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Abstract: R & D joint ventures induce individual firms to reduce
investment in R & D, but are socially beneficial because they ensure 
greater competition in the post-innovation market. It is not usually 
optimal for ail firms to combine in a single R & D joint venture. If 
R & D joint ventures are formed voluntarily by firms that seek to 
maximize their expected value, they will not, in general, adopt the 
socially optimal structure of R & D joint ventures.
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1

I. Introduction

A growing theoretical and empirical literature examines the 

consequences of cooperative investment in research and development for 

market performance.1 I pursue this question using the model of 

patent races under uncertainty pioneered by Loury [1979], Dasgupta and 

Stiglitz (1980), and Lee and Wilde [1980].2

The results may be summarized as follows. In this class of 

model, R & D joint ventures induce individual firms to reduce 

investment in research and development, and therefore delay the 

expected time of until successful innovation. Nonetheless, R & D 

joint ventures are in general socially beneficial, because they ensure 

greater competition in the post-innovation market.

But in a market system, it is not usually optimal for all firms 

to combine in a single R & D joint venture. The socially optimal 

structure of R & D investment under a market system is determined by a 

tradeoff between combined R & D activity - which ensures rivalry once 

the new technology is in place -  and independent R & D activity -  

which ensures competition for the right to use the new technology. 

Further, if R & D joint ventures are formed voluntarily by firms that 

seek to maximize their expected value, they will not, in general, 

adopt the socially optimal structure of R & D joint ventures.

Finally, I examine the welfare consequences of production joint 

ventures, formed to use the new technology in competition with parent

1. See d'Aspremont and Jacquemin [1988] and Henriques [1990], and for 
a wide-ranging discussion, Katz and Ordover [1990]. Scott [1988,
1989] discusses U.S. experience with the National Cooperative Research 
Act of 1984.

2. For surveys of this literature, see Baldwin and Scott [1987],
Beath, Katsoulacos, and Ulph [1989], and Reinganum [1989]
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firms that are able to compete using the old technology. Such 

production joint ventures increase the profit of parent firms, but 

deny consumers any of the benefits that flow from successful 

innovation.

II. Independent R & D3 

A. Firm Value

N firms compete as Cournot quantity-setting oligopolists in a 

product market with linear inverse demand curve p »  a - bQ, using a 

technology with constant marginal and average cost Cj per unit.4 They 

also compete to discover a new technology with marginal cost c2 < c,.

The parameter h, a 0 measures the intensity of firm i's research 

effort. The time at which firm i's research project will be completed 

is a random variable, Tj, with exponential distribution

£ 1J Prob [r j S t] - 1 - e h|t .

The expected time of completion of project i is therefore

T,-co
(2) E(t ,3 = f r,h,e h‘T‘d r1 = .

Tr °  1

The greater the firm's research effort, the sooner the expected time 

of completion of the research project.

An R & D project at intensity h requires an expenditure z(h) per 

unit time as long as the project is underway. The properties of the

3. The discussion of the basic model, which is well known, is kept as 
short as possible.

4. See Delbono and Denicolo [1990) for a discussion of the price- 
setting case.
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3

cost function z(h) are5

(3D z ’ (h) > 0 z"(h ) > 0 .

Before successful innovation, each firm earns a profit

(4) *cfc|) ■ ‘ • [ s4 Lr ]

per unit time, where S, - (a - c,)/b.

If each firm conducts an independent R & B project, the winner in 

the R & D race obtains an infinitely-lived patent on the new 

technology. Losers are able to continue to compete as Cournot 

oligopolists, using the old technology, if they find it profitable to 

do so. If the most profitable option for losers is to shut down, the 

innovation is termed drastic. Otherwise, it is non-drastic.

After discovery of the new technology, Cournot oligopoly payoffs 

per unit time period are

r  nSz - On - 1)S, ■l 2 _ ,f2 S |  '  S2 |
L n * 1 J ' bL n ♦ 1 J

per unit time if the innovation is not drastic, and

(5.2) 7tL * 0

if the innovation is drastic, where S2 = (a - c,)/b.6

From the time of discovery, the value of the winner of the patent 

race is 7iw/r, the present-discounted value of its income stream after

5. It  is common to assume that z(h) displays decreasing cost over an 
in an initial range; such an assumption would not alter the results 
below, as second-order conditions require that equilibrium occur where 
z"(h ) > 0.

S. Cournot equilibrium output for losers is qL = (2Sj - S2)/(n + 1). 

This will be positive for a - c, > c, - c2, in which case the 
innovation is not drastic. Otherwise, the innovation is drastic, 
losers shut down, and the winner is a monopolist using the new 
technology.
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discovery. Similarly, the value of a loser, from the time of 

discovery, is nL/r.

The expected present discounted value of firm 1 is the expected 

present discounted value of its income streams before and after 

discovery.

( 6 )

7  - (r * a * »  r
/, = J e s I nc
1 t-0 u  c

z (h j
h,7iwCc ,.c2) * ( S hk)nL 

____________ k>*i_____ ]
71c ~ zÇht)

M W  * (k5 jhkjltt

r ♦ Sh. 
k k

On some rearrangement of terms, the first-order condition for 

maximization of V, is

(7) ( r  * p k ) [ ^  - ■ *c - *Ch,) - ----------* •

Because firms are symmetric, in equilibrium all firms will chose the 

same research intensity.7 Letting h( = hk - h in (7), equilibrium 

research intensity is given by

r  71m q  71m ♦ (n  -  1)71,
(8) (r * nh) |_ -  z ‘ (h) J > 7tc(c,) - z(h) - -------F--------- ^h

From (7) and (8), equilibrium expected value per firm when firms

carry out independent research and development is

(9) Vlnd = ^  - 2-Ch) .

B. Welfare With Independent R & D

The instantaneous probability that innovation has not occurred is

expt — CShk3t). Before innovation, the market is an n-firm oligopoly in

7. I f it is profitable for a single firm to undertake R & D if no 
other firms do so, then reaction curves have slope less than one in 
the neighborhood of equilibrium, equilibrium h falls as n rises and 
rises as c, - c2 rises.
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5

which all firms have marginal cost ct per unit. Consumers' surplus is 

per unit time period.

The instantaneous probability that innovation has occurred is

teh je x p l- teh jt ]-  
k k

In the post-innovation market, consumer’s surplus

is

Cl 1.1)

per unit time if innovation is drastic, and

Cl 1.2) bf 2̂ ^^1
2 L n * 1

otherwise.

Multiplying pre- and post-innovation consumers' surplus by the 

appropriate probability density and integrating over all future time.

expected consumers* surplus is

f  nSi Y nh f SzY
(12.1) ,-r-i b kn » 1 j * r 1 2 J

2 r + nh *

if the innovation is drastic, or

f  nS< Y  , nh f~ S 2 » (n - 1 )St |

Cl 2.2) CS,^ - b In  * 1 J r l n + 1 J
2 r * nh

if not.

Expected net social welfare is expected consumers' surplus plus 

the expected value of the firms in the market.

III. Complete R & D Joint Ventures

I consider a legal regime that allows firms to pool R & D 

activities, while constraining them to make independent output 

decisions. Each firm in an R & D joint venture conducts an R & D 

project. I f any R & D project of the joint venture succeeds, all 

firms in the joint venture have access to the new technology.
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6

A. Theory

Levels of R & D intensity for firms in the joint venture are 

selected to maximize the members' expected value, given that outputs 

will be determined noncooperatively. Since there are decreasing 

returns to R & D intensity, firms in an R & D joint venture will chose 

a common level of R & D intensity for each R & D project. If the 

joint venture includes all firms in the market, the expected value of 

a single firm is

Cl 3)
nhnr (c,)

Jtjfc,) -  z (h ) ♦ -------f— —
J r ♦ nh ’

where 7icCcf) is per-firm Cournot oligopoly profit if all firms operate 

with marginal cost c,. Joint venture research intensity, which 

maximizes Cl 3), must satisfy the first-order condition

(14) (r * nh.) : n7ic(c,) “ I r
f -  z Chj) _ ] * |_ nc 

It follows that the equilibrium value of a single firm is

(15) VJ*v
rrc (c2)

f

ic(c,) -  z(hj)

z'(hj)

nMc2). “I 
r hj J

Since the joint venture allows all firms access to the new 

technology, the market is an n-firm Cournot oligopoly before and after 

innovation. Expected consumers' surplus, by an argument similar to 

that which yields Cl 2), is

, nh,
i- _ _ 2 c;? +

(16) rcJ v 
'-2>ND

2 ^  - - Vr  n h 5] r 5z 
I n  * 1 J r f nhj

As with independent research and development, expected net social 

welfare is expected consumers' surplus plus the expected value of

firms in the market.
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7

Table! 1: Relative market performance, rivalry vs. R & B joint
venture (p - 100 -  0)

C1 - 90, c2 - 10, z(h) - lOOOh - lO.OOOh2, r - 1/10

N h 1/nh Value NSW

2 Ind 0.67019 0.74 5,846.18 21,129.84
JV 0.24392 2.05 6,060.80 27,097.35

3 Ind 0.77925 0.43 3,665.07 20,716.42
JV 0.18525 1.80 3,494.18 29,832.57

4 Ind 0.82951 0.30 2,659.77 20,477.20
JV 0.14857 1.68 2,247.17 31,221.32

5 Ind 0.85822 0.23 2.085.60 20,330.35
JV 0.12360 1.61 1,555.58 32,034.26

B. Quadratic R & D Cost Function

If the R & B cost function is quadratic, the equations that 

define the equilibrium values h and iij are quadratic. They are 

capable of explicit solution, which allows comparison of expected firm 

value, consumers' surplus, and net social welfare under independent 

and joint R & B.

Table 1 shows typical equilibrium values under independent and 

joint R & D for a quadratic r & d cost function.8 Thr"  results 

stand out. First, equilibrium firm investment in R & D is lower, and 

expected time to successful innovation is longer, under an R & D joint 

venture. Under an R & D joint venture, each firm has a reduced 

incentive to invest in R & D: its own research program, if

successful, will benefit its rivals, and it may well gain access to 

the new technology when some other firm completes its R & B project.

8. The values reported in Tables 1, 2, 3, and 4 are produced by a set 
of BASIC and Borland's EUREKA programs, which are available on 
request.

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



8

Second, expected net social welfare is greater if R & D is joint 

rather than independent. Even though joint R & D delays innovation, 

it ensures competition in the provision of the product after 

innovation occurs. The increase in consumers' surplus that results 

from competition in the use of the new technology is more than 

sufficient to outweigh the delay in its introduction.

Third, there is no reason to think that firms will voluntarily 

adopt socially beneficial joint R & D. Competition in the post- 

discovery market reduces the expected per-firm payoff that follows 

from successful innovation. If the number of firms is small, relative 

to R & D cost and the size of the innovation, then post-innovation 

oligopoly profit is large enough so that firms' values are greater 

under a joint R & D program than with independent research. For the 

example of Table 1, a complete R & D joint venture yields firms a 

greater expected value than independent duopoly R & D. But if there 

are more than two firms, setting up an R & D joint venture reduces 

firms' expected value, because it reduces expected post-innovation 

profit. Generally, if the number of firms is large enough, it is more 

profitable to take a chance on having monopoly access to the new 

technology than to be assured of having shared access to the new 

technology.
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9

IV. The Structure of R & D Cooperation

But if there are more than two firms, it may be profitable for 

some firms to form joint ventures, while other firms find it most 

profitable to carry out independent R & D programs. This raises the 

question of the market equilibrium and optimal structures of R & D 

activity.

The appropriate equilibrium concept depends on whether or not 

firms can exclude rivals from a partial R & D joint venture. If firms 

in an R & D joint venture can exclude rivals, then a partition of 

firms into joint ventures and a fringe of independent researchers is 

an equilibrium if no firm in a joint venture can increase its expected 

value by defecting to the fringe and no group of firms in the fringe 

can increase their expected values by forming a joint venture. Ii 

firms in an R & D joint venture cannot exclude rivals, then a 

partition of firms is an equilibrium if no firm in a joint venture can 

increase its expected value by defecting to the fringe or joining 

another joint venture, no group of firms in the fringe can increase 

their expected values by forming a joint venture, and no single firm 

in the fringe can increase its expected value by joining an R & D 

joint venture.3

A. R & D Reaction Functions

In a market of the type discussed in the previous section, 

suppose J firms form an R & D joint venture, while F fringe firms 

carry out independent R & D programs. If a firm in the fringe is the 

first to succeed, it obtains a monopoly in the use of the new 9

9. The latter concept is the same as the d'Aspremont, Jacquemin, 
Gabsewicz, and Weymark [1983] criterion of internal and external 
stability for output cartels.
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10

technology. Other firms may continue to produce, using the old 

technology, if they find it profitable to do so. If any firm in the 

joint venture is the first to succeed, all firms in the joint venture 

have access to the new technology. Fringe firms may continue to 

produce, using the old technology, if they find it profitable to do

(17)

The value of a single fringe firm, say firm 1, is

f r Fhj7i^ + + (. Z hj)?!

v i = M e , )  -  ^

Jh F .

F
L

7T̂y is the winner's payoff if the winner is in the fringe; 7ij

if a fringe firm's payoff if the winner is in the joint venture; and

7ip is a loser's payoff if the winner is in the fringe.

The first order condition for maximization of vj defines fringe 

firm i 's  research intensity reaction surface. In equilibrium all 

fringe firms will chose the same research intensity, hf, which 

satisfies

[r + Jh, - Fhf] [ [  ^  - z ’ (hf) [ ]  =.
(18)

+ (F “  l)7i[]ht ♦ Jh.7l£
7ic(c1) - z(hf) * ---------------- - f ----- —----------

From (17) and (18), the equilibrium value of a fringe firm is

„r
(19) Vf* = - z'(hr) .

The value of a firm in the joint venture is

Jh

(20)
nc(c,) - z(hj)

ljnw +

i= 1
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The first-order condition for maximization of V, defines the 

joint venture's reaction surface. In equilibrium, all firms in the 

Joint venture chose a common research intensity h,, that satisfies 

the first order condition

(21 Hr + Jj - Fh,] [ [  - z'(hj)

From (20) and (21), the equilibrium value of a firm m the joint 

venture is

[ 7IC(C ,) - z(hp
Jh./t;lj"w Fh,7t

( 2 2 ) v . *_1 2,(hP
v ) ’  r J

Output, and therefore consumers' surplus, in the post-innovation 

market depends on whether or not the innovation is drastic.10 

Expected consumers' surplus is

(23) CS

JhJ-int 1-2 Fh,

r » jh , ♦ Fh,

Equilibrium research intensities h, and h, are determined by 

solving (18) and (21) as a system of simultaneous equations. If the R 

& D cost function is quadratic, (18) and (21) are equations of rotated 

hyperbolae, better suited to numerical than analytic solution.

B. Non-drastic Innovation

Table 2 describes equilibrium characteristics tor different R & D 

structures a non-drastic innovation. For two firms, there are only 

two alternatives: each firm undertakes independent research and

development, or both firms form a joint venture. If there are three

10. If a firm in the joint venture wins the race, the Cournot output 
of a fringe firm is qf = [(J + 1 )S, - JS2]/(J + F * 1). The 
innovation is J-drastic if this is negative, in which case the post 
innovation market is a J-firm Cournot oligopoly. Otherwise the 
innovation is not J-drastic. See footnote 6 for the condition if a 
fringe firm wins the race.
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Table 2 - Relative market performance with partial Joint ventures, 
non-drastic innovation

Relative market performance, rivalry vs. R & D joint venture

• 100 - Q, n = 2, c( = 50, C2 = 40, z(h) - lOOOh - 10,000h2, r = 1/

h Mean Firm value CS NSW

(0 ,2 ) 0.0865 5.78 2,715.04 6,294.78 11,724.85
(2 ,0 ) 0.0486 10.29 3,013.99 6,760.44 12,788.41

(0 ,3 ) 0.0772 4.32 1,455.45 7,707.93 12,074.27
( 2 , 1 ) hj = 0.0867 3.81 Vj - 1,695.26 8,226.17 12,835.09

h, = 0.0891 V, - 1,218.26
(3 ,0 ) 0.0349 9.56 1,684.15 8,613.15 13,665.59

(0,0,4) 0.0666 15.02 908.03 8,596.20 12,228.31
(2,0,2) hj = 0.0929 2.99 Vj * 1,131.07 8,998.87 12,760.20

h, = 0.Û745 V, = 749.65
(2,2,0) 0.1 11 6 2.24 943.53 5,936.92 11,635.98
(3,0,1) hj - 0.0734 3.32 Vj - 1,137.34 9,582.14 13,619.94

h( -  0.0807 V, - 625.78
(4,0,0) 0.0252 9.90 1,063.75 9.768.7 14,023.75

(0,0,5) 0.0578 3.4 6 620.86 9,206.91 12,311.21
(2,0,3) h, - 0.0924 2.67 Vj - 825.87 9,526.40 12,722.64

hf - 0.0631 Vf - 514.83
(3,0,2) hj - 0.0866 2.52 Vj - 866.93 10,031.13 13,451.49

h, - 0.0684 Vf - 409.79
(4,0,1) hj »  0.0607 3.19 Vj « 807.40 10,564.15 14,160.96

hj - 0.0705 Vf -  367.20
(2,2,1) hj - 0.1080 2.00 Vj - 669.72 9,800.98 12,899.97

h, -  0.0679 Vf - 420.12
(3,2,0) hj - 0.1075 1.79 Vj = 727.79 10,280.02 13,614.64

hk -  0.1174 Vk - 575.62
(5,0,0) 0.01 82 1 1.02 727.39 10,497.76 14,134.73

Notes: last entry in each n-tuple is the number of fringe firms; 
earlier entries are number of firms in the R & D joint venture or 
joint ventures. Subscripts j and k denote values for joint ventures, 
subscript f denotes fringe values.

firms, there are three alternatives: completely independent R & D,

completely joint R & D, or partial cooperation.- an R & D joint venture 

of two firms, with one firm carrying out its own R & D program. When
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there are four or more firms, it is possible to have more than one 

joint venture, possibly with a fringe of independent firms.11

If there are two firms, it is net social welfare is greatest if 

both firms to form an R ft D joint venture, and firms maximize their 

expected value by forming an R & D joint venture. This result is the 

same as the two-firm example of Table 1.

If there are three firms, it is again a complete R & D joint 

venture that produces the greatest net social welfare. If all firms 

form a joint venture, firm value is 1,684.15, which is greater than 

the value 1,455.45 that results from independent R &. D. If two firms 

can form an R & D joint venture, they are even better off, with an 

expected value of 1,695.26 apiece. The fringe firm would have a lower 

value, however, than it would as a member of a three-firm R & D joint 

venture.

Hence if firms are unable to exclude rivals from an R & D joint 

venture, the market equilibrium structure of R & D is a three-firm 

joint venture. But if firms can exclude rivals from an R & B joint 

venture, the equilibrium result has two firms forming a joint venture, 

leaving one firm to carry out its own R & D project.

The case of four firms is similar to the case of three firms. 

There are five possible R & D structures. The best outcome of the 

these five is for all firms to form an R & D joint venture, and if 

exclusion is not possible, this is the market equilibrium structure.

11. Equilibrium R & D intensities for the latter cases are determined 
as for the cases considered explicitly in the text. Each joint 
venture or fringe firm maximizes expected value, taking the R & D 
intensities of other players as given, which yields a set of R & D 
reaction functions. Equilibrium research intensities are the solution 
of the equations of these reaction functions.
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(For it to be otherwise, the value of a fringe firm under some 

configuration would have to exceed the value of a firm which is a 

member of a 4 -firm R & D Joint venture.) I f firms can exclude rivals 

from an R & D joint venture, the equilibrium configuration has three 

firms form a joint venture, leaving one firm in the fringe.

If there are five firms, the best possibility is for four firms 

form a joint venture, while one firm carries out its own R & D 

project. When the number of firms is large, if all firms form a joint 

venture, per-firm research intensity falls to such a low level that it 

is better from a social point of view to have some firms undertake 

research on their own, even through this creates the possibility that 

only one firm will have access to the new technology in the post

innovation market.

If there are five firms and firms cannot exclude rivals from an R 

& D joint venture, the equilibrium structure has all firms forming a 

single R & D joint venture. But if firms can exclude rivals from a 

joint venture, the equilibrium structure is the socially optimal 

structure; four firms in a joint venture, one firm carrying out its 

own R & B program.

For non-drastic innovation, this example shows that some degree 

of cooperation in research and development is usually socially 

optimal. If the number of firms is small, it will be optimal for all 

firms to form a joint venture. If the number of firms is large, some 

partition of firms into joint ventures and a fringe will produce the 

greatest net social welfare under a market system. This structure of 

research and development is not likely to emerge as a market 

equilibrium if firms are able to exclude rivals from R & D joint 

ventures, particularly if the number of firms is small.
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Table 3: Relative market performance with partial joint ventures,
drastic innovation

Relative market performance, rivalry vs. R & D joint venture

p = 100 - Q, n = 2, c, = 90, c2 = 70, z(h) = lOOOh ♦ 10.0001T, r »  1/10

h Mean Firm value C5 NSW

(0,2) 0.0504 9.93 242.61 675.27 1,160.50
(2,0) 0 .0299 16.71 200.69 887.92 1,289.31

(0,3) 0.0540 6.17 170.20 802.92 1,313.53
(2,1) hj - 0.0370 7.90 Vj - 130.38 1,038.11 1,494.59

h, = 0.0527 V, -  195.71
(3,0) 0.0 1 94 17.21 100.02 1,108.23 1.408.30

(0 ,0 ,4 ) 0.0559 4.47 131.71 876.28 1,403.12
(2 ,0 ,2 ) hj - 0.0404 5.23 Vj - 96.43 1,091.08 1,576.12

h, = 0.0552 Vf = 146.09
(2 ,2 ,0 ) 0.0392 6.3S 108.42 735.03 1,1 68.72
(3 ,0 ,1 ) hj - 0.0246 7.88 Vj -  65.47 1,226.79 1,609.19

h, - 0.0531 V, - 186.00
(4 ,0 ,0 ) 0.0114 21.93 53.00 1,1 21.78 1,333.77

(0 ,0 ,5 ) 0.0571 3.50 107.77 923.27 1,462.10
(2 ,0 ,3 ) hj - 0.0423 3.93 Vj - 76.68 1,1 14.58 1,619.00

h, - 0.0566 Vf - 117.02
(3 ,0 .2 ) hj - 0.0272 5.20 Vj - 48.14 1,250.81 1,678.08

h, * 0.0554 V, - 141.42
(4 ,0 ,1 ) h( - 0.0153 8.76 Vj - 33.48 1,263.50 1,588.51

h( = 0.0529 V, - 191.10
(2 ,2 ,1 ) hj - 0.0416 4.49 Vj = 83.95 1,335.36 1,799.61

hf «  0.0561 Vt - 128.46
(3 ,2 ,0 ) hj - 0.0262 6.32 Vj - 54.00 1,521.95 1,890.86

hk -  0.0397 Vk - 103.46
(5 ,0 ,0 ) 0.0049 40.45 30.22 897.82 1,048.94

Note: last entry in each n-tuple is the number of fringe firms;
earlier entries are number of firms in the R & D joint venture or 
joint ventures. Subscripts j and k denote values for joint ventures, 
subscript f denotes fringe values.

The divergence between market and optimal structures will be even 

greater if the innovation is drastic, as shown in Table 3. In every 

case shown in Table 3, it is optimal for there to be some degree of
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cooperation in research and development. But for every case reported 

in Table 3, and whether or not firms are able to exclude rivals from 

an R & D joint venture, the market equilibrium has firms carry out 

independent R & D programs.

These examples make clear that the socially optimal market 

structure for the organization of research and development activity is 

a complex phenomenon, depending on the number of firms and the 

magnitude of the expected innovation. These examples suggest two 

policy conclusions. First, a legal regime that denies firms the right 

to exclude rivals from an R & D joint venture wiil usually lead to 

better market performance, in an expected social welfare sense, than a 

legal regime that permits such exclusion. Second, and particularly 

for drastic innovation, it will not be enough for government to permit 

firms to voluntarily form R & D joint ventures: government will have 

to induce the formation of socially beneficial R & D joint ventures 

that will often not be privately profitable.

V. Production Joint Ventures12

There are many cases in which joint ventures combine the 

operations of two or more actual competitors. Such joint ventures 

have historically been common in Europe, as a way of crossing national 

boundaries (Bayer (19321). The same phenomenon appears to be 

replicating itself on a worldwide basis, at least in particular 

industries (Holusha [19881: see also Bresnahan and Salop's [1986] 

discussion of a joint venture between General Motors and Toyota 

[19861). Given the increasing importance which is attached to

12. See Reynolds and Snapp [1986] and Bresnahan and Salop [1986] for 
related treatments.
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international competition as a way of promoting acceptable market 

performance, it is important to understand the implications of such 

joint ventures.

In this section I examine the consequences for market performance 

of a legal regime which permits firms that have formed an ft & D joint 

venture to create an independent subsidiary -  _a production joint 

venture CPJV) -  to use the new technology once innovation has taken 

place. I suppose that parent firms may continue to produce, using the 

old technology, if they find it profitable to do so. The production 

joint venture maximizes its own profit, taking the outputs of parent 

firms as given.

The specification of independent behavior by parent firms may 

seem unrealistic or unlikely. Two comments are in order. First, 

there are few public policy questions about production joint ventures 

which are vehicles for coordinated behavior. If parent firms use a 

production joint venture to maximize joint profit, market behavior is 

collusive, the joint venture will harm consumers, and whether or not 

the joint venture is socially beneficial depends on the tradeoff 

between benefit to producers and harm to consumers. This tradeoff is 

analyzed by Williamson [1968, 1977].

Second, independent behavior will often be mandated by policy 

requirements. An example is provided by a European Commission 

decision which permitted a joint venture between an American company 

and a European company (In re DeLaval-Stork13), imposing restrictions

13. Commission Decision of 25 July 1977.

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



18

designed to ensure the ability of the parent firms to compete after 

the formation of the joint venture.

A. The Post-Innovation Regime with a Production Joint Venture

Once innovation has occurred, the production joint venture (PJV) 

maximizes its own profit, taking the outputs of parent firms as given. 

Its  profit is

(24)

= b [ s2 - '  V ] V  •

Taking note of the fact that in equilibrium all parent firms will 

produce the same output (q), the first-order condition for 

maximization of (24) yields the PJV output reaction function,

(25) nq - 2qpjy - S2 .

Each parent firm independently maximizes its payoff,

(26) G| «  it, ♦ ^Jipjv ,

where the first term on the right is the firm's profit using the old 

technology and the second term is the firm's share of the profit of 

the production joint venture. Maximization of (26) yields the output 

reaction function

(27) (n ♦ 1 )q + D- ^ - i qpjv - S, .

Solving (25) and (27), we obtain equilibrium outputs

2S, -  l(n + l)/n]S-, (n ♦ 1)S, - nS,
(28  ̂ q “ n i- 1  ̂ ‘Vjv = n + 1

For this discussion, I assume that the innovation is non-drastic,

so that q from (28) is positive.

From (28), total output after innovation is
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(29) JTT-TSl -

which is the equilibrium output of the pre-innovation market. With a 

production joint venture, price, output, and consumers' surplus will 

be the same, before and after the innovation.

Parent firms, however, are better off because of the production 

joint venture: each parent firm inherits its share of rcpjV. Not only

do parent firms receive a greater profit after innovation, but they 

earn a greater profit with a production joint venture than they would 

if each parent firm competed as a Cournot oligopolist using the new 

technology:14

Gt " nc(c2̂  *
(30)

(n * U aM 2Sl "  ai r - i s 2 ]  * n(S2 "  W n * 2)S2 - nS, ]  }  > 0 . 

It follows that parent firms will prefer to set up a production joint 

venture to use the new technology, if they are able to do so.

B. R & D Investment with a production Joint Venture 

The expected value of a parent firm is

(31)
nc(c,) - z(hp) 

r * nh„

nhC,

This has the same form as (13), substituting G, for Cournot profit 

nc(c2). Since equilibrium R & B effort is an increasing function

14. The first term in brackets on the right is positive so long as 
parent firms have positive output in the post-innovation regime: all 
other terms on the right are positive.
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of the post-innovation payoff,15 it follows that parent firms will 

invest more in R & D if they are able to form a production joint 

venture than under an R & D joint venture with independent use of the 

new technology in the post-innovation market.

A production joint venture therefore increases investment in R & 

D, increases the expected value of parent firms, and shortens the 

expected waiting time to successful innovation. But it also denies 

consumers the benefits that would flow from rivalry in the use of the 

new technology.

Table 4: Comparison of independent R & D, complete R & B joint
venture, and complete production joint venture

p - 100 - Q, c, - 50, c2 -  40, z(h) - lOOOh ♦ lO.OOOh2, r - 1/10

n h Mean Firm value CS NSW

Ind 2 0.0865 5.78 2,71 5.04 6,294.78 1 1,724.85
RDJV 2 0.0486 10.29 3,01 3.99 6,760.44 12,788.41
PJV 2 0.0541 9.25 3,070.28 5,555.56 11,696.11

Ind 3 0.0772 4.32 1,455.45 7,707.93 12,074.27
RDJV 3 0.0349 9.56 1,684.15 8,613.15 13,665.60
PJV 3 0.0393 8.48 1,717.07 7,031.25 12,182.45

Ind 4 0.0666 3.7 5 908.03 8,596.20 12,228.31
RDJV 4 0.0252 9.90 1,063.75 9,768.73 14,023.75
PJV 4 0.0309 8.09 1,095.49 8,000.00 12,381.97

Ind 5 0.0578 3.46 620.86 9,206.91 12,311.21
RDJV 5 0.01 82 1 1.02 727.39 10,497.76 14,134.73
PJV 5 0.0255 7.86 759.27 8,680.56 12,476.90

15. Writing R for the post-innovation payoff in (14) and 
differentiating, we have

dh _ 1 n n
3R z"(h ) r + nh
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Table 4 compares equilibrium results for a modest innovation with 

2 to 5 firms for independent R & D, a complete R & D joint venture, 

and a production joint venture. Among these three alternatives, net 

social welfare is maximized by a complete R & D joint venture, but 

firm value is maximized by a production joint venture. Private and 

social incentives for the organization of research, development, and 

production diverge. While R & D joint ventures will usually be 

socially beneficial, production joint ventures do not appear to be a 

socially desirable way to organize the use of new technology.

VI. Final Remarks

The examples considered in this paper show that R & D joint 

ventures are, generally, desirable from a social point of view. This 

desirability has nothing to do with the impact of the joint venture on 

R & D activity. Indeed, the effect of an R & D joint venture is to 

reduce investment in R & D and delay the expected time to successful 

innovation. R & D joint ventures have a positive effect on expected 

net social welfare because they ensure rivalry in the use of the new 

technology, once it is discovered.

If there are economies of scale or scope in research and 

development, then an R & D joint venture will increase expected net 

social welfare because it increases the productivity of the R & D 

process. Such effects are ruled out by assumption »n the model 

considered here, but if they occur they will make R & D joint ventures 

even more beneficial than appears from the present analysis.

In the model presented here, R & D joint ventures are socially 

beneficial because they ensure competition in the post-innovation 

market. If, as often suspected, cooperation in R & D facilitates
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noncooperative collusion in output decisions, then the beneficial 

welfare effect of joint R & D will fail to materialize. This 

conclusion is supported by the analysis of production joint ventures 

for the use of a new technology. Such PJVs are privately profitable 

for parent firms, but deny consumers the benefits which flow from 

competition in the use of a new technology, and reduce net social 

welfare.

The optimal structure of cooperative R & D is a complex 

phenomenon, resulting from a tradeoff between the hope for profit that 

will result from successful R & D if the right to use the new 

technology is limited and the expected consumers’ surplus that results 

if the right to use the new technology is not limited. If R & D joint 

ventures are permitted, there is no reason to think that the structure 

of R & D cooperation that emerges when firms maximize their expected 

value will yield the greatest net social welfare possible under a

market system.

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



23

References

Bayer, Wilhelm F. "Horizontal Croups and Joint Ventures in Europe: 
Concepts and Reality," in Klaus J. Hopt, editor, Groups of Companies 
in European Laws, Berlin: Walter de Gruyter, 1982, Volume II, pp. 3-17.

Baldwin, William L. and Scott, John T. Market structure and 
technological change. Chur; Harwood Academic Publishers, 1987.

Beath, John, Katsoulacos, Yannis, and Ulph, David "The game-theoretic 
analysis of innovation: a survey," Bulletin of Economic Research 
Volume 41, Number 3, July 1989, pp. 163-184.

Bresnahan, Timothy F. and Salop, Steven C. "Quantifying the 
competitive effects of production joint ventures," International 
Journal of Industrial Organization Volume 4, Number 2, June 1986, 
pp. 155-177.

Dasgupta, Partha and Stiglitz, Joseph "Uncertainty, industrial 
structure, and the speed of R&D," Bell Journal of Economics 
Volume 11, Spring 1980, pp. 1-28.

d'Aspremont, Claude and Jacquemin, Alexis "Cooperative and 
noncooperative R&D in duopoly with spillovers," American Economic 
Review Volume 78, Number 5, December 1988, pp. 1133-1137.

d'Aspremont, Claude, Jacquemin, Alexis, Gabszewicz, Jean Jaskold, and 
Weymark, John A. “On the Stability of Collusive Price Leadership," 
Canadian Journal of Economics Volume 16, Number 1, February 1983, 
pp. 17-25.

Delbono, Flavio and Denicolo, Vincenzo ”R & D investment in a 
symmetric and homogeneous oligopoly: Bertrand vs. Cournot," 
International Journal of Industrial Organization Volume 8, Number 2,
June 1990, pp. 297-313.

Henriques, Irene "Cooperative and noncooperative R&D in duopoly with 
spillovers: comment," American Economic Review Volume 80, Number 3, 
June 1990, pp. 638-640.

Holusha, John "Ford and Nissan to Jointly Make Minivans in U.S.," 
International Herald Tribune. September 13, 1988, p. 11.

Katz, Michael L. and Ordover, Janusz A. "R&D Cooperation and 
Competition," Brookings Papers on Economic Activity Microeconomics

1990, pp. 137-203.

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



24

Lee, Tom and Wilde, Louis L. "Market Structure and Innovation: A 

Reformulation," Quarterly Journai of Economics Volume 94, Number 2, 

March 1980, pp. 429-436.

Loury, Glenn C. "Market Structure and Innovation," Quarterly Journal 

of Economics Volume 93, Number 3, No. 372, August 1979, pp. 395-410.

Reinganurn, Jennifer F. "The timing of innovation: research, 

development, and diffusion," in Richard Schmalensee and Robert D.

Willig, editors, Handbook of Industrial Organization. Amsterdam; 

North-Holland, 1989, Volume 1, pp. 849-908.

Reynolds, Robert J. and Snapp, Bruce R. "The Competitive Effects of 

Partial Equity Interests arid Joint Ventures," International Journal 

of Industrial Organization Volume 4, Number 2, June 1986, pp. 141-153.

Scott, John T. "Diversification versus co-operation in R & D 

investment," Managerial and Decision Economics Volume 9, Number 

3, September 1988, pp. 173-186.

-------  "Historical and economic perspectives of the National

Cooperative Research Act," in Link, Albert N. and Tassey, Gregory, 
editors Cooperative Research and Development: The Industry-University- 

Government Relationship. Dordrecht: Kluwer Academic Publishers, 1989.

Williamson, Oliver E. "Economies as an Antitrust Defense: The Welfare 
Tradeoffs," American Economic Review Volume 58, March 1968, pp. 18-36.

-------  "Economies as an Antitrust Defense Revisited," University of

Pennsylvania Law Review Volume 125, Number 4, April 1977, pp. 706-713.

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



EUI
WORKING
PAPERS

EUI Working Papers are published and distributed by the 
European University Institute, Florence

Copies can be obtained free o f charge -  depending on the availability o f
stocks -  from:

The Publications Officer 
European University Institute 

Badia Fiesolana
1-50016 San Domenico di Fiesole (F I) 

Italy

Please use order form overleaf

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



Publications of the European University Institute

T o  The Publications O fficer
European University Institute 
Badia Fiesolana
1-50016 San Domenico di Fiesole (F I) 
Italy

From Name . .

Address

□  Please send me a complete list o f  EUI Working Papers
□  Please send me a complete list o f EUI book publications
□  Please send me the EUI brochure Academic Year 1990/91

Please send me the follow ing EUI Working Paper(s):

No, Author ................................................................

Title: ...................................................................
No, Author ................................................................

Title: ...................................................................
No, Author ................................................................

Title: ...................................................................
No, Author ................................................................

Title: ...................................................................

Date

Signature

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



W ork in g  Papers o f the Departm ent o f  Econom ics 
Published since 1989

89/370
B. BENSAID/ RJ. GARY-BOBO/
S. FEDERBUSCH
The Strategic Aspects of Profit Sharing in the 
Industry

89/374
Francisco S. TORRES
Small Countries and Exogenous Policy Shocks 

89/375
Renzo DAVIDDI
Rouble Convertibility: A Realistic Target 

89/377
Elettra AGLIARDI
On the Robustness of Contestability Theory 

89/378
Stephen MARTIN
The Welfare Consequences of Transaction Costs 
in Financial Markets

89/381
Susan SENIOR NELLO
Recent Developments in Relations Between the
EC and Eastern Europe

89/382
Jean GABSZEWICZ/ Paolo G ARELLA/ 
Charles NOLLET
Spatial Price Competition With Uninformed 
Buyers

89/383 
Benedetto GUI
Beneficiary and Dominant Roles in 
Organizations: The Case of Nonprofits

89/384
Agustin MARAVALL/ Daniel PENA 
Missing Observations, Additive Outliers and 
Inverse Autocorrelation Function

89/385
Stephen MARTIN
Product Differentiation and Market Performance 
in Oligopoly

89/386 
Dalia MARIN
Is the Export-Led Growth Hypothesis Valid for 
Industrialized Countries?

89/387
Stephen MARTIN
Modeling Oligopolistic Interaction

89/388
Jean-Claude CHOURAQUI
The Conduct of Monetary Policy: What have we
Learned From Recent Experience

89/390
Corrado BENASSI
Imperfect Information and Financial Markets: A 
General Equilibrium Model

89/394
Serge-Christophe KOLM 
Adequacy, Equity and Fundamental Dominance: 
Unanimous and Comparable Allocations in 
Rational Social Choice, with Applications to 
Marriage and Wages

89/395
Daniel HE YM ANN/Axel LEUONHUFVUD 
On the Use of Currency Reform in Inflation 
Stabilization

89/400
Robert J. GARY-BOBO
On the Existence of Equilibrium Configurations
in a Class of Asymmetric Market Entry Games *

89/402
Stephen MARTIN
Direct Foreign Investment in The United States 

89/413
Francisco S. TORRES
Portugal, the EMS and 1992: Stabilization and 
Liberalization

89/416
Joerg MAYER
Reserve Switches and Exchange-Rate Variability: 
The Presumed Inherent Instability of the 
Multiple Reserve-Currency System

89/417
José P. ESPERANÇA/ Neil KAY 
Foreign Direct Investment and Competition in 
the Advertising Sector: The Italian Case

W orking Paper out o f  print

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



89/418
Luigi BRIGH1/ Mario FORNI
Aggregation Across Agents in Demand Systems

89/420
Corrado BENASSI
A Competitive Model of Credit Intermediation 

89/422
Marcus MILLER/ Mark SALMON 
When does Coordination pay?

89/423
Marcus MILLER/ Mark SALMON/
Alan SUTHERLAND
Time Consistency, Discounting and the Returns 
to Cooperation

89/424
Frank CRITCHLEY/ Paul MARRIOTT/
Mark SALMON
On the Differential Geometry of the Wald Test 
with Nonlinear Restrictions

89/425
Peter J. HAMMOND
On the Impossibility of Perfect Capital Markets 

89/426
Peter J. HAMMOND
Perfected Option Markets in Economies with 
Adverse Selection

89/427
Peter J. HAMMOND
Irreducibility, Resource Relatedness, and Survival 
with Individual Non-Convexities

*  *  *

ECO No. 90/1"
Tamer BA§AR and Mark SALMON 
Credibility and the Value of Information 
Transmission in a Model of Monetary Policy 
and Inflation

ECO No. 90/2
Horst UNGERER
The EMS -  The First Ten Years
Policies -  Developments -  Evolution

ECO No. 90/3 
Peter J. HAMMOND
Interpersonal Comparisons of Utility: Why and 
how they are and should be made

ECO No. 90/4 
Peter J. HAMMOND
A Revelation Principle for (Boundedly) Bayesian 
Rationalizable Strategies

ECO No. 90/5 
Peter J. HAMMOND 
Independence of Irrelevant Interpersonal 
Comparisons

ECO No. 90/6 
Hal R. VARIAN
A Solution to the Problem of Externalities and 
Public Goods when Agents are Well-Informed

ECO No. 90/7 
Hal R. VARIAN
Sequential Provision of Public Goods 

ECO No. 90/8
T. BRIANZA, L. PHLIPS and J.F. RICHARD 
Futures Markets, Speculation and Monopoly 
Pricing

ECO No. 90/9
Anthony B. ATKINSON/ John
MICKLEWRIGHT
Unemployment Compensation and Labour 
Market Transition: A  Critical Review

ECO No. 90/10
Peter J, HAMMOND
The Role of Information in Economics

ECO No. 90/11
Nicos M. CHRISTODOULAKIS 
Debt Dynamics in a Small Open Economy

ECO No. 90/12 
Stephen C. SMITH
On the Economic Rationale for Codetermination 
Law

ECO No. 90/13 
Elcttra AGLIARDI
Learning by Doing and Market Structures

ECO No. 90/14 
Peter J. HAMMOND 
Intertemporal Objectives

ECO No. 90/15 
Andrew EVANS/Stephen MARTIN 
Socially Acceptable Distortion of Competition: 
EC Policy on State Aid

Please note: As from January 1990, the EUI 
Working Papers Series is divided into six sub-series, each 
series will be numbered individually (e.g. EUI Working 
Paper LA W  No. 90/1).

Working Paper out of print

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



ECO No. 90/16
Stephen MARTIN
Fringe Size and Cartel Stability

ECO  No. 90/17
John MICKLEWRIGHT
Why Do Less Than a Quarter of the
Unemployed in Britain Receive Unemployment
Insurance?

ECO No. 90/18 
Mrudula A. PATEL 
Optimal Life Cycle Saving 
With Borrowing Constraints:
A Graphical Solution

ECO  No. 90/19 
Peter J. HAMMOND
Money Metric Measures of Individual and Social 
Welfare Allowing for Environmental 
Externalities

ECO  No. 90/20 
Louis PHLIPS/
Ronald M. HARSTAD
Oligopolistic Manipulation of Spot Markets and 
the Timing of Futures Market Speculation

ECO  No. 90/21
Christian DUSTMANN
Earnings Adjustment of Temporary Migrants

ECO  No. 90/22
John MICKLEWRIGHT
The Reform of Unemployment Compensation:
Choices for East and West

ECO  No. 90/23 
Joerg MAYER
U. S. Dollar and Deutschmark as Reserve Assets

ECO No. 90/24 
Sheila MARNIE
Labour Market Reform in the USSR:
Fact or Fiction?

ECO No. 90/25 
Peter JENSEN/
Niels WESTERGARD-NIELSEN 
Temporary Layoffs and the Duration of 
Unemployment: An Empirical Analysis

ECO No. 90/26 
Stephan L. KALB
Market-Led Approaches to European Monetary 
Union in the Light of a Legal Restrictions 
Theory of Money

ECO No. 90/27 
Robert J. WALDMANN 
Implausible Results or Implausible Data? 
Anomalies in the Construction of Value Added 
Data and Implications for Estimates of Price- 
Cost Markups

ECO No. 90/28 
Stephen MARTIN
Periodic Model Changes in Oligopoly

ECO No. 90/29
Nicos CHRISTODOULAKIS/
Martin WE ALE
Imperfect Competition in an Open Economy

*  *  *

ECO No. 91/30 
Steve ALPERN/Dennis J. SNOWER 
Unemployment Through ‘Learning From 
Experience’

ECO No. 91/31
David M. PRESCOTT/Thanasis STENGOS 
Testing for Forccastible Nonlinear Dependence 
in Weekly Gold Rates of Return

ECO No. 91/32 
Peter J. HAMMOND 
Harsanyi’s Utilitarian Theorem:
A Simpler Proof and Some Ethical 
Connotations

ECO No. 91/33 
Anthony B. ATKINSON/
John MICKLEWRIGHT
Economic Transformation in Eastern Europe
and the Distribution of Income

ECO No. 91/34 
Svend ALBAEK
On Nash and Stackelberg Equilibria when Costs 
are Private Information

ECO No. 91/35 
Stephen MARTIN 
Private and Social Incentives 
to Form R & D Joint Ventures

W orking Paper out o f  print

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



I -

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.




