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. ~ Chapter 1

INTRODUCTION AND SUMMARY

-,

1.1 INTRODUCTION _ : - -
Strike behavior on the part of unions has. attracted a

great-deal of attention in the union and industrial

relations literature. Empirical .work in this area has had

— s

,little guidance from ecénomr% %heqry& Recently, formal

models of strikes based on- the behawior ozjgjtidnal agents

. have béen developed. Tracy (198f)vuses

’

simple N-round

bargaining modél in which =strikes can resulct ' as a

.

BN
consequence of each™PaTty following a ratiomal bargainihg
'strategy. Ha}es (1984) uses a model of imperfect information -

in which strikes are used as an information reveallng

‘device. Informational/asymmetry\in Hayes’ model occurs

-
7

because the firm knows more about the state of output demand

than the union does. The union p:oposés either a high'wage

] .
and no strike or a lower wage after a strike of some

» N
S - ~

‘duration. These proposals are designed so that a firm facing
" a good sta;é of output demand will accept the Efgh wage in ' .

prder to produce immediately whereas a firm facxng a bad
state will«accept’ the strike to ob~tain the *lower wage. If N

the probability ef the good state of 0ucPuc demand is small

the udion would offer a sirgle “contract with no scrike.

—_— - »
-

~

In Hayes' model, relatively few Predﬂctions cagmg be

obtained. This criticism can be applied to much of thé union
. - ” - p . S—
literatdre. Very féw testable propositions have been

v

estaBlished (Pencavel, 1984). MacDdnald and Robinson (1986)

.

-}

el
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3 .
’ ABSTRACT . . © -
. “_ * - (‘
When firnk_hage-privace information a union may. use a

'strike to reveéeal inforiatisn about the firm. This.t&esis has .

asynmetri’cally-inforued agents in a competitive indu#ry in-~_

* which union  and nonunion firams may «exist. This environmen<

makes it possible toygderive a wide class of prediction

condg;ning unioegn strike behavior.. Many of the new

predictions arise from the possibility of less than J00%
4

unionization and the implied demand independence results.

-
[

> - Also, multiple firm types may exist at any one-time in an
- . industry. This leads to a strong result concerning the joint

distribution of Wwages and strikes within ‘an industry, ®hich
- ) . N - - L 4 - -
is fundamental ,to the . view of strikes as a mechanism for

“.eliciting information on firm typé%.

L' Firmﬁrdif{;r in the level of a cost parameter which can

I I J .

take on a high or low value. If there is perfect informatcion

- 4 ~

(that is, all "agents know the value of any particular

PR

firms's Cot} parameter), then there will be no strike in

'w

# equilibrium. In the case of impwrfect information, there are -

two typgk_uf_equilibtip: a.pooang in which there will be’ﬁo
. strikes, ;ﬁd.f‘gebaraéfng equi}ibrihm ?n which scgikes will

. ‘ -‘occur. In Fhe’separating eqhi}ib;&ﬁh theunion Takes tf?‘ -
'offefs%_0qe’9ffér consists of a high waée é;d_no=stfike, The,

other consists of a'lower_wage but after a sttike of a v
gbbsen durétioﬁ. The offers.are destgned to ba lncencivé)‘.\FQ.
o i . ) A
‘compatible. - - ) - e T . : )

[ 'b' i ; . . . .

Besides the wage rates and the strike length, the utnion - '

P B - . ) ' - .

[
.

-
. .
. . - . .
. . . ' .
YRS . . -
- . . . . .
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also chooses the number of firms that it éiganizesl The _

-

unfog’s costs of operating incireases with the number of

. -
-

firms organize&.and‘éhis may. result in the union éhoésing to. -

organize less than 16Q§ of” the fdrms operating in the
4 R - ‘ _}_:, .
industry. A robust prediction is that within .a competitive

-
- . - .

industry, wages rates and st}ikealeﬁgths are inversely

. . A

related. Also within an.industry.hthe wage rites of firms

.
that settle 34t the beginning of the contract period should

- 1] -
be above "those of firms that settle after a strike. A number

of comparative 'stagsic results are also generated.
. . . (3

‘ -

Predictions about strike "behavior over the business cygle

- S
. .
are presented. . ' . . _
- - A ) .
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. Chapter 1

INTRODUGTION AND SUMMARY

.

1.1 INTRODUCTION ‘ - P -

Strike behavior on the part of unions has. attracted a
great-deal of attention in the union and industrial

relations literature. Empirical. work in this area has had

o,

.litctle guidance from ecénomrz‘iheqry. Recently, formal

models of strikes based on- the behawior oz:£;tiénal agents

. have been developed. Tracy (198f) uses simple N-round

3 .
»

bargaining modél in which =strikes caun result ' 'as a

\

.
consequence of each™Party following a rational bargainihg
‘scrategy. Hayes 2198A) uses a model ofAimperfect inf&rmacion

in which strikes are used as an information-revealing

‘device. Informatiowal/asymmetry\ln Hayes' model occurs

because the firm knows more about the state of output demand

-— .

than the union does. The union p:oposés either a high'wage

and no strike or a lower wage after a strike of some

. . .~

‘duration. These proposals are designed so that a firm facing

‘. a ood stapé of output demand w111 accepc the h wage in °’
-3 F -8 g

prder to produce immediately, whereas a firm facxng a bad

state will. accept® the strike to obtaim the “kower wage. If

the probability of the good state of'0utpuc demand is small,
. - . R »

the union would offer a sirgle “contract wfth no stcike.

_— Lot

L]

In Hayes' model, relatiQely few predfictions cag be

obtained. This criticism can be applied to much of thée union
. T . . ~
literatdre. Very féw testable propositions have been

'

estaBblished (Pencavel, 1984). MacDdnald and Robinson (1986)

6 .

-

N




» . : 2'

o
make headway in forming testable hypotheses on wunion

behawior and in pfac?ng restrictions on cqvariations of
endogenous variables. In MacDonald and Robi#son, the |
behavior of a monoﬁoly union is analyzed in an environment
of combetitive firms and ugion costs. The fact that the

union faces a large number of small firms gives it the

ability to use these firms to extract rents from the

- -

consumers. This ability'to extract rents is, however,

constrained by the fact that the union Jges‘resources in icts

union activities. The presence of these 'costs yields the
main innovation in MacDonald amd Robinson, an equilibrium
. : - w

outcome in which less than 100% of an industry is unionized.

. Y 4
Wneﬂ'che indus;byfis less than 100% d‘innized. the union’s

3

Y

optimal choices are—independent of shifts in consumer

» .. °

dem-~ad. "

(1.2 SUMMARY AND PRINCIPAL RESULTS: -

LY

Y

This thesis qompinés the asymmec&igplly-infgz;ed agents of

Pt

- Hayes with the framework of Tompetitive firms and union cost

of MacDonald. and Robinson. ‘This environment makqs it

——

possible to derive a considerably wider class of prediction

concerning uniocn strike behavior than was poésib}e in Hayes.

As in MacDonald and Robinson, many of the new predictions

arise from the possibility of less cthan IOQZ-udionization

~and the implied demand independence results. However, an

”
- »

additional source of predictions, not availabte in Hayes, is

The existence of many firms. Hence, multiple firm types can
e : " ‘
exist at any one timé in an industry. This leads to a strong



-

3

resulte concefniﬁg;the joint distribution of wages and

h 4
strikes within an jindustry, which is fundamental to the wiew

. -
-

of strikes as a mechanism for eliciting information.en firm

o -

types.

In Chapter 2 a model is presen¥ed in which-the behavior of
the agents (consumers, workers, firms and union) is
analysised in an_environment in which firms can be of two

types. Firmé differ in the level of a cost parametef which

can take on a high or lew value. If ghere-is perfect

s .
information (that is, all agents know the value of any
particular firm's cost parameter), then there will be ,no

L
-

strike in equilibgium. ®n the case of imperfect information,

-

there are two, types of equiligria; a pooling equilibrium in

which there will be no strikes, and a separasing eqdilibrium

in which strikes will occur. In the separating equilibrium,

as in Hayes, the union makes two offers. However, in thisg

. L4 ¢

case there -are many firms whicl- consider these offers. One

offer consists of a high wage and no.st;ike. The other

a—

LY

consists of a lower nge'Qut after a strike of @& chosen
dgrétior1. The offers ar; _design%d to be incentive
compatible; that is, the firms with the low cogg pagamete;
find it more'profitable‘to pay the high wage and get workers
immediateyy. The firms with che high coés parameter find it
éore profitable m&,endure the strike and pay the lower wage.

Besides cthe wage tateés and the strike length, the union

.o
)

also chooses the number'of_firps that it organizes. The

o
s

union’'s costs increase with the number of firms organifeed



9

- -

. * - -~ -
and rhis may result in the umion choosing to organize less

than+100% of the firms oeperating in ‘the indagtry. There

would theg exist non-union firms in the’ industry. How many
) -3 ' -, . [}
non-union firms depends on the Jlocation of the product

'
9

. demand_curve. Variations in the product "demand curve:  dffect
- . ' — - Q .
nen-union firms if the industry is—tess than 100X unionized.
. 2 ‘
Chapter 3 discusses the conditions under which the pooling
- L] ‘)}* =
and separating equilibria will occur, well as <the
-, - * A S . -

predidtions of tHe model. A robust.prediction is that within

1) a3 .
a competitive industry, wage rates and strike lengths. are’

» - =

t

-
inversely related. .Also within an industry, the wage rates
‘ . )

of firmﬂ,that settle at .the -beginning of the. contract period-

. \ . . ) A
" should be above those of firms that settle after a strike. A

number of comparative static results are also generated. For
" -
v

example, changes 1in the alternative wage available- to

- . -

workeri have a posytive effect on_yage rates- in both struck

o )
and non-struck firms: e akternative 'wage has a negative

s

effect on the number of f L@s -organized

Chapter 4 contains a literatufe survey and a discussion of
L

how the model in Chapteq{Z can be extended to obtain across

ot

1

ibdus:ry predictions. Also, prédictions about strike
' e . - -
.’ behavior over, the business cycle are presented. If the
. ) - _ )

. . . -' . .
alternative wage and the price of capital poods reflect

movements along the business cycle, then the model predicts
) .

r‘pro-cycliciEDmovements in the incidence of strikes and

-

counter-tvclical movemerits in the duration of strikes

v . —
- - .



r

%hapter 2

. .+ A MODEL OF UNION nsmvrda(/’\

This cﬁap:er %ptlineé:the,basic model. The bghavior ,of the

2.1 Introduction

! . . —
four agents of ghe model is specified.. Thesg agents are
= »- ‘. '
consumers, workers, firms gnd a union.

Firms are competitive apd identical except that upon
_® . i . '
entering, the industry, they learn the value of a cost

C g
pardameter This parameter may have either a high or "low

)
value. .The ynion has ‘monopoly rights over sales of labor in

the indus®Ty ‘Workers are consiidered homogeneous and have a
2 hd .
: -

competitive wage alternative, available to them. Consumer

behavior is summarized by a demand c@tve.

The modef is examined under cages of perfect and imperfect

.
. . .

L} - - 3 ’ »’ 3
information. In the case of perfect information, the union

}
charges the same wages to both types of firms and no strikes

will- octur This case reduces to.the model of MacDonald and

‘ Robinson (1986)". With imperfect information, several
/

’

propositions on the nature of the equilibrium are proved. In.

ri ”

. ' ’ : ; - P :
this c¢ase,- there can exist two distinct<equilibria: a

e
,¢6€{:ng equilibrium and a sep?racing equilibrium. -
\ - . .

in a pooling equilibrium the union charges a single wage

tdb both types of ?firms and-wno strike occurs. This,
- . - ‘ *

equil}btium is the same as that of MacDonald and Robinséq.

. - .
Also, a separht{ng equilibrium can exist’ in which the union

. o :
separates the two different types of firms - firms with the

LY
4 .

low cost ﬁafqmeter will not 'endure a strike, but will pay a

* 5 . . Y.
'

”



6

high wage, and firms with tHe high cost parameter will

undergo a strike\but pay. a 'lower wage.

[y

3.2 FIRMS L ’ ' .- -

’%—" The firms have access .to a common ("daily") production -

-3

function.

L) X=~f(L). £'>0. £''<0
yhere X is daily ou‘tput and L is daily labor—input Firms
differ in'type in a simple 'way. In order to produce', tirms
. i ) . .
. are required to purchase a "capital good” that has two

quality levels, good {g) and bad (b). The: quality level

—— B
-t

determines a d;& fixed cost of operation Goad qﬁalit'y
a

J capital implies laily fixed cost of ¢, and bad quality
. . . -~

capital -results in cost c¢p. whére cp > ¢g-. The length of the

period in the model is .T..days and is determ#ined-by the

.. len
“~ > - - . .

: matters.. This périoc‘iicity could, come from f hnrve‘t ‘cycle
< » [ L

(where land,  the ::apital'good. is*leased for an agricultural

[3

ph\of‘time— for which <he diffe're:ncq in capital goods
El . ‘ * .

>

H ° v at

'season) or a "model y:ear" pr‘a “fasf’tiop cvele”, etc .
¢ , - .. "
The capital good is assumed to ‘Be. purchased in a
‘. t ¢ : ) ' .
competitive market at price K: It is common knowledge that

the good comes in the~ types. g .and b, and that the fraction

- -
»

e .
-- of g types ts J. These types ., hdwever., are not apparent

»

. until the production process is started. Even then tyges are

. 8 ., . ’
only observable to the owner' Firms contemplating entry into

g L




‘costs.

7
NG

-this indystry "know there is a union, know the union’'s

3
.

objective function, and know the union’s commitment powers.

-

As in most monopoly union models,» the firms'play a
follower’'s ‘role in optimizing, given the union’'s offers. The

union makes its offers taking into account the besr response

N
behavior of the firms

v

Suppose a firm enters the iﬁduscr& by purchasing the
capital good. ie. paying the gate fee K1: The daily profics

< V) * o
for the firm of type j would bé:s

2) ‘Hj-pf(L)-wL~Cj. j=-g.b

e ~ .

-

where p is the product price and w is the wage'ratea Taking

p and w as given, the firm chooses L to maximige daily
-

profits,2 which require pf’'(L)=w, so.

3) - A(w/p:j)-L(w/p)=f'-Leuw/p)

-»
.

The daily demand function for labor .does not “depend on

firm type. since the djifference across firms is in the fixe&

2.3 UNION
Cgnsider now the union that has monopoly rights over the
sale of leﬁor to firms in the industry. It is assumed that,

the union has the- power to either require the firm to

purchase {ts labor from the union or to permit ‘it to

.
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. purchase directly from thg competitive labor naxk\t.'A§ in

. MacDonald and Robinson, a simple form of objective function

:is adopted for the union in order to derive explicitly a

large set of results. Many of the major results, however,
? .

F3

. . would follow from a wider class Qf objective functions. The

.

vnion is assumed to maximize the excess of revenues (union.
member earnings) ové?’cos;s (alternative labor earnings),
plus costs of operating the unions These union profits rely
on excluding some pote&tial ﬁon-unio; firms from the

industry. In the standard nopoly -model, there are no costs

a

to operating the uniony Thus, it pays for the upion to

—~-organize a}l the firms .in the industry and to threaten

-
-

- potential entrants with certain unionization (and =zero

profits) in order to protect the union firms from non-union ,
- - ’ )
where it may pay to

competition. In MacDonald and Rohinson,K~
. .
. permit some non-union firms to operate in the industrv, it -

is still necessary to limit the. number of non-union firms

-
-

This is done by credibly threatening the excess over the

desired number of non-union firms with certain unionization

-~ that is., zero profits ) .

. - - bl I3
The unjon initially designates two classes ot firms One

- [
class is threatened with certain unionization andéoin

i N

equilibrium, will not enter. The other class is a group of

™ Ay

firms among which the union will choose N firms to be
» uniontzed, while-the rest remain nofi-union firms which are _

permitted to opeféte in the industry and hire labor from the

competitive labor market. The union is committed to this
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strategy for the second class of firms, and the firms take

this into account when deciding on whether or not to pay the

gate fee.. In equilibrium, all of these firms enter the

industry. , \\\ "

Y -~
-

The union’'s problem is to maximize profits given its cost

and the best response behavior of the firms. It does not
have information on firm types. Its ®dnly~“instruments for

deciding this information are commitments to wage rate and-"
A

strike length contracts as in Hayes (1984). Truthful

revelation requires that the firms not be able to earn

higher profits by misrepresenting their type. The union must

therefore ensure that the wage rates and strike lengths

offered to the firms -satisfy the following incentive

compatibility comstraints:

4) (T-sg)Mg(wg) = (T-sp)Mg(wp) and

5) (T-sp)fp(wp) 27 (T-8) M (wg),

qhere (wg. sg) and (wyp, ;b) are the wage-strike length
/

- - -

combinations offered to tHe firms who declgre themselvqs
type g and b, respectively. These conditions are the same as

+

in Hayes (1984) which immediactely implies.the firste

proposition.3
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PROPOSITION 1 Py ) .
4
oy . , —_——

~*~The- wage bffer must be -a decrea;ing'function'of 'strike
’ . . . L) . .

. lengthgﬁgf ingentive’compatibility.' -

. ] ~
s . .-
-
.

Proof ‘ . -

s

y If thg union offers the sama‘scrike.rengtﬁ with two

. S , o ' e
different wage nates, the unionized,i’rme will always

-
. 0

accept the contract wtch the lower wage rate.

\ ] .

If w). >3 and sy = s» ., then ¢

I (wl) < H (wz) where j = g.b -

‘then (T- sl\HJ(wl)'< (T- sz)nj(wz) and fntentive

Voo

compatlbLllty wlll be v1q13ted Therefore the wage' .

~

offers cannot be make lndepéndent of strike kength.

~ N . - - ‘
Suppose wage rates were a non-decreasing function of
., o i . . N ) .. *
strike length., so for wy) > wl, s 2 s1* Then for a
. - ‘ [ ) .
LN

. T N
firm with capital of type j,

Nj(w1) > Mj(wy) and (T-sy) kS CT-sg)r o ‘
Therefore (T-s1)Mj(wy) > gr sz)n <w2) f - g.b, Y

ad

and thus the combinafion (wp,sy) would mever be chosen

-
fl

and one of the incentive gompatibility cons;rdint;

-
.

would necessarily be violated. . N
- = .

A4

L%

. ' . . L4
[y - ‘ - [y

The incentive compatibility constraints and the way that

<

.
Y

the firms’' profit functions differ result in qhé\éscond

propos ion. . - .




L] R . - .
‘c . * ". 11
. . . ~e
PRGPOSITION -2 '
o, Fortincedtéve cémpatibili:y.—gﬁe strike léngth for b-type

firms must.be %reacer éhgn or equal to the sztiiké length for

the g-type firm, ie. sy > Sg- ~
. PROOF _ ‘ ' -

. Since;ﬁj(;) - pf(L(w/p)) - wL(w/p). - €j. where j..- g.,b

then Mg(w) - Mp(w) = cp - cg and N .

.

' . L
(T-sp)lg(wp) = (T-sp)lplwp) + (T-sp)(cp-g).
then '4), the first incentive compatibility constraint

becomes:

(T-sg)lg(wg) 2 (T-sp)Mp(wp) + (T-sp)(cp-cg).

. Using 5), the second incentive compatibility constraint
: < . . L
the above becomes: - . Lo bl

-

T (TesgdWp(ug) 2 (?fgs¥?b‘qb’ + (T-sp)(ep-eg).

Theréfofe. o | | : -
. (T-sg) (Mglug) Ty(ug)} = (T-sp)epreg) - ,
R4 A . . - . . )
Tt  hence (T-sg)(cp-cg) = (T-sp)(cp-cg).

Therefore (I-sg) = (T-spr;’

. .therefore sb 2 sg. . . D .
© s . - ’
: ! Q.E.D
- i . L B *

- . .o
. .

Given Pnoposlchﬂ 1:.?roposlcion 2 has the followiﬁg
—— 2 o~ A .
corollary. I —_— 1 .

- E}




-

'Céroliaty .
The wage offered to é-txpe_firms must be greater_thaun. or

equal to the wage "offered to_b-type firms for incentiwve

T ~

_compgtibilicy, ie: wg 2 Wi . e . - .

s, N = SN : . :
.the union’s total revenue over the entire period is:

. A
9 R .
o ? M .
.

./

Thelunioﬁ sé?\i:TEBor to N firms on a daily basis; hemce

-

) . . ) ¢ .-, \:—" e
(T-sg)eNL(wg}wg‘Qfﬁr-sb)({:a)Nwaa)wb i J ,

[ . .
- . [l .
B .

where in the labor demand function, L, the .price of output

has been suppressed. The union uses real resources :jin its

A - . ) : . ’ *
.operatigens. This is *modelled by a cost functton specified

s -

below. The union 'also ha% to pay®its workers their

.
opportunity wage .w. "The total dest to the union in the
L) . P - v
presence of strikes depends on whether these costs are

.

incufred during the ﬁnc}ré‘period T, or during some

-

proportion of ‘the time unicn members are on strike, or
~
P L]
simply on the days during whith’production takes place, T:s.

. ¢

Let a be .the proporrion of time that fhe union must incur

the cost of its' operation when its membefs are on strike.

. . .. . . . e
The union's profit functidn may now be written as = *
- ‘ '{.A\ ) - b ‘ . ' "
6) I = (T-sg)dNL(wg)wg ¢ (T-sp)(l-8INL(wp)wy *

- (T-(l-arsgréNL(wg)e - (T-(l:a)sp)(1-8)NL(wp)w " - g
. - e(T-<4,,—a)§,'g)C<N.L(wg)) - (1-8)(T-(l-a)sp)C(N,L(wy))

&)

/-



.where C(N, L(w )) is the- operating cost‘to the union per day
. 4
of s!rv1c1ng‘f1rns that enploy L(wj) workers 4 .When a=1, the

union incurs'the costs of its_operation during the entire.

petiodfTﬂ When ao=0; the union only., incurs the costs when .

. Y . . K

production is taking place. Ifﬁg@rkers could easily obtdin

empleyment ~Min the competitive secqﬁ( during the gfrike. then
- -~ \‘ '.
. . Py ’ 2 ’ ot .‘.

the lattef: spesification would be appropriate. This is the

rd
- ’ F S

specification that is adopted. When a=0, the union can avoid

‘ . . -~

the costs of déaliﬂg wich aipérticular type of firm by

striking for che enc1re period\ that is, setting s = T. In -
_ , !.C "Q‘

- r

this éase. if the prof1CS to the: .union from dealing thh one
- &

type of “firm - is négative~ the union can avoid that type.

This eliminafes the. possibility of the union earning .
rpegative proficts in ciizi;}Thereforg the union’'s profit \\
N ’ * ' o . D

Euch%on now has the form: . . v 3 .

\v"

: :
- N . =

r S -7 ;

- L . . . %

7) n=- (T-s;)GNECbé)(wg-ﬁ) + (T-sbi{;-é)NL(wb)(wb_Q).w\ . \
R “T"SS)C(N'L(\“z)\)‘?“'”<T-Sb>C<NzL<wb)). ’\\/';'_ \

. ) - - o
The formuTation of the dailv union cost C(N,L(wy)) is a~

particularly useful one and can be developed as follows If,

-

one let’s C(N, 11, ... 1y) be the daily c°st of a union WhiCh_f—\ .

.

-

has unionized N firms the ith of which employs 1j workerahﬂwj

,l .
a standard but strong, separability 4ssumption allows this

’ Y oor
LA . ”

to.be written as T4 .

o

‘/'

C(N, 19 - 'ln) - D}.‘Ié(l‘{.li). . . .

-

. o f
Then a union which has unionized Ni‘f}rms who hire 14




.

: ’ ) - 14
. . . _ o ) .
workers (for i = 1, 2) will have a totral daily cost of

.NiC(Nl j Nz,.lg) attfibutablexto.tﬂose firmg.. In the present

AN —

dE?Se, with  two possibl@;le&els of employment L(wg) and L{wp)

*by cthe ipcedtive ¢

<

and with Ng-ﬁN and Np=(1-6)N, Hef%ning C(N,1)sNC(N,1) gives
. _ A

the speeificatidn of total-union cost above.®
> -

The union's problem is to maximize I with respect to its
- ]

— . -

choice wvariables o{jfgm Wb, Sg. Sb and N. It is constrained

L]
hY

ompatibility requirements 4) and 5) The

union -must alspg ensure that the firms it wishes to exclude
i/ » ’ .
are credibly:- threatened and stay out, and that the firms

L ]
-

that it wishes to include are willing to pay the gate fee.

knowing the union’s problem. In order for the threat to a

potential firm to. be effective and not function as an
» N -~

invitation to'enter requires:
e~ " e

' : S
2 ) . i " b ) ‘e

8) K > G(T-Sg')]'l‘(wg) + l-)(T-sp)llp(wy). -

The gate fee must ' be at least as large as the expected total

\ ’, 1} . 4 .
daily profits_for a unionized firm For firms designated by

-

the union as the-ones to® enter, their expected protits 'must

be at least zero, where the expectation is taken over hoth

- ) ——
ftrm types and unio™Atatus. This requires

9) TR o= 38T lgwp) v (1. 6) (T sy, ()|
4 (Leypi 0T (&) + €1-6TNy (d) )
. )

P '
Wwhere ¥y is,the_ fraction of - firms uniontfzed. Note that 9) Iis

7 Id 7 . ’ e
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automatically satisfied if 8) holds as an equality. In fact,
. , \
the union can always make itself better off by having 8)

hold as an equality.

PROPOSITION 3 6

WK = §(T-sg)lg(wgd) + (1-6)(T-sp)Mp(wp)

PROOF o .

. ¥ * ’ .
Suppose wz’ wg, N7, Sg- sg are the optimum values

for the union and Y* is the optimum fraction of firms
unionized Where v* is determined by the number of

non-unionized ftrms the union allows into the industry.

s

s

Suppose that at these values, Y

K > 6(T-sg)lMg(wg) + (1-8)(T-sp)Np(wh) R
‘ a T, 2
e ¢ —
The union could reduce the number of non-unionized

-firﬁs in the {%dustry which wéuld reduce total output
and, with downward slo?e demand, would increase the
product price. The wnion could then increase the wage
rates by wg and wp to hold the level Qf‘employmenc
;onstant. This would,increase the level of union profit
and .the profit for each type of firm/ . The 'union would

keep reducing the number of non-union firms until either
- &

K equalled the expected profits of the union firms or

until there were no non-union firms left. If there were

no nan-dnion firms, then =1 and 9) then becomes




’ . 16

—

K < 8(T-s¥) M (wX) + (1-8)(T-s¥)My(wi). -
g)lg{vg ,

L] .

* This combined with 8) implies that cqe expected union

profit.will equal K. ‘

Q.E.D. »
Having paid the gate fee, unionized fiyms of both types

would only em%loy positive amounts of labor tf their daily

profits are non-negative. Therefore, the union must ensure

that. the wage offers obey individual rationality

’ -

constraints. s
. , P
1C) - Mg(wg) 2 0O
11) My (wy) 2 O N
. .
Finally, the total output from the unien ftirms must not

—

exceed the consumer demand for output, Consumey behavaor is

. . '
represented, simply by tne following demand function '

<

12) Q=Q(p). Q<0

.\ -

- a—
. -
-

"The equilibqium’price, p. is impliﬁd by 8)., piven the wape

rates and strike lenpgths The demand conntraint the unian

faces is. - ' ’ N\
O

. < . ,

13) QUP) > BN(T-sp 0t fLiwyn i o 0 SNeT sy it cLewy, )

< —

-

L4

[

7’4,
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The other constraints the union fages are non-negativity
< « N

of Wg.. Wp. Sg. Sp. N and the strike lengths may not exgceed

the period 1ength)?i

s hY

The ungon's problem may be writcen: .

L3

14)  MAX L= 0 + p{RK-8(T-sg)Mg(wg) - (1-8)(T-sp)My(wp) ]
wg,wb,sg. .
Sp.N + wl[(T-sg)Hg(wg) - (T-sb)ng(wb)] B

+ ¥ [ (T sp)Mp(wp) - (T-sg)Mp(ug) ]
ES ggng(wg) + Yallp (wp)
+ ¢5[Q(§) < ON(T-sg)f(L(wg))

- (1-8)(T-sp)fé€l(wy))]
+ Ygug + YWy + ¥gsg + ¥gsp + Y0¥
+ wll(Tisg) + ¥12(T-sp) -

. )
4 - .

. The presence of the union cost function implies that the

quantity constraint 13) may not be binding at the opti@al

wage-strike length -packages. The difference between totatl

~

market d;min& and the union output is made up by the

"preduction of non-union firms. This is the case when there

is less than 100% unionization of an industry. MacDonald and
Robinson use this case of incomplete .union coverage to

provide new predictions. Clear prédictions are easier to™ . °
e :

. /
obtain in this case as compared to the- -usual complete

coverage case with a monopoly union because of the

. ° - O
separation froh market demand considerations. or -these

reasons the foTus of the }esc of the theslg‘will‘be on the

o

incomplete coverages case when the quantity constraint does

4 A




~

i 4

-

-
Y

not bind and
‘4

:

.the:Lagfange multiplie%. ¥s equals zero,
.. Q

18

The first order conditions for a maximum in’ the incomplete

1}

coverage case gre:

15) 8L/3wg =
16) aL/awb‘-
17)'aL/%;g.-
18) aL/3sp -

S

19) AL/3N ~ GH/3N + 1o = O

%

3M/dwg - wd(T-sg)alg/dwg + ¥1(T-sg)dMg/dug -

T wz(T-sg)aHb/aa§T+ ¥38Mg /3wy + ¥g°= O,

~

/3wy - w(l-9)(T-sp)dlly/duwp - w1 (T-sp)allg/dup

s Yo (T-sp)dlly /3wy + 330y /3wb o+ ¥; = O,

A}

)
ﬁn/nsg + p(l-8)0H(wy) villg (wp) ¢+ vl (wy)

-+ ¥g - ¥y = O)

dN/dsy + p‘(l-ﬁ)nb(wb) + ;’zlﬂg(wh) Yoy (wy)

+ ¥ - Y12 = 0,

S P
€

where all the p; satisfy complimentary slackne-.-

.

° .

2.4 PERFECT

~-

INFORMATION -

"Suppose the union learns the filrm’ s type at the -ame

that it is revealed to the firm, Suppose turther that ¥,

4

*line

and cp, are such that both types of. firm'« non ‘nepative durle

. e P L
profit constrgint were non-binding Then the only bhanding

-
L]

constraint’ would be the zero expected nnioniced tirm profij:

constrainet,

8) In this case 15) and@gb) become

I3
- -

h



20) (T ss)GN aL(wg)/aw&.(US v) - + (T ss)ONLtwg)

- O(T sgf CQ.BL(Ug)/aw - ué(T-sg) ang/awg.7 0,

21y (T sb)(l 83N 8L(wb)/awb (wp-9) € (T-sp)(1-0Y8L(wy)

- (1- 9)(T sb) cz dL(wp)/dwp - w(1-8)(T-sp) 3y /awy = V.

. . . *
.

. . ] ) ] .
Let 20) and 21) be denoted by Bﬂ(wg)yawg = 0 and 38N(wp)/dwp

- 0. resgbcrively, where 0 = . + B(K-8(T-sg)Mg(wg)+(1-6)(T-
sp)Mp(wp)]. Since tbe“firms' érofit functions only differs

by a daily fixed cos;:'QHj(vk)/awk‘- -L(wg)., where j = g, b,

and k = g, B. If 20) is d1v1ded by 6(T- sg) and 21) is

- L)

divided by (1-§)(T-sp)., then these are the same equations.
-
Hence 20) and 2I) imply’

'“g - Wp = W, ﬁhat is, the séme value of w solves, both 20)°

-

dﬁd 21). Moreover, , given, positive uﬂion proficts, TN is
degreaging in sg and Sp 'so that &pder:peffect information ;b
and sg equal ,ze::o.‘.. There ’would ‘be no,. strikes, and since
particulgr diffefén;es begween fi;m types does not resuit in
Qiffeéences in labor demand..union profit; would be

maximized by a single:wage offered fo both Cybes. Thus the

probfem with different firm types is reduced to the problem °

in MacDonald and Robinson (1986) and the sabe analysis

follows. - ' ‘ %

- O R

2.5 IMPERFECT INFORMATION

L]
aQ

As in Hayes (1984), the yse of strikes as the hechanism
[~
for elicizing infotmation on firm types impliex severaI

|
i
|
E
l
i

restriction bn the structure of the #nion s pfoblem. As .



J/_ 28.

10) 3M/3sg = - [BNL(wg))(wg-¥) - oc\(u.l.(,gg))]

an/asy = -T(l-amu}b))(.ub-a) ~ (1-8)C(N,L(wp))]
.. . P ‘

- These are the union profifs from dealipg with each type .
of firm. If either of thédse were negative, the union
‘could set the strike length to T for that type and would
not deal with the ftrm. If only one of the types of
firms gives negative profits to the union, the other
firms' strike length would be set to zero. The wage
charged would be the wage that maximizes

TN(Lw) (w-%) - TC(N; L(w)). s

'1yb3ect to the total profxts of the firms equallxng the
ate fee. If both types of firms are unprofitable for
the union, the union would choose not to operate. °

11) See Appendix 4 for proof that the Kuhn Tucker conditions
are appropriate. . .. .

- - . -

s
- b Al
. . . °




e - - . : ) -t - .

» q' : 21

cogPacibility constraint binds, or ng(yb*f < 0, whizth

o

-implies gb* > "8* and this contraditcts the corollary to

? E]
Proposition 2.

B; the cor§llary to Lemma 2,7 the above are the only «wo
sign combinagions oE’ aﬁ(wb*)/awb and <%ﬁ(wg*)/6wg that

exist in equilibrium. . @

-

’ ' . ) oo Q.E.D.

Corollary " ;

;i y
Only 1f “aﬁ(wb*__)/awb > 0 and aﬁ(wg*)/éwg > 0 .Can the

first incentive compatibility-constraint binds alone.

-
*x

4

- [ ] .
PROPOSITION 5 ° .
If only the first incentive compatibiliém constraint

. - - <
binds, then the second individual facionakity constraint 11)

N

binds™ . . ‘ ~ N

PROOF o : > . oL

o

If the first incentive compatihility constraint binds,

alore, then from Ehe corollafy of Proposition &4,
P ¢ ) . B

3fi(wp™) /3wy > 0. By complemeritary. slackness ¥y = 0.

Then 16) implies ﬁd > 0,_@nd therefore the second -

. fndividual }ationality constraint binds; My(wp) = 0.

-
>
¢

o - - T Q.E.D.

ryd

Ptopositibn 5 just stases that in an éQuilibrium where the

incentive conpa;ihiliéy_constrainc binds only on ch; g-type

.
~

firms, then the ihdividual ;ationaltty confttaint on the b-
e type firms must bind. Ts s the single crossing property
. ) -

- , .
r- . “. ’,

9,

"
.
r

-
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" of Cooper (1l984Y. \\\\
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~

PROPOSITION 6 .

o

The optimal strike length for g-typ® firms is zero

23

PROOF . :
' From Proposition 5 either the g-tvpe firms' incentgdve

compatibility constraint binds alcne or both 1ncentive

compatibility constraints bind. Suppose s?* A

<
1€ (T-sg*)ﬂg(wg*¥ - aT-sh*)ng(wb*) and

* L% * x
(T.-sb Yy (wy Y - :(T-sr‘ ‘flb(uﬂ .. a

. - . * B
then from the proot of Tropyaﬁtxnn 2oospT = vy hendd

ot X ¥ % - : ?
W - whw Lowering both s, and sy catisfies theae

3 T
. "
cohstraints and talsws thé union protit L0
If (T-sgffhﬂ(wg*) - (T-sh*)nﬂ(wh') and .
: . v '

; X oLk : * K )
‘CT'SBV)"b("‘h )y > (T<szf-)"h(wg ). . .
-

then by Preposition 5_ i (wp™ = 0 Theretore tpr the
uo B ) .

second in¢entive compatibility constrarnt ro he
¢ ) 4 .
L osatisfied., pmmw, ) < 0, whi€h tmplies wet oWt Thence

[ I ' B
Ed X . . : .
Shw » Sg Bewriting the tifst incentive comparibailyew

‘ oo % =. PR . -
constraint vields ' .

X ) * L ‘e . : . )
(T-sy );rT-ﬁR V- Hﬁt.ﬂ 1, Wy 0 .

4
1 * . A b e . ' Py s
lower fng -y awnd .‘; g Po---’p $ { r:b:ihu’.'o- ety
. i *
3 . &
satistied unvil b= u:ll.rql'.:-' UnLon proat o 1
C - . s .

5'7. >0 %he union can ecarn higher protfta v regus imy

the staetke length faor p

(]

14 . -
Sty pe !i:r:{’?u aet o
Y -~

22 -



"Propositions 1 to .6 imply that there afd'iyb types of

equilibria. In the firsk, a pooling equilibrium, the union

-

sets Wy, = wh and s, = sy = 0, and so doesn’'t differentiate
g b g b , <o :

}%mween'the two types of firms. The second is a separa;ing.

-

equilibrium where wg ® wp, Sp > sg ="0. The® firms selecrt
between operating for the entire period T and paying'a high

wage, or obtalning a lower wage but are orily able to operate

o -
for some fragtion of the period. Imn the separatfing
‘~ £ ) - : . -
equilibrium, the cost advantage for the firms with the geod

¢ .
type is such that the advantages from producing for the

encife‘period qﬁtwéighs the disadvantages Ff the highe} wage

that has to be paid.
N The conditions that determine which of the two equilPbria;
occur may be derived as folTows. By Proposition 5, the

incentive compatibility constant for low cost firms must
4 : -

. —
-

bind and the individual rationality fbr the high cost firms
. ’ 4 ¢ -

must bifid in the separating equilibrium.11

Thus,

22) Tho,(w *) - (T- YO, (w * dt} { b*) ; 0 ’
, Mg (vg sg)lg(vwp ™) and Tplw 3

.

<
¢ L)

Since Mg(wp™) = My(wp™)/+ (cp-cg) = (ch-cg):

therefore,.22) implies THg(wg*) = (T-sg*)(ep-eg)T’

- In addition, 8),” the ex ante zero6 union profit constraint,,
. ¥ X

given Hb(wb*) = 0, implies ' ‘

. ' > ~ ’ S\\\




>
.

23) K- TG (wg™) = 8(T-sp™)(cp-ég) -

L] ’-

*
» R » -
) ’

Therefore the strike length‘in the sep

.

*

2

»

26) sp¥ - T'-_K/ﬁ(cb-cs),

.

-~
‘ A

Thus . Ehé-opcimal strike length will

separating equilibrium will occur if °
¥

25) K/6T. < <b-dg :

The optimal strike longthfis'therefore

[ . '
26) sp* = 0 if K/6T = cph-cy

= 1 A K/&(cb-cg) if K/§T <~%V-dﬂ

- o

<
P9

2.6 PQOLING EQUILIBRIUM

*

In the case of the pooling equilibrdum,
written in the same form as the

T (1984) model
A .

Since wp = wWh and Sp ~ Sh
- = \'
problem is~ ) i
.‘\ ’ . . ’
Max N = TN(w)(w-&) - TC(N,L(w) '
W, N s ;
° - subject

to K = §THy(w) e (1 6)Thy(w)

and Q(p) e.TNf(L(u))

L

"+

.

MacDonald

29
=
» .
be non-zero, ie
- .
.
-
this model can be
and Robinmawon
- 0 t he

unfaon’s
4

. Each'unloniaéd firm taces the ‘same labor demand function and

~ ‘e - ,
-
1] 4,

arating equilibrium is
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the same wage; therefore, both types of firms produce the

same level of 'output and, on average, earn total profits

-

equal to the gafe fée._jhe results of MacDonald and Robinson

(1986) follow from this model. ©o o .
. ' - _

2.7 ssPARA;;nc EQUILIBRIUN N

‘In .the separating equilibrium, $S >wp, sp > 0, sg -0 e

and Np(wp) = 0. .The expected profit constraint reduces to

K = 0TIg(wg) «and the (bindiWg) inFentive compatibility:
. ~ S ) ’ ' .
constraint reduces to Tng(ws) - (T-sb)ns(wb) - (T-sb)(ébi.-

x'

#
cg) - These npay combined into a single equality’

-

constraint:

-

27) K = E(T-sb)(cb-cg)

or
[

: Y
28) sp = T - K/ , where é§ = (cb-cg)\

4

’uz’

-~
?

The union’s problem is then reduced to:

. .
29) MAX q -'BNTLQVS)(wg-Q)'i‘XK/OS)(I-&)NL(db-ﬁ)i
AL STC(N,L(wg)) - (1-8) (K/86)C(N.L(wp)),
" subject to
Q(p) = ONTE(L(wg)) + (1-8)N(T-sp)E(L(¥p)).

There are- two caseé to be considered in the solution of 2§):

either the demand constraint binds, ih which case all firms

it does not bind and

Y

in the rpduscry‘are union}zed; or




o mme?

At e o I : D B R P .,

£

{nqi?élete un'fon coverage results. Since the incomplete
. o e D °
v

covéragé case in MacDonald{and JRobinson (1986) ryields the .
. ] . . ) '

- -
-~ -

» strongest prediction, this is the case on which attention is
— o .

focused. . - o
) )

When theipemand'constrainc is not binding. the first order
- v £

- -

cenditions Qre:

30) oN/ouw, = eggkéL(wg)/awg (wg-®) + NTL(wg) .

L] - .

- 8IC2(N.L(wg)) ag(wg)/aﬁg.- 0,

- .« =
-

- -

31)  8n/awy = (1-9)NT.éL<ug)/awb (Wp-w) + (l-8)NTL(wb)

- (1-89TCo(N,L(wp)) dL(wp)/dwp = O. and

3

'

32) QNM/3N = HTL(wg) (wg-u) + (1-8) (K/88)E (W) (Wy-W)
T BTCLON.L(wg)) * (1-8)(K/86)C1(N. L{wp)) - 0

.
>

The opti#al sctrike length, sb*,.follows directly trom - the
constraint 28) ard hence ‘may be solypd.ipdvpvhaontlv from

. .-

- Ve ; . - .
the equatidms 30) -, 32), which determine® the optimal® valuek

of'wg, whp, and N. The explicitc ;xoéfnous parameters in thda

o , * /’K;\'
model are’ T, K., g, & an(d‘ﬁ."l'here c’lt’_('\.\:llqt)___,{ﬂlpli(‘i(
[ ] [ . '. .

i . =
exogenaus parameters that characterize -the Jagal behavior of
. - ' OO A A o

Y . b "
the laboxr demand and cost.tunctions. .

¢ ¢

BN S e

£



FOOTNOTES =

TS - N : . ~
1) In principﬁe, a "fira" could purchase several capital
goods ando&erace many "plants”. THis would not alter the’

basic anal The; distinction would, however, have some
implicacti for the fnterprétation of the resulf?&uith
respect to "fira" size.

Al

2) Permitting firms to choose the quanti:y of labor prevents
the industry from becoming, in effect a prd:3cer s s a
cartel. ;- . R Do

3) This is Prop051tion l in qugs (1984) - o
F / A )
4) C(N, L(wJ)) 1§\assumed to ha&er:he following properties

" L)

. aC/aN - ci*> 0, aC/aL - Cy >0, 3

s

82c/a82 = ¢11 > 0, a2c/a12 = Ca2 > 0.

c

5) For simplicity, the uvhionsand firms are assuméd not to

discount furure profits. Adding discounting does not
- change the results.* In Appendix 2 a model is presented

\ with continuous timé and discounting. The major result is
that discounting ensures the strike. occurs at the

. beginning of .the period If the union discounts the future

. ,by less then the firms de. - s . -t

6) Note that with this devﬁlogment C(N 1) = NC(N”i) ‘is- \,*

interprecaﬁie &s " the daily cost attributgable ‘te hiving

* organized N firms, all af'whom employ 1 workers.

IS No:e ehat hdlding the tevel of employuent conscanc means

holding-w/p constaht as pg incqeases (ie. w/p = a, then

-

’ 'Qﬂfhp - a; therefgre,;dnj/dp - f - al. > 9, -where 't
gi The complementary slacﬁne:s conditions a;e‘ . .
T Nglug) - (Tosp)Igwpd] = 00+ T
¢2[5T-sb3ﬁb(wb) - <r4!8>gp(w}>1.g 0, '*f.: -
. ¥3lg(wg) = O, ¥4ﬁ£(w;)“- 0, ’f' :h ~ S {~

¥s1Qp) - ON(T-sg) E(L(wg)), - Q- 4fN<r sp) E{Lnp))] = 0,

e -

-t ¢5wg - 0, pywp = 0, vgsg = 0, ¢,sb -0, ¥1oN = 0, ‘o
#11(T ss) - 0,.$12(T 8b) = 0. —
9) See. Appehdix 3 for the proof of chis leuma i, {‘ -

27




10)

an/asg - r[RNL(Ug))(ws-ﬁ) - OQéN,LQYs))]

aN/3sy - -‘ttu-a)uu)b))(.wb-ﬁ) - (1-8)C(N,L(wp))]
re

- These are the union profifs from delaling with each type

of firm. If either of thése were negative, the union
‘could set the strike length to T for that type and would
not deal with the fIrm. If only one of the types of

firms gives negative profits to the union, the other
firms’' strike length would be set to zero. The wage

charged would be the wage that maximizes

TN(Lw) (w-¥) - TCN/L(W)). ) s
'}3b3ecc to the total proflts of the firms, equalllng the
ate fee. If both types of firms are unproficable for

the union: the union would choose not to operate. °

11) See Appendix 4 for proof that the Kuhn- Tucker conditions

are appropriate. . -

- - . -,

' VR

28



, . Chapter 3

PREDICTIONS
7 - -
3.1 INTRODUCTION

TYis chapter looks into the conditions under which a

v
pooling or a separating equilibrium, described in Chapter 2,
resulcS: The implication of these conditions on firms’

ptofits is also investigated. This chap;e} also slackens

some of the:- behavioral restrictions on the firms and union

as discussed in Chapter 2 and shows tHat these restrictions

were not binding. Comparative statics are generated and a

large number of predictions are formed.
- e

o

,

—

3.2 CONDITIQNS FOR EQUILIBRIUM
In Ehe'pooling ;quiiibzium the ex ante expected’ profitc
condition is: - , ' Py
k - ITHg(w™) + (1-9)Tmb(w*) . ,
—_ gince the oqu difference betWween the two profit functions .
is the fixed coéts, the above condition may be written as:
K- Thg(w*) - §(1-8)T , where & = (cp-cg).
This allows one to determine the dajily profit levels fﬁr the

“two types - of unionized firms in the pooling equilibrium..

]

They are as follows: . . N

‘“.ng(w*) - K/T + (1-0)3;
My (w*) = K/T - .45.

K/T is the aver;ge daily profits of the unionized firms and, o

on average, the unionized firms éarn zeroairofiCS over the

production period. If the fraction of firms having the good
- ‘\ ) . . .

/ L

29 % %

>




is, high cost firms earn 'zero daily praefits The®Pefore the

30

.

capital is high (# close to oﬂe). then these lowgcost firms
. 2 . d -

do not earn much over the aver&ge~}eve1 of daily profits. On

-—

the other hand, those firms unlucky to enough have the high

cost, cp, earn less than the average level of Qrof’\':s. This

is a result of the union choosing w*, so that the high cost

firms .are penalized more severely when the probability of

being a high cost firmiis low. The opposite occurs when the

)

probability éf being a low cost firm is low. In this case,

the most common <type: of ‘firm will be the b-type and the

¥*

» . - )
union will have to select the wage, w , so that the dadily

profit levél of this type of firm is close to k/T and the
kow cost g-type firms will ,be earning close to ':ho
difference in costs, §, m9re-than‘this.

In the separating equilibrium, the incentive }ompatibiiitt
constraint for the low cost fir:ns’ bind and the ind.ividuul

rationality constraint for the high cost tirms bibhd. That

3
expected ﬁrofit constraint is:
: * s .

K = Tg(wg™)

4 -

so that tHe daily profit Jevel for the g tvpe tigﬂ is

ﬂgfwg*) - K/OT.

From the binﬁing incentive compatibility constraint, the

-

strike length for b-type firms is derived

spY = T - K766, 2 : _ %
Since sb* > 0 requires K/T < 0§, : . 05 .% I
. N P U A )
v " g ‘ ¢ = - e,
 therefore if K/6T {:&;a poeling. equilibrium results, and Kfé
. L3 - / o

- -

I'f K/76T < &8, a s«para??hé'?quillbrlum,reuulxé 1 ;
™~

/ i -~

- - . [
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The totasl profits, including the gate fee, may be written

out for each type of firm in the different equilibria.

Pooling equilib

rium

“Total profits of b-type
-

Total profiﬁilof g-type

.
Separating equilibrium

o4

Total profits of b-type

Total profits of g-type

2

K - 88T - K = -8§T

K + (1-8)6T - K -'(I;G)ST

0

K =

’\

-K /

‘K78 - K = L(1-6)/6)K

Notice that in :either equilibrium the high cost firms earn

negative ex post

profit is. ze

ro.

Also

profits,

<

but

note

ex

ante the expected total

e
that, in the separating

equilibrium, total profits of both types of unionizgd firms

are independent oij,‘che length of the production pertod,

and §é, the difference ‘between the two types of fiwms.

Whereas in th

e pooling

.

equilibrium, tocai profiEs

independént of K, theg.cost of capital.3

are

In Chabter 2, it was assumed that once a Arm had

—

purchased its capital good, the firm Mad no choice but to

keep that géod. 1f this was relaxed, would a firm that '~

received thg bad type capital wish to throw that capital:

ﬁgoqd’away'and repurcﬁase? In the poolihg equilibrium, wWhere

the wage rate paid by unionized firms is independent of

. ) L
théir capftal type, a unionized firm with the b-type capital

would not wish to repurchase if the cost of repurchasing was

greater than

or

equal

repurchasing: Thé-gpst

« -

foregone daily

e

to

the

expected benefit

of

of repurghasing i< K plus the

profits that the fi could have earned with

<

~

’



" wish to repufdhasé if:

-2

. . . - -
- . ' : . i . 32
its original b-type capitZI. The expected beftiefit of \
. ’
repurchasing. is the expected profit of a capital good of

A
unknown type. Therefore a unionized b-type Rirm “would not

—— . -
.

" Thp(w) + K = 6THg(w) + (1-8)THy (w)

which reduces to

K z 6T(Ng(w) - My(w)]; | _ ) -
tbat is, K = §T6§, where § is the dii{er;nqe in the levels of
profit between the two types of firms. However this is just
the condition'negded for t¢ pooling equilibrium; che;eforv.
the unionlchooses a ﬁooling ~g2jlibrium when it would not bhe
worthwhile for b-type unionized firms to repurchase capital.

In the separating equilibrium where unionized b-type tirms

undergo‘ﬁ strike and wage rates are dependent on the tirm

“ - . ° N
type, a .unionized b-type firm would not wish to repurchase
-~ - A *
capital if: N
(T-sp)Mp(wp) + K 2 8TMg€wg) + (1-8)(T-sp)My(wp) . .
But, in the separating iquilibrium. Ap(wp) = 0 and ngfwg) - -
K/6T. : r

N (4 >
TRerefore the above condition reduces to iK > K and so the

unionized b-type firms. could expect, no gain ftrom
-- - !

repurchasing capitalE/Bince unionized p-type ftirms earn ¢
greater daily profit in both the pooling and ‘separating

equilibrium than the b-type firms the unionized g-type firms

- * : \ - . ’ .
will newer wisp to.repurchase capital.

-~ . ‘
If non-union b-type firms could‘repwyfﬁzgé capital, under.
. " -0 . .

tgg pooling equilibrium they wouldn't, for exactly the same

g . \ .
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reason union b-types wouldn’t. Under the separaﬁing

s A4 \
equilibrium, b-type non-union firms would repurchase. The

cost-from~doihg so is less than the'expected returns.

However, this assumes that non-union firms that repurchase

-

get to retain this status.® In this model the union does not

ol care® if non-union firms repu¥chase since the union is
committed E% dealing.with the unionized firms and b arfd g-
S

‘ type firms have the 'same labor demand curve. This means that
b and g-type firms that face the s8me wage produce the same
e ) .

level of output. Therefore, if a.non-union b-type

s

repurchases cadpital and becomes a-g-type firm, the total
24

output would remain the same and there would be no effect on

w the unionized firms and no effect on the union:

o . P A
:# Would. the union wish to give up one of the ugionized b-
. . v i PN .
) J type firms cotqrganxze.a non-unjion g-type firm? If the union

could do this unexpectedly (ie break the commitment t§ deal

with a firm that has been 'selected as a union firm), then-

the union would. However, if firms knew that this was a

X ~ . 5 ©
. possibld union action.ﬂfirms would have an ;ncenfive to lie

about Ehe;} type” A g-type unionized firm would have an
incentive to lie,, and hope,gﬁe union would release them to
" "O

the nén-union. sector. If the union could break its

1commit?ent. this would effect the’ non-union b-type .firm's

-

—_— 4 .

decision as to whether or not to repurchase capital. A model

r

" could be farmulated giving the .union this power to switch

- firms, but ‘that would involve including the *number of non-

union firms in the incentive cohpatibflity'conscraine\(since

,
B ' .
. .
*
- N ’\

& .
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I >

P

it etters in,ghe probability of being unionized); and hence <

introduces cﬁe prodhct degmand schedule into the.uuion's

- * .

problem.. : v . - . .

.

)

3.3 PREDICTIONS ' B

. . ® . . . ’ .
If one aspect of strikes is their use as a mechanism for
. . Y

eliciting information from firms, then a central prediction

. , N i J . -
of such models that follows directlv trom the incentive

compadibilitv constraints is that Strike lengths and wape

'rates are inversely related. In the environment ot

compeéitivq fnduscry this implies a Torrespondence between
. .

4

the distribution o firm fypes, the distribution ot wape

N .

~

rates and the distriibution of strike lengths Since tirm
- . . " L ]

.’ A ~ s .
“type" may be difficult to observe,., within an industrv the

, most readily testable prediction is thiit the distribution ot

strike lengths s})-ulé be the same as the didtribution ot
13 > L4

o

wage rates. Furrther., within an industrv, the wape tated’

* - . 4
prevailing in tirms where the wapge settlement tollows a
\
o

strikee shuld be .below those in tirms that wettled at the

-

:

heginning of the period-
v q ' P
The exispence ot unidn’'s costs vield a4 turther robhust

[o] .
prediction that s.‘trifce behavior within the union sevrtor will

.- b

-

be unaffrcted by changes in the product dvmund,_p:nﬁidud

union coverage is incomplete. This is an extension to strike

behavior of the result of Hacbona]d and Roabinson that all

v
Sa

union behavior is independent of product demand shift- imy

-the 'incnmplpt; union co%erage case It tallows trom 30) .32,

.
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"the.union cost funtction.
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s -

of Chapter 2 that this-fesplt continues to hold for union

«

wages, wg and wp and the fNumber of union fitrms, N, in the

. ) - . .
presence of multiple fira types and imperfect informafion:

regarding firm types. . . ;
) N )

Sincé only T, K, 4, and § appear in the d@term{hétign of
> v o .
can affect
) [ .

< - -

strike 1ength. these are -the ¢enly factors that

the optimai strike length. In particular, the—optiﬁal strike -

ra
1Ingth does not depend on the alternative wage rate, w. This

result does not rely on any of the assumptions about union

\

costs, ie. whether they occur during a strike or not. It is,

however, sensitive to the form in which the firms have been

mgde different - a différgnce in daily,fix%d costs. -,

The effect of exbgenous parameters, other -than product

demand shifts, on wgf wb‘énd‘N follow in cheus;andard way'
L) L3 . .

from differentiating the ‘system of first order conditions.

~

» - -
The effeéts of a -ing;ease in the alternative wage rate, w,

on the unjon's good and bad state wage rates_and the number

3

“of union firms dre unambiguous, given a minor restriction on

\

~

—

By Cramer’'s rule (and noting that Igp - a(mbwwg)/awb -

Jug/de = (1/8) [ Mgy (Mpplyy - "sz),.,*' Mgn(-MyN + NNy - Mpp) |

where ngw_' 8(63/6ﬁg)/8§-- -8NT ap(wg)/awg > 0,

T Myy = 3(aN/awy) /0% = -TR/06)(1-0)N dL(wp) /3wy >*0,

P
2

and My, = 3(3N/8N)/3%~= -8TL(wy) - (K/88)(1-8)L(wp) < Q. .
- . : }
The second order conditions that éhsure a maximum require:®

-

N

‘0

-

L]
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A = ngg ngb HSN < 0. . - -i‘
’ <
i Ibg by MpN .
INg Onb  DOnn
Since Ogp ™ 0, these conditions may be written as ngg‘< 0.

-

Iy p <+ 0 ‘and A - nésnbb_nun - nsanbz

- nbbngN2 < 0 whfch

~

<

imply Nyy < 0. and (annNN - quz) > 0 and

(MggANN - Mgn2) > 0. This (1/8)[-Ngu(Mpylyy Mpn2) > 0. °
Therefgre s‘u,fficiﬁnc conditions for duwg/d¥ > 0% are “Igy < O
andpnbN ﬂo. . - - ) . . . —.' .

I"~(;

-

" ' 'i - '.
A} ' - B .
+ 8TL(wg) - arclﬁ(.x_@g'ﬂ' v

Substituting from 29) ., ie.-evaluating at
\

o] . ' X 4
Mgy = (4T/N)[C2(N.L(wg)) - NC(N.L(ug)) ] 3L(wg)Vduy

Differentiating 29) yields:
_‘ ) . » ‘.
. ﬂgv - ET(wg - W) aL(ﬁg?/awg

the pg&id.m

Thus Mgy < 0O provideh C12(N.L(Qg)) is not "tom large™ The

same condition yields“nbN < 0 and hence: dwpyd& >0

.

. o )
Under these conditions it also follows that
dwp/d% > 0 and dN/dw < 0.

An increase in the alternative wage rate raises the wape
. ° . . *

the uniorn sets for both types of ®firms, but reduces: the

fumber of union firms. The alternative wage §rés as a factor

price to the union. An increase in this factor prlré.reSuqu

in the union selling less labor. in two wavs: hv selling less

3

labor to each firm and by recducirng the numbher
e

of firms the

_The '

output price also increases

union sells to

dp/du - 0,

~and the amount

-

o§ output

produced eachy dav by each tirm
.

. -3 - 2 . -
declines as the "alternative waér increases
g

is sold to each type ;( firm .

a

since less labor

N

-




The -level of profit that each firm earns in this

separatingtequilibrium is independent of the alternative

-

wa&si Since the labor to output ratio is larger for b-t‘:ypeﬁ~

‘firms (the productPon function is concave), it takes a

larger %ncfease in wg than in wy for the twouCypes to remain

at - these profit_ levels. Therefore, a relative size

prediction is possible. 4

. .
dwg7ﬂé > dwp/dw > 0
As noted earlier,‘bedausé of tbe "fixed cost" difference

between firm types: the Btrike tength islnot affected by w. -

4

Covariation of strike -length and other aspects of union

behavior are therefofe not produced by wvariation in w. >

Strike length decreases a!.K, tﬁe cost of the capital
N S

géod, or gate fee, increases. The wage,rétesnwg. wy and the

.price of output also decrease as this gati fee rises whereas

the num®er of firms the u?ion organizes incteases.® Tha. is,
dsp/dK < 0, dwg/dK < 0, dwp/dK < 0, dp/dK < 0, and
dN/dK"> 0., and dwg./dl( < dwp/dK < 0. '

The change in the wage rate for the low cost firms has a

<
bl

larger absolute value. This Jis because ‘an increase in the

sunken cost of baéital repults in the wage ratt and price of.
. .

. output declining. Thesé& changes-gust be suoh that the dajly

profit of high cost firms rémains at ze¥o. Due to the

concavi:y,of’f(L(w)). since the output per: worker 1sllafger

in glcyp; fiﬂasf~for a given price decrease, a larger

decline in-the wage for these type of firms is needed. Also,

Cd
as K increases,

the equiljibrium daily profit of g-type firms




-
.

) . - _
strike lergth and both wage rates increase with 4. That is-

C oy
..
-

8

>

is increased. Therefore even a larger decrease in wg is

needed. .
4 . a

These comparative statics are all cdonsistent in the sense
that <he union finds it optimal to sell more labor when the

cost of the capita% good increases. The strike length is
L J

shorter, so union labor is active longer, the wage rate is

lower and thus more union labor is hired, and the number of

fixms the union is selling to is larger.
- . - M - /
Note' that the wage difference between the two tvpes of

unioniskd firms declines.“This is because vg falls mbre‘thon
wh. One is moving closer to the pooling equilibrium where
the wage rate is thé.same for both typés_of tirms Recall
that for a sepa}ating pquiliBrium.lK < 8TS. As“K inéreases,
one moves closer to .the condition that results in a pooling
equilibrium where the wag& rates would be equal

Comparative 'statics are also available for 4.. the

proBabilify of a firm receiving the low cost capital. The
dsp/df > 0, dwy/de > 0, dwy/dd > 0. .
Also.- the wage rate for g-type firms increases bv more
than the wage rate for b-type firms:
dwg/dé > dwp/dé. - LT

This is because of the concavity ot f(L) and that the

» ) -~ .
’daily profit level that g-type-firms earn in equilibrium is

decreasing as § increases. Also. the number of firms that
. -

the union ?rganizes decreases, dN/d# < 0O, and the product

price increases, dp/d# > 0 The union |s contracting its

I \
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operations when the probability of being a g-type fitm

- .
increases. Since g-type firm profits decrease as ¢

-

increases, it takes a longer strike to ensure _incentive

- A\l

compatibility. ,As # increases K < ¢T§ becomes stronger 4and

one moves further away from the condition for a pooling

equilibrium.

Comparative statics for T are like those for 4. Increasing

’

the periodicity of the industyy will result in longer

strikes, dsp/dT > 0. In fact, dsp/dT > 1, but this is due to

-

the simple way in which the profits of the two types of

-

firw® ~differ. The wage rates and the price of output-

increase with the length of the ptoduccién periocd. Again a

relative size prediction is poss&ble. . ¥

dwg/dT > dwyp/dT. > 0, and dp/dT > 0. .

The number of firms the union organizes™ decreases with T:

dN/dT < 0. . - .

o

Increasing T alone decreases the daily profit which g-type

. . - :
firms earn .in equilibrium. This allows the unien to increase

thes wage rate for those firms and results in increased
product price. To ensure that b-type firmé still earn zero
profits, the union raises wp. Due to the larger output per

R

vorker in the g-cype'firnd\ws is raised by more than wy.

Predic;ions as to the effect of the daily cost of
production are also Qccainaple. Considerx Cg. the @aily cost
wh?n the capital good 1% of type g: An inérea!e-in this
&afly cost results in the sgrike endured by b-cype:firms

decreasing, dsp/dcg > 0. The product price decreases,

L4
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dp/dcs > B as do both vage rates dws/dcs > 0, dw-b/dc8 > 0.

,élso, che vage offeted.to g-cype firus decreases by more

-

than Fhe wage offered éﬁt}.oﬁ?‘s-type firms .‘g/clc8 < dvb/dé‘g.

RN

. ™~
, - Increases in cp, increases strike length and decreases e
-~ . . - \
wage rates and the output ptice.7 g LN~

dsp/dep > 0, dwg/dep < 0, _dwb'/dcb-< 0. dp/dcp < O
.There is no féla:ivn size prediction-in thislcase. ’
iﬁcreases in‘e}ther cg Oor cp increaﬁe the numbe{_gjnkjrms
organized dN/ééj > 6, where j = §g. b.~ ’

hd -

Note _that movemenys in the exogenous parameters result "in’
» . .
) - ’ \‘> .
wage rates and strike length moving in the ,same direcfion
and the number of firms orgaLize; moving in the oppositle

dfrection.

If movement from a pooling equilibrium to a sepalriting
hY - .

. equilibrium is caused by a change in K, §, or T, then wF* >
‘ . ) - s ',:'—‘
“b* > uw¥, where w™ is-tbe:wagg raté for both tvpes of tirms
» Q '. . N . . -
in the pooling equilibrium. The §-type firms wape, @if. is

~—

. C o * '
more responsive to the exogenous var‘bbles\than wh It one
. - . ‘. .

loocked at the 'set of firms that had the same 8, and it the.
*~ b R
enogenous patameters are independentlv distributed, this

model p'redtcts there would be a fargor v:nfiati*n im the

wages of non-strucY firms then fonistruck firms. If the only

'
- ?

'change‘tﬁat résults in movihg from a pooling to a separating

equilibrium is a change ln 6§, which is due to an increase in
1Y i

Ch then'g type firms would earn higher pr&ﬁr bn the

'y kY A -
separating e uilibrfhm and pay a’ lower wage thari u' and b

- -
.

tvpe ffirms woul earh a lower profit and pny a lower wage

s .
. R )

‘ . :_r\ i
w4 N
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than wv*.

P

‘both types of firms would. pay higher wvages in the separating

equilibrium. but g-type firms would .earn more than in the

?
.

pooling equilibriun.8 . R .

-~

..There have been various freasures of strike sac'tivi'c§ in che

‘

literature. For example, the number of qtrikes«\the ratio of'

/ .

the number of strikes to the number of worke#s involyéd the

fraction of unionized firms thﬁt go on strike. the mean days
A

lost, the -mean length, the number of wdrkers invelved in

p
s

strikes per labor fofce, the number of strikes'per labor -

®
. . .
force, the time lost due¢ to strikes, and the fraction of
] . ’
S~
; 7~

man-days lost have all been used as measud&/ of strike

S

activity. This model can make predictions concerning the

directions in which these &easurés of strike accivicy move

- when there. are changes in che exogendus variables ,Below are

-

the definitions of :hese various strike measures'in terms of

“the model and hew they wduld_respoqg to- a change Tﬁ:che

alternative wage. . - —_— . ‘s
\. 'S oy * —/; .
,1) number of strikes = (1-4)N, ‘ .
- @ R q t “‘ .
dL-OF L 1.y W< |
) dw . -~ dw EN
' Ne? 0 v

2y number of workers involved = (1-8yNL(wp),

)

' A ONLGw) (/1__,0;),,~d“ Lewpy + (1-0)n VB o g
dw [ dw- dw :
\‘/‘ \M;"\” . .
3) number of strikes _ (2-8)N - 1 )
number of workers (l28)NL(wp) L(wp)
a 1 _ 1 d(L(wp) 5 o o .

dw L(wp) L{wp)?  dw

. ; .
R S0 . . 7
* s ‘ - . ’ ' I’v
h

If the change in 8 fs due to a lowvering of cs, thént

. A
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L
4) fraction of unionized firms that go on strike

(1-ON - 1-4, d o %(1l- e)\- o ;
(1-6)N + 6N dw ~
5) mean days lost = total days lost/total numbe of firms
— R \ ‘ ' '_\
~ o SBUL-6NLCWL) o (1-8)L(wp) .
(1-8)N + 6N -
L sp-oLewy) = sp1-0) T <0
\‘,dw . ’ ’ | dw.
N "‘\ .
- : T -sp(1-6)N .
\é) total %ays lost ‘:,sh(l G;NL(Ub) ﬁbL(“b)
- total number of firms struck’ : (1-?Q§
AN R LT
T2 sfrewy) —sp IEFB) Lo

dw C dw
- f\

-
L

7) number of workers on strlke (1~9)NL(ﬁb{

-

—y Y

- Labor forse P (l-d)NL(wp) + ONL(w
-4 Nea N
d (1-0)NL(wp) - [ "R .
dv (1:6)NL(wp)..+ ONL(wg) o~ . '
. i _ . ‘\;‘
8) number 6f strikés (1-8)N . °

Labor force o (1-8)NL(wp) + ONL(wg)/ .|

/ ‘ T~ “~ - ] 5
) ~

R

a 1-¢

_—

dw (1-6)L(wp) + 8L(wg) )

-(1-6) £ ) ((1-0) dL(qg) N adL‘f&’{

-l
<;/[(1 %) L(wp) + aL(wg)}T A ™
. . s ) N .
9) time lbss - Sbflfe)“ L sp(1-8) §
U ™ . 1 N
. T 5
gk d TN 2 )
, since BT q, 0 (5D ) 0. - 2
dw dw e~ T - -

10) fraction of man-days lost = 'sbfl-O)NL(wa

g)
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[ $b(l-§)L(wyp) ] >0
dw  (1;8)NL(wp) + ENL(wg)

’

Therefose, different measures of strike‘activity-résﬁond

9

differently to chapges in the ®lternative wage .

-« , . .
Recall that product demand, shifts have no effect on the-

union’s behavier. However, product demand shifts may
- I\ - . .
influence some measures of strike activity. In particular,

“if the ¥raction of man-days lost was ‘taken with respect to

the total number bf man-days in- the industry (that is, both

union and non-union), then product~ demand variations would

affect this measure. This occurs because }roduct demand -

variations affect the number of non-Bnion.firms in the
. . L3 . *

¢

industry. Therefore, if the product demand curve shiftéd

[

r . . . . 'r . .
out, more non-uniom firms would 'exist in the  industry and

.

. _ ..
the total number of man-days in the industry would increase

and the fracé"n of man-days lost to strikes wounlld decrease.

- *

FinalLy. there are inmplicit exogemnous® variables in the

-

union costs of operaci?gs Changes in qhésé implicict

. . . e _ L.
variables whjch increase the cost of' operating .the union

will act like a chtange in the alternative wage. The unfon 7

Cee, T . - R
will wish .to reduce the scale of'ic§ opératio%g-by' 4
tncreasing the gage rates,’hence, lowering the amod&% oé :
lab;r solﬂlto each firm; anJ.;;;;ce the number of firdéu;ha?' .
it sells laSor to. Again, given cie way in.whlch‘f{rQ;' . °.

L.

préofics hav% been made different, there would not:'be a
) - .. 0 oo P )
change. in the strike lengch. o A -

P2
- . {“. s . o

-
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FOOTNOTES
1) T g-type f{rms earn less than-the diffegence in daily.
co bédtween the two types of firms in the separating
. equilibrium, But more than the difference in daily cost
in the pooling equilibrium. - £ :

-In the pooling equilibrium K/T = §, g-type firm daily
profits argq: § . |

’

Mg(w™) = KYT + (1-6)8,

and b:;ype firm daiI; profits are: | \
Cmp(e*) - K/T ¢ 85 > 0. :

Therefore K/T - 6 + & > &, . ' Y

and thus ngxw;} - K/T + (1-6)8=> 8

See Footnote 2. -l

2) Note that at least one of é,4,K.and T must be ditfvr%nf

between the pooling and separating cases. D .
i and

r 4
3) If K > T6, there can'never ‘be a soparathg equxlxbn;um
If § = 1, there exist only g-type firms “and these firms
-get total profits equal to zero. If § = O, there exist

}v
‘;'

s
only b-type ﬁkgps an® they "ea® total profits equal to
. zero. . ’ .
. - ) ~x«~ 'b *‘ . ¥ .
9@ If K'¥ T6 “thién. the type of equilibrium obtained depends
on the value of 4. If K > 4T, given the restriction .on
. K,T,and § above, there are not enough g-types to make it
worthwhile for the_ union to separate them out CGiveng
K.T.§ there will be some 6* such that, for & « 8‘*. t b e
will omly be_a pooling equilibrium.
N - &3
. 4) 1f a non-union firm faced certain unioenization it it
. ' repurchased capital, then a non-unfon b-tvpe tirm would
not repurchase if: . . R
. . . . . oy
‘ T, (W) + K 2 6TN,(wg) + (1-8)(T-s5p) My wp)
. .o . ~"Thac is. ’Tﬂb(w) + K 2 K, hence Tﬂb(w) > 0 ,' o’

o Since .unionized b-type firms earn zero daily protits in
the separating- equilibrium, the non unieon firms who pay a
lower wage must earn positfye-ﬂroflts and hence would not
reputchase. - . . // s 3 i *

. N T ey - )
5) For co- variation in other aspects of union hehavior apart
from strikes, this model producas results that general zeo
MacDorald and Robinson (19€6) to muftlple firms\types

* 1A -




6)

7)

8)

é)

-
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See Appéndix 5 for details of these comparative statics.
These predictions on the effect of changes in cp need
another condition. See Appendix 5.
To see this, suppose &5 > §p where K/6T < ég and
RK/8T > 6p.- The daily pro‘its for a g-type' firm in ché?
pooling equilibrium is: Lo
K/T + (1l- 8)8p < K/T + ¢1- 8)K/8T

= R/T + K/6T - K/T

_- R/6T
and K/6T is the daily profit chat g-type fxrms earn din
the separating equilibrium. .

7) and 10) need restrictions on the labor demand curve to
obtain these predictions. See Appendlx 6.
.

=

-
'



Chapter 4 )
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cnggg?g;gu E_R ¥;§glg¥¥0hs *ﬂl. . ik
- 4.1 INTRODUCTION
" This chapter first reviews the literature #n sfrikes. Then
the ;odel of Chapter 2 is expanded to deal with different
indusfries, and predictioné for cross-industry data are
formed. How ;he model deals with the ";g;lizgd fac£s" is
\ -
v also discussed. X ) .

-

The litenature ‘on strikes can be 'divided into five areuas.

The first is that strikes are a result of irrational
*. » E
behavior on the part of workers. Workers may overestimate

» the wage that firms can pay and a strike is needed t¥ yeduce

~worker expectations. This is the model of Ashenfelter @nd

Johnson (1969). There the firm maximizes the present wvalue
- ﬁ"i. . ' . - . * .
of its profits subject to a ynion cona;ssxon curve That i-..,
. .~

(4

-

\\\\~— a curve showing how the wage we#rkers will accept declines as

the duration of a strike iptreases. Ashentelter and Jghnson

[ 4

(1969)‘and }ber (1378% examined how thé.union concession

~

curve -influences strikes. A pro-cyclical relationship was

1

s v

found between strikes and the unempléyment. rate ,°Pencavel

o - -

(1970) and Abbott (1984) found the same result

Another area:of the “literature may be called pareto

opti@él tendencies. Reder and Neumgnn (1980) .and Kennan
g\\ ¢ (1980) héve:proposed that strikes arqunvrrsefy related to
- r N

the joint ceost of strikes. That is, a tendency toward the'

. . . ° . ..
w Pareto opcima‘ exists, and this tendency increases as the
hh . 3
~ .
; .
” LJ . .t
(S .
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strikes in their enpfricak ork and these measures are
.

.

"treated as equivalent. The model in Chapter 2 gives spécific

predictionf on how these various measures of strike activﬁty
. .

‘e, . .
respond ,to changes in the exogenous Vvariables. How these~
. . \

< . . s .
various measures of strike activity respond to changes in

.

the alternative wage were presented in Chapter 3 ' These

measures do not all change in the same direction when the

-

alternative wage Imncreases In this simple model ., even
- - .

-
~ o

though’ the alternative -wage does not atfect rhe strike
. . . . * ~ ~

Tength itself, measures of strike activitv such as the
- . o -

fraction of man-days lost, the fraction of unionized workers

on strike.  and the number of strikes divided by the number

of workeérs invol&ed. increase ds. the altermative wage

increases. But other measures of strike acfjivity such as the

. hd -
.

. . s .
nugber of strikes. the number of workers involved, the mean

L
-

1 - A .
days lost. and the total davs lost divided, by the Timmber ot

firms struck, decline as the alternative wape increases It

one treated increases in the alternative wape a5 an

indgcatbr of an upswing in rthe general level ot activity,

»

then depending on the measure of strike activiiy used, one

-
-

3
can get a pro-ctﬁlicnl reaction ef strike-

.

e

4.2 cnoss;muus*rn'y PREDICTIONS, .

. e ~
Since much of the empirical work uses «crost jundustsry AUaty,
. v -

1

the model of Chapter . rfeeds to he J(dullurnd ta accoummodat s

b4 b N .
different industries One wav ot doing this (< to change the
: : - . . » - .
prc;dﬁctlon technonlogy of (hapter 2 le¥ til 8i he the
- . .’ . .
. ? L3
PR .
. FE ..‘ L4 * '

’——/

By

..

Ve
-
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(1982). . ;_‘ ' ' :

Finally, strikes can be' viewed as an inforuaéion-revealgng -

mechanism. ,In the literature, this approach has been taken

by Hayes‘ ‘(1984) and Tracy (1987). If there ‘exists an .
- -

informational asymggcty between the union and the firm, then -

~
'Y P -~

a strike ¢can be uséd to reveal this informatiom. .

3 cos
Tracy (1987) uses a bargaining model in which the union

—~ -

continues to make wage demands until a svl;?hwvn! is

<

reached. ‘A strike takes place\ whenever this process

:
«continuous beyond the expiration of the current contrac?

Tracy makes predictions on how industry-wide {h%(i; and

local labor market shocks aﬁfect strike dctiéltv He tinds

.
-

. %

that increases in® the industry emplovment: conditions which
- - . - - M

are aboVe\F;end. reduce the étriko ptobabilizv Also,

-

increases in worker experdience results in a reductdion in the -
: A " o .

-

> . I3 . » ¢ .
unconditional strike length., but this eftect rosults ftrom a .

reduction in the probability ot a strike and not trom a

.
. - . - .

- 4
sreduction the conditignal strike length Tracwy uwes changpes
. . . L4 N ® o .

i‘the residyal from a local emplovment t{n-nd_,Lo-y’rc-'..'.in'n S
- P » . -

local laBor shocks The etfect of. ati increase an this shodk
N e .

-

-y
-

results in a strong increase in the probabilatv ot o wtribke,

- )

but this is targely soffset by a large yedreane in the

-

conditional strike.duratfon ° ‘ : A
ST ) . \ .
* ’ . . . ° . .
Tracy’'s model predicts that the probabiliry ot a4 strike
] ;

<

arnd ts expected unconditional duration are positively

. ' » ' <

related.to the degree of uncertainty the dnfon faces and the
. o H L) - #

’

value of the oﬁﬁhrtumitles the union has .during A strike

. P
.
-

' . ' -
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and Ried (1985) and Swidinsky and Va&derkamp (1982) .- .1
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Alsg,_the biobjiility.of a strike and the expected

unconditional durdtion, are gggaciyely'related to the total

expected rents of the firm and union. " ’

Kennan (1986)‘has.tevieyed the liteFa::;e on‘svzrikes1 and

~

states: . .

It is difficult to assésq the extent of empirical
4

knowledge on economic aspects of :\rikes. We do
\ -

know that strikes are rare,... There is persuasive

although net conclusive evidence that the frequency .

and (more importantly and more doubtfully) che "’7

- —

'incidence of strikes are positively related to’ general
. . .
cyclical movements in the economy. :There is also spme:
. y - ot
recently developed evidence that’ strike diuration- is

negatively related to the cycl$"2

Kennan (1985) and Harrison -and Stewart (1985) have found a

séatiscrcally significant countér-cyclical variation in the

-

duration of strikes. ' . N -

’ V.

.

‘There 1is a'largé:ﬁmdunc—of'11Cerature?rela:inggsc;ike

©

activify'to various economice variaﬁles_such as unemployment

’ . . )
rates, inflation rates, and the rate of change in real

Y]

wages. These studies show that strikes hegatively-rélated to

-
-

- unemployment and real wage chanhges and positivelyesrelated to

the inflation rate. See Paldem and Pedersen (1982). Strikes

v - -

have been shown to be relacively.r;re. about 15% of all

’

_contract negotiations lead to strikes. Seé Gunderson, Kervin

Many of the studies on strikes use various meAsures of:

/6

. -

Y

.
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strikes in their enpfricak ork and these measures are

.
.

"treated as equivalent. The model in Chapter 2 gives spécific .

predictiong on how these various measures of strike activﬁﬁy
. L4

‘e .
respond ,to changes in the exogenous Vvariables. How these-~
. . \ .

L ] - . s -
various measures of strike activity respond to changes in

»

the alternative wage were presented in Chapter 3 ' These

measures do not all change in the same direction when the

~

alternative wage increase’s In this simple model, even .
b - .

-
- «

though' the alternative -wage does not atfect rhe strike

~ . ~
Tength itself, measures of strike activitvy =uch as the -
- .' -
- -
fraction of man-days lost, the fraction of unionized workers . -

on strike. and the number of strikes divided "hv the number

of workers invol\ed. increase ds, the altermative wapge

increases. But other measures of strike activity such as the

- 4 -
.

. . L . '
nugber of strikes. the number of workers involved, the mean

L ]
.

days lokt. and the total davs lost divided, by the Tambetr  of

firms struck, decline as the alternative wape increases 1t

one treated increases in the alternative @wape a5 an

indgcat'or of an upswing in the peneral level of —

ac? i-"'l Ty,

-

then depending on the measure of strike 4ctiviiyv uaed, one

-
-

> .
can get a pro-ctﬁlicnl reaction ef strike: ) :

b

4.2 CROSS-INDUSTRY PREDIGTIONS, ~ | -

- C e N
Since much of the empirfcal work uses crost {ndustry AUae . ~c
. v .

e

the model aof CThapter 2 rdeeds to bhe J3gU1¥Urﬁd *o accummodate

. . . -
- . . 'Y . L .
different industries One wav of doing this (< to change the
. ' - . . » - -

production technology of (hapter 2 let til Bi be the

s 2 . 4 - : . ‘.

. K °

s T o . . ' T
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ﬁroducbion function, where g is an industry specific

&

" ’ . ‘-
parameter. Introducing this ‘parameter will. result in

>

~

diffetent'ind@séties having different labor demend

';qchﬁotégiesy ) : ' ‘ . ,

variation in the cost of the capital good ‘as a Tesult of

functions. In this way,. if industries had the same set of

exogenous variables, there would still be a distribution of
union wage rates and union ;mploynent levels.

Other ways in which industries wvary would bé in the values
of the exogenous pgrametérs of the model. That i}y, different

[+
industries could have different K, the sunk cost of

>

-

purchasing capital, §#, and the probadility of getting low
, ) .

daily cost, cg- The daily costs cg and- cp which might be

thought of as maintenance -costs, may vary among industries.

Also, industries might vary in the alterna&ive wage that

*

they faced. In order for the alternative wage to vary across

iﬁduscries, one might think of different fndustries

requiring &ifferenc skill 1levels in their workers. Each of

these skill levels would have its own market which generated

an alternative wage for each industry. One might think of T

some indgséries having fechnologies_which use a more costly ]

o~

capital good,'simi}afly, different capital goods may 2::;
diffargqq prob;bilitles.of needing a high or lo% maintenance

cost, and these fg&éd daily cdsts could'vpry with differené

[
. e t——— = . s - - -

All of ¢he eoxogenous parameters, eXcept .cp, affect the

number of firms organized, N, and hence the nuamber of.

strikes, (léﬂ)N,-ahd the length of a létikg, 8h, in opposite

4 )
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a

°directions.ufhe;efore. this model gives the possibility of

the incidence and duration of strikes moving "in oppbsit{

direction over the business cycle. Kennan (1986) has pointed-

out there is some evidence of incidence being pro-cyclical™
L4 .\

and duration counter-cyclical.

In Chaptef 3, it was found'chaf as K increased, this

resulted in- lower wage rates, prices, and an increased

-~ .
number of strikes, but wheh shqjter durations Increasing ﬁ16¢

’

- . - : . . .
raises the wage rates and prices, but lowers the number ot

a’ -
strikes and has no affect in this simple model on thef strike

length.3 Imcreasing both cg and cp results in lower wajpe

rates, and increased number of strikes However increasing
\‘ ~ . »

Cg causes a €horter duration. whereas increasing ¢y cdauses a
longer duration of strikes It cp Bets closer to ¢y, then &
y

decreases. and results in shorter strikes As #8.. the

probability of being a g-type firm, incronsojl there {5 an

. ~ '
increase in wage rates and prices and a lower number ot

strikes® with an increase Pn strike duration | Increasing the

. -

periodicity has the same effect as # Theretore most ot the

parameters move strike length and wage rates in the «.omg

v
.

directione.
B . >

It the parameters were distributed independently acrassg

inddstries, th®n a positive correlatlon hetween wapg rates

and strike lengths would hold in findustry level data Alse, *

.
.

there .would be a negative coxrelation between the duratfon
’ Q .

of a strike and the nuamber of firms that were avubdect ta a

strike. A negative cofrelation between theé nuamber of firme

g
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unionized and the wage rates paid would also exist. This

~
»

+ last predicfion does not say that the wage rates paid in an

2

industry are negatively correlated to the fraction of

, unionized firms in an industry. Since the number of non-’

v

uqlonized fi;m§ is determined by’ the product demand

schedule, the fraction of the industry unionized will, given

-
’

4 - R —
the exogenous parameters, be determined by the producc

»
demand schedule. It is possible in this model to have two

LA

L N '

different industries, differentiated by the exogenous
parameterQ. which have the same ourput demand schedule in
whiéh the industry with the larger fraction of firms

organized pays a higher or lower wage than thewsother

7 ind.ustry.s' , ’ ‘

If the parameters, w, _#, and T are positively correla%e&»
- . M

across industries and K, cg and cp are positively
correlated, and these two groups are negatively correlated,
then the wage rates agd strike lengths are positively

related. The number of firms organizagyand strike lengths

- <
” will be negatively correlated. This {s because.w, ¢, and T

all move the wage rates in che.samo/u{fection and K, és and

cp move wWg and wp in tae opposite .direction of the first

»

.group.

*

izThése, however, are not the most natural correlations
-y . .

-between the parameters ‘across industries. For example, it

-

may be thet indusctries with a long periodicity may .require

more costly capital. This would mean that K %ould be

posicinly correlated to T. In the two firm type model °of
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»

‘- Chapter 2, a separating ?qullibriun. in which strikes occur,
results ff\K/OTA< §. If K/T increases as T increases across
industries, and # and 5 are lndependently'distributed, then

one would be more likelf to find no strikes (ié; a pooling

~equilibriug) in those industries with a long periodicity.

Oy, if there were strikes, they would be shorter than in

-~

.
>

incustries with shorter periodicities.
-
-

- Tne model in Chaptg} 2 has only two tvpes of firms

Suppose, instead, there are n types of firms The union then

- *
. must select a set of;w;;e-strike combinations that safk<tv
. . . ) .
a set of incentiye compatibility constraints® tor cad¢i type
- ..
ofr firm» The optihum policy for the urrion may involve a

.

complete sepérating equilibrium in which all n tirms reveal
their type, or-a pooli?g equilibrium in whlch:onw wage is;

. " 4 . ’

' offered and no -strike is taken on, or some combination ot

. . A

- . ’
these Jhere some%f&rm-types are separated aut and otheg

<
types are pooled.® . . ; *
In ‘the case. where, strikes occut .’ there will be a nepative
* - ( a
correlation between the wage rates and the «wti-tke lenpths
‘ ® «

within an industrv bkooking at cross-industry data, chanpes

- . e

-~
in the exogesppous variables move wage rates and wtrike

lengths in the same dirececion 1f the exagenous parameters
X .

- are sindependently distributed across f(ndustries, the nodeIA

3

predicts that there would be 4 pnsltlv; rdrrrlatloq_hrtwecn

- g , VR

. ‘ . : : : °
average wage rates and average strike lengths.

-

‘Other predictions are Possible from this model ¢ one

looks at the effect of dlfferehtltYﬁil of uhnr{u '66- could

—-
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look at the effect of industry specific sho:;gk guppoétdiklt

-

for a particular indusfry shcre was a reductlon of ;Qe daily
fixed costs cg snd cp, but the,diffgrenge between th;se
costs stayed cﬁe same-. This would be a positive shock "to the -
fﬁ&tgiry?.Tge model egédi?k; a reduced number of strikes and
no effect regarding/;h; dﬁration: &hgte would be 3n angeasé

. 7 .
in equilibrium wage ‘rates and product price. If the

difference in costs, §,, decteases, there qould’be_ﬁ decrease

- ——

in the durétion of ?trikes. Suppose thére was a rgduétion in
the cost of the capital good, K;.for an indusgry. This wou%d
be a po;itiv:)shock ;ﬁaa;woﬁld‘result in 1i: rgésed'wage
rages and product price.as well as a decreased number of

strikes and increased duration. These gigxe the "cdéunter-

ecyclical, K results on incidence that Tracy (1987) found;
; ” ;
positive indu§ﬁry shocks reduce strike incidence. .

4

One may view # as a measure of union unéer;ainty. The

closer 8§ is to _zero or one, the more certain the union is as_

-

. . . ‘ -
to the type of any particular firm. Since strikes are  rare

events, in this model that Means. that § is close to onhe.

.

Reduction in @ therefore increases un{pﬁ uncertaincy. This
results in decreased wages and'reduced stri&e duratien. It

also fncreases the number ;f strikés in the'modeT.

~
»

. Decreasing @ also reduces the expecteé value for the union,
s ‘

If one were to decrease # and decrease W to keep union.

‘profits constant, then one just gets an increase in
uncertainty and holds the expected value the sgue..Thts'

results im an increase in the ndmber'of strikes and reduces

. ,"

P e » .
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The las® type of shock to be considered is the effect of" )
aggregQCe or bgsiness cyclesf Ifli3§¥enseidin,general
economic activity can be reflected in 1ﬁcr;;ses in the
alternqtive—waée and ‘he grice of;{he,capital goo{. then” -
this would reg;lt in a reduced duraé{gn'of strikes and an
ambiguous change ip che-anber of gtrikes in an industry’
Tth'céﬁforms witg.Kennan‘S-(l986) incen?;g{ation of the
literature. ’ E L ! g .
- FiAally. note that’ increases in K, cg. and cy reduc; the .
rents that are available to jhe unfon and the firm. The
&
union responses by reducing‘ the strike length and )
organizing more firms. .
‘ ) f'.' -'
4.3 CONCLUSIONS
This thesis model.;s;strikes,as,a’sol'u,tion to an 1nf0rmnrinn'
problem on tﬁe part of a.ponopcly_union The setting fnf.;hv
union.beha;ior is suffi;iently riéh to permit prudiutinnﬂ‘
"about a wide variety of'uqipn~activ1tins including strikex 'S
The major predtgti;n; ;ollow dfrectl{ from the role ot- ¢ X

-

strikes as an information-ellciting mechanism These deal

primarily - with the relationship between strike distributfons

-

and wage distributions within fudustries Stronger

. i ’ \ .
predictions,k follow from gthe very different. bhehavior in the
model of—intdustries that e"ontnin A NON "UMInn secfor tn

eqql‘li!‘)rium Lha.n“ trom those that are rompletely unitont:ed

In particular, union strike behavior is_indapendont of

A\
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product demand shifts in the former case. %1na11y, the model

- - et
.

permits predictions regarding alternative neasﬁres of strike

-

activity and cross-industry coxrelations.

-
.




_FOOTNOTES ' _ : .

1) Hirsch and Addision (1986) also review the literature on
- strikes - ) . ¢

2) Kennan (1986)

N \~3 ! - ] .

3) If firms are not differentiated by a simple difference in
costs, then, in the first incentive compatibility
constraint, the substitution for Ilig;(wy) can not take
place. But changing the way.firms differ will not effect

. the result that, in the.separating equilibrium the second
individual rationality constraint will bind,

ie. nb(wb)'- 0. Therefore, by the zero expected profit -

. constraint n (w ) = K/8T. Using this in the first

“-incentive conscralnt ylelds - . . A

“a

~ -

T K/6T - (T sp ¥y {wp) ; Cos

- -

Therefore. sp = T - (K/8) 1/Mg(wp):

Hence the optimum strike length is now aftected by the -
- i b-type firm wage rate, and so will be affected by chanpes
in the .alternative wage. )

.
-~

dsy _ -5 1 ang(wb) d"b_
gw 9 Mg*(wp) - dwyp dw
Fa .

- Since™increasing wp will dec¥ease lgiwp) . the wtrike
. length will respond in the same dircction a< the wape
= rate for b-typesfir%s-

-~

S 4) Note . . -
v oo ' ' - -
d(1-4)N _ N e (l_ﬁ)du © 0 since ﬂ? .o .
dé . ds . 9
. . . * . s " -
5) .This would depend on t\he el,lstirity' ot outpul “desmand A
less elastic demand xouldoimplv a bigher percentape
unionmized in the low wage industry than would ogcur with
a more ¢lastic demand It could - ‘be pasmible Yhat the
e pércentage unxunx?eh in the low . wajpe industrvy tar a4 pive
s output demand would be h-igner than the percentaye v
unionized in the high wage industiry with the same out put
demand . ’

- ‘ - 6) See Appendix 7 for a discussfion of the ;anI!ipl,o tirm ¢t vype
. : case. : ’ : ) - : ‘

/ /7 ‘ ’ L. \ . v



Appendix 1.
SUMMARY OF NgTATION
{(L).— production function <.
L(w) -laboF demapd function
K - cost of capiéal good - o
vg - wage rate paid by firms'thh the g-type capital
wy - wage rate paid by firms with the b type capital

daily fixed cost of g-type caplta!.5

Cg - _ )
‘ cp - daily fixed cost of b-type capital -

§ - probability of receiving the g-type capital /

f - total number of'days available for production .~
Sg - sFrikehlength for fir ith g-type capital

§g - strike length for figes with b-type capital Eﬂ
N - number'qf fi;ms organized by the union -
ni(WJ) - dail; profiE of aq'i-cige-firm ﬁaying wj
II,- total profgt of the union4 ’ .

C(N,L(w)) - daily csst attributable to having organized N

firms, each employing L(w) workers . :
2 )
Y L ]
' I
o
v . ’
”~ b 4
- L]
rd . +
- Py ’. ;
. 4
X i
,J' . .
‘ « * - ' . . :p-{._
: CET
b4 -
LY -
. >
- [ )



'JAppendi.'2 . -,

CONTINUOUS TIME MODEL s ' o
~ : -3 . .
This appendix outlines a continudus time version of' the

-

A
-model in the text in which both the £firms and union maximize
discounted future profits. The union must deFLde how much of °*
] ) the entire production period to work. It .could do this in
‘ 2 . .
e . several ways. The union could choose ;? not ‘work for sovﬁ
length of time at the beginning, or not work at some pofng'
' n -
i the middle of the period, or work -atésome fraction of
o ’ - - *
fulbl «time for some or fall of the period The union must *
decide this for each tvpe of firm. Let: aj.bo the fraction ot .
) o ) . ° e
N each period that the union works in a'j-tvpe firm and .
. « - $
aj. € 10.1], where j = g.T.- . ' o s 7
, ) } ' \ .Q o . o
The union's, probl:em is then . - T '
P - . - L : - . « . -
: , Max ‘-'me [ONL(w )(u-\-ﬁ/’-/armm 1) ] ' \ .
.- 4 Totegl LG (uy T
@g . ab ., ’
_¥geWbe N ap (1 AINL Gy mE) = (L) CUN A gy e A ;
\ ~- .
. . [ .
» _'_ ’
Where p‘islthe discount rate of the union. The constraint-.
the union faces are .the ze}o ex ante profit condltion teor
- ‘: = . < P
N . . hd -8 a - ‘
- ~ union firds, = . . . - !
- - . - . "'i . ’ . \,‘l
. < . .
. T ) i . 4 N i
- | 1) K, - Oaggng(wg)P rtay ‘-fgﬂb‘l'o’"h‘wh*" gy . , ;. .
,j": ',',’ ‘: " . o ‘ ) B e ¢
I . [] - " t :
uhez?’nfTHjP‘is the instantaneocus profit ‘tor a .y tvpe firm
& . \*-..e ’ i
. and r s the discod¥t rate for the firm. and the incehifvea
o - - B . - . o' - - .
‘Q\ v + compatibility constraints N PN . :
e ° “ } ] . . .
O T | - . , S :
S ' 60 ' ) o
¢ v! ,&' ': . . 1 -~
- 3 -
! ® rﬁ"f . * ¢ °® ’
. v < . e , . .
s f * [ - . .

e * "
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2) ‘ jTa g (w )e“ttdc-z'frabn (wp)e Ftac,
. e 07ETETETT 0“b%g <
T w-TC ) oere =
%) JoopMu(wp)e de 2 [jaglh(wg)e de,
- . 2 b

" and the -indivigpal rationalicty conscraintszng(ig) > 0, and A

Op (wp) = O. ) . o
- '4~ “« ¢ :

The proﬁlem is now .an optimal control

problem with

- 1)
isoperimetric 'oonstraints. The “present vélue}Hamilconian is:

R

§ -.asteNLcngwg-a):--acw,ngg))]e'“ L R .
+ abI(l-g)NL(wglﬁ)Jj (1-93C(N:L(w5)}eiptdc ' ¥
. }olagengSWs)éiét ~ap (1-0)g (wp) e " BE I ‘ . -
43; . Ai[agﬂg(;g)e"? - apllg(wpie TF) '._“*,- ]
¢ a3laplly(wp)e TE - aglp(wgeFE). e .-

-Since the H;miltonlaniis linear iﬂ the‘contrOIS}ag aﬂd_ab.

-

this will have a "bang-bang" solutjion. ?he union will’ sect ajy
“to one or zero at .any point in. time,.

] . v .
efither be working fud]l-time or net working at all,

‘qugl The union will

at any _

pfint in time. Also, the union weuld gwitch from_either ‘ome

to zero, or zero to ong.ac most once, at some critical time,

- The length of time that the .union Qecs aj =%0 will be

- .

the strike at che j-type,firns As in the

.
1 - L
o

:ext. thel

k]

incentive é&nﬁaéibilicy cons:raintsoimpiy the strike at .g-

type, firns will be shottet than cha scrike atvb type fii?s

b .
0'
- - ’

. Hence Vg will be greater than or equal to wp..
-.f

Thc union’s problen -can ,(iow be qritten as the following



"

" 5) Lgp = [(1-8)NL(wp)dwg-%) - (1-8)C(N.L(Wg))]e"

. ' ' 6.2

* Lagrangian (che hon-negatiziiy of wage rates, the number of
firms ;B ;nd:the firms’ datly. profits will be &ssuﬁed).k
'S ;

L= H + mag + up(l-ag) * glop + n(l-ap) -

where “1"152' n1., ny satisfy complementary -slackness. The
* 4

.firsg order conditions with respect to.ag and o, are:

* EN

v

- td
o~

4) Lgg = [6NL(wg) (wg-w) - 6C(N,L(wg))le PT
: . .
L+ Aoﬁng(ug)e’rt + Xing(ug)e'rt

L Ag_[lb('wg'fe‘r_t +_p1. - KDY = 0‘3\

> . M .
°

~
-

-

-

+ X GHb(wb)e TC . A Np(wp)e™Tt
Q S

o4 Azrb(wb)e Tt 4+ 9y - np = 0.

»
< e . . -

*

The terms ONL(ws)1m w) - C%N L(wg)) and {1- G)NL(Hb)(w T

_w) - (1%4)C(N, L(wg)) are the_untion profxts from g- :ype and b-

K
hd -

type firms respect}vely If eithef one of these carms ‘were

. [
-

’ -C.' ¢ °
negative-the union would not work in that. type of éirm The
e
- » P [ . .
union would séﬁ tyé a parameter equal to zéro chroughout the

perio&v Each af/chese profic ‘terms will be ‘assumed to be

t ﬁ . e

pcsitive The-?ther-discounced terms in 4) and~5) are

wage is paid. he,non-ntgécive daily profic constraints and
wg = Wp en;gse né(wb) > 0. .

If ns(wg)\i large enough, so at ¢ = 0, the sum of the

first four tefms in 5) is negattve, then n] must be.greater

cﬁan zerb_anT'By complementary slackness ap ™ 0. If p < r,

profits’earned»#y the two-types of fi;ms. depéndtng on which
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that is’ the union discounts the fiture at a lower wate than

-
- he

firms, cheh,:h;s negativestgrn'in 5)‘wodid §hrink in

absocolute yalue faster then the discounted union profit of

deafing‘with b-type firms. This may, at so;} e*, cause the

sum of these four terms to become positive and the union

would ;hen-sQitEh'to @b = 1. The strike at b-type firms
would then occur at the beginning of the production period.

M (wg) may be of either sign. "If ﬁb(wg) < 0, tﬁén the sum

"

of the first four terms of 4) are positive for all t and so

~

#2 > 0; hence, ag - 1 for-all t. Therefore the union would

»

not strike . the g-:type firms. If My (wg) > 0 and is large -
enough, the same argument as for'ng(wb) holds. That is,
if p < r, then the -strike will appear at. the beginning of

the production period. ' .



-

Appendix 3 ' - " .
'\“ ‘ " PROOF FOR CHAPTER 2
' This appendix proves the ynion’s profits, when constrained

only by the zero ex ante firm profit constraint, is non-

.decreasing in the wage rates’at equilibrium.

SN . N ; .
Let fl = 0 + p[K - 6(T-sg)lg(wg) - (T-sp)MpCwp) ], -

which is the first two terms vf the union’'s -wmaximization

problem. Differentiating fi with respect to wg and wp results’

in: .

-

aii/owg = IN(T-sg) OL(wg)/awg. (wg-9) S

+ ON(T-sg)B(wg) - th-ég)cz(N.L(YES) dL(wg) /dwy

pON(T-sg) ang(wg) /8ng3 -

L4
3fi/awy = (1-9)N(T?sb) dL(wy,) /dwp. (Wp ' #)

+

(1-8)N(T-sp)L{wp) ) e

© - (1-8)(T-sp)Ca(N,L(¥p)) 3L(wp)/dup

B(h-6IN(T-sp) dlp(wp)/dwp. - .

Since the firms*" profit -function only differ by a daily

fixed cost,

s

aﬂj(wi)/awj - 'L(“il: yhere j - g.b, and { « g.b,

Setting the above two expressions equal to zereo yields 20)
- ' . Q--v" .

and 21) of the text.” These are the -first order conditions én

the c.se of perfect ‘information where the only binding

constraint is the zero total éipected profigts for unionized
) » )

64 ’ .
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firms. Thege 'imply vg = Vp = W.

* * * N*

Suppose wg*, Vb . Sg i Sb . are the argument maximums

to the uann'a<prob1eu‘16). The first order conditions of

14) with respect to wg and Wy will be repeated here for

convenience. ~

15) 8L/3wg = 3M/3wg - uh(T-sg) dllg/dwg + ¥$1(T-sg) oMg/awg
. : : - ¥ (T-sg) dMp/dwg + ¥3 dMg/awg + ¥g = O
16) aL/dwy = al/dwy - w(l-8)(T-sp) dMp/dwp )
+ $1(T-sp) Mg/awy - ¥p(T-sp) dMy/dwp

3

+ ¥y Ol /0wy + ¥y - 0.

Define ;g.and Gb as the wage rates which result in ‘the non-
negative daily'profit constraimts binding, given the above

argument maximums.

fe. Oy(wy) = 0, j = g,b, : .
Note ;8 > &g sinég €p > cg.

- ’ In_dgtermin}ng ;g.and‘ab the equilibrium price, p*, is
needed” since labor degand is a function of thg price. p* is
dete{mined from 8), the zero total exﬁécted profit
constraint, given-wg*, wb*, sg*,;and sb*.

The foilowing two lemmas ;an now be proved.
. ) , :
) "___’_ -
L ' . .
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Lemma 1 '
” The éirst two. terms of 15) and 16) are non-negative in
equilibrium.
ie. dli/awg = 0, and 4l/dwp = 0 in equilibrium.
PROOF
Suppose ;g > &b > w. .

Assume aﬂ(wg*)/awg < 0, and 6ﬁ(wb*)/awb < 0.

These imply wg* > w and "b* > w, from the definition of w. .
.The union’'s profit could be raised b; setting wg = Wp = 2, <
and ég-:T—;;TNM¥HE;—_§1Ifﬁf—ZZT:isfies the incentive
éompatibility constraints and the individual rationality
conscrainCS..and results In _
ofi/dwg = 3M/dwy = 0. | ’
Suppose, only one of,aﬁ(wg*)/awg'and aﬁ(wb*)/awb is
negativ;. ‘ .. -
Let 8fi(w;™)/8w;, = 0 ahd 8fi(w;*)/dw; < 0. where j - g.b.and
i =-g.b énd,j # i. Then wj™ < w < wi® and sy > 5.
Since dfi(wy*)/awy < 0. then by 8L/dw; =~ O the Lagrange
multiplier on the Ce}m'(T-si) anjcwi*)/awi must bé.greﬁcer (
the zero, and so thegincgntive gompacibility constr;inﬁ :f ) -
* [}
1) . (T-sj)M5(wy) 2 (T-si)Mj(wy) ' .~
; 4
binds. .-
éikce aﬂ/ésj < 0, as léng as unioﬂ profits are positive, .
éhen the union profits could be r;iseg by loye}ingfsjffnd:: .

raising wj to keep the above incentive éod&aﬁtbifﬁéyh

I

J
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constraint binding. This could continue until aﬁ/awj - 0.\or_
until sj = si. vhicﬁ- ever happens first. At sj = si . 1)
implies Dj(wj) = nj(wi)ewhiéh in ;urn implies wy = wy > w
and this then reduces to the ctlase above. At aﬁ/awj - 0,

wj*(- 5; if 1) is still binding, that is has a non-zero

ALagrange multiplier, then by aL/an = 0, the Lagrange

~

multiplier on the other incentive compatibility constraint

‘is positive. Thus the other incentive compatibility
. . * * -
constraint would also Bind and so Wi o= Wi o= W hence,

aﬁ/Qwi = 0. If, when aﬁ/auj = 0, the Lagrange multiplier on

1) becomes zero. Since, it is assumed wg > wp > w, then

?

ﬂj(ﬁ) > 0: hence the multipliers on the individual
rationality constraints equél zero. Because aL/an.- 0, the
multiplier 'on the other incentive compatibility constraint,

must be zero. Then 4L/3wjy = O would mean that dfi/ow; = 0

because all of the Lagrange multipliers equal =zero.

Therefore Wj* - Wit o= oW,

Suppose ;g >w = ;b, then aﬁ(yb*)/awb must be noﬁ-negatjve
. °

to satisfy the non-negativity constraint on My (wp) .
Assume Bﬁ(wg*)/awg < 0. This implies wg* > wb*, since *

aM(wp*)/3wp = 0 implies wp* < w. Therefore by Proposition 1,

sp > sg.

If ar'l(o.;g"’)/a».vg < 0, then from 15) ¥, > 0. This means the

second incentive compqtibilitj constraint binds:

- .
1.

:2) (T-sp)p(wy) Z,(T-ss)ﬂb(ws).
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The union coufd be made better off by lowering sp and

- .

raising wp so that (T-sp)lp(wy,) remains constant until sp =

L4 -
SS ‘or Ub - vb. N N —_

If sy = sg then 2) implie; wp - wg,:vhich means Jl/dwg -
3fi/awy, = 0. If wy ";b then téelleft ha;d sid; of 2) equals
zZero. Theref;re either sg - T or ub(wg) = 0. The union
profit is higher if My(wg) = O, in which case wy = wp = wp
which means

al/dwg = 3li/dwy, 2 0. _ : » . .- .

-~

Suppose w = wg > ;b- thep neither aﬂ(wg*)/awé nor
dM(wp”) /0wy could be negati‘vgjbc‘\ equilibrium because -that
would violate ,the individual racio?éTity constraints. -
‘Therefo}e aﬁ(hg*3/awg and Qﬁ(wb*)/awb ;re bfkh non -

negative in equilibrium:

Corollary

- . :~—‘ - ~(.

3Mi(wp™) /8wp = 0 and 3il(wg*)/dwg = 0 if wy > w!

Lemma 2
éﬁ(qb*)/awb > 0 and aﬁ(wg*)/bwg >0 if ;b < w.

Procof , : .

1f ;b' < w, then 3ﬁ(“b*)/a"’b > 0, ie. w’b* < w, for

individqal‘rationality to hold for b-type firms.. Léemma 1

showed ‘i f ;b < w, then 8ﬂ(wb*)/awb can not be negative.

Assume aﬁ(wg*)/aw8 ; 0, then wg* - w. Then by 15) either

i) ¥ = ¥2 = 0 and the incenttve compatibility constraint

may Oor may not Bind. or _ ' - .
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ii) #; = ¥2 = 0 and *5 - O,fﬁnd'the incentive

compatibility constraint bind and BS(G) 2 0, or

iii) %2 > $; > O and $3 > O,and both inSentive

compatibility comnstraints bind, and v - Gg. or
iv)\tl = 0, ¥2 > 0 and ¥3 > 0, and the second incentive

compatibility constraint binds while the first may or may
~ o )

. nyc_bind and w 7 wg- - |

i) If $; = ¥ - 0. then 16) implies %, > 0 since

aﬁ(wb*)/awb > 0. ¥; > 0 means Hb(wb*) = 0, hence the sgcond‘

' incentive cdmpatibility;conStraint implies either
. .-

a) sg* = T, which implies  the zero total expected profit

»

condition does not hold.

b) Hb(wg*) = 0 so thaf “b* = w, which vidlates the above

wb*. < w.
* % ¥* .
c) nb(“g ) < 0, therefore Vg > ygﬁtéfut from 18) if

aﬁ/bsb < O.-Ie.'union profits fr@m b-type firms are.
positive, then g9 > 0 and so sp* = 0. However wg* > wp*,
. . . )
implies_sb* > sg*,_yet §b* can’t be negative. Hence a
. . " .

_' '. cdOntradiction. *
ii) If ¥ = ¥2 » 0 and ¥3,= 0, then aﬁ}wb*)/awb >0 in 16)
implie; ¥y > 0 and henc%'nb(wgf)-- 0 f;om cﬁe second
;. incentive c;nPatibilicy'cons;rainc. Hence,:sg* - T; or
. Hb(wg*) = 0 and a conhtradiction Fasults, |
\ 1i1) If ¥ > $; > 0 .and ¥3 > O, 6hen.nb(ygf) - 9. 3y the _

first-(binding) incentive compatibility constraint

(T-s jn (w *) = 0 and either sp* = T, which violates the
g’"b b b S

: ) expected profits condition or “g* - UQ* so Hb("g*) < 0.
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!
t

Hence a contradickion is shown. * N~
iv) If ¥ = 0, ¥2 > 0 and ¥3 > U, then Hg(wg*) = 0 and, if

the first incentive compatibility constraint holds with

‘equality. this casé reduces to —case iti). I the -firszt

incentive compatibiljty constraint doesn’'t bind,.. then this

implies Hg(wb*) < 0 and hence wp™ ;'wg*. However wg* > wp™

. /
from the corollary to Propositigon 2, hence a contradiction
- a L

i

ig achieved-
.Therefore 8ﬁ(wb*)/6wb > 0 and aﬂ(wg*)/ﬂwg >0 if ;b < w.

Q.E:D.

s

Corollary
. = * ) - *.
. AMl(wWyp ") /owp = aﬂ(wg )/6wg - 0
or 8fi(wp™) /8wy, > 0 and afi(ug™) /dwy > O

are the only sign combinations that exist in equilibrium.

<



7 ' Appendix &

RANK CONDITION

This appendix shows that the Kuhn-Tucker conditions for.

~determining the optimal values for the union’s probrlem are

~- - . —_

~appropriate, - ; ..

; _ fet x repfe;s'ent the '\‘rectpr (wg,wb.sg,sb.N) “e RN: .
- The constraints the union faces "are: | 7
g1(x) = Y[6(T-sg)Mg(wg) + (1-8)(T-sp)Mp(wp)]

+ (1-‘7)[0'1'11'8(‘3') + (1-9)Thp(w)] .- K =2 0

g2(x) ="K -{8(T-sg)Mg(wg) + (1-6)(T-sp)Tp{wp)] = .0
. .‘ ™~ ’

g3(x) = (T-sg)lg(wg) - (T-spl)Og(wp) = 0,

B4(X) = (T-sp)Mp(wp) - (T-sg)Mp(wg) = 0,

v
Qo

g6(x). = My (W)
g7(x) = (T—sg) z 0,

(8(x) =m(T-sp) =2 0.,%

-

. gg(x) = Q(P) - ON(T-sg)f(L(wg)) - (1-8)(T-sp)f(L(wp)) = 0,

g10(x) = wg Z 0, . )

g11(x) = wp = O, ’ ) ) .
.. - - . '4
— Bl2(X) = sg 2 0,
g£13(x) = sp =2 0, -

g14(x) = N 2 0.

The imiZw's profit is:

(x) = (T?sg)th(wB)(wg-ﬁ) + (T-sp)(l-8)NL(wp) (wp-w)

- ON(T-sg)C(N,L(vg)) - (1-8)N(T-sp)C(N,L(¥p)).

-

(. .

71 .
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Lf there exists an x* such that n(x) has a local maximum

at i*. subject to gij(x) =2 0, i = 1..:;31A and the matrix of
partial derivatives [agi(x*))axj] i GAE has full rank, where

E is the set of indices of effective distinct constraints at
x*, then there-exists a vect&r ¢* such that: 7

AM(x*)/3x '+ ¥* 3g(x*)/3x = 0, gi(x*) = 0 and $i¥ g1 (x) =
0, where i =.1,...,14.

I1f the matrix of partial derivatives of effective distinct

constraints has linearly independent rows when evaluated at

-

the optimuh values, then_the first order condicions are
satisfied and the _Lagrange multipliers satisfy complementary

slackness. This is the rank condition of the Arrow-Hurwicz-

Uzawa Theorem. Seeq.hkayéma (19853.
. For each of the equilibria.otheﬂzbove‘;ondiéion must be

ﬁhecggd. In the case of incdm;lete union.goverage‘and the
e X . :

se;arating equilibrium.‘che effective Ténstraints dre g2,

£3, 86 and.glzs The matrix of partia{‘dqriyativgs_qﬁdluated;

at this equilibrium is:

-

[ : (d-8) . 8T (wg) ]
ﬂNTL(wg) N(T-ﬁg)b(wg) BNHg(wg) (I-G)Nnb(wb) ‘*1-8)(T—Sb) -
N * . My (wp)
STL T-s,)L S n : 0 e
. (Wg) ( sg) (Wb) g(wg)m b.(wb) P

0 -L(wp) 0 0 0

¢ hd . . [ '3 ) '
L o0 S0 1 : o _ 0 B "

- K

This matrix has full éank\ Therefore, the procedure in the

text is valid. \ i

In the case of incénpletesunion coverage and the pooliag
s - : s

-



.and t31_3; but g3 and g4 are not ‘distince. I<the pooling

[« ; ‘ ~8Tg(w) |
NTLSw) (1-8)NTL(w) ONMNg(w) (1-8)NHp(w) -{(L-8)THy(w)
-TL(w) TL(w) “Tg (W) g (W) 0
0 0 ' 1 3 - o
_L.'IO 0 0. - - T - o

]

L4

e

&
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equilibrium, the effective cqﬁstraints are g{. £3, 84..'B12

*

Wb*

-\r*.

|

sqgiliPrium vg

N

‘The matrix to be checked is:

°
>

;oo c. o
This matrix has full rank. It is possible that at the wage

w* the hig? cost firm w;u}d make zero daily profits. ‘This
- N . .

would mean that gg held with equality.,,but-this constraint

woutd have a zero Lagrange multiplier because the constraint

is not binding. - : - . : _
. ., . . ‘ ’ [
The cases of both a pooling ‘equilibrium and a separating
equilibrium under complete union coverage may'élso be
checked. In these ,cases the/first two constraints, g3 and g2*
- ' 7

- — .

bind, but they are not distinct. In both cases, the matrix
of partial derivatives has full rank. The pooling

equilibrium under complete union coverage is the équilibriu
. / N - ‘\~_/'\ . - i)

of a monopoly urmion w{;ﬁ costs of orgadizing &« compeziclve

industry. The separating eqdiliprium under complete

unionization is a version of Hayes'(198a5t with free entry

"and multiple firms.

L
4

s s
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] ] 1 . . Appendix 5 .43 ) .
N 7y COHP_ARATITIV.E STATIC DERIJJAT‘NS. ‘ L

-
- A

This appendix derives the 'comparatiye statics i‘esufts of

L4

Chapter 3. : o

-
v

]

‘;Recall that the labor demand fuwm€tion, for both types of

ES

- firms is: - >

L{w) = f"l(w/p)“, where *both w and p are*endogenous.-
\

| ¢ . : .
*In order” to emov’g p from the labor demand function, the
'.éi//”\J - s -

following substitution is employpad.-' -

N -

.Let h(Q) 'b:,g the amount of labor required to pro_du.ce'Q.

@ : ot . : . L]
Therefc;re h(Q) = f'l(Q), where h* > 0 and h" > é,‘fo‘r some
e > 0. ’ , e LT »
> - .’ - ad
In the separating equil}brium the b-typ.e; ,firms earn zero™
. profits, therefore b-type fi¥ms’' outwgut is defined by:
1 . . ~ ‘. ‘ h ‘ ‘.. , . -
: ) j q(wb,cb). = axgmin Cb + .wb (Q) :
Sy ‘ o o .Q P
. 'J . . * -
~the quantity -which minigiizes b-type firme#h-average cost,
: since -the firms are 'ﬁrofémaximizing. Thg preduct price, p,’
. - L3 : Je .

\ » equals. the minimum of thé& b-type firms’ aver/ége cost curve. T~
. Py ‘ . .
Therefore, .-

- _. * v )
2) P omocptr vy hlalw,.en) . 0 -, -
’ % «
» - o . - q(wb'cb_) . .
. ~ - i
and since, the firm is profi"t maximizing, price equals >
. : & _
marginal cost. Alse high state firms are proﬁc‘maximizing, .
’ so p - wgh" (Qg) and'vﬁche levetl of px:ofits for type g firms is
. g , . ] '
known to be K/4T. Therefore: - ) o
. Y y S ;N
7 3) wsh'{QE)Qg “WW h(Qg)"cg.+ K/4T . -e )
76 © ' K
’ - ' . ' . . ’ ) - :



defines‘the ouEput level of type'g‘firms. Call this

N qQ(wg 5.8 KY T) 8,K.T m??‘tt~suppressed

- ?
*Now, one can wuite tHe labor denand for each type of firm

as a function of the wage rate anﬁ daily cost.-

4) L(wy) = h(q(wy,cj)), where j = g,b. N ‘
Before movihg to the comparative statics some ‘prel‘iminai’)"
A M ‘ - ’ L ® ) -
. definitions will be useful. v
- - ) - .
Ly 'Lef'A = NQwg-®) - Co(N,L{wg)) o _ .
- " ; and B = N(wp-w) - ‘€ (N, L(wp)). ] g .. 8

-

From the f{rsc order conditiqgs 30) and 31) of Chapter 2,
. N L 4

A >0 and B > 0. ' - _ .. -

' Let D = L(wg) (v, a) - CL(N, L{wg)) '
© and E = L(wp)(wp-) - C1(N,Léwp)). ] -
_Define Iﬂ - NLQ}j)(wj-gf - C(N,L(Uj)) This w::&d-be.che”

union’'s maxiﬁfnd if the;e‘were only 4- type firms -in the

.o .
) ifddustry. .The first order conditions, for 'a maximum &6f this®
. ‘ -
. "objective function are: T . . _
- C ' v = : A
and OL(wy) ' .t AL (W) ' o
e N T T ey W) ¢ NL(wy) < Cp(N, wy)) Z22M30 -0
: ?wj awj ) . ' ' . aw.j .
hd L] - . . '
. ' j . . i ...
o 2o L(wy)(wy-@) - CL(N,L(wy)) = O -
. aN . > . . . .. .Y
S N [ o * ,
- . j ’ on
. - . Since C.~, > @, then O < 0 and is downward sibped . =
R . -11 NN N
. N . s, . . - . b L - . -
'-~ ‘ i ‘ ‘aﬂj‘ =~ ’ - .“ ‘ . ' .‘
_ +Also, af /8N < 0 as long as 612 is not too large. o y
? ”l' i 'awj . LI .~ . ° . -3 ' ‘.
‘ l' v ) ~. - ‘- - N '4 -
;Given wp < wg, the optiuum number - of firns organize& if
.,? .. . o .,
. -there were only g- cype firhs, Nsﬂ ‘would be snaller :han éhe s
a . F .
e nunber ,of firns otganized if there werd only b- type 4grus

o™ 8

. e
“e ) . [ ' . k.. . - 5‘3.,‘!‘ - -

. _*i f . : A ) 1{ R : B SR T



But the union must choose N so that

)

9 - et
aN

N is chosen

the negative
Therefore D
Let G =
and I =

Thes'e are th

- Let R E (wgl

-1
= 2 [Co(N,
- N
i '{TEG + A
- N

Likewise V =

Let H = N -

and J = N -

-

76

-3 b.
™ 11-9y X 9 o,
8N ’ 8§ oN
. an®
so that the negative value of #T is equal to
' . aN
1
' - ‘ -k am®
of the positive value of (1-8) __ .
. 46 AN

< 0 and E > 0.

C2(N,L(wg)) - NC12(N,L(wg)) "0
Cop(NygL(wp)) - NC13(N,L(wp)) > 0.
e restrictions cthat €17 not be too large.

@) - Cpa (M. L(wg))

L(wg)) - NC12(NfL(wg)i + N(ws-d) - cz(NsL(Qg))]

I 2 0.

(wp-@) - C12(N,L(wp)) T —

-l e s

N o . )

czz(n L(wg)) (wg) >0

\y_ dwg ’ )

Coa (NaL(wp) 38t (wp) > 0.
+ L 8wy ' -
N -

-

To determ1ne the compa‘atIVe statics for K,‘so?e

derlvativgs
quanticty prq

equation:

-

5) wg h

wﬂtre h(qg)

will be needed. Recall q(w cg.ﬂ K, T) is the

» . L]

{?ced by g-Cype fir?s. Th‘\. s deterl&q‘p by :he
- < ” * PR T .

* . -

'q - w‘sh - Cs M‘ N R - ’ ’
. - -0T e ’ " .
. - . . - ~ . “ . .

is the amount of labqr‘\hgloy.d'co produce (.
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-
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: v
Differentiating 5) with respect to K yields:
1 4

6) 4. _1 5o,

3K wgh'qOT . .
and differentiating 5) with respect to Vg yields:
7) S L "‘82* K/6T) <o, '

dug wgh"a . wghTq .

Bifferentiating 6) with respect to wy yields:

2 ' L] ] .
X 3°q - - o [h"qdT + wgh* '’ a_q qéT + wgh"aq_”l
K 3w g (wgh"qdT)? . dwg 3wg

ind substituting in 7) yields:

2 - N . - ’
axawg wgh"qGT . o h"q '

Also, aL("s)'-‘h' 99 . qp (b - B g
aws aws wgh"q . .

8)

. 2
O Ly L3 (w9, L ped8 2y d%

3K 3yg dwg K dug 3K dw g 3K . .

~ . __ M = bhlqyhc B7g  h'i'g r by

wsﬁ"qﬂ' wgh"q ' . h - h¥q ‘h"gq

and BL(ws) - 4q .. h

Rl - > 0. .
dK . KR wgh"qdT ' :

. . - s .
Pifferentiating 7) with respect to w\g yields:
20 - h - h'd s Bt " .
8q__'_( q)zt q +.h" + 2h"q ] L
ve wgh"q h'.’q h * h'q .

a8 3L

, dq 2
and so ___ (2 ) = (e )* + h" ,
) aws dwg vg dw, 2 » . ®

¢ Ve .

usijxg 7) angd 9), - . o . .

32 . S

K (am)_h,(h.-hq)z(h_+ 2h"q° _h''’'q + h
aws .8‘:!8 s . wsh."q h’' h - h'q h"q =~

- -
- 1}

).

Note the si‘gn"s- of'i(i) and 8(‘ 81.) are ambig\!ous The %

following relatfonship vlll Be useful. _-'. ) *
. . 2 . - - e i . . .

¢ - .
. - - - . o - - . L N -



- -
, &
_ a%L a2L . -
- - _.2' r— . ‘. -
10y _%vg° . %Kéwg . 1.z . 1 . -
T
dwg . "dK . .
Y . . ) »N . a!‘ : . )
. 3 2 — 27 .
since °L < 0 and f_& > 0 then 2 LT - %vg 6°L - BE. -_}_
awg .‘aK - &wg - ai ) axawg .awg_wg
dK ‘

-~

" This implies a limited get of sign coc;m’oinations‘,\',for these:
L) . .

» ~
“two second 'de‘rivatives.. Y . . .., o , ; ', )
v .2 ' . . ': " . " * . \'- .
i) &L < 0 implies 2_ > Q - Yo .. “ .
awgz . . ﬁKawg .;. o . - .‘
L4 - . - . P
2 A ) 2 » . * . - -
C o 4ay %L Y, ecL 0iee - . N
. P awgz . 8!(8\48 - . | . "
/ \\ 321 _— . 2L . ., . _ >
iii) < 0 implies :* > 0O . - . ) .
- aKawg - owg? . ‘..
, . : . . U REEVETEL
‘! Comparatimne Statics for' K ’ e 3 .
’L‘ Using Cramer”’s rule, 3 <4 o
PN l} ) 1 ’- Y . ‘ CL. . M -
‘ | * dw ' > : .
¥ - _ -HSK ﬂgb RSN - .
. dK a -lIigg Mpp™ TN . . v :
- . . -INg TN ANN| - . Co . .
. . Y J
where A < for a maximum, and .' .
% lMgg =. 06TA 33L _+ 6T(2N - Cp% L) 3L , .o .
. ’ _-2 N . ' by — ) . .. -~
- Mel LT, Vg Vg :
Mgy = -FTACLI(N, L(vg))i - (T-6)"K Cp9(N,L(wp)),~ - ®
-" . . - re . T M - E ‘ - - ’

. .

R'=79Th " 3yL% + 8T(N - Cpp dL) oL

-4
hﬂ - ., ~ .' R | — —
. ' - awsax . C aw‘s. 3K
0 _: LS ) ) . - .
bK; Ql . 1 - .' -
N :;‘. ‘ 4 —‘ *
, ‘o, ’ . . . . -
LI § b e L, - R
=¥ t N .‘: o * S R .

X}



Oyg - TR 3L + 1-6 E > O,

- aK- 96
Ogn = 6T G oL
N awg .
Therefore dwg = 1 [Mpp(NMygldgn - OggMnn) + HgKHszL
dK * " a i o .
vdwb - 1 nsg -HSK HSN - : N
dK & |Mgw -Tpk MpN ) ,
Mgy -Ong AN} . - -
= 1 (MggMyg - Mgglgn) Moy -
.A
and dN = 1 (Ngglyg - MggMgn)Mpp -
4K & ’

A Y -

Since Mpy < 0 and Npp < 0, a sufficient condition for

dwb < 0 and SE >0 is.
dK . dK
11). ) . .nganK - ﬁsKngN < 0 . ° ‘ * -

:The sign of ng.is ambiguous, but it will be shown that it

does not matter- §ince Mk is positive, one can see that 11).

is satisfied immediately if NMgg.x 0. What follcws shows that

11) holds even tf-Mgg > 0.

It will be assumed for the moment that 3L < 0, this wildl be ;

. . ' ang'

relaxed later.

Expanding Tggliyg - Nggfgy = (¢T)2AR 32L 3L + 6T(1-8)AE 82L

) *Fw.2 K - YR 3
. . N . g A g
+ (OT)2(N + H)R L oL + OT(1-8)(N +-H)E aL ' '
8 i vy 9K . 0§“ o dwg s " e
--(6T)26a 3?2L oL - ¢¥T)Z6H L AL
; - N dwg K . N aws-ag 5
.. ) ' ] . ) -
. * N . '*‘_
L, ”
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The fourth and second terms in this expression are usgati§e &
(given a2L < 0). .

dwg ok

Combining the third and sixth terms results in

(9T)2A ¢l 4L [(N+H)R - GH] = (GT)2 dL 3L [(NR + (R-G)H]

dwg 3K N dwg K N -
S(8T)2 8L AL [ NR + H((wg-9) - Cyp - Cy -+ Cy2)]
dwg 8K N

- (6Ty2 8L 4L [NR + HA] < O.

dug aK N
Combining the first and fifth terms giwes: '
(6T)2 [ AR 82L 4L - Ga -82L  aL] . .
_—2_ — — ——
aug? 8K N GwgdK. dwg .
_ 3L - 8L S _
- (87)%a 4L oL [R‘.awgq - G dwgdK | 5
K dwg -+ oL N aL
- . dug aK .
. . . P d . :
and substituting in 10). and noting R = G + A
. ' N N
- (47)2a 8L 3L [ (6 + A)(Z « 1) - 62] Y
K dwg N N | J; N -
I : IR
‘note Z >0 if 32L &< 0 , by~i).
. . . e Co- - ’ * b v
2 . . .
- (8T)%A 8L 3L [ AZ - 1 R] ‘
K .dw, N  w, - ' ’
s wg “

udding back in the third and sixth terms yieids:

- =

12) = (6T)2A 9L 3L [A%Z + N 'AR + NR + HA]

— — — —— -

. L qx_aus. N wa N N ot i
= (6T)Y2a aL 3L [A2Z + NR + A(H -. N R)] p
. x ai’g N _ . N . Hs \ L4
. " i * N . \ ) o=
oot - oy .



‘a

e - 81"

- (sr)2A aL oL, [A22 + NR + A(N - €27 8L - N +N¥ + NC1p)]

‘ 6K ng N . : N : 6"8 vg .wg
- - (4T)2A AL 3L °[A2Z + NR + A(N® + NCyg - Cpy 8L )]
4 a_fawg N_‘ N-g vg "_s :B—Q-
< 0 since dL/awg < 0. . .*r —
1f 6°L > 0 gnd if 5%L 20, o - -,

s

then the ;econd and fourth term sumnm

.

- to OT(1-8) E[A 32L + (N + H) &L j which is less than zero,

T s A
8 dwg ‘ dwg . '

since the’Cetm' in square brackets is’ jus‘t ngg (which is less

.

than zero by the segond drger conditions), and the firsc,

third, fiféh.and sixth terms,of 11) still sum to less than

zero as above. . -~

If 32L > 0 and™if 4%L < 0, thern ‘there are two possible

— . - e N B
8wg awgax . ,

.

cases. PY

a) If %L < 0, by enough so that [gg s 0 then

awgax i |
Mgglnk - Mgxlgn < 0. " . _ -
. . .l
b) If 8°L < 0 and Mgg > 0, that,ds' A 4%L .- H oL > O,
awgax' - ’_ awgax- aK . .
then the first, chirdf fifch and sixth terms sum to . .
(from 12) . . o : c . ’
(eTy28L 1A2 82L o+ NR L + A(NW + NCip) 3L - ACp} &L . 4L
g N awsax &K N ws’ wg oK N awg aK .ot
.- (ar)zan [NR 3L + A(® + C1) AL + A(A 821 + c22 oL - aL] .
. aws aK v8 - ws kaK ] . !;s N 8“8 aK . ]
Using SR = 6 + A ‘ : .
o . @ -
' ’ id \\
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-0, = (8T)%8L [G 3L + a(® + €12) AL + ac¢a 82L +(N:Cy, 3L ) aL)
'odpgl &K g wg 8K N JwgdK dwg &K
[ . 9 - .
. Whig¢h is less than z\:o, since A alL - H 3L > 0.~
| ' | awgak 3K {j
Therefore the first, third, fifth, and sixth terms sum to
less than zero (at/awg <'0). .
Therefore INgglyg - igglgn < 0, -and so dwyp < 0 and :dN > 0.
: dK dk
But what of dwg ? . N
dK
Recall p = wph’'(q(wp,cp)).
A .
Therefore dp = dwp h’' + wy h" dq dwp
dK  dK . dwp dK .
L)
i = [h’' + wph" h - h'q] dwy . : .

‘%

wph"q dK

h dwy < 0. . . X .
q dX ‘ -

The product price falls as the gate fee rises.

Therefore dp

dK

. Let q(wp,cp)

-
a

.i

~e -

Also. p = wsh'(q(‘wg.cg.G.K.T)) - ‘.
dwg n’ o+ Vg h" [ ii dwg + ﬂg
.dK . ) aws dK 3k
(h* + wgh" h - h'q] dwg + wgh".gg. :
uwgh“q aK’ - dK
h dﬂk + 1 o = .
q dK an . . . . :'b

L4
»

qb and q(wépcgpﬂvK’T) - qg"

\<\ . Gombiding the';baye yields: . -
h(qp)- dwp = h(qg) dwg + 1 . . X
1] .. - .
- * ’ H ‘ _- .
. - .
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Note & P(@); _ gf’ - h

5 q q¢

of each firm in .equilibriur) and qp > qg.

> 0 (This follows from the profits

h(ap) > h(gg)
9b qg

. Therefore
' L J

" There is a larger labor to output ratio in the b-type firms.

Therefore dwg < dwb. < 0.
dK "dK

-

Since wp falls as K rises, the product price must fall in
'S . . ”
order to maintain the zero profits of the b-type firms in

the separating eqhilibrium. But tHe g-type fixis musé‘earn
k/ar in profits which rise as K rises._ As the product price -

falls, the whge wg must also fall, but by more than wp.
*‘ : ” -

Comparative Statics for 4

The profits for the g-type firms are?
H

- . "
w, h'g - wgh - ¢, = ___. .
g g g aT - .

Differentiating with respect tq § yields:

! aq :- - K b& O _. _“{
a— - N B 4
36  wgh"qé’T & ‘

-

L4

That is, g-type firm output goes down as the probability of

being a l-gype firm increases.

Diffecentiating again with respect to wg'yields: N
, » v . L4 )
2 2 o - - htq) .
3 q - K8<T ‘[h'q."',(h"'q + hn) (h h q) ]' .
aaaws wsh'qézT o T, h"q !
Also, ' cy ‘

A A TR L T L Wl

L

aé awg '898 : a8 . avs a4 : awgaa !
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- -Kh' (h . h'q)(h" -“ hnq _ h"'q + h-)
. wgh"qéz’l‘ . wgh"c! “The- h - h'q B h"q_ v
alL . _
ana C09vg . B -ha pt h"qg _h'itg + hT
éL 'wgh"q h’ h - k'q h"q
‘ —
- 38 ’ '
3L y
which equals: dRowg
aL - 3 ' .
Using Cramer’s rule, -
© dwp 1 , . .
7 & - |"ge Te? JeN .
dé A -llpe IpN . ,
: Mgn -Mng Nyn :
where
hd .
Mge = 6TA 32L + ¢TH aL. ST
' _ " awgas a6 ‘ .
nbg - 0, * . . . A .
Myg - TD - K E + #TR 4L ' ™\
- 675 ST E a .
Note al = §TD + (1!6» K E = 0. - NN
aN T . o
Therefore, ‘lyg = -(2-8) K E + TR 3L & 0.
. : 8ls — E
-_ ’ ] . . . -
Since Mg = 0, 3wp may written as: -. '
.
dwyp - -.1- (HggﬂNa - “g@ngN)nbN'
a8 A _ "
A sufficient condition for dwp > 0 is: ¢
| . ‘. - . aa ’ ! »
-+, TggMne - MgeMey > O ,

If.nsg 2 Q, then-the above condition holds immediately. In

'
- -
V] ™

- - ' : , . e
- . :

- - ' . Y -
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the same way as for the compara;ivé-stacics for K, it can WHe

' shown that thHe above conaition'hplds for Mgy < 0. The

difference between this ‘case and the case for K is that in

Iyg there is a coefficient -(2-6)K as opposed to 1-0 in Iyg,

' . 925 8
) \ .
and that i& < 0 and - .
BT A .
e 2L a%L

whereas €£_> 0 and awgao - aKawS ] : -

8K A 3L 3L
- dwg 3K
. » -
- JdL . - .
Co 2 g 32 :
Therefore, < LZ - awg o 9°L . oL _i,.
awg ) EE_‘ aBawg awg,wg
a6 : I

& -

This implies a limited set of éign combinations .for these

t

two second derivatives.

Ta2 2 . -
= 1) 9 ¥:< 0-implies L <o
w2 ‘363w
g g hd [
2 2 .
g1y %L o, 9L @
8wgz aaawg‘ - .
2 2 o
111) %L > 0 impries %50 R
aoawg awg . - .

This is nowrequivalent to the problenh of_deéefminidg the

sign of dwp. But since dL is of the opposige sigh to 8L, the
v 9K . a8 K

sign of MNgpllyy - Ngelign will“be Po%icivé“ Therefore dwp >,0.

daé
. .

Also the same condition-is sufficient for dN < 0.
- . 7 r"J‘:' 37 N . ‘.

T




i
\ . .
Comparative Statics for T -
. Given 3)-, one can determine how the output of g-type firms
varies with T, T
9. R <o ,
- 8T wgh"qGTz : - T = *
. 2 2 ’ M ’ - ’
also 24 . KT\ pnrq e niqapn (MO
aTdwg  (wgh"qfT)* _ h"q * - .
. and ab(wg) - h'ai - -h'K < 0
T dT  wgh"qéT?
2 . ’ - ' . w. " ° [ o -
o and acL . Kh (h h q)(h_ i h"q _h q + h Y.
8Tawg wgh"qe’l'2 wgh"q h’ h - h'gq h"q
’ R . T .
i Therefore-’.'_che follocswings sgcong derivatives can be
R O LT ‘ |
- Qetermined: . - - - .
figy = 6TA b + 4TH oL~ voF
. | BwgdT | aT * .
- Myt - O,
Iyt - 6D + 4TR 4L teom e .
aT, '
Since, 4TD + (1-6) K4E = 0, -~ .
» - ' ’6 . \d

bl

A
Since dwy, > 0 then, — ’ i .
dsg ’
(_jﬂ > 0 and h(qp) dwp - h(qg) de B K ,
ds ab ae qg ~ df qsezr
since h(qp) > h(qg)’ then dwg > dw_b > 0,

qb qg dé dé

.The wage rate for the g-type firms.increases by more than

the wage rate for the b-type firmsv ‘

86
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INT = -(1-8)"K E + 8TR 8L < O.
. P . .

86 T a?“
o

Now,
dwyp _ i Hgg -HgT MgN
aT A 0 0 Iy

4 HEN -ly? Ngn
-~ 1

«= 1 (MgglNT - Ngrlign)MbN
a 7 *‘-\

Therefore'nggnNT

o’

Ngtlgn > 0 is sufficient for d
- .

-

Wi > 0.

dT

’

. L]
This case is equivalent to the case for §. The same °

procedure ensures that dwp > 0, dN < 0, and dp.> 0.

dT daT a1

s
Agaln, a relative size prediction 1s bossible for wg!
. .
' d“‘fg > 9 5 9.
a7 dT

Comparative Statﬁcs for cg
- ) ) 1 )} l
Following along ais before, differhﬁtiating 3) with re

tJ'cg yieids éq - . 1 and it can'bq shown

spe
a

4

ct-

— h -
B 8c8 iwgb q
- * a2L 2L’
"L 3L S 5. ada gjgaeg dKawg
ag& _‘;‘ ai .. a_I:—'
[ ] . ,o’ - aws aK
Also, "Mge = 6TA d°L + ¢TH oL | .
| , awsacg acs ) . n
[ H - 0 . b )
beg : IR _
nNcg - (l-6) K E + 6DR 32 < 0. v
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This case is equi—valer;t: to that of changes in K and: ‘in the
L. : . - - °
same fashiom, it can be shown that: :

* - - ~ . ——
‘ . . B . - . o
f

N . HggHNcg - chgng}y( o ‘ | j .
which is sufficient for dwg < 0 and dN > 0. C
Also, dp =-h(qp) dwp < 0, and & relatiVve size prediction is ‘
“dcg' 9b . dCb ' o ‘_J’ c ® .
.'--\ possible: | dwg < dwb < 0 ) . R ot
- . dcg dcg. - . ’
As the’ dally cost for g-type fl.tm.s reises the output\pr1ce . .
falls In order for g- type firms to earn K dally.' che wage )
. ‘.\.—-’\\ . . ) ‘ .a-‘r
wg"must fall by more '.t:he.fri Wp, since b-type-firms remain
. ‘ . . - P »o ’ e )
, ‘earning -zero daily profits and their daily cost has-npt
changed. * 0 LT | “ ‘ .
. , . a ‘ - . - ) - .
Con‘parative Statics for cp ’ 2 X S -
,.' ' . Thxs case is sli.ghtly different from the other; hses an.d-_- .- *,_v’
will be presented i,i'l more detail. The b-type f1rms output
i .
Y ] 53 I . e .
. @(wp.cp) is deteiulned by" : . A .. . R .
- - L N ~ : L]
" » wph'(qrq - w“,h.-- cp = 0. ) Lo ot
- piffgrens{ativng,this with'respect to cb\yf‘e.l'ds S R - )
) B ' et P .- " d - ’ " 3 - -__
a'q - 1 >"Of' . . - S
’ dcp wph"gq : )
) ) ! ’- > . ’ > A S ©
hence’ L - h'ai > 0. ) . ;‘ ) . ," B
¢ dcy dcb o .o N 2P .
, 2.’ ' PR A
. Also, a q - A {h“q + (hoanq + h ) (h- h. 9}"__ 5 v \ .
. © dcp . "bb a2, f} T, ke " ez
. . - ‘ . ' . N o ' - v T .l .‘— - 0‘. L -
< / .o . - - ) . .
- R ’ [ 4 ) . . ‘ .
. - - - . RN
. - » ‘ N - *
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dAda v

whlsh.n—r-lp.__u.bw.» |._ .- .

0= -
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é{ acbaws wgh"q . wsh'q h' he - h'q h" g
. d2L ~.
Therefore, acbaug - Kh - h'q)(_L i h"q _h’'’'’'q + h")'
L . wph"q¢ R’ h Y h'gq h"q
:3_(:—b ‘. . B .
2 ' - 4 - ’ ~ " :. P . n
and L - h (h h q) (h h q)(‘h— ; 2h q N h q + h‘-);
awbz ) Ubh'q R Ubh"q h' h - h:q . h-q
" a2L T a2L
i S, N
hence, _fwb - 9cpdvp | j; )
aL 8L . Wp -
;’b , aT-b . 1 ) —AL

Therefore. Myc, = (1*8)K. B 3L + (1-9)K (N + J) oL

_;3_ dwpdcp 46 a6

ngcb - 0, - ' . . .
Mnep = -(1-6) K E + (1-6) K (N +J) 4L B ’
" 567 55 FEI

. 3

Mpp = (1-5)K B 3oL + (1-6)K (N + J) 4L '

55 el BT Eo
. L} -

By'Crameg;i tule,

dwg _ 1 0 0. Mgy 5
“ decp 4. |-Tpep Mpp Mpy N -
{-n
INcb TNb TNN . ~<
= 1 (Mpplincy, - Mooy, Mon) Mgy - o
= .

Since ﬂgN_< 0 and 4 < 0 the sign of dwg equals

dcp
O,

Expanding this term gives:

the siga of Mpypfing, - Mpc Moy N

X/
T
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‘ o g0
13) Opplyey, - OnepOoN = -(1-8)2 KZ E - (BA%L + (N +J) aL 3 - _.
o ' (96)2 6  awp?2 3wy
. g o+ -0)2 k2 v (Ba%L + (N +J) oL )
: ' (86) 2 Bup? 3wp
A - (1-9)2 k2 1 aL:B 32L'+ 1 4L )
(86)2 N dupdcy FI
- EEAR a%L
Let 4 - éwbz - dcpdvp _L :
.- aL . 3L - wh
dup, acp :
and note V = B + 1 ’ ,
N N .
‘ .
Therefore 13) equals - . ,
-(1-6)2 K2 SL [ E-(BY + N + J) - (B + I)(BY'+ N +J) 3L ! '
(6672 dup 6§ > - N N - “écp
) .. ' o . .
+ I (BY + B + J) 4L .]
ng ’ ;b Ib .2 ) o

. \
- ~(1-6)2 'KZ 8L [(E - B 3L )(B¥ + N +J) - I(N& + Cp) oL |’

s (66)7 4w, 5 N dcp N wp wp dch

Note iy, < O implies BY + N + J > 0. )
» .

Therefore, if

Py

14)

|
’

\

o«

then nbeNCb - ﬂbeHbN > 0. , /
Cépditlon 14) states that ‘the union’s marginal profit from a

Sfiypg firm® divided by the difference in costs; must be

v

lower than the marginal profit of having ¢n extra worker: per

\

firm in the b-type firms, multiplied ky the increase in

workers per firm from am increase in cp. This condition is

sufficitent for nNcb > 0,
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It does not seem clear what this condition means. I think
the g;aéon why it is needed is that one mannot be sure

whether the union’s marginal cost, Cj(N,L(wp)). is greaver

" or less than the average cost of dealing with b-type firms. ®

. -

This is not the case for the g-type firms and can-be ‘shown:

.
: -

C1(N.L(wg)$ > C(N,L(wg))/N.

-~

With condition 14), then S8 < 0 and SV > 0.
. dep dcy J

Y

Now p = wgh'(q(wg.cg,é.K,T) since the low cost firms are

. . - . . 14 *
-profit maximizing.
Therefore dp = dwg h(qg)

Ezb dc

g Sg ] >

Since high cost-firms are also profit maximizing, then

r-d

P = wph'(q(wp,cp)) and hence

dp = dwp h(qp) + 1

’

dcp dcp  qp qb .
Therefore h(qp$ dwp +.i --h(qg) dwg .
gqp dcy b qg dcyp
since -2¥8 < 0 then $¥b < 0.
dcy dap
No relative size prediction is avatlable in this case. -~

Finally in order to-generate the relative size predictian

for w, note _B - h(qb? dwb, and‘dp - h(qg) dwg

dw . 9b dw d_f: ’ qg d—é— B
Therefore h(qb{ dwp = h(QS) dwg -
. » Qb dw qs dw s L] \
and Bab) , hlag) . hence g > dvb .
b . - dg e dﬁ' dw
- 4 - ﬁ



g APPENDIX 6 - -

FRACTION OF MAN-DAYS LOST

- This appendix generates the change in the fractidn of

man-days lost as a result of a change in the alternative

&\;\ \ wage.
i * The fraction of man-days lost i%s sp(l-8)L(wyp)
¢ T((1-6)L{wp) + L(wg)]
1) < d [sp(l-8)L(wp)] =
- d%  T{(1-#)L(wp) + SL(wg)] 8
-7 sp(l-§)6 (L(u¥g) dL(wp) - L(wp) dL(wg')]

) T{(1-6)L(wp) + SL(wg)]? dw : dw

) since 45t - o s .
\ dw \ ’

Note that the derivative of the number of workers on strike
v :

N

divided by-the unionized labor force, with respect to the

alternacive wagé. reduces . to a similat expression.
- ¢

s

Using the notation of Appendix 5, L(wg) = hg and L(wp) = hp

and dL(w) = h’ 3q dw then 1) equals: .
de v dw
2) = sp(1-8)8 hoh’y dqp dwp - hph's dao dw
. b -~ L8 b 99b b - "b" g %98 Vg j,
_ T{(l-8)L(wp) + Ek(yg)l dwp dw ' . aws dw

since dug‘L hp qg awb (see the end of Appendix 5).

. dw -t hg dw . -
. ' N ‘I
. . Also, using the approximation: | ‘ > N L.
0 = h(0) = h(q) - h'(a)q + h"(9)e?, |
- _‘then'ii -3
~ 3 . aw w
therefore, 2) equals: ¢ ‘ T .

f "\ + * ~

92
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2 ' 2 2 ' gy 2 :
3) sp(l-&)¢ dwyp hy "& Qg (1 - hS vg hy ' qp ]
T{(1-6)L(wp) + 6L(wg)1é\d¥ wg' hg qp ag’hg’ -hptwy
Knowing ho; hzg changes a§ w increases will allow one to
qZn’
sign the term in the square brackets. Differentiating h2w
. - th,

A

with respect to ¥ and using the above approximation,

h" =1 (h - h'’q)., -

q2 . i
5 2 2 4 h

yields: 2 ( hovy - -h' | b (— 2 + (.2L)3]

~— , &% q’h’ gh’’ ah’ ah’
whicch is greater than zero if’ _E_ < 2 - /2.

- . N qhv

. 2 » " *

Tpgrefore' i_(.h Yy >0,
' 3w qzh'

if the elasticity of labor demand is greater thi:;h + 1/7J2.

* ’
If labor demand is elastic enough th®n, since wg > Wb,

2 2 -
h8 vg < .hp<wp ..
q-gzhg. qbzhb: ’ . >
and hénde‘B)_}é éréate; than zero. The fraction of man-days
. ‘.-"‘_ \.‘:k . hd . ’ P
lost ingteases With the alternative wage. ! .
A AY ~ P \ . . .

(UL R B . O

F? w e . ., —. ey, . - _.'
If the abovetapproximation is mat accurate, the actual -

“(h . h'q)eY a
expresqion§o§ ii\is ¢h h'a) . Using this expression in
' aw _ wh'q —- '
e 0t ’ ;
2), it is still possible to achteve a prediction on the
v ’ ‘[‘ \ © v .. - [y .
fraction of man-éays lost. I;'thrns,guc that knowing how the
ba r . ‘
expression, : e N i 5 oIt .
.. . ’ \ ~ lv\? ' ’{ .“A . .
4) h h - h'q ’
FT . g'hn- v b

-
»




of man-days lost.

4 L

h' - zhl - h"'

- 4) increases with w.if > 0 and this s

. T

sufficiemt—to ‘ensure __d Isb(.l'a)l‘(wb” > 0.

. Coae T[A-HL(wp) + L(wg)]

. .

T
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- Appendix 7 . *
_  MULTIPLE FIRM TYPES
. v ’ - & » ) . - * - i
T~ ‘ - - 6 )
This appendix looks at the ‘case where the union now faces
" ,\\\» ‘three different types of firms. . . . .
& Consider the tree firm type case, %Pod. medium and bad,
- " - /
with fixed daily costs) ¢cg < ¢p < cp and ,assocfated
probabilities 65, 0y, and ¥p. - ] o .

.There are six incentive cbmpacibilicy constraints:

—

1) (T-sgilg(ug) = (T-sp)Rg(¥g),

23 (T-sg)Mg(wg) = (T-sp)hg(wp),

3) (T-spdlg(we) = (T-sgdlg(uwg)., . :
A)’krfém)ﬁ@(w;)'z:(i-sb)nm(wgi. ! ’
i 5).(T-sb3ng<3b) E.(f-sg)ﬂb(wg)h | .
6) (r-sb)nb(Qb> 2 (T-sp)fp(wp). N -
énd three rndividual'ta;ippali:x_cons%raincs ]
Mj(wy) = 0. where i = g.m,b. ' L ' R
* The ex ante- zero p};fit condition is - . *

.

- K- g[(T sg)n (wg) + Sn(T-sp)lg(wp) + Op(T-sp)ly(wp) .

.The anentlve compac;biliuy constraints that will biqg in T2

“separating equilibrium are, 1) and 4) along with the
individual rationa11Cy constraint on the b- type firls also -

o —

o

" -58,- 0. Givén the way ;eac firq.:differ using CH\ abo;eﬁ
)
: binding_constraints ‘and the ex ante zero profi; constxaint
~ \..v - ‘. - ¥ . IR >
.t ylelds the comb.i.ned conscra,i.nc B o . b !
D [ d v
, WK =, 8g[(T-sp)(sp-cp) + (T- s;#(cm <g)l + O [ (Isp) (cp-dg) )"
. This may be" rearranged to give . . ‘Y -
) L ' * . ‘ EN . s Tov. 2
- - - P . -
. ‘ _— . '95 -t .
~ ’ s . _. .. '
B . - '1"0 ' f - - .« = ..: ; PR A '=~ -



1

o . : - o,
* R = T{(8g+fgdcy - dgcg - Oycnl - kb(bs+8n)(cgkch) .

spig(cm-cg). ' ‘ \e

- Note, if \cq -’ag, the aboJe ;edﬁEés.to
- R . . . . » . - s

K- T(8g¥6g) (cp-cg) - 5b(03+a,)(cb-gm). ..

*
]

« Let eg + p = 4, the probability ot;a low cost firm, then’
¢ T .

-

- ok (T-sp)8(cp-cg), ' N
~  wirich 'is the condition that determiﬁé: strike length iﬁ Eh;
. two firm type ca;e.' ‘- ‘ ) . .
‘~‘.‘ ?' . Uhlike~the t;o firm tfpe case, in ch; n-cype'caig where
: J n > 2,. cﬁe strikb'léngth will no longer be independént of. S
.the alternative Qag&; This is gecause.the q*mbined'

i onstraint no longer determines the strike length unxquely

[ e ) The union s max1miz;tidn problem now de:ermin&&—whac th

sttjgke lgngths for the diffﬁreqt firm types will be. Since

‘the maximizpcion problem is affected by the alternative'wage
> : ‘
. rate,” the optimal strike lengths will be affected by the
: : .
e - . c .‘ . ) ‘
’ alternative wage. The combined .constraint now only ‘puts a
> | , -~ Pd . R ) -
restriction on the relative size of the.stgike lengths. -
; ’ T ' . ‘ -
. . ' v . _ .
4
) N " . y ) 4
. - . . ' . * a 3
L) / ) ]
e . - h AT
. ) ’ " 4
] . ‘.
- . “
. ) - L) )
__"'ﬂ‘g‘:’i o . -’ . s
’ . . » # N (
. ( . * i )
¥ ' - . ] .-‘ . L4
! -] =
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s APPENDIX 6 ' - i

-

FRACTION OF MAR-DAYS LOST

-~

This appendix generates the change in the fractidn of

man-days lost as a result of a change in the alternative

vage.
" The fraction of man-days lost 12 sp(l-8)L(wp)
‘ T{(1-6)L(wp) + 6L(wg)]
1) = ¢ [sp(l-8)L(wp)] =
d%  T[(1-9)L(wp) + 9L(¥g)] ’
-7 sp(l-5)6 (L{vg) dL(wp) - L(wp) dL(wg‘)]
T{(1-6)L(wp) + SL(wg)]® dw . dw '

. ds
since L (3
dw \ ’
Note that the derivative of the number of workers on strike

L4

A}

divided bylthe unionized labor force, with respect to the

alternative wage, reduces.to a similar expression.
-t

4

Using the notation of Appendix 5, L(wg) - hg.and L(wp) = hp

and dL(w) = h' dq dw theé 1) equals: ’
4% v dw _
2) ° sp(l-8)6 (heh " a:qld:i- hph'g tai'd:g_I'
o TI(l-8)L(wp) + 8L(wg)1? dwp dw 'L Bug d¥
since dx;.L hp qg dwp (see the end of Appendix 5).
d%  gp hg dw | \ ) -
Also, using the approximation: ' ; . s

0 - h(0) =h(q) - h'(q)q + h"(we2. |

'ﬁhen'aq - "9,

T aw w ' .

2) equals: ¢

therefore,
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