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MotivationMotivation

• Disparities in per capita income mirror 
disparities in technology and TFPdisparities in technology and TFP

• In principle, ideas can flow rapidly, and 
hi b i dmachines can be imported

• But research happens predominantly in the 
advanced countries, “the North”
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Directed ResearchDirected Research

• Research may be targeted to the conditions ofResearch may be targeted to the conditions of 
the North, such as climate, culture, etc.

• Focus on skill scarcity: the North is relatively• Focus on skill scarcity: the North is relatively 
abundant in skills and will develop “skill-
biased” technologiesbiased  technologies

• LDCs, “the South”, can exploit these 
h l i l i f l kill d ktechnologies only imperfectly; skilled workers 

are scarce
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OverviewOverview

• Model technology-skill mismatch: UnskilledModel technology skill mismatch: Unskilled 
workers cannot realize gains from (imported) 
technology even without barriers to transfertechnology, even without barriers to transfer

• Test model with productivity data: TFP gaps 
are largest in unskilled labor intensive sectorsare largest in unskilled-labor intensive sectors, 
as modeled, but contrary to intuition

C lib d l i h d kill li• Calibrate model with data on skill supplies: 
outperforms simple neoclassical model
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Model: ProductionModel: Production

• Labor supply: skilled (Hc) and unskilled (Lc); abo supp y: s ed ( ) a d u s ed ( );
assume

• Two production technologies:
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– i indexes sectors from 0 (labor-intensive) to 1 (skill-
intensive)
l k ll d l b h k ll d l b– l is unskilled labor, h is skilled labor

– NL and NH measure available machines
Z augments skilled labor (exogenous)– Z augments skilled labor (exogenous)
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Production 2Production 2

• Demand for skill-complementary machinesDemand for skill complementary machines 
depends on skill supply        ; 

analogously, depends on
),( vikH )(ih
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• Machines are produced by monopolists, who 

innovate by increasing NL and NH
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• Skilled workers are relatively more productive 
in high-index sectors, so there is a “threshold 
sector”                ; only unskilled workers 
produce in i < J, only skilled workers in i > J
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Production 3Production 3

• We can solve for
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• The skill premium is:
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R&D 1R&D 1

• There will be no R&D activity in the South butThere will be no R&D activity in the South, but 
Southern imitators will copy technology and 
sell machines as local monopolistssell machines as local monopolists

• This implies that NL and NH (the innovation 
frontier) are determined in the North alonefrontier) are determined in the North alone

• Along a BGP, NL and NH must 
hgrow at the same rate,

from which we can derive: north
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R&D 2R&D 2

• There exists a unique and stable BGP; incomeThere exists a unique and stable BGP; income, 
consumption, NL and NH grow at rate

)( nn ZHL
ϑ

ρ−+⋅= )(constant nn ZHLg

• The BGP value                    maximizes 

i i h N h b i h

north

north

L

H

L
ZH

N
N =

consumption in the North, but not in the 
South or in the whole world
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Productivity 1Productivity 1

• We derive TFP aL and aH from the productionWe derive TFP aL and aH from the production 
function; in the North along the BGP, these 
must be the samemust be the same

• But                 implies                                             , 
i e TFP in skilled sectors is larger in the South!
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i.e. TFP in skilled sectors is larger in the South!

• Aggregate TFP is higher in the north:            , 
d i b d h N h i

sn JJ <
and in sectors between      and      the North is 
more productive
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Productivity 2Productivity 2

• Output per worker and output per efficiency unit Output pe o e a d output pe e c e cy u t
will also be higher in the North, because NH/NL is 
chosen according to North’s needs

• This output gap widens if 
– NH/NL increases (“skill-biased” change)
– the cost of capital is higher in the South

• The output gap decreases if
h i ll di l S h– Northern innovators sell directly to Southern 

producers (they will invest in unskilled technologies)
– the South performs R&D (same reason)the South performs R&D (same reason)
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Cross-country Patterns in Industry TFPsCross country Patterns in Industry TFPs

• Calculate sectoral TFPsCalculate sectoral TFPs
– UN General Industrial Statistics, 1986-1990

27 manufacturing sectors 22 countries– 27 manufacturing sectors, 22 countries

– Use local prices, as in model

U b f d ti k• Use number of nonproduction workers as 
proxy for skilled labor; then, rank sectors

• Hypothesis: TFP gap between LDCs and US 
should be smaller in skill intensive sectors
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Cross-country Patterns in Industry TFPsCross country Patterns in Industry TFPs

• Regress log TFP on log Northern skill compositionRegress log TFP on log Northern skill composition
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Aggregate Productivity DifferencesAggregate Productivity Differences

• Technology-skill mismatch probably does notTechnology skill mismatch probably does not 
account for all the variation in output per 
worker across countries, but we can provide 
an upper bound by abstracting from other 
sources of productivity

• K, L, H, α are drawn from the data
• Z depends on the cutoff between skilled and 

unskilled workers – with a variety of 
assumptions, Z ranges from 1.3 to 2
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• “Neoclassical model”:Neoclassical model :

h Q i h t li 1
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where Q is chosen to normalize yUS = 1.

• Our model:
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Proposed ExtensionsProposed Extensions

• International tradeInternational trade
– induces skill-biased technical change
– amplifies income differencesp
– removes TFP differences (factor price equalization)

• IP rights enforced in the SouthIP rights enforced in the South
– mitigate skill-bias in research
– other frictions will limit this in practicep
– Southern countries may not have sufficient 

incentives to enforce IP rights
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ConclusionConclusion

• Productivity differences arise even in theProductivity differences arise even in the 
absence of barriers to technology transfer
– Technologies are developed in the North and– Technologies are developed in the North, and 

directed to the North’s needs

• This mismatch can explain some of the cross• This mismatch can explain some of the cross-
country income differences

F th t d N th d S th diff i• Further study: North and South differ in more 
than skill composition
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DiscussionDiscussion

• Country and sector selection

• BGP conditions for NL and NH

• Assumptions on relative productivityAssumptions on relative productivity
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Caselli & Coleman, 2006: 
“ h ld h l i ”“The World Technology Frontier”

• Allow “Z” to vary across countries and over time, andAllow Z  to vary across countries and over time, and 
estimate that it is higher in rich countries

• In the notation of A&Z, QZ is higher in rich countries, , Q g ,
while Q is equal or lower in rich countries
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“Many technologies used by the LDCs are developed in the OECD 
economies and are designed to make optimal use of the skills of these 
richer countries’ workforces.richer countries  workforces.

“Differences in the supply of skills create a mismatch between the 
requirements of these technologies and the skills of LDC workers, and lead 
to low productivity in the LDCs.to low productivity in the LDCs.

“Even when all countries have equal access to new technologies, this 
technology-skill mismatch can lead to sizable differences in total factor 
productivity and output per worker.p oduct ty a d output pe o e

“We provide evidence in favor of the cross-industry productivity patterns 
predicted by our model, and also show that technology-skill mismatch 
could account for a large fraction of the observed output per worker g p p
differences in the data.”

D. Acemoglu & F. Zilibotti, 2001: “Productivity Differences”


