentiation.

15



by the firm, thus variable costs increase with quantity. Variable costs are assumed to
increase with quality as well (depend positively on ¢) since treating additional patient
in a high quality hospital is more costly than treating one more patient in a low quality

hospital.!® Table 6 summarizes equilibria for three levels of b.

b dn af Pn Pf n tf 11, Hf

0 ]0.2323 | 0.0308 | 0.1079 | 0.0071 | 0.5000 | 0.2677 | O | 0.0010
0.1 | 0.2122 | 0.0229 | 0.1113 | 0.0071 | 0.4500 | 0.2378 | 0 | 0.0007
0.5 ] 0.1193 | 0.0104 | 0.0881 | 0.0064 | 0.2500 | 0.1307 | O | 0.0001
0.9 | 0.0246 | 0.0009 | 0.0233 | 0.0008 | 0.0500 | 0.0254 | O | 0.0000

Table 6: Numerical solutions to mixed competition with fixed and variable costs

Due to the variable component of costs, the price, which each consumers has to pay,
increases faster relative to the increase in quality. Since consumers are not willing to pay
for a very high quality, the nonprofit has to move downward with its quality and price.
And the prices are lower the higher the weight, b, on the variable component of the cost
function.

Intuitively, market shares served are significantly lower than in the case of production
costs without variable the component (b = 0). Both producers tend to serve only a small
group of consumers with the highest willingness to pay. The nonprofit serves only 5%
of the market when b = 0.9. In this case, the total market share served is only 7.5%
compared to 77% served when b = 0 (no variable costs). Profits earned by the for-profit
decline as well.

The composition of total costs thus affects the market shares served by firms. With
fixed costs, it is important to attract large market share over which the costs can be dis-
tributed. With the variable costs, however, smaller market shares are preferred because
each consumer has to bear the whole production costs of product/service, and firms pre-
fer more similar consumers, i.e. consumers that do not differ in their willingness to pay

too much. The sharp decline in total market share served described above is driven by

0ntuitively, treating more patients in a high quality hospital requires hiring additional high-quality
physicians and nurses. This is certainly more costly than hiring physicians and nurses of lower quality.
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relatively high variable costs that equal the product quality. Even with smaller variable
costs, we would, however, expect the tendency to serve smaller number of customers
in industries with high variable costs relative to fixed costs of production. Thus, while
museums or theaters attract thousands of visitors, in the nursing homes industry, there is

a number of small providers treating tens of patients each.

5 Conclusion

In this paper, I studied the competition between one nonprofit and one for-profit firm
under various objectives of the nonprofit. The nonprofit successfully competes with its
for-profit counterpart under all objectives considered here. This result seems robust in a
broad range of cost configurations. Moreover, in all cases, the nonprofit acts as a natural
leader as in Brhlikova (2004).

In the first part of the paper, I analyzed mixed competition under various nonprofit
objectives. The differences in nonprofit objectives clearly affect the quality-price bundles
that are offered by competing firms. Market shares also vary. The nonprofit, for instance,
serves half of the market under quality maximization while it serves about two-thirds of
the market under the two other objectives: the maximization of its quality and market
share and the maximization of quality and market share of both firms. The market share
of the for-profit in contrast decreases in the two latter cases. Not surprisingly, profits
earned by the for-profit also decline due to a diminished product differentiation. Varying
market shares, qualities, and prices have an effect on consumer surplus and welfare.
From the three alternatives considered in this paper, the maximum welfare is attained
when the nonprofit maximizes its quality and market share.

In the second part of the paper, I analyzed mixed competition under various cost
specifications focusing on the quality maximization pursued by the nonprofit. The steep-
ness of cost functions significantly affects equilibrium qualities and market shares of the

two competing firms. When variable costs are added to the fixed production costs, the
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quality decreases since each consumer has to bear production costs of a product/service.
In a case when the variable component of costs overweigh the fixed component, firms
serve only a small fraction of the market.

The present paper extends the analysis found in Brhlikova (2004) which is based on
the assumption of quality maximization by the nonprofit and fixed quadratic production
costs. Equilibrium outcomes in industries where nonprofits and for-profits coexist are af-
fected by nonprofit objectives as well as the structure of production costs. Across all non-
profit objectives investigated here, product differentiation is large suggesting that com-
petition is less tough than it would be if the nonprofit was also interested in profit/budget
maximization. Rather than by the nonprofit objective, the toughness of the competition
is to a greater extent affected by the cost function, namely its steepness and the ratio
between fixed and variable cost components.

In the analysis of competition provided here the number of firms is given exoge-
nously. In future research, it would be interesting to explore the applicability of the
finiteness property (Shaked and Sutton 1983) in mixed competition setting, i.e. whether
there exist an upper limit on the number of firms that can survive in the market. In mixed
competition setting the question seems to be more complicated than in the case of for-
profit oligopolies, since nonprofit firms are more aggressive than for-profit firms due to
the non-distribution constraint. It is quite probable that another nonprofit firm would
push the for-profit firm out of the market. For the coexistence and competition of several
nonprofit firms, the question then would be what types of nonprofit objectives and their

combinations can survive in the market.
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6 Appendix

7 Alternative Objective Functions

7.1 The Nonprofit Maximizes ¢,

In the second stage, the two firms simultaneously choose prices. First-order conditions

follow

0=pn (1—p—”_pf) —q,

qn — qf

n— 2
0= —olf | o TP
qf qn — 4f

This system gives optimal prices

n <Qn —q5 — V(@ — qf)A)

Pn = )
QQn — gy
qr (Qn_qf_ (%L_qf)A)
p e
! 2(2¢n — ay)

where A = ¢y — ¢, — 2¢.(2¢, — q;)."" Using the optimal prices, the objectives in the

first stage can be rewritten as

n (qn —qr — /(@ — qf)A)

NP: max
Q(Qn - Qf)
Inqy (qn — 5 — ¢n(2q0 — q5) — /(@0 — qf)A) ,
FP: max 5 — qf
2(2%1 - qf)

In the first stage, firms simultaneously choose qualities. First order conditions follow

Note that there is one additional solution to the system of FOCs above with p, =
qn,(Qn_‘Zf“r'\/(‘Zn_[If)A) qf(qn—qfﬂ/(qn—qf)A)
— and py = —

. 24qn—ay 2(2qn—qy)
equilibrium in the first stage.

. This solution, however, does not lead to an
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0 —6q, +10¢,q7 + 45 — 3qnqF — 2qnqy + 47 + (@ — 7)\/ (@ — q7) A
Q(Qn - Qf) (Qn - Qf)A

0

(gn—qy)A
a 2(2¢, — q5)?
(2qn + a5) (2%3; + 7q2q5 — 42 — 84nq} + Gnts + 243 + ur/(an — qf)A>
" 2(2¢, — q5)?

An analytical solution to this system of two equations does not seem to exist. The

numerical solution given in Table 2 (section 3.2) was obtained using Mathematica v. 4.1.

7.2 The Nonprofit Maximizes q,,t,, + gty

In the second stage, the two firms choose optimal prices. FOCs are as follows:

Ozpn(l_u)_qg

qn — qf

9 9

o _2Pr, Pn= 2
qf qn — 4f

This system of FOCs has two solutions:

Qn(Qn — gy + Adn (Qn - Qf)A)

Pn =

Y

2qn — qy
oy = e = 47) £ar/ (0~ 4)A
! 2(2qn — )

Maximands in the first stage then can be rewritten as
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Gn (qn + V(@0 — qf)A>
2Gn — 4
a5 (—2¢1§”c + 8004} — andy — 74045 + 4 — 245 — Gn/ (g0 — CIf)A>
2(2gn — qr)? '

NP: max

FP: max

First-order conditions are

@l — a5) (1 4 295 — 8¢n) + A(qn — 45 (qn — a5)) + 200 (a0 — a5)\/(¢n — q5)A
(2¢n — q5)*\/(gn — q5) A

—6¢2 + 16qnqs — qn(1 + Tqy,) + 22nln—as)
O_Qf< q7 + 10gnqy Q(+Q)+\/m

0=

2(2qn — q5)?
(20 + q5) (2q§’c — 84nd7 + anay + 10505 — 45 + 24 + Gn/ (Gn — Qf)A>
2(2¢, — qr)®

Similarly to the previous section, an analytical solution to this system of two equa-
tions does not seem to exist. The numerical solution given in Table 2 (section 3.2) was

obtained using Mathematica v. 4.1.

8 Alternative Cost Configurations

8.1 c(q) =aq?

First-order conditions in the second stage are

qn — 4f

2 n — 2
0__pf+p D
qr dn — 4y
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Optimal prices, as a solution to this system of first-order conditions are

I (qn—qfi\/m>

Pn = y
2Qn — gy
a5 (qn —q5 £/ (qn — qf)B)
pr= ,
! 2(24, — q5)

where B = qf — ¢, — 2a¢,(2¢, — qf). Then the nonprofit firm chooses maximum

a \/ aqs)2—16aqs . .
quality for which the above price is feasible, i.e. g, = — " (1;1 2097)" ~16aq implying

that v/ (g, — q7) B = 0. The for-profit firm then maximizes %@iq—f;)f; — aq;.

Optimal qualities are determined as a solution to the following system of equations

14 2ags + /(1 + 2aqy)? — 16aqy

N 8a

4nqr (20 — 45) | (g0 — 2q5)
2(2¢0 — q7)*  4(2gn — q5)?*

0

0= —2aq, +

82 c(q)=(¢g—0)>+10°

First-order conditions in the second stage are

O:pn(l_w>_<Qn_b)3_b3

qn — 4f

9 9
o 25 Pa=%p
qr n — 4y

The system leads to the following optimal prices
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Qn(Qn_Qf) + Qn(Qn_Qf)C
2qn, — qf

5 (4n(qn — qr) = \/qn(qn — q5)C
20 (2qn — qr)

Pn =

pr=

)

where C' = ¢,(q;r — gn) — 2(2¢, — q7)((gn — b)® + b*). Then the nonprofit firm
chooses maximum quality for which the above price is feasible, i.e. ¢, = implying that
¢n(qn — q;)C = 0. The for-profit firm then maximizes %Z&q—f;f)fg — (g5 — b)* = b°.

Optimal qualities are determined as a solution to the following system of equations

0= Qn(Qn - Qf)C

Qan(QH - Qf> Qn(Qn - QQf)
0=—3(q; —b)*+ :
( d ) 2(2(]n - (]f)3 4(26171 - Qf>2

83 c(q)=btq+ (1—0b)¢?

First-order conditions in the second stage

ozwn—w@<1—gijﬁ)—O—WM3

qn — 4y

bgs — 2 o+ by — 2
0= b =25 Patbar =25

qr qn — 4y

Optimal prices are

qn«1+®%—@fivﬁh—QﬂD>

Pn =

QQn — gy
Py — 45 (an(qn — a5) £ a5/ (@0 — q5)D
2(2(]71 - Qf) 7

where D = ¢,,(¢— 1) —2(2¢,—q;)((¢,—b)?>+0?). Then the nonprofit chooses maxi-
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mum quality for which the above price is feasible, i.e. g, = implying that \/q,, (¢, — q5)D =
s anqf(gn—ay)
0. The for-profit then maximizes %5 ®-5 — (q; — b)* — b,

Optimal qualities are determined as a solution to the following system of equations:

0= Qn(Qn - Qf)D

Qan(QH - Qf> Qn(Qn - 2(]f>
0=—3(q; — b)* + :
( d ) 2(2(]71 - Qf)g 4(2Qn - Qf>2
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