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‘“AWuy DD THE EU-6 CATCH UP?
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AWHY 18 ASIA STARTING TO CATCcH UPpP?
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“AWHILE SOUTH AMERICA IS LOSING GROUND?
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‘“AQUESTIONS

e Why did the EU-6 catch up?

e Why is Asia starting to catch up?

e Why is South America losing ground?

Answer: Open countries gain, closed countries lose



\ VA OUR NOTION OF OPENNESS

e Openness can mean many things

e We mean foreign multinationals’ technology capital permitted

e We find big gains to openness



oy TECHNOLOGY CAPITAL

e Is accumulated know-how from investments in

o R&D

o Brands

o Organization know-how

which can be used in as many locations as firms choose



“ANEW AVENUE FOR GAINS

e Countries are measures of locations

e Technology capital can be used in multiple locations

e Implying gains to openness

o Without increasing returns

o Without factor endowment differences



THEORY



‘AWHAT’S NEW?

e Adding locations to the neoclassical growth model

e This extension

o Permits introduction of technology capital

o Doesn’t require monopoly rents to finance innovation



Y = A(NM)'=¢2¢

M= units of technology capital

Z = composite of other factors, K*L'~¢
N= number of production locations

A= the technology parameter

¢= the income share parameter



A A MICRO FOUNDATION FOR AGGREGATE FUNCTION

enc{l,..., N}, me{l,..., M}

Znm

F(NaMa Z) — maxZg(znm)

subject to Zznm < Z

n,m

We assume ¢(z) = Az?, increasing and strictly concave



enc{l,..., N}, me{l,..., M}

F(N,M,Z) = maXZg(znm)

n,m

subject to Zznm < Z

n,m

= optimal to split Z evenly across location-technologies



enc{l,..., N}, me{l,..., M}

F(N,M,Z) = maXZg(znm)

n,m

subject to ZZ”m < Z

n,m

= F(N,M,Z) = NMg(Z/NM) = A(NM)'~% 79



enc{l,..., N}, me{l,..., M}

F(N,M,Z) = maXZg(znm)

n,m

subject to Zznm < Z

n,m

= F(N,AM,\Z) = F(N,M, 7)



““APRODUCTION IN OPEN ECONOMY

e The degree of openness of country i is o;

e Aggregate output in ¢ is

JF1

Zds<f

subject to  M;N,;zq + Z » M;N;zy < Z;
VESD

d, f indexes allocations to domestic and foreign operations



A PRODUCTION IN OPEN ECONOMY

e The degree of openness of country i is o;

e Aggregate output in ¢ is

Y, = Aq;Nil_qb(Mz' + w; Zﬁéi Mj)l_qbZz'(b

where
Zi =KL,
1
w; = o, ¢ = fraction of foreign T-capital permitted



A PRODUCTION IN OPEN ECcONOMY

e The degree of openness of country i is o;

e Aggregate output in ¢ is
Y, = A,NYO (M, + w; M) —¢7¢
1 ( Z]7éz ]) 1
e Key result:

Each ¢ has constant returns, but summing over ¢

results in a bigger aggregate production set.



» 2 “APRODUCTION IN OPEN ECONOMY

e The degree of openness of country i is o;

e Aggregate output in ¢ is
Y, = A,NYO (M, + w; M) —¢7¢
1 ( ijéz J) 1
e Key result:

It is as if there were increasing returns,

when in fact there are none.



I ADVANTAGES TO OUR TECHNOLOGY

e Standard welfare analysis

e Standard national accounting

e Standard parameter selection



“ATHE REST OF THE MODEL

e Households in ¢
o Own K; and M,

o Solve standard utility maximization

e Resource constraint in 7
Yie = Cit + Xt + Xime + NXiy

where Xikt = Ki,t—l—l — (1 — 5k)Kzt
Ximt = M 141 — (1 — 6p)) M,



PREDICTIONS OF THEORY



USsE THEORY TO MAKE 4 POINTS

1. There is an advantage to size when world closed;

2. The gains of forming larger unions are large;

3. Opening unilaterally benefits the country opening;

4. Seemingly similar countries can have different M’s.



“ANEED A MEASURE OF SIZE

e Assume
o N, is proprotional to population

1
o A; is augmenting labor & location (= A,/ ™)

e Then, results depend only on product A;N;



NEED A MEASURE OF SIZE

e Assume
o N, is proprotional to population

1
o A; is augmenting labor & location (= A; %)
e Then, results depend only on product A;N;

e This is our measure of size.



52 AGUTS OF THE THEORY
o {Y;, M,;} satisfy

Y = AN (M; + w; Zj# M;)T==7

Z 0Y;/OM; < p+ 0y, with equality if M; > 0
J
e Implying

o Y;/(A;N;) depends positively on the M,

o For some values of (A;N;) & w;, some constraints bind



' {S1ZE ADVANTAGE WHEN CLOSED

o w;, =0 for all ¢

e Then, output per effective person increasing in size,

1 ¢
yi o< (A Ny) #G=)



5 2 ABIG GAINS FROM FORMING UNIONS
e | = number of equal-sized countries forming union

e Then, productivity gain for I in union is
¢
y(1)/y(1) = 176

e For example, if a = .3, ¢ = .94,
gain = 23% if I =10

gain = 52% if I = 100



““AB1c GAINS FROM UNILATERALLY OPENING

e /| = number of equal-sized countries remaining closed

e Then, productivity gain of I+1st opening is
1—¢
yo/yc = [1-9%a

e For example, if a = .3, ¢ = .94,
gain = 21% if I =10

gain = 47% if I = 100



SEEMINGLY SIMILAR BUT DIFFERING T-CAPITAL
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“ASUMMARY

e Paper extends neoclassical growth model by adding
o Locations

o Technology capital

e Use new theory to assess the gains from openness

e Elsewhere, use theory to study U.S. current accounts



Not everything that counts can be counted, and

not everything that can be counted counts.

— ALBERT EINSTEIN



