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1 Introduction

There is a growing consensus that over the last 25 yearsjsperdion of income and
wages have increased in developed countries. The U.S. and.# experienced a
larger dispersion earlier then most other countries bat kgveral other countries fell in
line. Those changes are well documented by among otherteFéarsd Pearson (2002).
The dispersion of wages can be decomposed into dispersiongamdividuals with
similar characteristics (residual wage inequality) anspdrsion between individuals
with different characteristics, such as for example s&kperience or gender.

In order to briefly exemplify the changes, consider the cleamgthe U.S. during the
period 1973 to 1989. The wage rate for the 10 percent at theftibye wage distribution
increased by approximately 20%, greatly surpassing thetgroate of wages at the

median, which was approximately 5%. Even more strikinghg wage rate for the

poorest 10%lecreasedby about 25% during the same period (Juhn et al. 1993). Those

divergent trends for the wage rates of the lowest paid antiitffeest paid workers are
likely to have a profound impact on income. This is confirmgddwmttschalk, reporting
that the real income ratio between the 80th and 20th petesintithe distribution shows
a clear upward trend in the period 1968 to 1992 (Gottscha®71p. 23).

This paper focuses on two components of inequality. On tleehamd, the distri-
bution of wagedetweenindividuals with different skill levels. On the other haritle
distribution of wagesmonghigh-skill workers.

The dispersion of wages between high-skill workers and $&ill-workers in the
U.S. has increased. Gottschalk’s annual (log) wage regressincluding a dummy
variable for college graduates shows a decreasing tremulhine first part of the period,

1970 — 1980, and there after an increasing trend during tB8sl@ottschalk 1997).



However, as the difference in wagestweercollege graduates and high school gradu-
ates increased, wage dispersanongboth groups’ members also widened. There is a
very small fraction at the bottom of the wage distributiorcofiege graduates that ex-
perienced decreased real wages whereas college gradutitesap of the distribution

gained more then 20 percent in real terms (Juhn et al. 199223 .fig. 6).

1.1 Contribution

The central idea in this paper is that workers can make aweattioice concerning risk
exposure. Exposing oneself to more risk in the model is clamsd a substitute for
decreased wage earnings. Endogenous choices of occuypationvhether or not to
expose oneself to risk, changes the economy’s distributiomages. Workers charac-
terized by relative risk aversion would never substitutedoearnings for increased risk
unless paid a risk premium. Hence there must exist a sectbeieconomy to which
workers can switch and which is characterized by higher bortenuncertain returns.
The research sector is assumed to be such a sector in this pape

By this approach, this paper draws heavily on the literatmreentrepreneurship,
which can be traced back to the writings of Knight (1921). ddis ideas have been
formalized, at least partially, by Kanbur (1979) and Kihdsh and Laffont (1979). A
fundamental property of those models is that entreprermasrisk. Workers chose to
become entrepreneurs only if tegpectedutility of being an entrepreneur exceeds the
certain utility of ordinary work with a certain wage rate. The diféerce in this paper
is that entrepreneurs are high-skill workers that form peratives, and hence do not
employ workers.

A second strand of literature which this paper relies on ésghdogenous growth



models where growth is driven by development of new intetiatecjoods. This idea
is formalized by Romer (1990). The model presented in thiepaugments Romer’s
model by introducing stochastic development of new intetiate goods.

The model postulates to two main characteristics of rebestivity. First, it is as-
sumed that only high-skill workers can work in the reseamtta. This is a crude en-
forcement of the assumption that research is human capitisive (Barro and Xavier
1995, p. 179) and hence high-skill workers have an advantage low-skill work-
ers. Second, research is stochastic. Researchers dif@otlyuncertainty concerning
the products ex post productivity or ex post capacity to gaeeutility and therefore
its value. It is common to model firms as risk neutral. Risktreduirms maximize
expected profits and, hence, Pareto optimality impliesribltaverse agents negotiate
wage contracts with no uncertainty. This paper models reedams as co-operatives.
The members share the revenues and the firm’s decisionsterend®ed by the repre-
sentative member, trying to maximize his or her utility.

The choice to model research firms as co-operatives is n@ taken literally. Co-
operatives are used in order to keep the analysis simple raptiasis research firms’
need to share risk with their employees. Risk sharing betiiems and employees can
take on several shapes ranging from for example flexible iwgrkour arrangements to
profit bonuses and options programs where employees aredféock shares.

The model abstracts from all kinds of risk sharing by finaheiarkets. Not allow-
ing any insurance possibilities via financial markets ulsgea but this assumption is
made to simplify the model. The key assumption is that firngs\aarkers can benefit
from risk sharing. It is however to important to recognizattprecluding risk-sharing
can have strong implications. As is shown by Newman (19989kining the standard

theory of entrepreneurship (Kanbur 1979; Kihlstrom andduatf 1979) with moral haz-
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ard considerations and some risk sharing can reverse satime stndard results. Since
the analysis is very similar to the standard entreprenegarthsome caution should be
applied.

Within the framework in this paper, increasing the suppliiigh-skill workers shifts
high-skill workers into research co-operatives, payintpalsastic wage rate. On the one
hand, more high-skill workers earn a stochastic wage nateeasing the residual wage
inequality among high-skill workers. On the other hand mugh-skill workers earn
a risk premium, tending to increase the average wage rateidgorskill workers. To

summarize, the two main hypotheses investigated in thispae:

1. An increased supply of high-skill workenscreaseghe wage dispersioamong

high-skill workers.

2. Anincreased supply of high-skill workeirscreaseghe wage dispersiobpetween

high-skill and low-skill workers.

The first hypothesis refers to the residual wage inequadithigh-skill workers, while

the second hypothesis concerns the skill premium.

1.2 Related Literature

The analysis in this paper does not fit into any of the threadategories generally
used to explain changes in the distribution, namely skékbd technological change
(Acemoglu 1998; Krusell et al. 2000), increased trade (Aglat al. 1999; Borjas and
Ramey 1995; Wood 1995, 1998), or institutional change (Padand Lemieux 1997,
Fortin and Lemieux 1997).

The idea that an increased supply of high-skill workers ic@neasethe skill pre-

mium is not new. In Acemoglu (1998), and also Kiley (1999),imereased supply of
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high-skill workers can increase the skill premium due to mereased market size for
inventions,directed towardsigh-skill workers, possibly increasing the skill premium
in the long run. Acemoglu’s paper is remotely connected ighper in the sense that
the skill premium increases due to changes in the reseaocie$s.

In Machin and Manning (1997) and Acemoglu (1999), incregive supply of high-
skill workers motivates firms to open vacancies tayloredigi{skill workers, thereby
increasing the productivity of high-skill workers relagivo low-skill workers. This in
turn increases the relative wage for high-skill workers.

In the paper by Rosén and Wasmer (2005), the skill premiurosgipely correlated
with the relative supply of high-skill workers due to the rieased outside option of
firms in their wage negotiations. In Rosén and Wasmer’s papees are determined
in Nash-bargains and increases in firms’ outside optionsHow paid (i.e. low-skill)
workers more then high-skill workers, increasing the gki#dmium.

It is reasonable to assume that there is an asymmetry betwglerskill and low-
skill workers. While high-skill workers can occupy low-8Kobs, low-skill workers
cannot occupy high-skill jobs. Auerbach and Skott (2005ggtigate the impact of a
skill neutral productivity slow down given this asymmetAs productivity decreases,
more high-skill workers occupy low-skill jobs and residuealge inequality of high-skill
workers increases.

A somewhat similar argument is presented in Mendez (20G#)inEentive reasons,
workers producing goods in the early stage of the produckecsie paid efficiency
wages, while workers in the later stage are paid compeiitages. This creates a wage
gap between workers in the early and late stage of the pragot#, and workers that
fail to find work producing products in the early stage earoveer wage rate.

The paper is organized as follows. Section 2 describes timeadlanodel. Section



3 summarizes the results obtained. Section 4 concludesuanoharizes the findings.
Appendix A contains a full record of notation. The subsedqag@pendix contain proofs

and derivations.

2 Modd

The model used to study the occupational choices of highvesrkers originates from
Romer (1990)’s endogenous growth model. Romer’s model asacterized by hori-
zontal innovations, that is new innovations do not replac®vations made earlier but
complement them. A vertical innovation process is modetedar example, Aghion
and Howitt (1992). In their model inventions lead to mongppbwer, but by cre-
ative destruction, any new invention erodes the previousapolist’s profit, whereas
in Romer’s model, monopoly profits last forever. This papermifies Romer’s model
by assuming that monopoly profits are eroded exogenoudy@rfie period and leaving
out the distinction between designs and intermediate goods

Leaving out the distinction between intermediate goodsdesigns simplifies the
presentation of the model by reducing the number of condejitsan also be confusing.
It is important to realize that already produced intermidgmods can not be stored and
used in the subsequent period. Therefore, at the begintiegah period the number
of intermediate goods ready to be used in production is zElmvever there exists a
variety of old intermediate goods that can be produced,indRomer’s words, there
exists a variety of designs for intermediate goods.

Workers live for one period and consume their entire wageyTerive utility from

consuming w units of the single consumption good. Prefergiower consumption are



described by expected utility under the CRRA utility fuect
u(w) = W g > 0.

At the expense of realism but for the benefit of simplicityfalims of non fully depre-
ciating capital are excluded from the model. However, thelehancludes capital that
is fully used up in the production process and thereforeedatitermediate goods

The economy’s total endowment of labor is normalized toyunWorkers can be
divided into two categories depending on the worker’s le¥&luman capital, high-skill
workers and low-skill workers. The fraction of high-skillonkers is denoted, and
hence 1- @ denotes the fraction of low-skill workers. The fraction bétlabor force
being considered high-skill is taken to be exogenous. Whiteality, ¢ is endogenous
in this analysispis exogenous. This is a reasonable assumption as long akdhges
in the skill composition of the work force is slow relativedther responses. This seems
reasonable in the present context, since switching ocmpean be done several times
during a lifetime while human investment in general are maee at young age.

It will be assumed that high-skill workers can replace Idultsvorkers, but not the
opposite. This implies that high-skill workers never easslthan low-skill workers in
equilibrium. If wages for low-skill workers were higher thaages for high-skill work-
ers, some high-skill workers would switch to the low-skiboipation until both groups’
wages were equalized. It will be assumed that there are @nlougskill workers, to
ensure that wages of high-skill workers are higher than wagéw-skill workers.

The sectors in the economy can be divided into two categdeegnding on what
they produce. One of the sectors produce the single consumgaod by employing

high-skill workers and purchasing a variety of fully depeging intermediate goods.



The other sector produces the set of intermediate goodsleVa-skill workers only
have the possibility to work in the intermediate goods setigh-skill workers have the
possibility to work in either sector, either as a worker ie tonsumption good sector
or as a member of a co-operative in the intermediate goodsrs€o-operatives invent
and produce new intermediate goods. A larger variety ofinégliate goods increases
the economy'’s total output, i.e. generates growth. Releaveoperatives invent new
intermediate goods and sell these to consumption good pessiuT herefore the number
of intermediate goods is endogenous. The gains from invgatnew intermediate good
arise due to the one period monopoly profit derived from isglit to the producers of
final goods. The share of high-skill workers doing reseasatenoted.

Intermediate goods are categorizedadd or new A new intermediate good is
considered as an old intermediate good the subsequentipdfience a research co-
operative have monopoly for one period. The number of oldrmediate goods, de-
noted byk,, is predetermined while the number of new intermediate gpdenoted by
ks, is endogenous. Old intermediate goods are available dtef@ning of the period
and produced by low-skill labor while new intermediate ge@de invented and pro-
duced by high-skill workers in the research seciy; denotes the quantity of théh
old intermediate good arx, ; denotes the quantity of thi&h new intermediate good.

Since high-skill workers can choose to work in the stocleastsearch sector and
invent and produce new intermediate goods, at the time afymtton the set of inter-
mediate goods is extended by those newly invented inteatedoods, i.ek, newly
invented intermediated goods can be used by consumptich gr@alucers. Hence, at
the time of production, consumption good producers can aoeriy + k;, different in-

termediate goods to produce the consumption good.



Figure 1. Choice Sequence

Final Good Producers — High-Skill Workers
Choi ce of & to Choi ce of occupation

Co-oper atives Develop

@_ Real i zation of the gs

Final Good Propducers Y Producers of Old Intermediates
Choi ce of Xo; and X —@ Choi ce of Lo

The figure shows the sequence of choices, within a singlegberi

2.1 The Consumption Good Sector

The model’s single consumption good is produced by comgihigh-skill labor, and
intermediate goods. Hence each firm producing the consomgiod must decide
upon hiring a certairguantity of high-skill labor, denoted;, and purchase a certain
guantityof each available intermediate good, i.e. chose valueslifonembers of the
setx = {Xoj |i=1,2,....k} U{Xni | i =1,2,...,ka}. The production function obeys
to the standard properties, such as diminishing margiraymtivity in each input and
constant returns to scale. These properties eliminatetpiafthe consumption good
sector. The old intermediate godd productivity is measured by and the new inter-

mediate good’s productivity is measured bg;. Formally the technology is described

by:

V=g

Ko Kn
PRLAEDL %i“] o€ (0,1). (1)
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The constant returns to scale property and perfect congetihplies that firms in the
consumption good sector can be modeled as a single pricegthkin. In what follows,
let P,j denote the price of théh old intermediate good, |d?,; denote the price of
theith new intermediate good, and Mt denote the wage rate for high-skill workers
employed in the consumption good sector. Competitive hehawplies that prices of
intermediate goods and the wage rate are taken as given Byqas of the final good.

In every period, a sequence of choices are made by diffegarita. The order in
which choices are made is illustrated in Figure 1. At thetsievery period, high-
skill workers choose either to work for firms producing theafigood or to start a
co-operative and final good producers choose the amoungbtgkill workers,S;, to
employ.

Next, every co-operative develops a new intermediate goddta productivity is
revealed, i.e. the value @f is revealed. Finally, final good producers choose the quan-
tity of every intermediate input to use, and producers ofintdrmediate goods hire
low-skill labor.

The objective function for the competitive final good produrs
Sg & 1-a & 1-a
T = y T —|— Ei o
i; ol i; o
ko kn
— WeS— Y PoiXoi— Y PriXnj, 2
2772,

where the price of the consumption good is normalized toyunitrofit maximizing

behavior yields the following inverse factor demand fuoics:

P = (e (3)
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Phi = (1- O()Eig

3b
X2 (3b)

We = ar _ ag? [iy. 10y 2Esi 1(“] . (3¢)
S i= ' i= ’
To obtain those first order conditions, first maximize thesgbye function in (2), given
the realizations of every ande;j, with respect to ever¥j and everyX,, taking&; as
given. Those first order conditions are the profit maximizhgices corresponding to
nodet, in Figure 1, foranychoice ofS; andanyrealization of the productivity variables,
i.e. the different’s.

At the tp node in Figure 1, the price taking producer of the final goo&imaes
the expected value of the objective function in (2), wherergwccurrence 0K, ; and
Xn,i have been replaced, using the first order conditions in (@) 2b). This first order
condition implies a zero profit condition, but by, againngsihe first order conditions in
(3a) and (3b) to eliminate eveBy ; andP, j, the first order condition in (3c) is obtained.
Those first order conditions define the cost minimizing mihigfh-skill labor and in-
termediate goods. Since the tecnology is characterize@istant returns to scale and
the firm act as a price taker, the scale of production is nardehed by the first order
conditions but from a set of equilibrium market clearing diions.

The choice of technology ensures that high-skill workerghaconsumption good
sector share a constant fractian, of total output. The inverse demand functions are
intuitive, a more productive intermediate gogdyr € large, increases the expenditure

on the intermediate good.
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2.2 Thelntermediate Goods Sector

The knowledge necessary to produce old intermediate gaofilealy available to all
workers and hence it is most appropriate to model the maoketd intermediate goods
as a perfectly competitive market with zero profits. The kisalge necessary to pro-
duce new intermediate goods is only available for the warkieat developed the new
intermediate. Hence, a co-operative that develops a neswnediate good becomes
the sole producer of that good. Therefore the market for ainesvmediate good is

characterized by monopoly.

2.2.1 Old Intermediate Goods

Old intermediate goods are produced by low-skill labor. @efkthe analysis simple it
is assumed that one unit of low-skill labor produces one ofibe intermediate good.

Formally:

Xo,j = Lo,. 4)

The linear technology and the competitive market implied the size of the firm is
indeterminate but the industry can be modeled as if theresingle competitive firm.
Hence the production of a specific old intermediate ggdis modeled as such. The

profit maximization problem for a competitive firm produciag old intermediateis:

max Po,iLoi —Wolo;- %)

I—oi

’

The price taking firm takeB,; andw, as given but chooses the quantity of low-skill

labor, Lo j, to employ. The first order condition for this problem ensurero profit,
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but does not, as noted above, pin down the number of emplayedks firm. The first
order/zero profit condition is:

Wo = Poj. (6)

In order to find the number of employees engaged in producirgdiintermediate
good i, combine the zero profit equation (6) with the inveremdnd function for old
intermediates, given by (3a). Total output and total emyplewt in a industry producing
the old intermediate gooX,; become:

Xoi=Loi =% {_7 (7)

Wages for low-skill workers must be equal across all firmdpmng intermediate
goods since there is no stickiness in the economy. Thereiiore not necessary to
index the wage rate for low-skill workers by the specific adiermediate good they
produce. As seen by (6), all old intermediate goods are sottleasame price, but
more productive intermediate goods are sold in larger dgiesitsee (7). Hence it is not
necessary to index the price of old intermediates. HentteRyiwill denote the price of

any old intermediate good.

2.2.2 New Intermediate Goods

A co-operative producing a new intermediate good must spdneéd amountl, of la-

bor units in order to develop the new intermediate good. E&,arsearch co-operatives
cannot perfectly foresee the ex post productivity of thenmiediate good they plan to
develop. Hence there is some uncertainty concerning fuewenues. Formally the un-

certainty is modeled by the log-normal random variagplé=or shorter notatiorg? will
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be used to denote the varianceegfi.e. var(g;). Hence:

Ing; ~ N <In [{EE}Z] - %In [{Ea}2+02] In

2

1+ {EGa}ZD . ®)
Besides being non-negative, the log-normal distributsarhiosen because its mathemat-
ical properties makes it easy to work with. The intuitiveuamption that development
requires some high-skill labok,> 0O introduces the fixed cost necessary to assure that
co-operatives do not produce an infinitely small output.

Once the new intermediate good is developed it takes onetihigh-skill labor to
produce one unit of the new intermediate good. Formally ¢crtology for research
firms are:

Xni = Shji— 1. 9)

It is assumed that research firms are managed as co-opsnatige total revenue
is distributed uniformly among its members. Since reseérols hire only high-skill
workers, and all high-skill workers are identical, each rhemhas the same objective.
The objective of the co-operative is described by the mazation of the expected util-
ity of the representative member. The co-operative’s regaa the quantity produced
times the price. The price is given by the inverse demandtioma (3b)

The maximization problem for the representative co-operahember is:

Pn,i i
max E {7;?(”}
Shiis Pnji, Xn,i
st.  (3b), (9). (10)
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The first constraint, (3b), ensures that the research coabype's price-quantity combi-
nation lies somewhere on the demand schedule of final goadipess. The second con-
straint, (9), ensures that the research firm uses the orgibfegoroduction technology.
Solving problem (10) defines the optimal co-operative swerésearch co-operatives,
Shi, the optimal quantity to produci,, ; , the monopoly priceb,j and the wage for the

co-operative membewy ;:

Si = o (11a)
Xni = 1;axl (11b)
Pi = (1—a)t @ {?]aei (11c)
Woi(g) = a%(1—a)* @ [%r(ei- (11d)

The derivations are shown in Appendix B.1. Note that the gerative’s size§,;,
and quantity producedX,; is independent of. This is intuitive, all research firms
are identical ex-ante. Hence, the size of the co-operatiiagh is determined before
the productivity of the new intermediate is realized, is @gacross all research co-
operatives. Further, since the co-operative members sirarevenues all members are
engaged in the production process, unconditioned on tiskproductivityg;. Hence,
the quantity produced is equal across all research co-tiyesa However, depending
on the productivity, each co-operative sell their interraggigood at a different price

and hence earn idiosyncratic revenues.
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2.3 Occupational Choice

Based on the assumption that research is a human capitasiveeactivity, the model
precludes low-skill workers to take any part in the econamgsearch process. High-
skill workers, on the other hand, have the opportunity tokwoithe consumption sector
earning a certain wage or to work in the research sector asvsreof a research co-
operative. A rational worker chooses the occupation theldgi the highest expected
utility. Since all high-skill workers have identical endowents and identical preferences
all high-skill workers make the same occupational choickessithey are indifferent
between the two choices.

It is possible to have an equilibrium where all high-skill ikers are employed in
the consumption good sector. With no research sector thaehfiIecomes a standard
two sector model and nothing new is added. Hence, it is assdina if all high-skill
workers are employed in the consumption good sector thecgageitility of forming
a research co-operative will exceed the expected utilityarking in the consumption

good sector, formally:

u(We) < Eu[wni(g)] : (12)

With this additional assumption it is possible to show thigasible equilibrium requires
that the expected utility of working in either the researebtsr or in the consumption
good sector is equallt is very important to note that this implies that every fésu
derived later, must by checked against this condition, anegently, that the share of

high-skill workers doing research, (, is greater than zero.
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If the share of high-skill workers doing research work, whig determined endoge-
nously, is solved for and turns out negative, pe< 0, then the utility of working in the
consumption good sector exceeds the expected utility wgrki the research sector.

If the expected utility of working in the consumption goodttse exceeds the ex-
pected utility of working in the research sector more higlks/orkers choose to work
in the consumption good sector. This increaSg¢sand given (3c) and (11d) decreases
the wage rate in the consumption good sector but increasesxipected wage in the
research sector. Hen& must become larger as long as the expected utility of working
in the consumption good sector exceeds the expected wtlityorking in the research
sector. In equilibrium the expected utility of working inetltonsumption good sector
can not exceed the expected utility of working in the redeaector unless all high-skill
workers are employed in the consumption good sector. Tlegias® is discarded due
to the assumption stated in (12).

If the expected utility of working in the research sectoreeas the expected utility
of working in the consumption good sector all high-skill wer will choose to work in
the research sector. To see why that is impossible in eqguifibsee equations (3c) and
(11d). If all high-skill workers are employed in the resdasectolS; equals zero. From
(3c) it is clear that the wage rate in the consumption gootbs@gjualstc and from
(11d) it is clear that the expected income from research \eguals zero. Hence the
expected utility of research work can not exceed the expagibty of working in the
consumption good sector in equilibrium.

Hence, a feasible equilibrium requires that the utility @riing in the consumption
sector equals the expected utility of working in the resea@ctor,u(we) = Eu(wn;).

Elaborating on this condition, see Appendix B.2, impliesfibilowing equilibrium con-
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dition, from now on calledhe high-skill arbitrage condition

we =0a%(1—a)?® {%} ’ [Esil’e} lfle. (13)

2.4 Equilibrium

Table 1 reviews the important equilibrium variables. Thdagenous variables of inter-
est are the income of low-skill workers, high-skill workensthe consumption sector,
high-skill workers in the research sector and the fractibthe high-skill workers that
choose to become researchers, denotgave, Wi (€i) andp respectively. In Appendix
B.3 itis shown how to derive expressions for those endogematables by combining

full employment assumptions and the high-skill arbitragedition.

(1o [Eel ) T ] e g yi%} a

(14a)

Wo = (1—a) {‘p(ll__(;*)r yﬂ kg (14b)
we = a%(1—a)z ¢ {(p(ll_u)r[Eeile]l_ig (14c)
Wi(e) = a@(1-a)? @ [cpul—u)rsi. (14d)

24.1 Propertiesof u

Equation (14a) gives an expression for the fraction of tlyh4tskill workers in the re-
search sector. Hence this expression is constrained toelgegithan zero but less than

one. Since the denominator is greater then the numeuatan never exceed one. It is,
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Table 1: Equilibrium Variables

Producing Wage  Skill Level Employees/Members Fraction

Y We High-Skill & Q(1—p)
Xn,i Whi (Si) High-Skill Sm U

however, quite possible thptfalls below zero. This is likely to happen if the variety of
old intermediate goods possible to produce in the periodrgel i.e.k, large. A large
variety of old intermediate goods depresses the profitgholi research co-operatives
producing new intermediate goods.

At a corner, solution, i.eu constrained to zero, both hypotheses investigated in this
paper can be rejected. It is immediately clear that an iser@athe fraction of high-
skill workers in the economyp greater, increases the fraction high-skill workers that
choose to work in the research sector. Figure 2 plptee fraction high-skill workers
that choose to work in the research sector.

Figure 2 verifies that ag increases, the fraction of high-skill workers that choose
to work in the research sector increases. More old interatedjoods tend to decrease
the fraction of high-skill workers choosing to work in thesearch sector, by depressing
the profitability of new intermediate goods. Also, Figures2Zmportant because for the
given parameter values it shows thpais positive, thereby verifying the assumption in

(12).

2.4.2 Propertiesof wy

Equation (14b), describing the wage rate of low-skill wogkehave some interesting
properties. Increasing the fraction of high-skill workegshas several effects. The term,

a
<"’(11f_$‘)> , captures the supply and demand effects. Note that since hmgh-skill
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Figure 2. Share of High-Skill Workers in Research Sector
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The figure shows the fraction of high-skill workers employsdresearch co-operatives, for
different combinations of the relative supply of high-tlibrkers,, and the number of old
intermediate good,. For every combination ap andk,, L > O.

workers choose to work in the research sector the effectigpbeed, agincreases, +
pdecreases. The terkg measures the higher productivity gains from more interaiedi
goods, obtained by low-skill workers.

In a static setting, low-skill workers do not benefit from &gler variety of inter-
mediate goods due to more research, ikg.higher. However, in the long run, old
intermediate goods must be the result of new intermediatelgdeveloped in earlier
periods. Hence, in the long run both high-skill and low4skibrkers benefit from a

larger variety of intermediate goods.
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2.4.3 Propertiesof we and Wy

Together equations (14c) and (14d) show that on aveagg is proportional towg,
that is:

We o i
EWh,i (&) - Es; ' (15)

[Es-l‘e] =

Hence the wage levels for high-skill workers in the consuampsector and high-
skill workers in the research sector move together and theifferential is determined
solely by the relative risk aversio®, and the mean and variance of the log-normal
distribution,Es ando?. As in the case ofvo, Wc andwn are affected by supply and
demand effects, via the tertp(1—p))%. However, wages in the consumption sector

are only indirectly dependent on the supply of low-skill ers, viapL.

3 Results

The following section makes use of the previously defined soided model to draw
conclusions about wage differences in the growth econoragalRthat the paper’s two

hypotheses are:

1. Increasing the supply of high-skill workerereaseshe wage dispersioamong

high-skill workers

2. Increasing the supply of high-skill workarereaseshe wage dispersidoetween

high-skill workers and low-skill workers
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3.1 High-Skill WorkersWage Distribution

Defining the income dispersion among high-skill workeres, residual wage inequality
for high-skill workers, as the ratio of expected wage rateworkers in the research
sector to the certain wage rate of workers in the consumgssmtor implies a mea-
sure of inequality which, for this model, is independenthad telative supply of high-
skill workers. This claim is easily verified by the equilibbnn relation betweew, and

Ewh, given by (14c) and (14d). The expected income levels ofarebers and high-
skill workers are linked and their relative magnitude degseanly on the properties of

1
Eei/ [Eeil‘e} o
— E& _ more closely, see Appendix B.2, con-
[Eel 9|10

firms some standard economic results concerning the riskipre:

Inspecting the expressio%‘% =

. Ee)? + 02
O Bwni | \/T Ee — >0 (16a)
00 W Ee [Esl—e]ﬂ
i
teer o)
2
0 Ewn {Ee}*+ 0o
o we 00 o0 >0 (16b)
9 BVhi _ gg2ipe(149) ({Ee}2+02)6_22 <0 (16c)
0Ee w. .

Income inequality among high-skill workers increases vattonger relative risk
aversion, (16a), and more uncertain returns to researéh).(All else equal, increasing
the expected productivity of a new intermediate good ineeiity a co-operative makes
research more profitable, which tends to increase ineguakiiowever, at the same

time, in equilibrium, the higher profitability in researchnfis implies that more high-
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Table 2: Distribution of\V/S

Realizationws, of WS  Probability/Share
W < W HP (Whi(g) < W)
WS > W (1— W) +p[1—P (wni(gi) <w®)]

skill workers choose to work in the research sector. An iasireg number of workers
in the research sector decreases the number of high-skiKen®in the consumption
good sector, increasing wages in the consumption goodrsétgace in equilibrium an
increase in the expected productivity of new intermediatadg have two counteracting
effects. As (16c) shows, the net effect is decreased inggual

The independence between the income disperamonghigh-skill workers and
the relative supply of high-skill workers is fragile. Measslg inequality among high-
skill workers by the variance wages for all high-skill workshows that inequality can
increase or decrease with an increased relative supplygbskill workers. LetwS
denote the wage rate of a high-skill workenconditionalon being employed in the
consumption good sector or in the research sector. Forrtralgistribution ofwS is

summarized in Table 2. The varianceV#f can be decomposed as:
var (WS) = (1— W02+ U+ u(1 — W) (Ewh (&) — Ewe)?. (17)

Equation (17) decomposes the variancealbhigh-skill workers into three parts, vari-
anceamongworkers in the consumption good sectog, varianceamongworkers in
the research sectas?, and lastly the part of total variance due to the wage diffeat
betweerconsumption good workers and research work@Esy, i (€i) — Ew)?®. High-
skill workers producing the consumption good are paid noctsastic wages, therefore

Ew. = W anda? = 0. Increasing the proportion of high-skill workers has salen-
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plications for the overall variance. First, from the secoewin of (17) more high-skill
workers earn a stochastic inconalgy/d¢g > 0, increasing the overall variance. Second,
the weight of the third termy(1— p) changes. The weight of the this term is maximized
for u=1/2 so it can increase or decrease depending on the numbeheskiigworkers
that already choose to do research work.

Apart from changing the weights in (17), increasing the $ypphigh-skill workers
also changes the variance among research worgrand the wage difference between
research and consumption workesm, i (&) — we. Since the expression fav, (&)
is multiplicative separable and the sign afi,;(&)/de is ambiguousg? can either
increase or decrease due to increases. imThe same is true for the wage difference
between high-skill workers working with research and hsyiit workers employed by
final good producers. Hence, increasing the share of highwakrkers, @, can either
increase or decrease the variance of all high-skill wotkeages.

To avoid this ambiguity and simplify the decomposition afalovariance for high-
skill workers it is useful to investigate the distributionloWS. This also brings the
analysis closer to the empirical literature concerning evagequality which concen-
trates on the distribution of the natural logarithm of wagest 62 denote the variance
of the natural logarithm of wages in the research sectar, va@{In[wyi(&)]}. The

expression decomposing total variance becomes:
var (INWS) = 183+ (1 — 1) [E1n (Wi (&i)) — In (we) ], (18)

The multiplicative separability of the wage expressiomagunto additive separa-
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bility for the natural logarithm of the wage expressionsislih turn implies that:

dog _
do

d[EIn(wWni(gi)) — EIn(we)]

0, do

=0.

Hence the effect of changes in the supply of high-skill woske, on the variance of the
distribution of the natural logarithm of wages for all higkil workers operates only via
changes in the fractiomp, of high-skill workers choosing to work in the research sect
Proposition 3.1.1 summarizes how the variance of high-sldges changes with the

relative supply of high-skill workers. The proof can be fdun Appendix B.4.

Proposition 3.1.1 (Residual Wage I nequality) The variance of the natural logarithm

of wages for high-skill workers, derived from the theomtidistribution oflnWS is

2
var <InWS> = pln <1+ 0722> +H1—p(1—0)?|In __EBe (19a)
{Ee} \/ {E€}? + 02

and its derivative with respect tpis:

2
dvar(Inws) o? B P Ee
Y 77 = |In <1+ 7{Ee}2> +(1-2w(1-0) (In )

do \/ {E€}* + 02

g (19b)

Hence for sufficient low shares of researchers among highaskkers,p< 1/2, anin-
creased supply of high-skill workers increases wage dsspeiamong high-skill work-
ers. For larger shares of researchers among high-skilleveyk > 1/2, the wage dis-
persion might increase or decrease with an increased sapplgh-skill workers.

On the one hand, increasing the number of high-skill workerag research always
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increases residual wage inequality, due to the fact thaerhgh-skill workers earn a
stochastic wage rate. On the other hand, the discrepanegéethe expected research
wage and the certain wage rate paid to workers employed blygiowal producers, i.e.
the risk premium, also increases residual wage inequalitywever, the latter contri-
bution is maximized as number of workers in the researclhosertd the number of
workers employed by final good producers are equalized. eftwe this latter effect
can increase or decrease the residual wage inequality asithieer of research workers
increases.

By inspecting the expression fay given by (14a), it is immediately clear thais
more likely to be less then/2 if the number of old intermediate goods, is large,
the time necessary to develop a new intermediate gad,large, or the fraction of
high-skill workers @, is small.

Note that a low fraction of high-skill workers, is associated with a low fraction
of high-skill workers choosing to work in the research seqio Hence, economies
starting with a low fraction of high-skill workers, but ireasing the fraction, are likely
to experience increased wage inequality for high-skill keos.

Figure 3 plots the residual wage inequality, as defined ip&siion 3.1.1 for the
same parameters values as in Figure 2. As is clear from ttee fegure,pLis less then
1/2 and consequently, the residual wage inequality for highgorkers increases with

the relative supply of high-skil workers.

3.2 The Skill Premium

Let T denote the ratio of high-skill workers’ expected wage rate w-skill workers’

wage rate, that is = EW—WS After some algebraic manipulations, see Appendix B.5, the
(o]
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Figure 3: Residual Wage Inequality for High-Skill Workers
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The figure graphs the variance of wages, for high-skill wgkgiven different combinations of
the relative supply of high-skill labog, and the number of old intermediate gookis,

expression for turns out to be:

1
}1__9 + MEE;

o 1—-@ (1-p [Eeilie
1= X X
1-a ¢

1 (20)
(1Bl 77 — %5 pEs

The following lemma is useful for comparing the impact of angmting a standard
equilibrium model with a stochastic research sector, tbhefds given in Appendix B.6.

Lemma 3.2.1 The expression
a 1-0¢

1-a (0}

describes the wage dispersion between high-skill workeddaw-skill workers if there
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Figure 4. Skill Premium
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The figure illustrates the skill premium for different comaiions of relative supply of
high-skill workers,@, and the number of old intermediate gookis,

iS no research sector.

To investigate the second hypothesis, that an increasqalysofohigh-skill workers
increases wage dispersion between high-skill workers ewveskill workers, it is nec-
essary to investigate howchanges withp. That is, it is necessary to find the derivative
of T with respect top. Proposition 3.2.2 summarizes the results on wage dispersi

between high-skill and low-skill workers. The proof is falim Appendix B.7.

Proposition 3.2.2 (The Skill Premium) Define the skill premium as the ratio of high-

skill workers’ expected wage rate to low-skill workers’ veagte, then in equilibrium:

1. The skill premium increases with the number of high-skifkers choosing to

work in the research sector.
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2. Increased supply of high-skill workers, relative to thegly of low-skill workers,

increases the skill premium if and only if:

= e S
B U GG

and

1 1-a . 1—a 1 a

a-wfed - 10 2w ] 2o e
l1-a

Corollary 3.2.3 If there is no uncertaintyg = 0, or high-skill workers are not risk

averse,® = 0, increased relative supply of high-skill workers decreattee skill pre-

mium.

The first condition in the second part of proposition enstinasthe skill premium
increases as the relative supply of high-skill workersease. The second condition in
the second part of the proposition assures that in equhfyrthe number of research
workers is non negative, see (14a). Both those conditiorst beisatisfied, but it is not
easy to prove that such an equilibrium exist.

To prove the existence of such an equilibrium, Figure 4 plogsskill premium for
the same parameter values as in Figure 2. From Figure 2 ie#s that for all those
parameter values there is a non negative number of reseandters and the second
condition in Proposition 3.2.2 is fullfilled. Further as &% in Figure 4, for some range
of values the skill premium increases as the fraction of {silgii workers increases.

In general, large values of yié] a’ and large a number of old intermediate goods,

ko, clearly ensures that expression (21a) is less then unitihance the wage dispersion
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increases as the number of high-skill workers increases.

Corollary 3.2.3 highlights the importance of risk and rislewsion for the results
to hold. If agents are not risk averse or there is no risk, aneased relative supply
of high-skill workers decreases the wage inequality betweigh-skill and low-skill
workers, even though high-skill workers have the oppotjutci make an occupational

choice.

4 Conclusions

This paper presents a stylized general equilibrium modejneented by a profit driven
research sector. The labor force is divided into two categptow-skill workers and
high-skill workers. Capital is excluded and the time frarmecollapsed into a single
period during the entire analysis. The research sectomisacterized by uncertain pay-
offs. Due to the model’s limited insurance possibilities fesearch workers, they have
to bear all risk associated with inventing new intermedggteds, their opportunity cost
being a foregone certain wage, paid by producers of consamgoods.

In a standard general equilibrium model, without a riskyeegsh sector, increased
supply of a specific production factor, ceteris paribusdsatio lower the returns to that
factor. If the research sector is excluded, research isstaehastic or workers are risk
neutral, the model presented in this paper also predictsirtbeeasing the supply of
high-skill workers lowers the average wage rate for higiti-slorkers.

However, since high-skill workers can choose to work in #search sector, as their
wages tend to fall due to an increased supply of high-skitkers, there is a reallocation
such that the fraction of high-skill workers choosing to wam the research sector

increases. This shift implies that more high-skill workare paid a risk premium for
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bearing risk. The reduction in the wage rate for high-skdrkers, due to the increased
supply of high-skill workers, is partly counteracted by avlof high-skill workers from
the consumption goods sector to the research sector. Dhe ftotv of workers to the
research sector, more high-skill workers earn a risk premiTherefore the average
wage rate for high-skill workers can increase due to an asmd supply of high-skill
workers.

The formal analysis shows that the intuition outlined abisveorrect. There is no
simple relationship between an increased supply of higlhverkers and reduction in
wages for the same group. The comparative advantage ofshiglworkers in produc-
ing knowledge, a good that is human capital intensive, castwith the uncertainty
associated with research activity blurs the standard asa@ supply, decreased wage

argument.

Appendices

A Record of Notation

In Table 3 the symbols used in the paper are listed and brigfiiamed.

B Proofsand Derivations

The following section contains the derivations and prodfgoious results in the paper.
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Symbol

Table 3: List of Symbols

Meaning

4H6 Ur—xTE<®mQ

Q
N

<Xs 4 oW0n

Cobb-Douglas exponent.

Productivity of some new intermediate good.
Productivity of some old intermediate good.

Fraction of high-skill workers in developing co-operatve
Number of intermediate goods.

Hours necessary to develop a new intermediate good.
Quantity of low-skill labor.

Price of some good.

Share of high-skill workers.

Profit rate.

Variation in productivity for a new intermediated good.
Quantity of high-skill labor.

Relative risk aversion.

Skill premium.

Wage rate.

Quantity of an intermediate good.

Quantity of the consumption good.

B.1 The Co-operative Problem

A co-operative aiming at producing a new intermediate g&ed must spend a fixed

amount of labor unitsl, in order to invent the new good. Once the new intermediate

good is invented it takes one unit of high-skill labor to puod one unit of the inter-

mediate good. Le§,; denote of size of the ith co-operative, i.e. the total number

of high-skill labor units supplied by all its members. Theaueratives technology is

described formally by (9).

The co-operative’s revenue is given by the price times tlantjty produced. Since

the co-operative’s intermediate good is unique, co-opasface a monopoly situation.

Hence, co-operatives exploit the price-quantity relagomeen by the consumption good

producer’s demand function, given by (3b).
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The earnings are shared uniformly across the co-operatiaembers. Hence the
earning of each member equals total revenues divided byutmdar of members. Since
the co-operative members are identical they all share the shjective; maximizing the
expected utility of total reveue per member. By using (9) €8i1) to substitute ouX;
andP,;. Given that the utility function is monotonically increagiand multiplicative

separable, the following simplifying steps are feasible:

[P, i
st. (3b)and(9)
r i_| 1-a
max Eu (1—0)5‘3M5i}
Shii L Sﬁ,l
(Shj—
Al UL 22
max g &2

The last optimization problem is simple to solve. Substiyback gives the results for
the size of the co-operative, the quantity produced, theepand the wage, as listed in

(11a), (11b), (11c), and (11d) respectively.

B.2 TheHigh-Skill Arbitrage Condition

The derivation and simplification of the arbitrage condifiensuring equalization of
high-skill workers’ expected utility from co-operativesesarch work and working for a

certain wage in the consumption good sector, follows (ruévt, ; is given by (11d)):

E U[WC] = Egqu [Wn,i (Si )]
Wclie = Eg [Wn,i(ei)l_e}
we = a%(1—a)z ¢ {Mr [Esilfe] 1%6. (23)
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If & is lognormally distributed with meaBe and variances?. Then Irg; is normally

distributed with meam and variance?, where

m = In [{Es}z} —%In[{Ee}2+oz]

g2
= In|1+ 5 (24)
{Ee}
o
and [Esil‘e} " can written as:
1 o] e (1-0)2
[Esi‘] —gM (25)

1
Substituting outn ands® by use of (24) the final expression f{Esil‘e] “® pecome:

1 1+6
[Ee.l—e vo_ (B (26)

| \/{EE}Z—f-O'Ze

1
To verify thatEe > [Esil‘e] * note that ifo2 = 0 then [Esil‘e}

1
1-86 .
= E¢&. Since

1
[Esilfe} s monotonically decreasing ¥ ando? > 0 the statement is verified.

B.3 Equilibrium

In equilibrium there is full employment and hence the mairfoetlow-skill workers
must clear. Since the economy’s total labor endowment imatized to unity,(1— @)
is the share and the total number of low-skill workers. Theabar of high-skill workers
employed in the consumption good secty,equalsp(1l— ). That is,@is the share of

high-skill workers j1is the share of high-skill workers that are members of reseen-
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operatives and the economy’s total labor endowment is niarethto unity. Low-skill

labor market equilibrium imply:

ko
(1_ (P) = i;'—oj-

Substituting the low-skill labor demand, (7), and simglify gives:

(1-¢) = ii&[(l@fm]é

w - a-ofiead 4]

yﬂ : (27)

Wo = (1—0()[

Using the inverse demand function for high-skill workerghe consumption good
sector, (3c¢), is equivalent to clearing the market for reggiit workers in the consump-
tion good sector. By substituting the quantity of each méediate good used, (7) and

(11b), this condition becomes:

1-a

=

The number of new intermediate goolsis endogenous. Each research co-operative
employsl /a high-skill labor units, see (11a), and there aehigh-skill labor units in

the research sector. Hence there are

ai—"“: Kn. (29)
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research co-operatives and new intermediate goods.

Using the arbitrage condition for high-skill workers, (18)e expression for low-
skill workers’ wages, (27), and the expression for the numdfenew intermediate
goods, (29), to substitute out;,, w, andk,, respectively, after simplificatiop is the

only unknown:

M= I . (30)

By substituting this expression into (27) and (28) the wagedw-skill workers and
high-skill workers in the consumption sector can be obthamrea function of exogenous
variable and parameters, only. However, the results are gomplex therefore it is
better to keepu and remember thatis endogenous.

Finally to find the earnings for a co-operative member of theperative indexed
byi, replaceS; by @(1— ) in (11d). Again substituting oyt by use of (14a) makes the

expression unnecessary complicated.

B.4 Proof of Proposition 3.1.1

Let InWS denote the random variable describing the natural logarihthe wage rate
for any high-skill worker. The variance of WS can be decomposed into three parts:
the variance among high-skill consumption workers, théavenre among high-skill re-

search workers and the difference between the averageckseal consumption wage.
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The consumption worker wage is non-stochastic so the firstyaaishes from the de-

composition, hence:
var(InWS) = 8%+ (1 — ) [EInwn (&) — Inwe]?. (31)

&2 denotes the variance of the natural logarithm of the wagessfarch workers, which
by (14d) equals vdine;). By (14d) and (14c):
T
EInwWn, (&) —Inwe = Elng —In [Eail‘e] v
By using (8), describing the parameterization of the logama distribution ofg; and
(26) the variance decomposition can be shown, by simpletisuiien and straight for-

ward simplification, to equal the expression in (19a). THeedintiation is straightfor-

ward.

B.5 Wage Dispersion

First note that the average (i.e. expected) level of incamnéifyh-skill workers EWS,

can be written in terms ofic:

We {(1 —H [Esilfe} i uEai]

EWS = -
[Ea-l‘e} e

(32)

Defining wage dispersion as the ratio between the averagpedhi¢) worker’s wage,
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EWS, and the wage of low-skill workersy,, implies:
1

EWS  a%(1—a)l-%(1—@)° (1—p [Esil_e] R MEs;
= X

Wo |aka ET‘

779
Using the equilibrium value g given by (14a) to find an expression &i® yi“} as:

(33)

e yﬁr _ h“]u g [<1—a)<1—u> e —auEsi} (34)

Substituting this expression into (33) and performing satnaightforward algebraic

manipulations, results in the expressiontaiven by (20).

B.6 Proof of Lemma3.2.1

By the inverse demand function for high-skill labor, (3¢)e ttotal wages payment for
all high-skill workers in the consumption sectoS;, are: aY. The total earnings of

all low-skill workers,L, must equal the remaining part:

Now, given thats; = @andL, =1— @

(35)
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B.7 Proof of Proposition 3.2.2

The expression for the income dispersiorgiven by (20), depends qnandp depends
on@. Hence to find the derivativ% it is necessary to replageby the expression (14a)

or use the chain rule. Replacipgy (14a) gives:

T= 2 % (36)

T L e e
S -

Simple derivation and simplification of (36) gives

1
dt a Eei — [Eeilfe} e

— = X
d =5
¢ ¢ aE£i+(1—a)[Esi1’e] o

X (37)

R

which is positive only if (21a) is fulfilled. Condition (21l easily obtained by simpli-
fying p > 0 using (14a).
To prove Corollary 3.2.3 note thataf=0 or6 = 0O:
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1
De-factorizingEs; — [Esil’e} % in (37) andimposing E; — [Esl1 e}

1
dr q Eg [Eailfe] o a 1971 q]t®
—_— = — X X P J—

d Nk E {Ik} {1— }
¢ ye aEsg + (1—a) [Esil‘e] e ° ¢

_0(_ al%f1—a]l™@
= — GXEE|X|:E:| [ﬂ:| < 0.
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