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Productivity Growth in Backward Economies and

the Role of Barriersto Technology Adoption

by

Hildegunn E. Stokke

Abstract

We offer a barrier model of growth with a broader understanding of the sources of
productivity growth. Organizational change is suggested as an dternative to innovation and
technology adoption. Domestic and internationd barriers (reated to the level of human capitd
and the trade share) determine the timing and pace of technologica catchup, and as opposed
to the catching-up hypothesis backward economies may get stuck in a poverty trap. Growth in
lagging economies is not driven by adoption of foreign technology due to inappropriateness.
The large technologica distance forces the economy to rely more on own productivity
improvements through organizationa change. Trade liberdization in backward economies does
not give the expected boost to productivity growth, because of low capability to take
advantage of the frontier technology. Economies can escepe the poverty trgp by reducing
trade barriers, but the benefits from an open economy is highest in middle-income economies,
which have both the potentia and capability to adopt foreign technology.
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1. INTRODUCTION

In a recent theoretica investigation of the way out of backwardness, Acemoglu, Aghion and
Zilibotti (2002) separate between investment-based growth with adoption of foreign
technology and innovation-based growth. They see economic growth as a movement from
adoption-oriented early stages to innovationbased growth later on. Smilar, Vandenbussche,
Aghion and Meghir (2004) develop a modd of innovation and technology adoption, where
productivity growth increases with the distance to the frontier and economies grow out of
backwardness by adopting foreign technology. This is condstent with the catching up
hypothesis, where the advantage of rdative backwardness gives convergence between rich
and poor countries. The profitability of technology adoption increases with the distance to the
frontier due to higher learning potential. We offer a modd where middle-income economies
have the best potentia for technology adoption, while backward economies may get stuck in a
poverty trap due to high barriers to growth.

The optimigtic view of backwardness represented by the catching-up hypothesis lacks
empirical support. The data shows large income differences between countries. Recent
surveys of empirica andyses of economic growth are offered by Durlauf and Quah (1999)
and Temple (1999). Early evidence on multiple convergence clubs is provided by Baumol

(1986). Quah (1993, 1997) studies the dynamics of cross-country incomes, and documents a
twin-peaked digtribution with clusters of rich and poor countries. Using a regression tree
andysis Durlauf and Johnson (1995) aso support the existence of different convergence clubs.
The importance of productivity in explaining large income differences is supported in severd

empirica studies, for ingtance Klenow and RodriguezClare (1997), Hall and Jones (1999),
and Eagterly and Levine (2001). Feyrer (2003) shows that the twin-peaked distribution of per
capita income can be atributed to a twin-peaked distribution of productivity levelsrather than

to differencesin physica or human capitad accumulation.

The broad understanding of cross-country productivity differences is related to barriers
(Parente and Prescott, 2004, Klenow and Rodriguez-Clare, 2004), and a large empirica
literature has addressed the importance of barriers in economic growth. In a recent analysis
Cole et d. (2004) find a sgnificant impact of domestic and international competitive barriers

on Latin American productivity. Domestic barriers are linked to competitive redtrictions like
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entry bariers inefficient financid sysems and subsdized dae-owned enterprises. An
dternative understanding of loca barriers can be related to the human cepita leve, which in
addition to dimulating own innovetive activity, improve the economy’'s ability to teke
advantage of foreign technology. The importance of human capitd in productivity growth is
emphasized by Benhabib and Spiegel (1994). Internationd barriers are typically measured by
the degree of openness in the economy. In a study of R&D spillover in 77 deveoping
countries, Coe et d. (1997) conclude that a developing country can boogt its productivity by
importing a larger variety of intermediate products and capitd equipment embodying foreign
knowledge. Rodriguez and Rodrik (2001) criticize the empirical trade-growth literature due to
methodologica problems, and clam that the positive rdaionship is questionable. In a recent
contribution Harding and Rattsa (2005) address the endogeneity problem of openness and
concentrate on tariff measures. Lee e d. (2004) utilize a new methodology of identification
through heteroskedagticity. Both analyses confirm the postive impact of openness on

economic growth.

While the early contribution by Nelson and Phelps (1966) focuses on growth through adoption
of foreign technology, Benhabib and Spiegel (1994) extend the modd to include innovation as
a second channd of growth. But in the developing country context, the domestic research
effort isminima (documented by Cameron, 1998) and the modern technology can be hard to
take advantage of due to inappropriateness (formdized by Basu and Weil, 1998).
Papageorgiou’s (2002a) assumption that backward economies are not able to adopt foreign
technology is rationdized with severd examples (page 351): “(...) it is doubtful that an
Ethiopian farmer will benefit from the latest advances in anima genetics, or an Indian doctor
from the latest innovations in laser surgery, or a Nepalese shopkeeper from the latest
Innovations in computerized inventory control”. We share this pessmidtic view of the benefit of
frontier technology in backward economies.

Motivated by the lack of innovation and technology adoption in backward economies, we
offer a broader understanding of productivity growth by suggesting a new specification of the
sources of growth. In addition to innovation and adoption we model athird channd of growth
related to structurd change together with better organization and more discipline in the
production process (for smplicity called organizationd change). We build this new
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goecification into a Ramsey growth modd with domestic and internationd bariers to
technology adoption related to the level of human capita and the trade share, respectively. We
apply nontlinear productivity dynamics giving multiple convergence clubs and possble
technological divergence. Consstent with recent barrier models (Parente and Prescott, 2004,
and Ngai, 2004) there exigts an endogenous critical vaue of the technology gap determining
whether countries catch-up towards the frontier or diverge. The threshold gap is endogenous
and differs between countries and over time depending on the degree of bariers in the
economy. The understanding is that countries below the threshold have not yet managed to
gart modern growth due to high leve of barriers.

The modd offers new insights on productivity growth in backward economies. As opposed to
the catching up hypothesis economies lagging behind do not grow out of backwardness by
adopting foreign technology. Lack of technologica contact with the frontier makes the new
technology ingppropriate, and backward economies are forced to rely more heavily on own
productivity improvements through organizationa change. Productivity growth is positive, but
not sufficient to catch-up towards the frontier, and the economy is stuck in a poverty trap with
technologicd divergence. Trade liberdization and investment in human capitd affect the
threshold gap for catch-up and might get the economy growing. Technology adoption is most
profitable in middle-income economies (not in backward economies), but consstent with the
caching up hypothesis economies closer to the frontier gradudly shift resources into
innovation. Numericd smulations of different trade policy scenarios are related to the growth
experience in South Africa, and show how bariers can have dgnificant impact on the
development path of an economy. An important lesson from the modd is tha trade
liberdization in backward economies may not give the expected boost to productivity growth,
because the large technologicd distance to the frontier makes the new technology
inappropriate and hard to take advantage of.

The productivity dynamics of the modd is discussed in section 2, while section 3 andyzes the
dlocation of human capitd between different sources of growth. The intertempora Ramsey
modd is presented in section 4, and section 5 offers numerica amulations of the impact of
trade policy on productivity growth and alocation of resources. Section 6 concludes the

paper.



2. PRODUCTIVITY DYNAMICS AND SOURCES OF GROWTH

Innovation and technology adoption are regarded as the main sources of productivity growth,
but in backward economies the R&D activity is limited and the frontier technology can be hard
to take advantage of due to inappropriateness (as discussed in the introduction). Motivated by
this we suggest a third channd of growth related to organizationa change. As a reduced form
specification we relate these productivity improvements to human capital and the technology
gap. We assume that the growth potentid from better organization within the firm increases
with the distance to the technological frontier, snce backward economies are likely to have

more to gain from organizationd change than developed economies.

Technology adoption typically combines two dements, the distance to the world technology
frontier and the role of barriers. In models consstent with the catching-up hypothesis (Nelson
and Phelps, 1966) productivity growth is higher the further from the frontier the economy is,
due to higher learning potentid. As documented in the introduction, this optimigtic view of
backwardness lacks empirica support. We follow the formulation in Lau and Wan (1993),
where the technology gep has two opposite effects on technology adoption. The learning
potential is higher in backward economies, but the cgpability to adopt foreign technology
decreases with the distance to the frontier. The formulation limits the advantage of relative
backwardness and gives best potentia for technology adoption in middle-income economies.
Papageorgiou (20028) and Stokke (2004) apply smilar productivity dynamics in an
intertempora generd equilibrium framework. Barriers to technology adoption can be in the
form of human capitd as in Nelson and Phelps (1966) and Benhabib and Spiegel (2003),
investment regulations as in Parente and Prescott (1994), or internationd barriers as suggested
in a broad literature of technology spillovers and formulated by Grossman and Helpman
(1991). We focus on the combined role of internationa and domestic barriers measured by
trade and human capitd, respectively. While interaction with the rest of the world through
trade is important for the transfer of foreign technology, the level of human capita affects the
ability to utilize the new technology. Growth generated from innovation depends on the amount
of human capitd dlocated to R& D activities and on the distance to the technologica frontier.
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The higher the leved of reative productivity, the higher is the economy’ s ability to grow through

innovetion.

Based on this we define productivity growth (A) as
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where H is the tota amount of human capitd, EX is exports, M imports, Y gross domestic
product, T the productivity level at the technologica frontier and b is a positive parameter. The
first term on the right hand side is the contribution from innovation, the second term is the
technology adoption function and the last term represents productivity improvements from
organizationa change. The totd amount of human capitd in the technology sector is alocated
between the three sources of productivity growth (H,, Ha and Hs respectively). The
formulation implies decreasng returns to human cepitd and the trade share with the

parameters g, and @ assumed to be less than 1.

The underlying assumption of the productivity Specification is that the cgpability of the
economy (broadly understood as leve of education, quality of inditutions, organization of firms
€tc.) increases as the economy catches up with the frontier. Consitently the growth potentia
from organizationd change is higher in backward economies. The ability to adopt foreign
technology and to grow through innovation increases as the economy catches up, but the
profitability of adoption is counteracted by gradua saturation of adoption opportunities. The
gap term in the adoption function congigts of two factors, v- v2= (1- v)xv, where v=A/T

is the technology gap. The firgt term (1-v) captures the advantage of relative backwardness,
while the second term (v) represents the technologica capability of the economy. While the
learning potentia increases with the distance to the frontier, a larger technology gep dso
makes the modern technology less gppropriate and harder to take advantage of for the
domestic economy. This can be related to the discusson by Abramovitz (1986), where
backwardness represents a potentia for catch-up, while the actud redization of the potentid
depends on the socid capability of the economy.
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The formulation in equation (1) limits the advantage of relative backwardness and as opposed
to the catching up hypothesis middle-income economies have the best growth potentia. The
non-linear productivity dynamics gives multiple convergence clubs, and there exists athreshold
vaue of the technology gap determining whether economies catchrup or diverge relative to the
frontier. The threshold gap for catch-up is endogenoudy determined by the level of barriersto
growth, and varies across economies and over time. Countries a the same leve of
development may face different threshold values depending on their absorptive and innovative
capacity. The higher isthe level of human capitd and the degree of interaction with the rest of
the world through trade, the more backward the economy can be and till be able to catch-up
with the frontier. Assuming congtant shares of human capitd dlocated to the different sources
of growth and congtant trade share the productivity dynamics areillustrated in Figure 1 below.
The necessary conditions for multiple equilibriaare outlined in Appendix A.

Figure 1. Productivity dynamics (assuming no allocation dynamics and constant trade
share)
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The horizontal axis shows the relative postion to the frontier, while the productivity growth
rate is given on the verticd axis. The further to the left the economy is pogitioned, the larger is
the technology gap. Productivity growth at the frontier is set exogenoudy equa to g. When the
domestic productivity growth rate exceeds the growth rate of the frontier, the economy is
catching up and the gap decreases. Equivaent, lower productivity growth rate than the frontier
increases the gap, as illustrated with arrows in Figure 1. A range of empiricd studies of the
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pettern of economic growth are congstent with the assumed productivity dynamics in the
model. Easterly and Levine (1997), Liu and Stengos (1999), Kdaitzidakis et a. (2001),
Faschi and Lavezzi (2003) and Thorbecke and Wan (2004) al document a nortlinear
relationship between growth and GDP leved with backward economies stuck in a poverty trap.
The evidence implies increasng growth rate in the early stages of caiching up with highest
growth in middle-income economies. A concave productivity growth path generates a S
shaped technology diffusion path, which is empiricaly documented by Griliches (1957) and
Gort and Klepper (1982), anong others.

The modd generates increasing productivity differences over time, Snce some countries are
catching-up while others are stuck in a poverty trap with technological divergence. Thetiming
and the degree of catchrup vary between countries depending on the level of barriers,

consstent with the empirical andlysis of Ngai (2004). Economies below the threshold gep have
not yet managed to start modern growth because of high barriers to technology adoption

(applies to most of Sub-Saharan Africatoday). The common understanding in the literature is
that increasing productivity differences between countries are a trangtional phenomena
Growth miracles (or disasters) cannot last forever, and economies eventudly return to world
growth normals. Differences in growth rates are trangtory, while differences in productivity

levels are permanent (as shown by Acemoglu and Ventura, 2002). The modd captures this
long-run gate through the endogenous nature of the threshold gap. Economies lagging behind
can escape the poverty trap by investing in human capitd or limiting the trade barriers. With a
gradud reduction of barriers to growth the threshold gap asymptoticaly gpproaches zero, and
most countries experience some degree of catch-up and converge to a common growth rate.
But a shift from the low to the high convergence club does not necessarily generate a long
period of high growth. The degree of catich-up depends on the levd of barriers, and the
economy may quickly return to the world growth rate with a permanent and large technology
gap relative to the frontier.



3. ALLOCATION OF RESOURCES BETWEEN DIFFERENT SOURCES OF
GROWTH

We study how the relative importance of domestic versus foreign sources of productivity
growth varies with the level of development and the degree of openness in the economy, and
follow the formulation of Romer (1990) assuming datic alocation of human capitd according
to margind productivities. Within the technology sector human capitd is alocated between the
three different sources of growth, and based on the first order conditions (see Appendix B) we
find thet:
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As the economy catches-up with the frontier innovation becomes more important, both relative
to technology adoption and organizationd change (assuming congtant trade share). At the
sametime, the reliance on foreign technology increases at the cost of organizationd factors. To
see whether growth is driven primarily by adoption of foreign technology or by domestic
factors (including both R&D and organizationd change), we combine equations (2), (3) and
(4). This gives us the dlocation of human capital between domestic and foreign sources of
growth as a function of the technology gap and the degree of interaction with the rest of the

world through trade:
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Assuming congant trade share the dlocation dynamics dong the two growth paths are
illustrated in Figure 2. The horizontal axis shows the relative postion to the frontier, while
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human capitd alocated to technology adoption relative to domestic sources of growth is given
on the verticd axis. To illudrate the dynamics dong the two growth paths, we indicate an
assumed postion of the threshold gap and the high equilibrium aong the horizontal axis. As
opposed to the catching up hypothesis backward economies diverge relative to the frontier,
and productivity growth is not driven by adoption of foreign technology. Incressing
technologica distance with the frontier makes the modern technology inappropriate and hard
to take advantage of for the domestic economy. Lack of ahility to grow through innovation
and R&D forces the economy to rely more heavily on productivity improvements through
organizationd change. This reault differs from exiging dudies of growth (for ingtance
Acemoglu et a., 2002 and Vandenbussche et d., 2004), where backward economies catch-
up with the frontier by adopting modern technologies from abroad.

Figure 2: Allocation dynamics along the two growth paths (assuming constant trade
share): Foreign relative to domestic sour ces of growth as a function of the technology

gap.

H, +Hs

T >
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In economies above the threshold gap the importance of domestic versus foreign sources of
growth changes during the catch-up process. In the early stages adoption costs decrease as
the economy catches up, due to learning by doing and gradudly higher degree of technologica
contact with the frontier. Modern technologies become more appropriate to the local
production process, and resources are gradually alocated from domestic activities related to
organizationa change towards adoption of foreign technologies. As the technology gep
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decreases, the economy becomes more dependent on foreign technology, and the share of
human cepitd dlocated to adoption is not highest in backward economies, but rather in
midde-income economies. The andyss by Eaton and Kortum (1997) document that about
80% of post World War 1l growth in Germany, France, UK and Japan is due to foreign
innovations. This supports the high importance of technology adoption in middle-income

economies.

Later in the catch-up process, gradua saturation of adoption opportunities and decreasing
returns to learning result in higher dependence on domestic innovation. This is congstent with
the econometric andyss of the Japanese growth experience by Cameron (2000), who
documents an increasing reliance on R& D as the economy approaches the frontier. During the
period of study Japan’s productivity level relative to the US increases from about 0.5 in 1955
to 0.9 in 1989, and the shift towards innovation is mogt sgnificant after the Jgpanese
productivity level has exceeded about 80 percent of the US level. The higher degree of catch
up in the high equilibrium, the more dependent the economy is on innovation versus adoption in
generating productivity growth. As documented by Eaton and Kortum (1997) more than 40%
of growth in the US since 1950 is due to foreign innovations. This implies that even close to
the frontier economies use resources to adopt and learn from others in equivaent postions,
gnce economies develop different varieties of capitd goods. Our analyss makes the
amplifying assumption that productivity growth & the frontier (when A = T) is entirdy driven
by innovation through R&D activities. But amore redigtic pecification of the frontier sources
of growth would only complicate the anayticd solution and not change other resultsto alarge
extent.

4. THE GENERAL EQUILIBRIUM MODEL

The productivity dynamics is part of a Ramsey growth modd with intertempora consumption
and investment decisons. It is an expanding variety model in the tradition of Romer (1990),
where productivity improvements result from an increase in the number of capital varieties. The
economy congsts of a perfectly competitive fina good sector, a set of monopoalistic producers
of differentiated capitd goods, and a technology sector producing blueprints for new capita

varieties (described in the previous two sections). The economy is open to internationd trade,
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but faces a closed capitd market. The interest rate is therefore endogenoudy determined at the
domestic market. Investments consst of invetment in blueprints and invesment in
differentiated capitd goods, and are fully financed by domestic savings. The represertative
household is forward looking with rationa expectations, and dlocates consumption and
savings to maximize an intertempord utility function. We apply the modd setup of Diao et d.
(1999) as a benchmark with non-linear productivity dynamics and separation between
domegtic and foreign sources of productivity growth as the main extenson. A complete
description of the modd is given in Appendix B, while the most important equations are
presented below.

1) Production of final goods, differentiated capital goods and new blueprints

Output in the final-goods sector (Y) is produced from human capitd (H, ) together with a set
of differentiated capital goods (X.):

A
Y = BHE® X2 di 6)
0

where B and a are constant parameters. A isthe number of capitd varieties and represents the
productivity level in the economy. We make the smplifying assumption that one unit of capita
good can be exchanged for one unit of fina good, so the margina cost of producing capita
goods equals one. The monopolistic producer of variety i chooses the price (Px;) that

maximizes its profit:

maxp, = (Px - DX, (7)
which, by applying the demand function for differentiated capita goods from fina production,
gives

1

a

Symmetry (Px = Px fordl i) impliesthat each capita variety is produced a the same amount
(X, = X fordl i), and the production function in equation (6) can be written as.

Y = BHY® AX® (9)
Monapoaligtic producers have forward looking behavior, and make investment decisions based

on intertempora profit maximization, which gives the following no-arbitrage condition:
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re,=p, +DP, (20
where P, is the price of new blueprints and r isthe domestic interest rate. At any point in time,
the return to a riskless asset of Sze P, must equa the expected return from an investment
given on the right hand side of equation (10).

Productivity growth results from an increase in the number of capital varieties, which can be
generated through technology adoption, innovation or organizational change. Production of
new blueprints for capita goods and alocation of resources between domestic and foreign
sources of growth are described in the previous two sections. The totd supply of human
capita, which is exogenous and congtant, is gpplied both in the technology sector and the fina
good sector, and the wage rate (w) is determined from the market clearing condition:
H=H,+H, +H, +Hg (12)
where Hy, H,, Ha and Hs are the amount of human capitd dlocated to find production,
innovation, technology adoption and organizationa change, respectively.

i) The foreign sector and commodity equilibrium

The economy faces a closed capitdl market, and investments are fully financed by domestic
savings. Internationa trade is therefore balanced, with the vaue of imports equa to the vaue
of exports. We assume imperfect substitution between domestic and foreign goods, and the
modd operates with a composite find good. Totd import is endogenoudy determined through
an Armington composite system, while export is determined through a Congtant Eladticity of
Trandformation (CET) function. Output from the final goods sector is demanded in severd
ways, consumption demand by households, export demand by foreigners, and investment

demand from monopolistic producers.

iii) The household and consumption/saving

The representative household dlocates income to consumption and savings to maximize its
intertemporal utility. It receives wage income from find production and capita income from the
production of differentiated capital goods. There is no independent government sector so
public tax revenues from import tariffs are tranderred to the household lump sum. We

condder an infinite horizon model, and utility is maximized subject to an intertempora budget
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congraint, which says tha the discounted vaue of total consumption cannot exceed the
discounted value o total income. Assuming intertempora eadticity of subdtitution equd to one

we have the well-known Euler equation for optimal alocation of total consumption expenditure

(E) over time:
Ty @2

where r; isthe domegtic interest rate and r  the positive rate of time preference. The growth in
consumption depends on the interest rate, the time preference rate, and the price path. Higher
interest rate or lower time preference rate motivate more savings and thereby higher

consumption spending in the future.

iv) Equilibrium

The long-run growth rate is endogenoudy determined by the productivity dynamics. In the high
equilibrium the domestic economy grows a the frontier rate, and the technology gap is
constant. Economies diverging to the low equilibrium have constant positive growth, but face
an increesang technology gep reative to the frontier. All other quantity variables (like find

output, consumption, import, export, household income, savings and investments) grow at the
same rae as the productivity level (the growth rate of the number of blueprints). Since the
supply of human capita is congtant, the wage rate grows at the same growth rate. Other prices

are congant in thelong run.

In the steady state equilibrium the cost of a new blueprint is congtant and equd to the
discounted profits from sales of the capital good:

p x,T

T

Py = (13)

To have consumption growth condgtent with the economy wide growth rate, the following
relationship between interest rate and growth rate has to hold in the long run (derived from the
Euler equation in (12) given congtant prices):

1+r
Bty

(14)

The subscript T represents the time periods of the steady State.
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5. THE IMPACT OF TRADE POLICY

In a generd equilibrium framework Diao et d. (2005) investigate the role of openness for
technology adoption, and show how protectionism limits foreign technology spillovers and
decreases productivity growth. In the present modd trade barriers interact with domestic
barriers to growth (measured by human capita) and non-linear ggp dynamics, and influence
both the growth path and the optima alocation of resources. A more protectionist trade policy
increases the barriers to technology adoption by limiting the transfer of foreign technology, and
resources are dlocated towards domestically driven productivity improvements. As can be
seen from equation (3) in section 3 the relative importance of the two domestic sources of
growth is not affected by the degree of openness in the economy. But in absolute terms,
increased protectionism in backward economies gives a shift towards organizatiord change,
while economies closer to the frontier compensate the higher barriers to technology adoption

by alocating resources towards own innovation.

Since the threshold gap for catchrup is endogenoudy determined by the level of barriersin the
econony, a change in trade policy may generae a shift of convergence club with long run
effects on growth and resource alocation. To study the dynamics close to the threshold gap
we offer numericd dmulaions of different trade policy scenarios. The Ramsey mode
describes an economy with macroeconomic stability, full employment of resources, and
flexible dlocation of resources according to profitability. The assumptions are certainly heroic,
and the labor market adjustments may be faster than in redity. But the modd offersingghts on
important adjustment mechanisms between trade barriers, productivity growth and alocation
of human capital dong the development process. Cdibration of important modd parameters
and initid vaues of variables are documented in gppendix C.

We consder two backward economies that are at the same level of development (with relative
productivity equa to 0.11) and face the same threshold gap. They start out at the high growth
path with sufficient capacity to catch-up towards the frontier. Both economies are initialy open
to internationa trade with a trade-GDP ratio of aout 0.6 and import tariffs a 5%, but we
assume that they choose different trade policies over time. While one kegps an open regime
with congant low tariffs (at 5%), the other gradually increases the degree of protection to a
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higher level (around 80%). Productivity growth and the reative importance of technology
adoption in the two scenarios are compared in Figures 3a and 3b, respectively.

Figure 3a. Comparing productivity growth in two economies that are initially equal,
but who choose different trade policies over time
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Figure 3b. Comparing the share of human capital in the technology sector allocated to
technology adoption in two economies that are initially equal, but who choose
different trade policies over time
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The more open economy dowly catches up towards the frontier, and adoption of foreign
technology gets increasingly important as source of productivity growth. Since the economy
dill faces a large technology gap at the end of the period studied, it has not yet reached the
turning point where resources are dlocated towards innovation and R&D. The protectionist
economy starts out above the threshold gap for catch-up, but due to increasing trade barriers,
the cogt of adopting foreign technology increases over time and productivity growth is held
back. The ability to absorb foreign technology is reduced and the economy diverges relative to
the frontier. While the open economy catches up towards the frontier with a technology gap of
0.16 after 150 years, the protectionist economy diverges and the relative leve of productivity
decreases to 0.06 during the same period. These dynamics are supported by the empirica
analysis of Papageorgiou (2002b) showing that openness can be asource of clustering middle-
income economies into high and low groups. The degree of trade barriers dso affects the
relative importance of domestic versus foreign sources of growth. High adoption costs due to
lack of technological contact and increasing barriers to technology adoption forces the
diverging economy to rely more heavily on own improvements of technology. The share of
human capital alocated to adoption decreases over time, but is still about 50% after 150
years. Hence, given our parameter assumptions technology adoption continues to be the main
source of productivity growth, but as the technology gap increases domestic factors like
structurd change, better organization and more discipline become relaively moreimportant in
generating productivity improvements.

The growth and dlocation dynamics of the protectionis economy in Figure 3a-b can be
related to the experience in South Africa during the international economic sanctions againgt
the Apartheid regime. The country achieved remarkable high growth from 1960 to the mid-
1970s with an average of above 6%. Then the economic growth shifted down in the mid-
1970s and during the sanctions period. The growth episode followed by stagnation is clearly
described by the relative performance of South Africa. GDP per capita relative to the US was
about 0.21 in 1960 and reached a peak of 0.25 in 1974. Since the mid 1970s the gap to the
technology frontier, here defined as the US, has been steadily rising, and by 2003 rdative
GDP per capita had declined to 0.13. Dijk (2002) documents a Smilar pattern of
manufacturing labor productivity relative to the US, decreasing from 32% in 1970 to 20% in
1999. Lewis (2001) and Gelb (2004) offer a nice record of the recent economic history.
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The dramatic shift in economic growth is partly captured by the genera equilibrium mode. The
economy is initidly on the high growth path and catches up towards the frontier. Economic
sanctions then increase the barriers to technology adoption and limit the economy’s ability to
take advantage of foreign technology. This forced protectionism generates a shift from the high
growth path with technologica catch-up to low growth and divergence. Technology adoption
is dill an important source of growth, but snce foreign technology is getting increesingly
ingppropriate to the local production process and foreign spillovers are held back by
sanctions, the economy is forced to rdy more heavily on own improvements in technology.
While South Africa in some aspects has the character of a devel oping economy, modern parts
of the economy have the capacity to generate technological innovations. Productivity growth is
therefore generated both through R&D and organizational change. The econometric pane

andysis d the South African manufacturing sector during 1970-2002 by Harding and Rattso
(2005) documents how the productivity growth process shifted from the sanctions period to

post- sanctions and how domestic factors were more important during sanctions.

The post-gpatheid trade liberdization in South Africa has improved the economic
performance, but growth has been eratic and low on average. This is consstent with the
model proposed here, where trade liberdization in backward economies is less profitable then
in models in the Nelson-Phelps tradition. Reduced trade barriers may not give the expected
boost to productivity growth because the economy is too far from the frontier to take full
advantage of the new technology. Domestic barriers related to the level of human capitd dso
influence the impact of trade liberalization. Backward economies may escape the poverty trap
by reducing trade barriers, but the benefits from an open economy are highest in middle-
income economies, which have both the potentia and capability to adopt foreign technology.

6. CONCLUDING REMARKS

According to the catching up hypothesis (Nelson and Phelps, 1966) productivity growth
increases with the distance to the frontier, and poor economies grow out of backwardness by
adopting foreign technology. But this optimigtic view of backwardness lacks empirica support.
The data shows large income differences with poor countries stuck in a poverty trap. We offer
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a barrier modd of growth with nontlinear productivity dynamics giving multiple convergence
clubs and possible divergence. The modd suggests a broader understanding of productivity
growth with organizationa change as an dternative to innovation and technology adoption. We
build this new specification into a Ramsey growth modd with domestic and internationd
barriers related to the level of human capitd and the trade share, respectively. Consistent with
recent barrier models (Parente and Prescott, 2004, and Ngai, 2004) there exists a critica
vaue of the technology gap determining whether countries catch-up towards the frontier or
diverge. The threshold gap varies over time and between countries and is endogenoudy
determined by the degree of bariers in the economy. The understanding is that countries
below the threshold have not yet managed to start modern growth due to high level of barriers.

The andysis offers new insghts on productivity growth in backward economies. The learning
potentia increases with the distance to the frontier, but a the same time a large technology gap
limits the capahiility of technology adoption, because the frontier technology is difficult to take
advantage of in the locad production process. As opposed to the catching-up hypothesis
backward economies may get stuck in a poverty trgp and growth is not driven by adoption of
foreign technology. The large technologicad distance forces the economy to rely more on own
productivity improvements through organizationd change. Trade liberaization and investment
in human capital affect the threshold gap for catch-up and might get the economy growing. But
the benefits from an open economy are highest in middle-income economies, which have both
the potential and capability to adopt foreign technology. An important lesson from the modd is
that trade liberdization in backward economies may not give the expected boost to
productivity growth, because the large technological distance to the frontier makes the new
technology inappropriate and hard to take advantage of.

In the andlyds of human capitd alocation between domestic and foreign sources of growth,
we have applied the Romer (1990) formulation based on static margind productivities. Future
research must address the full intertempord modeling of the generation and dlocation of
human capital. We assume thet the totd levd of human capitd is congtant during the
development process, while in a more full-specified modd the human capitd levd varies with
the leve of development. But since both domestic and foreign sources of growth are negetively
affected by a reduction in the human capitd levd, this extensgon of the modd is not likdy to
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affect the dlocation dynamics, but only further depresses productivity growth in backward

economies.
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APPENDICES
APPENDI X A: Necessary conditionsfor multiple equilibria

The productivity growth rate is defined as
Azl o A p&a 0 X +M gzeA Al aeH_oglai Ag
SHsT SHEE v o ST &Tog §HBE& Ts

The dynamics is illugrated in Figure 1 in the paper, and necessary conditions for multiple
equilibriaare:

1) The optima leve of development is given by atechnology gap between 0 and 1.
By differentiating the productivity growth function above, we find that productivity growth is
highest when the technology gap is given by:

o 0" e, 0P aEX +M 8" aH o aH, &' ol &
A &Hp EHp& Y 5 &EHg 1, &Hp EHp
T aH, 0" aEX + M " 2 _ aH,0"aEX+M o
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gH 0 abls 0"
1__&Hp &Hp _1
2 aH, 0 aEX +M 8% 2

p1a? 0

& H @8 Y g

i) The maximum growth rate exceeds the growth rate at the frontier.
By insating the expresson for the technology gap found under i) the highest possible
productivity growth rate isfound as.

aEH 0" aH, 0 aEEX+Mo® aH o'
+Db = < - = U
- SHy &Hp Y g gHﬂg+ad$ogl>.|:
8 aH, & aEX + M & &H 5

which mugt be higher than the frontier growth rate.

i) The growth rate for A/'T = 0 and A/T = 1 cannot exceed the frontier rate.
When A/T = 0 al human capita in the technology sector is dlocated to domestic productivity
improvements related to organizationa change and the growth rate is given as.

S
A =0 g
&H 5
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Smilar, when A/T = 1 dl human capitd in the technology sector is dlocated to R&D activities
and the growth rate is given as.

i e &
AA/T:1 - 8#6
If the share of tota human capitd alocated to the technology sector is the same for the two
extreme vaues of the technology gap, the growth rates are dso smilar.

<T
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APPENDI X B: Thefull intertempora model

The modd isin the expanding variety tradition of Romer (1990), and congsts of three sectors;
afind-good sector, a capital-good sector, and a technology sector.

Final-good sector

Fina goods are produced from human capita together with a variety of capitd goods.
A

Y, =BH;  OX di, O<ac<1l
0

The firg order conditions following from profit maximization under perfect competition are
givenas

A
PY, —ﬂYt =w, b PYB(1- a)H{(i @(?tdi =W,
ﬂHY,t 0
1
Y &a
PYt I = P)ﬁ,t P ><i,t :@Yta Bi HY,t
ﬂXi,t g Pxi,t g

Capital-good sector

We make the amplifying assumption that one unit of capital good can be exchanged for one
unit of fina good, and the margind cost of manufacturing capital goods therefore equals one.
The monopoaligtic producer of variety i chooses the price that maximizes its profit:

maxp,, =(Px - ) X;,

which, by gpplying the demand function for capita goods gives:

P)gzl
a

Symmetry (Px =Px for dl i) implies that each capita variety is produced a the same
amount:

1
Xi,l = Xt = (PYta ZB)l—a HY,t
The production function can then be written as:

Y, =BHy AX]
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The firg order conditions with respect to human capitd and differentiated goods can be
amplified to:

(1- a)PYY, =wH,,
aPYY, = PxAX,

Monopolistic producers have forward looking behavior, and make investment decisions based
on intertempord profit maximization, which gives the following no-arbitrage condition:

(1+ rt)P _pXt At+l

Technology sector

Productivity growth results from an increese in the number of capitd varieties, and is
determined by a combination of domestic and foreign factors:

- aH, A aH, SaEX +M 0 ¢A @l aH, F'e A
A: ’+—+b ’_g = —-Q—+U+ _Ql'—+
€HZ T &Hg& Y. 5gT &Tof 6H g& To

where the firg term on the right hand side is the contribution from innovetion through R&D, the
second term is the technology adoption function and the last term represents productivity
improvements through organizationa change.

The production function for new varieties of capit goodsis hence given as
~ e, o, 0'aEX +M, 0" €A @A & g0 aH " 6

Ag EH & Y ggT &ﬁzy HB s
Allocation of human capitd within the technology sector is based on margind productivities:

OAbA

& A
1_
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The total supply of human capitd is exogenous and congtant, and the wage rate is
determined from the market clearing condition:
H = HY,t+ HI1 + HA,t + HS,t

The consumer’s decision
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The representative consumer maximizes an intertempord utility function over time taking into
account the current budget congtraint for each period:

Max U, = éT‘ @+r)'In(C) +In(CT)(1+r;)H
st. PC >Ctti Inc, - Sav,

where U, isthe vaue of the intertempora utility evaluated a time period 1's price.
Inc, = wHy, + PXAX, +tm xPWM M,

Thefirg-order condition for the consumer’s problem is:

E.. _ 1+,

E 1+r
where E =PC, °C, .

This equation says that growth in consumption depends on the interest rete, the time
preference rate and the price path. Higher interest rate or the lower time preference rate
motivates more savings and thereby higher consumption spending in the future.

Exports and | mports

Imports and domestic demand are endogenoudy determined through an Armington function,
and domestic and foreign goods are imperfect substitutes. The demand functions are derived
from minimizing current expenditure, subject to the Armington function:

Min PM, XM, + PD, xD,
st. CC, = ag[maM ®+ (1- ma)D; *] 7ea
where PM, = PWM, (1+tm,) isthe price of import goods.

Thefirg order conditions;

1
@ Fa PC 0exa+1

— aaexa+l )trna
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1
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- aaexa+l 1 ma
CC )(Q( )50 PD
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where exa :i- 1.
Sm
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Sales to export market versus domestic market are endogenoudy determined through a CET
function, and domestic and export goods are imperfect subgtitutes. The supply functions are
derived from maximizing current slesincome, subject to the CET function:

Max PD,»D, + PEXEX,

st Y, =admeEX; * + (1- nc)D; ex‘3]%XC

where PE is the export price.

Thefirg order conditions;

Dt (2 % PY G‘ exc
=actec x(1- mc
Y Gl me)ep-
1
EX o = Bncx X & o
XS PE g

t

1
where exc= — +1.
Se

Balanced payment condition

PWM, M, = PE xEX,
Sa\[[ = Axt + PA,tA

Commodity market equilibrium

CC =G +AX +P,A

Equilibrium

The long-run growth rete is endogenoudy determined by the productivity dynamics. All other
quantity variables (ike find output, consumption, import, export, household income, savings
and investments) grow & the same rate as the productivity level (the growth rate of the number
of blueprints). Since the supply of human capitd is congtant, the wage rate grows at the same
growth rate. Other prices are constant in the long run.

In the steady state equilibrium the cost of a new blueprint is congtant and equd to the
discounted profits from sales of the capital good:

PA,T = vaT

T
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To have consumption growth consgtent with the economy wide growth rate, the following
relationship between interest rate and growth rate has to hold in the long run (derived from the
Euler equation given congtant prices):

1+r
Bty

The subscript T represents the time periods of the steady State.

Notation

Parameters

a share parameter for capita goodsin find production

exa exponent in Armington functions

S eladticity of substitution between imported and domestic goods
ma share parameter in Armington function

aa shift parameter in Armington function

exc exponent in CET functions

S, eladticity of substitution between domestic goods and exports
mc share parameter in CET function

ac shift parameter in CET function

r rate of consumer’stime preference

0, eadticity wrt human capitd in productivity growth function
g, eladticity wrt trade in productivity growth function

b parameter in productivity growth function

B parameter in production function find goods

Exogenous variables

PWM world import price

PE world export price

tm tariff rate

H tota supply of human capital

T productivity level a the frontier

Px monopoligtic price differentiated capita goods

Endogenous variables
domedtic interest rate

output of final goods

amount demanded of each capital good

number of capitdl varieties (domestic productivity level)
production of new capital varieties (change in productivity level)

productivity growth

endogenous growth rate

vi human capitd in fina production

—

B S N Ea

I ©



human cgpitd in innovation
human capital in technology adoption
human capitd in organizational change

domestic demand and supply of the fina good

imports

total absorption of the composite good
exports

consumer’s demand for the find good
consumer’ sincome

consumer’ s savings

wage rate

producer price for find goods
Armington composite price for fina goods
domestic price

import price

price of new blueprints

profit in production of capital goods
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APPENDIX C: Calibration

The modéd is calibrated as steady-date equilibrium with growth rate of 2%. The cdibration
assumes a technology gap equa to 0.1, which gives the threshold gap for catch-up (given the
initial vaues of trade and human capitd). The representative economy is assumed to be open
with totd trade as share of GDP of 0.56. The capita market is closed, and the vaue of
imports equas the value of exports. Initid import tariffs are 5% of total imports. Exports
account for 27% of totd find good production, and total demand consists of 28% imported
goods. Totd supply of human cepitd is dlocated between find production, technology
adoption, innovation and organizationd change. Initid cdibrated vaues imply that 79% of tota
human capitd is alocated to the technology sector, while 77% of the human capitad within the
technology sector is gpplied on technology adoption, 0.5% on innovation and the remaining
22.5% on organizationa change. Factor shares in find production equa 0.53 for human
capita and 0.47 for differentiated capita goods. The household saves 26% of its income,
while the rest is spent on consumption of the fina good. The domegtic interest rate is set to
0.1, and the time preference rate is cdibrated consstent with the Euler equation. The eadticity
of subgtitution in both the Armington and CET functions are assumed to be equa to 3. These
dadicities represent subgtitution possbilities between domestic and foreign  goods
(Armington), and between sales to domestic markets versus export markets (CET). The
eadticity of growth from innovation, adoption and organizationa factors with respect to human
capital dlocated to the different sources of growth is set to 0.4, while the adticity of foreign
driven growth with respect to the degree of interaction with the rest of the world through trade
Is assumed to equa 0.3. The parameter b is cdibrated so that the productivity dynamics
generate multiple equilibria
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Values of selected parametersand variables (initial value for endogenous variables):

Definition Symbol inthemodel | Value
Parameters

Share of capital goodsin final production a 0.47
Parameter in final production function B 1.97
Parameter in productivity growth function b 24.9
Elasticity of innovation and adoption wrt. human capital g, 04
Elasticity of adoption wrt degree of openness g, 0.3
Distribution parameter Armington function ma 0.42
Distribution parameter CET function mc 0.58
Elasticity in Armington function Sm 3
Elagticity in CET function Se 3
Shift parameter in Armington function aa 1.93
Shift parameter in CET function ac 2.08
Time preference rate r 0.078
Import tariffs tm 0.05
Variables

Output final production Y 699
Human capital in final production Hy 372
Human capital in technology adoption Ha 1070
Human capital in modern innovation H, 8
Human capital in organizational change Hs 314
Total supply human capital H 1764
Demand for each capital good X 76.5
Domestic productivity level A 2
Frontier productivity level T 20
Technology gap AT 01
Household income Inc 708.5
Consumption C 520.7
Savings (which equals total investment) Sv 187.8
Price new blueprints Pa 870
Profit in capital production Py 87
Imports M 199.5
Exports EX 190
Import price PWM 0.95
Export price PE 1
Wage rate w 1
Domestic demand D 509
Total demand CcC 708.5
Overall growth rate g 0.02
Domestic interest rate r 0.1
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