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Abstract

In an equilibrium trade model, we prove that not only the diversity effect but also the kurtosis effect will affect the
pattern of comparative advantage. Furthermore, we find that, against the conventional results, if the kurtosis effect
dominates the diversity effect then a country with more (less) diversified talent may export the goods produced by
supermodular (submodular) technology.
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1. Introduction

The relationship between the diversity of humantaebpnd the pattern of trade (POT)
of an economy has received considerable attentiore¢ent years.The existing
studies including Grossman and Maggi (2000), Gressr2004), Bougheas and
Riezman (2007), and Ohnsorge and Trefler (2007 hmeved that the diversity of
human capital will affect the POT of an economye¥ttlaim that a country with
more (less) diverse human capital will export tlds produced by a submodular
(supermodular) technolody.In other words, the existing studies argue that th
diversity of human capital should play an importaté¢ in determining the POT.

In the real world, the evidence indicating that moes differ not only in
diversity but also in kurtosis of their distribut® of human capital can be observed.
Table 1 reveals that the dispersion rates of ddeitcy for three countries on three
different literacy scales over the years 1994-19@8luding prose, document and
quantitative. For each country, we can compute litevacy score ratios, 9%6"
(referring to the ratio of 95percentile to 8 percentile) and 7525" (representing the
ratio of 78" percentile to 28 percentile) on each literacy scale.

Table 1: Dispersion Rates in Literacy Skills, PessAged 26-65

Prose Document Quantitative

Country | 95"/5™ | 75"258™* | Country | 95"/5™ | 75"/25™* | Country | 95"/5"™ | 75"/25M*

CAN 2.72 131 CAN 3.09 1.32 CAN 2.65 1.33

USA | 2.58 1.34 USA| 2.90 1.36 USA  2.62 1.35

DEU 1.74 1.24 DEU 1.72 1.22 DEU 1.6y 1.21

Notes: Abbreviations of Countries: CAN, Canada; DBédrmany.

* Literacy Score Ratio: 95percentile/8 percentile.

** |iteracy Score Ratio: 78 percentile/25 percentile.

Source:

Benchmarking adult literacy in North America: Aridmational comparative study;,

(http://'www.statcan.gc.ca/bsolc/olc-cel/olc-cel Peat89-572-XIE&lang=eng).

Two different types of the talent distribution disgancy can be obtained by

! This paper is concerned with what is caltédersity, referring to the dispersion of skill, talent or

human capital across workers in an economy, asisied in Kremer (1993), Grossman and Maggi
(2000), Grossman (2004), Das (2005), Bougheas &@mdnfan (2007), and Ohnsorge and Trefler
(2007).

2 Antras and Rossi-Hansberg (2008) point out thats&nan and Maggi's (2000) model can be
interpreted as the organizational design of thelpcton process.
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comparing the score ratios of'¥5" and 78/25" between any pair of countries. First,
the case of the U.S.A. vs. Germany (denoted as DEhe table), in which the prose
score of 98/5" for the U.S.A. (2.58) is greater than that for DEL74), and the
75"/25" score for the U.S.A. (1.34) is also greater trarDEU (1.24), represents the
situation of the U.S.A. with more diverse humanitdgut with lower kurtosis than
Germany, which has been analyzed in the existindies like Grossman and Maggi
(2000), Grossman (2004), Bougheas and Riezman J2@0d Ohnsorge and Trefler
(2007). They prove that a country like the Unitetht& with a more diverse
population will export software produced by a subluoiar technology. In contrast, a
country like Germany with a less diverse populatigii export passenger cars,
industrial equipment and chemicals, produced hypisnodular technology.

Second, the case of Canada vs. the U.S.A. illestriite other type of the talent
distribution difference, in which the prose scofe&8"/5" for CAN (2.72) is greater
than for the U.S.A. (2.58), and the"785" score for CAN (1.31) is smaller than that
for the U.S.A. (1.34). The second type indicatihgttCanada is endowed with not
only more diverse human capital but also highetdsis than the U.S.A. is seldom
considered in the literature. However, some emgdistudies address that the U.S.A.
has comparative advantage in software industryfimadicial services produced by a
submodular technology and that Canada has comyaratdivantage in the machine
equipments, plastic products, and automotive prisdwhich are produced by a
supermodular technology, for example, Solocha (),98k4ad and Ries (2001), and
Carter and Li (2004). That is to say, we obsera: @anada with more diverse human
capital exports the goods produced by a supermodtethanology, while the U.S.A.
with less diverse human capital exports the goodslyred by a submodular.
Obviously, the existing studies can’'t explain thegeding observation.

To explain the preceding observation, we argue thaaddition to diversity, the
kurtosis of human capital distribution should aisoconsidered. The main reason can
be stated as follows. Intuitively, higher kurtosigans that more workers have ability
around the mean level of talent distribution, whwitl lead to an expansion in the
supermodular sector, called thartosis effect hereafter. While the diversity is better
for the submodular goods than for the supermodgtads (thediversity effect),
which has been shown in the literature, the eféédturtosis is opposite. As a result,
the conventional impact of diversity on POT mayrbeised, especially when the
effect of kurtosis is opposite to diversity.

As a complement to the literature, this paper wolhstruct an equilibrium trade
model incorporating the talent distribution diffeces not only in diversity but also in
kurtosis to reexamine the impact of the talentribistion on the POT. Following
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Milgrom and Roberts (1990), Kremer (1993), Grossnaawd Maggi (2000) and

Grossman (2004), we suppose that the productiomntdogies contain the

supermodular and submodular technologies. Our iinading is that, in addition to

diversity, the kurtosis also plays an importantergi determining the POT of an
economy. Unlike the existing results, we demonsttatat the country with a more
(less) diverse talent distribution may export teds produced by a technology with
supermodularity (submodularity).

The rest of this paper is organized as follows.tiBec2 establishes the
equilibrium trade model with heterogeneous humapital Section 3 considers the
impact of the diversity in workers’ talent on th® P Section 4 provides concluding
remarks.

2. The M oddl

There is a small open economy with fixed amountvofkers (). Each worker is
endowed with a fixed level of talemtwhich is assumed to be heterogeneous and
perfectly observable to all the workers. Hencegritl can be viewed as a worker’s
endowment and/or years of schooling. For simplicityy assume further that the
distribution oft is symmetric with meart and probability density functiorg(t) as
shown below:

i Ot £ 5),
2b 2
bz’t:g, if tD[t’—%,t’+§),
@ty =4 ¢
Lo o+ Lt
2b 2
0, otherwiseg,

where

_ b - b
t., =t — tmaX:t+E, and 0<¢<b.
Clearly, tmn and tnax are the minimum and maximum level of talent retipely.
Variable b =tmnx —tmn represents the spread of talent, indicating thatlarger the
variable b is, the more diverse the distribution of talentl voie. Variable £ can
capture the kurtosis. Lowee represents higher kurtosis, indicating more ofkecs

having ability around the mean.
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There are two sectors in the economy, includingsinetorC and sectoS. The
production process for each sector involves twksas and v. In addition, the
production function is assumed to be supermodulaseictorC and submodular in
sectorS. Supermodularity production indicates that the tagks inC are complement.
For simplicity we assume the complementarity igexe, and hence the production
function of sectolC can be represented 5. (t,,t,) = min{t,,t,} in which taskx is
performed by a worker with talemt and taskv by a worker with talent,. On the
other hand, submodular production procesS gector implies that the two tasks are
substitute. Without losing generality, we assume $ubstitution is extreme, and
mathematically, we let the production functionSife Fg(t,,t,) = max{,,t,}.

In equilibrium, sectoilC employs workers with identical ability df so-called
“skill-clustering”, and sectof attracts the most-talented and least-talented averk
i.e., “cross-matching”, as proved by Kremer (1988) Grossman and Maggi (2000).
Accordingly, workers employed i@ sector are those withequal or closer to mean

than those working in sectd Let { be the least-talented worker @ sector.
Obviously, t <t and m(f )= 2f -t be the most-talented worker in sect6x

Corresponding to a given level df, the level of output for goo€ and goodS
(denoted byY. and Y; respectively) can be computed.

The results are derived under two cases: tgi) <t<t-&£/2 and (i)
t-e/2<t<t.

Case |: tyn <t <t —£/2

The level of output of goo@ is
Y. =L[ ke Hat)dt = =L (b + 2t - 26) (1)
¢ eooer 4b '
And, the level of output of god8lis
ot _Lb _ b o -
YS-LJ'tmmFs[t,rr(t)]qa(t)dt—E(E t+t)(§+3t t). (2)

The production possibility frontier of Case | isialy concave and its marginal
rate of transformation (MRY can be calculated as following:
aYs _ _dYg/ot _

MRT'= - = L -
aY, Y./t

t
2. 3)

In the free-trade equilibrium, the world relativece of goodC, p, is given. By
making use of the equilibrium conditiopsMRT'), we can findf = (2- p)f and
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then substitutingt = (2- p)f into equations (1) and (2) can obtain the equilibr
relative supply of goo&of Case I RS( - )) as follows:

[1+ (b/20)]* - p°
2[p-1+(b/2f)]

RS (p,b,f) = (4)

Substituting f = (2- p)t into tm, <t <t —£/2 can derive the range @ in
Case | as follows:

£ b
1+—<p<l+—. 3
2t P 2t ®)

Casell: f—g/2<t<t

In Case IlI, by using the analytical method of Clasee can deriveY, and Yg
of Case Il as shown below:

LE(b+&)(f -1)

m(f)
Yo =L Rt et = s

(6)

(b+¢) (g—f+f)(§+3t'—f)]- (7)

Y=L Felt mOlot)dt = {(b-e)(E+ 25 +

Meanwhile, the equilibrium relative supply of goBof Case Il RS' ( - )) can also be
obtained as follows:

2 F\ _ A2
RS (p.£,b f)=2®:£D P ®)
2(p-1)
where
Qb,e,f) =1+ 2EE P05 1, & Cqp e <e.
4t%(b+¢) 2t
Similarly, the extent op in Case Il can also be derived as follows:
£
I<p<sl+—. 9
p o 9)

To proceed further, let us assume that the preterenhomothetic, and thereby
we can derive the equilibrium relative demand odd)§, depending on the terms of
trade ). In summary, when the terms of trade is given,small open economy can
find the equilibrium relative supply and demandjobdS, and then derive the POT.

3. Diversity and Pattern of Trade
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In this section, we will describe the POT betwewo small open countries, said
home and foreign (denoted by an asterisk (*)), eath different distribution of
talent. Assume that preferences in the home arggiorcountries are identical and
homothetic. Suppose that the distribution of tat&rforeign country is not only more
diverse but also higher kurtosis than that of hooomintry (i.e., b"=b+db,
e'=¢g+de, and do=-de > 0 and the average talent level is the same in each
country " =1). Next, we will explore the impact of both diveysand kurtosis on
the POT of an economy.

In Case I, taking the total differentiation of thguation (4) can obtain:

Case I: If1+i_< p<1+£_, then
2t 2t

dRS' = oRS' db+ 0RS'
ob oc

de

|
:albsdt»of*’ (10)

Equation (10) shows that the relationship betwéendiversity of talent and the
equilibrium relative supply of goo8 is positive, as proved in Grossman and Maggi
(2000). As expressed in the first line in Equat{®@), we find that the POT of a small
open economy will be affected through two channihe first is “the diversity effect”,
whereby a rise in the diversity of human capitall v&ad to more aggregate talent
allocated to the sect@® and thereby increases the output of seStavhich in turn
will add the export os. The second is “the kurtosis effect”, whereby leigkurtosis
indicates more of workers having ability around thean level, and hence increases
the output of sectd€, which in turn will reduce the export &f It is obvious that the
diversity effect dominates the kurtosis effect ias€ I. In summary, the net effect
which depends on these two channels is positivendlg when the diversity effect
dominates the kurtosis effect, a country with mdieerse and leptokurtic talent
distribution will have relatively higher output dfie goodS and thus have more
comparative advantage in go8dThat is, a conventional result of high diversitigh
high export ofScan be seen in Case |.

Similarly, in Case IlI, by taking the total diffetéation of the equation (8), we
can obtain:

® We have 0RS'/ob={2(p-1)[Ll+(b/2t)]+[p? -1+ (b/4tA]} K4f[p-1+(b/2©)]% >0 and
dRS' /0 =0.
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Casell: If 1< ps1+§, then

I 1l
drs' = RS 4 L ORS .
ab de
I 1
= (—agi —aRS ydb<0.? (11)

Equation (11) demonstrates a negative link betwbendiversity of talent and
the export of good. As mentioned above, the first line in Equatioh)(feveals that
the POT of a small open economy will be affectedulgh two channels. The first is
“the diversity effect”, and the second is “the kit effect”. Obviously, the kurtosis
effect dominates the diversity effect in Case leénde, the net effect which depends
on these two channels is negative. Namely, wherktimosis effect dominates the
diversity effect, a country with more diverse aegtbkurtic talent distribution will
have relatively lower output of the go&l and thus lower export & That is, the
conventional result for the relationship betweewedsity and POT will reverse in
Case Il. Therefore, the results including Cased @ase Il will be summarized as
below:

Proposition 1. When the diversity effect dominates the kurtosis effect, a country with
more diverse and leptokurtic talent distribution will have relatively higher output of
the good S, and thus export good S and import good C in the free-trade equilibrium.
On the contrary, when the kurtosis effect dominates the diversity effect, a country with
more diverse and leptokurtic talent distribution will have relatively lower output of
the good S, and thus export good C and import good Sin the free-trade equilibrium.

4. Concluding Remarks

In an equilibrium trade model, this paper expldresimpact of the talent distribution
on the POT of an economy. Grossman and Maggi (28G@ss the effects of the
diversity on trade. We claim that not only the dsry but also the kurtosis of talent
distribution can matter for the POT. We also denmrams that, in the free-trade
equilibrium, if the kurtosis effect dominates theeatsity effect then the country with
a more (less) diverse distribution of talent mayark the goods produced by a
technology with supermodularity (submodularity), r@sult being different from
Grossman and Maggi (2000).

* We have ARS"/db=(QQ,)/(p-1)>0 and 0RS"/de=(QQ,)/(p-1)>0 , where
Qp =0Q(b,&,f)/0b ={£[8 + (b+ 8 21} /[8(b + £) %t 2Q(b, £,t)] > 0 , Q. =0Q(b,&,f)/0¢
={b[80f + (b + & 2]} /[8(b + £)22Q(b, £,T)] >0, and Q. >Qp .
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