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Ramsey Moddl of Barriersto Growth and
SKill-biased |ncome Distribution in South Africa

by

Jarn Rattsg and Hildegunn E. Stokke

Abstract

The paper integrates two mechanisms of economic growth, barriers to internationa spillovers
and kill-biased effects on the income digtribution. South Africa is an interesting case study
because of dramatic changesin internationd barriers over time and policy focus to productivity
and didribution. Barriers affect the balance between innovation and adoption in the
productivity growth and thereby the skill-bias. The productivity dynamics and the distributiona
implications are investigeted in an intertemporal Ramsey growth modd. The modd offers a
cdibrated tariff-equivaence measure of the sanction effect and dlows for counterfactua
andyds of no-sanctions. Increased openness is shown to reduce bariers to technology
adoption leading to skill-biased economic growth and worsened income distribution. The
result is consstent with the observation that economic growth under sanctions has been dow
and with an increase in the relative wage of unskilled labor. The tradeoff between barriers and
ill-bias, foreign spillover driven productivity growth and income digtribution, obvioudy is a
chdlenge for growth policy.
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1. INTRODUCTION

The barrier mode of economic growth is broadly consstent with the observed income
differences between countries and the stability of the world income distribution. Klenow and
Rodriguez-Clare (2004) and Parente and Prescott (2004) formulate this model of economic
growth based on the importance of international technology spillovers. Recent econometric
evidence of the growth experiences of individua countries by Cole et d. (2004) for Latin-
America and Harding and Rattsa (2005) for South Africa is in accordance with the barrier
model. In this paper we combine the barrier mode with an internationd link to the domestic
income digtribution. The relaionship between growth, openness and inequdlity is of key
concern in the development debate.

The integration of barriers and ill-bias is shown to help understand the recent economic
development in South Africa South Africa is an interesting case study of the dynamics of
growth and digtribution. The trade regime has been changing over time, and in particular with a
long period of internationd sanctions. The dua economy combines capitd-intensve modern
manufacturing with large unskilled employment and underemployment. The volatility of growth
and the large inequdities are a challenge for research and policy. We capture the essentids of
this economic dructure by building bariers and skill-bias into an intertempora generd
equilibrium mode where economic growth is generated by endogenous investment alocation
and productivity growth. Foreign trade and capital flows are endogenous and the openness
barrier to productivity is influenced by tariffs and sanctions caculated as tariff-equivaent.
Income didribution is measured by the relative wages between skilled, semi-skilled and
unskilled labor and by separating between rich and poor labor households and capitdist
households.

Productivity growth in semi-indudridized economies like South Africa is driven by a
combination of innovation and adoption. While innovetions are determined by domestic
production activity, technology adoption is a foreign spillover. The baance between the
domesgtic and foreign sources of growth is in focus here, as anadyzed by Eaton and Kortum
(1997). The darting point of the literature is the caiching-up advantage of backwardness
caled the Veblen Gerschenkron-effect. The mechanism was firg formdized by Neson and



Phelps (1966). They assume exogenous growth of a best practice world technology frontier,
and productivity growth in the backward country responds to the productivity distance to best
practice. All countries can take benefit of the growth of the world technology frontier, abet in
different degrees and speeds, and dependent on the initial conditions. A modern restatement is
offered by Parente and Prescott (1994, 2004) introducing the concept barriers to technology
adoption. Improvement in productivity is linked to the distance to the exogenous world
technology frontier, and investment is needed to benefit from the world technology.

A broad empiricd literature has addressed the sources of totd factor productivity (TFP)
growth. In a study of R&D spillover in 77 developing countries, Coe et a. (1997) conclude
that a developing country can boogt its productivity by importing a larger variety of
intermediate products and capital equipment embodying foreign knowledge. Cameron (1998)
has written a helpful survey of studies of the relaionship between innovetion and growth.
Innovations do contribute to growth, and with spillovers between countries, but R& D activity
is limited outside the dready rich.

Severd dudies indicate the importance of both openness and domestic factors in the TFP
growth in South Africa. The IMF study of Jonsson and Subramanian (2001) is the most
enthusiagtic about the productivity effect of an open economy. They aso find an important role
of machinery and equipment investment for TFP growth. Fedderke (2002) offers a richer
study and puts more emphasis to domestic factors. He identifies important effects of R&D and
the ratio of skilled to unskilled labor in TFP growth. Harding and Raitsg (2005) address the
endogeneity problem of openness and concentrate on tariff measures. They identify a shift
from domestic to foreign sources of productivity growth after snctions. Inspired by this
literature we study the endogenous formation of productivity growth driven by adoption and
innovation. The adoption part is related to the degree of interaction with the rest of the world
through internationa trade, while the innovation part is related to the investment level.

Openness and growth is linked to income digtribution. Dollar and Kraay (2004) show the
empirica importance for poverty. In the andyss we relate the productivity growth to income
distribution by introducing skilled, semi-skilled and unskilled labor and possible skill bias. The
specification of technological bias is based on the assumption of an unskilled intensve



3

economy, and is linked to the rdative importance of technology adoption and innovation as
sources of productivity growth. New technology innovated in skill-intensve developed
countries is likdy to be skill-biased following from directed technica change (Acemoglu,
1998). Adoption of foreign technology is therefore assumed to generate productivity growth
biased towards skilled workers, and the degree of bias increases with the openness of the
economy and the availability of foreign technology. Loca improvement of technology can be
directed based on given factor endowments, which in an unskilled-intensive economy implies
technical change biased towards unskilled workers. The more dependent the economy is on
adoption of foreign technology, the higher is the degree of skill-bias in technicad change.
Empirical support is offered by Zhu and Trefler (2003).

To darify the importance of openness and income digtribution for South Africa, we need to
place the productivity dynamics in an intertempora genera equilibrium setting. The andysisis
embedded in a Ramsey growth modd and cdibrated to reproduce the main growth path of
South Africa during 1960-2003 and projected to 2010. To capture the dua structure of the
South African economy, we digtinguish between amodern sector using semi-skilled and skilled
labor more intengvely and a traditional unskilled-intensive sector. On the consumption Sde,
we separate between poor households based on unskilled wage income, rich households
based on semi-skilled and skilled wage income, and capitdist households based on profits.
The protectionist effect of sanctionsis calibrated as a tariff equivaent and with a pesk in 1990.
This dlows the andlys's of a counterfactua scenario without sanctions, with consegquences for
the rdationship between adoption and innovation and consequently skill bias. The andyss
separates between three time periods. pre-sanctions 1960-74, sanctions 1975-1993, and
post-sanctions 1994-2010.

The paper presents the moddling of the productivity dynamics (section 2), the full
intertemporal generd equilibrium mode (section 3), the cdibration of South Africas growth
path (section 4), and offers a counterfactua analysis of sanctions (section 5). Section 6

concludes.

2. PRODUCTIVITY DYNAMICS



Productivity growth is generated through technology adoption and own innovations.
Technology aloption combines two eements, the distance to the world technology frontier
defining the potentid productivity levd and the role of bariers. We apply the modified
Nelson-Phelps specification suggested and empiricaly documented by Benhabib and Spiegd
(2003). The productivity dynamics is congstent with the catching-up hypothesis, where the
growth rate increases with the distance to the technologica frontier. But compared to the
origind formulation the relationship between growth and technology gap is linear, and not
exponentia. This limits the advantage of backwardness and gives possible divergence in cases
of high barriers to technology adoption. The barrier may be in the form of human capitd asin
Nelson and Phelps (1966) and Benhabib and Spiegel (2003) or investment regulations as in
Parente and Prescott (1994). We focus on the role of internationa barriers measured by total
trade, as suggested in a broad literature of technology spillovers and formulated by Grossman
and Helpman (1991). Innovaions are broadly understood as domestic productivity
improvements. In the modd we assume that the innovation activity is related to the overdl
invesment path. An dternaive specification of the productivity dynamics with interaction
between trade and human capital as barriers to technology adoption is gpplied in a Ramsay
growth framework by Stokke (2004).

The rate of growth of labor augmenting technica progress is specified as follows (time
subscript is omitted):

A x| ' , JRADEs " Ab
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where A and T represent the domestic and frontier level of productivity, respectively, and A/T
is the technology gap. | istota investment, TRADE total trade, GDP gross domestic product,
and ?, g, and g, are constant parameters. Congstent with Benhabib and Spiegel (2003), the
firg term on the right-hand sde is the contribution from innovetion activities, while the second
term is the technology adoption function. The formulation implies decreasing returns to
innovation and adoption with the shares adding up to 1.

Under symmetric growth, the long-run productivity growth is given by the exogenous frontier
growth rate g, and the technology gap is constant. The degree of catch-up depends on the
level of bariers and the innovative capacity of the economy. The long run equilibrium
consequently implies a proportiond relationship between A and T:
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The deady date vadues of I/GDP and TRADE/GDP ae condant, and the reldive
productivity of the country, A/T, is determined by their values, the frontier growth rate, and the
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parameters. Changes in the sources of innovation and adoption generate trangtiona growth to
a new technology gap. The dynamics is consgent with the common understanding that
differences in income levels are permanent, while differences in growth rates are trangtory

(Acemoglu and Ventura, 2002).

The productivity dynamics enter as part of the production functions. Vaue added (X) is
defined as a Cobb-Douglas function of capitd (K) and tota efficient labor use (L). Land (LD)
enters as a sector specific input in the traditiond sector. The supply of land is assumed fixed
over time, and to have baanced growth we introduce land augmenting technica progress (Ap)
growing exogenoudy at the long-run rate:
X, = Ko™ i=m,s €))
X, = Adre LD e K2 |52 w0 8 (4)
Where the subscripts a, m and s represent traditiona sector, modern sector and government
sarvices, respectively. Efficient labor is a CES aggregate of unskilled (Lu), semi-skilled (Se)
and skilled (Ls) labor:
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In the traditional and modern sector labor augmenting technical progress @) is equd and

develops endogenoudy according to equation (1). The productivity levd in government

sarvices is assumed to grow exogenoudy at the frontier rate. Labor and capitd are mobile

across sectors, but not internationally. g, and g, are the share parameters for unskilled and

semi-skilled labor, respectively, and s = % (v<1) isthe dasicity of substitution between
-V

different labor types. Margind productivity of skilled reative to unskilled |abor is given as.
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Following from decreasing returns, an increase in the relative use of skilled labor reduces the
relative margind productivity. The direction and degree of technologica bias is introduced
through the parameter (3 which gives the dadticity of the margind productivity of skilled
relative to unskilled labor with respect to labor augmenting technica progress. For 3 equd to
zero, technica change is neutral and does rot affect the relative efficiency of the three labor
types. With a postive vaue of 3 technica change favors skilled workers and to a lesser extent
semi-skilled workers (skill-biased technica change), while negative vaues imply that
improvementsin technology are biased towards unskilled labor.

To have baanced growth neutra technica change (13 = 0) is a necessary long-run condition,
but during trangtion the degree of technologica bias is endogenoudy determined. The
common understanding in South Africaiisthat trade liberdization and skill biased technologica
change are important to understand the development at the labor market. The specification of
technologica biasis linked to the relative importance of technology adoption and innoveation as
sources of productivity growth. The more dependent the economy is on adoption of foreign
technology, the higher is the degree of sKkill-bias in technical change. The reduced form
specification of technologica bias is assumed to be an increasng and convex function of

adoption relative to innovation:

: 2
b —p STRADEG U
: ;U

where b is a congtant parameter and TRADE/| represents the relative contribution of adoption

(1)

and innovation from equation (1). Given the dimension of the trade and invesment level in
South Africa, the specification does not need scaling to generate sensble vaues of
technologica bias. With adoption as the main source of productivity growth technica changeis
ill-biased (b >0), while technology improvements driven by own innovations are biased
towards unskilled labor (b <0). Equa importance of technology adoption and innovation
gives neutrd technica change.

3. THE INTERTEMPORAL GENERAL EQUILIBRIUM MODEL
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The productivity dynamics is built into a gandard intertemporad Ramsey growth mode for a
smal open economy. It follows that capitd accumulation and technological growth do not
influence world prices and interest rate, which are exogenoudy given. The modd setup of Diao
et a. (2002, 2005) is the arting point, but is extended to capture endogenous skill-bias and
balance between innovation and adoption in productivity growth, and to analyze income
digtribution effects. As discussed above, the production structure alows technica change to be
biased towards unskilled or skilled labor, and the degree of bias is endogenoudy determined
by the reative importance of adoption versus innovation in productivity improvements.
Detailed documentation of the intertempora generd equilibrium mode is given in Appendix C.

Early applied Ramsey modds include Goulder and Summers (1989), who study tax policy
effects on investment in the US, and Go (1994), who applies the model framework on
development issues. Our gpproach aso relaes to existing models of growth in dud
economies. Stifd and Thorbecke (2003) modd the dud character of an archetype African
economy that is of relevance here. Irz and Roe (2001) develop a smilar Ramsey model to
andlyze the interaction between agriculture and industry. Love (1997) andyzes indudiridization
in adynamic generd equilibrium mode, dso with an emphasisto the role of agriculture.

The Ramsey modd describes an economy with macroeconomic stability, full employment of
resources, and flexible alocation of resources between sectors according to profitability. The
assumptions are certainly heroic, and it is a chalenge to develop the mode to include political
and dructurd rigidities of the country. At this stage the modd should be interpreted as
representing the long run market adjustments expected to affect consumption demand and
investment behavior, and with labor market adjustments faster than in redlity.

The economy is disaggregated into three sectors: traditiona, modern and government services.
The divison is based on skill-intengty, the traditiond sector is unskilled-intensve and the
modern sector is skill-intengve. The labor market formulation separates between unskilled,
semi-skilled and skilled labor, and the relaive wages are the key variables describing the
income didribution. The model includes three household types according to income level and
source of income: A poor household with unskilled wage income, arich household with semi-



skilled and skilled wage income, and a capitaist household with capitd income. All savings are
done by the capitalist household, which aso pays interest on the foreign dett.

Except for government services, which are not traded internationally, we assume imperfect
subgtitution between domestic and foreign goods, and the mode then operates with two
composite goods (traditiona and modern). Imports are endogenoudy determined through an
Armington composite system, while exports are determined through Congtant Eladticity of
Trangformation (CET) functions.

The aggregate capita stock is managed by an independent investor who chooses an
investment path to maximize the present vaue of future profits over an infinite horizon, subject
to the capita accumulation congraint. With a waste due to the adjustment costs in investment,
net profits as returns to capitd go to the capitaist household. Investments can be financed
through foreign borrowing, and the decisions about savings and investment can therefore be
separated. Domestic savings and investments do not have to be equd in each period, but a
long-run redtriction on foreign debt exigts. Increase in foreign capita inflows (i.e, trade
deficits) in the current period, together with interest payments on existing debt, augments
foreign debt in the next period.

For each household the consumption of traditional good, modern good and services are
congtant shares of its total consumption. But aggregate consumption of each good as share of
tota consumption can change over time. The poor household is assumed to consume relatively
more traditiona goods, while the rich and the capitdist household spends a rdatively higher
share of its income on modern goods. While within period consumption patterns differ
between the three households, there exists a common intertempora alocation of total income
to consumption and savings to maximize its intertempord utility. The intertempord  utility
function is maximized subject to a budget congtraint, which says that discounted value of tota
consumption cannot exceed discounted value of tota income. Assuming intertempora
dadticity of subgtitution equa to one we have the wdl-known Euler equation for optimal
alocation of total consumption expenditure (E) over time:

E 1+r

t+l —

E  1+r ®)
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where r is the world market interest rate and r the podtive 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.

4. PRODUCTIVITY GROWTH AND INCOME DISTRIBUTION IN SOUTH
AFRICA

South Africa achieved remarkable high growth from 1960 to the mid-1970s, here called the
pre-sanctions period, with an annua average of above 6%. The implication was that the whites
enjoyed aliving standard at the leve of the richest countries of the world, but the mgjority lived
in poverty. According to our modd this can be understood as transition growth generated by
reduced bariers. Then the economic growth shifted down in the mid-1970s with the
liberdization sruggle and the internationa isolation. Many developing and developed
economies experienced economic stagnation because of the oil crigs, but the proportiona

decline in the growth rate was much larger in South Africa. Average growth rate dropped from
about 6% in the pre-sanction period to 1.3% during 1975-93. This indicates that the growth
process aso was affected by loca economic and political factors. It is a common
understanding that Apartheid labor policies came to be a congtraint on growth in South Africa.
While initidly the discrimination of blacks may have simulated growth by chesp labor, now
shortages of skilled labor are building up. When the sanctions were tightened, at the same time
political unrest and labor grikes affected the economic development. The higher barriers
contribute to the explanation of the economic stagnation. In the post-sanctions period the
economic performance has improved, but the growth has been erratic and low on average.

Lewis (2001) and Gelb (2004) offer a nice record of the recent economic history.

The early growth episode followed by stagnation is clearly described by the rdative
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. By 1994 relative GDP per capita has declined to 0.14, and
the domestic level of red GDP per capita is lower than in 1970. The relaive postion to the
US s further reduced to 0.13 in 2003. Overal the income gap to the frontier, here defined as
the US, is steadily risng since 1974. Dijk (2002) documents asmilar pattern of manufacturing
labor productivity relative to the US, decreasing from 32% in 1970 to 20% in 1999. Domestic



level of red GDP per capitais rigng in the post-sanction period and reaches about the 1970
level in 2003. Table 1 presents some comparing statistics for the three periods.

Table 1: South Africa growth experience 1961 — 2003

1961-74 1975-93 1994-2003
Pre- Sanctions Post-

sanctions sanctions
GDP growth rate 6.1% 13% 2.7%
Growth in total trade 49% 1.0% 4.6 %
Growthingrossfixed 8.1% -0.2% 39%

capital formation
Source: World Bank Development Indicators 2004

The growth modd described above is cdibrated to reproduce the main dements of the
economic development during the three periods. The firg step of the andyssisto cdibrate a
growth path that is close to the growth experienced in South Africa during 1960-2003 and
projected to 2010. The modd dlows for a new measure of the protectionist effect of
international sanctions. The empiricd literature addressing foreign trade and trade policy faces
the problem that sanctions cannot be measured directly. We cdibrate a tariff-equivdent leve
that reproduces the actua development of the trade. Figure 1 reports the reproduction of the
trade path. The development of terms of trade is cdibrated consistent with data (IMF, 2004)
to adjust for the impact of world price shocks on the trade level. South Africa experienced a
30% reduction in terms of trade during 1975-82, while the relative price was about constant
both before and after this period. The deterioration in terms of trade certainly contributes to
the stagnation in tota trade in the late 70s, but the protectionist effect of sanctions is important
to explain the trade path, especidly in the 1980s. While tariffs are kept low (at 3%) during the
1960s, the dow growth of foreign trade during sanctions requires a gradua increase of the
tariff-equivaent from the early 70s, and with a peak in 1990 of about 60%. After 1990 the
sanctions were gradudly removed and trade increased rapidly, reflected in the model by
decreasing tariffs. Interestingly, this tariff-equivaent measure of opennessis congstent with the
openness indicator for South Africa caculated by Aron and Muellbauer (2002) based on
econometric estimation. The tariff-equivaent serves as the source of the barrier to international

spillover.
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Figure 1. Total trade: Calibrated path of model versus actual path (given in Billions of
1995 Rand)
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The economic growth of the period under study is of trangtiond character, but is condgstent
with a long run growth path. Changing barriers lead to trangtiona growth with a long run
equilibrium determined by a congant gap to the world technology frortier. Figure 2 shows
how we track the declining, but erratic, actua growth rate as a seady decline in the model
growth rate. The long-run equilibrium growth rate is assumed to be 3 percent (1 percent
technological progress rate and 2 percent labor growth). The parameters supporting the long-
run equilibrium path are discussed in Appendix A and are based on the 1998 Social
Accounting Matrix documented in Appendix B The cdibration assumes long run baanced
growth, i.e. the savings-investment baance can support a sustainable growth path, the
sructure of the economy is stable, and the trade surplus with interest payments balances the
projected development of foreign debt.

Starting from the base year 1998, we calibrate backward a growth path that is close to the
observed real GDP growth for the previous four decades and then alow this to project the
post- sanctions growth through 2010. To reproduce the actua GDP of 1960, the initid level of



the capital stock is reduced to about 10 percent of the base year leve. Supply of skilled, semi-
skilled and unskilled labor are dso scaed down, and the sKill-ratio (defined as skilled and
semi-skilled relative to unskilled) is cdibrated to increase from 0.62 in 1960 to about 0.8 at
the end of the period studied (broadly consistent with data in Fedderke et a., 2003). The
share of unskilled labor in tota labor force declines from 0.62 to 0.56 during five decades,
with a corresponding increase in the skilled labor share from 0.06 to 0.12. Sectord TFPs are
reduced according to the long run growth rate and foreign debt is adjusted to reproduce the
initial year. The scaling back serves as an exogenous shock that takes the economy outside the
equilibrium long run path in 1960. The initid capitd stock is bedow the long un path and
economic growth is driven by endogenous adjustment back to equilibrium growth. The
cdibrated economic growth rate during the pre-sanctions period 1961-74 is 6% on average,
while the growth rate during sanctions (1975-1993) averages 3.3%. The post sanctions period
has an increasing model growth rate with an average of about 3.4%.

Figure 2. Real GDP growth rate: Calibrated path of model versus actual growth

(measured as 5-year moving aver age)
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The pre-sanctions period broadly observed the prediction of the modd with high, but
declining, growth. The understanding is that the reduced barriers generated profit opportunities
that encouraged high invesment. In dandard fashion the margind return to capitd
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consequently was reduced over time. This is the core of the neoclasscd convergence
mechanism. In the beginning of the growth period studied the low level of the capitd stock
gives high margind return to invesment with consequent high investment growth and capita
accumulation (Figure 3). Part of the investment must be imported from abroad with imperfect
substitution between foreign and domestic goods. Technology spillovers embodied in foreign
capitd goods dimulate productivity growth, and contribute (together with domestic
improvements of technology) to the non-decreasing productivity growth path and catching-up
relative to the frontier (see Figure 4). The capita and GDP growth rates decline over time due

to decreasing returns to investment.

During the sanctions period the regative growth trend is strengthened. The terms of trade
deterioration contributes to the decline. In addition, the international isolation represented by
an increasing taiff-equivdent affects productivity growth by increesing the barriers to
technology adoption and limiting the trandfer of foreign spillovers. South Africa could have
compensated the reduced openness with higher domestic investments. As seen from Table 1,
this did not happen. Our understanding is that the cost of investment increases as imports of
capital goods became more expensve, and lower productivity growth further reduces the
profitability of investments. The fdl in capitd growth Srengthens the negdive effect on
productivity growth by reducing the growth in total imports and holding back domestic
innovations, and the technology gap relative to the frontier increases over time. The growth
path of the modd is conggtent with the low level of investment and the declining growth rate of
productivity during the sanctions period.

Figure 3. Growth rate of capital: calibrated path versus counterfactual path
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Figure 4. Labor augmenting technical progress. calibrated path ver sus counterfactual
path
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While economic sanctions have negetive effects on economic growth, the income digtribution
improves. Driven by increedng skill-ratio, the relaive wage between unskilled and skilled
labor increases in the pre-sanction period. Figure 5 shows how this pogtive digtributive effect
IS strengthened during sanctions. Our understanding of the increased relative wage for unskilled
labor is related to the development of technologica bias. Increased tariffs have a negative
effect on both technology adoption and innovation through higher barriers and lower capita
accumulation, respectively. In our amulations the firg effect dominaes, and the redive
importance of technology adoption decreases during the sanction period. The economy is
forced to rely more on own improvements of technology, and the degree of sill-biasin
technica change declines from 0.39 to 0.31. As explained in section 2, the degree of skill-bias
is the dadticity of the margina productivity of skilled relaive to unskilled labor with respect to
labor augmenting technica progress. Positive vaues imply bias towards skilled labor. Since
technicd change is rdaivey less kill-biased under sanctions, the relative margina product of
unskilled labor increases. The relaive demand for unskilled workers is stimulated, and the
relaive wage gradualy increases to meet the higher demand.
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The change in income digtribution generates shifts in the consumption pattern that strengthen
the postive effect on the reative wage. Redive higher income for the poor household
increases relative demand for traditiond goods, which further increases the demand for
unskilled Iabor (since the traditiona sector uses unskilled labor rdaively more intensvely). The
relative unskilled to skilled wage rate is about 0.15 in 1975, but increases to 0.18 during the
sanction period. Dedining skill-bias improves the income distribution, but the increase in the
relative wage is held back due to a shortage of skilled labor. Larger expansion of the skill-ratio
would keep skilled wages down and contribute to the reduction of the wage gap letween
skilled and unskilled labor.

In the post-sanction period trade liberalization reduces the barriers to technology adoption,
and the degree of sKill bias increases gradualy from 0.31 to 0.35. The increase in the skill-
ratio counteracts the higher «ill demand and gives about constant wage gep over time. The
relaive wage between semi-skilled and skilled labor follows a amilar pattern, increesng from
0.29 in 1960 to about 0.38 at the end of the period studied. According to Fedderke et d.
(2003), the relative wage for semi-skilled labor increases from 0.32 in the 1970s, via0.34 in
the 80s, to about 0.37 in the 90s. Similar figures for the unskilled wage rate are 0.10, 0.16 and
0.25, respectively. The relative wage paths generated by the mode are broadly consstent with
this observed pattern.

Economic research in South Africa has addressed the relationship between wage inequaity
and skill bias. Edwards (2001) argues that skill bias has contributed to increased Kill
employment in South Africa. Abdi and Edwards (2002) address the puzzle that relative wages
of unskilled has gone up, while unskilled employment has gone down since the mid-1970s.
Since this is hard to explain in a sandard labor market modd, apped to politicd and
inditutiona factors to understand this is common, including increased union power. In our
Setting we emphasize a different channd of effects. The degree of sill-biasis reduced with
sanctions and the higher demand for unskilled labor increases the rdative wage of unskilled.
Ingtitutiona factors are not built into our andlysis and are hard to handle in this context.



Figure 5. Unskilled wage rate relative to skilled wage rate: Calibrated path versus
counterfactual path
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The post-sanctions period shows increasing growth rate with our assumptions. The dimination
of sanctions reduces the costs of imported investment goods and opens the economy to more
technology adoption. Again the investment and productivity effects strengthen each other, but
now in a pogdtive direction. The increasing growth rate is closdly related to the increased
openness and assumes that reduction of protectionism continues steedily. Also the projection
isthe result of favorable conditions for investment allocation to take advantage of the improved
profitability. Findly, the higher growth rate is driven by technology adoption, in practice
associated with foreign direct investment. The actua growth has increased according to Table
1, but not fully a the potentid indicated by the modd projections. This can be due to
macroeconomic disturbances excluded from the model. But it is more redlistic to assume that
the structurd conditions of the economy are different from the flexible adjustments assumed in
the modd. The limited foreign direct invesment observed may indicate that technology
adoption has been below the projection shown.

5. COUNTERFACTUAL ANALYSISOF SANCTIONS

South Africa dlows an interesting counterfactud analyss of the role of internationd sanctions
and thereby the effect of barriers. As explained above, we have cdibrated a tariff-equivadent
growing from the early 70s and with a peak in 1990 to reproduce the actud trade and growth
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path. Eliminating this rise in the tariff-equivaent during the sanctions period, we can Smulae
the economic development in an open economy without sanctions. In the experiment, the
import tariff-equivalent is kept at a constant low level (3%) for the entire period studied. The
new GDP growth peth is shown in Figure 6 below. The main message is that South Africa
could have avoided some of the decline in the growth rate. Sanctions have contributed to more
codtly investment goods and less technology adoption and consequently held back economic
growth. The growth effect adds up to a rather large permanent income gap between the two
scenarios. Without sanctions the 1998 leve of red GDP would have been about 6 percent
higher than its actud level in thet year.

Figure 6. Real GDP growth: Calibrated path versus counterfactual path
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More openness reduces the cost of adopting foreign technology by limiting the barriers to
technology trandfer, and productivity growth is simulated (Figure 4). The terms of trade
deterioration holds back trade and spillovers in the early 70s and contributes to faling growth
rate. But without sanctions productivity growth is a a higher level and the period of
technologica divergence aong the reference path is avoided. During the period of study we
observe a weak degree of catch-up with reative productivity increasing from 0.36 to 0.38.
The growth rate effect of higher trade is decreasing over time since the magnitude of the
oillover effect and the return to own innovations gradudly decline. In accordance with the

caching-up hypothesis the learning potentiad from technology adoption declines as the



technology gap decreases. The profitability of capitd accumulation is stimulated by less
expendve foreign capitd goods and higher productivity growth. Decreasng returns to
investment is counteracted, and cpita growth is kept high over time (Figure 3). Increased
capitd accumulation generates domegtic innovations and implies more imports, generating
further technology spillovers from abroad. This productivity-investment interaction simulates
growth and contributes to the large growth differentid between the two scenarios during
trangtion. In the early pre-sanction period (1961-74) both capita and GDP growth are dightly
higher along the cdibrated South Africa path compared to the counterfactua path. This
follows from intertempord adjusment with perfect foresight, snce expected higher tariffs
(more expensive capitd goods) in the future gives an incentive to increase current capita

accumulation.

Given our model specification, there is a trade-off between economic growth and income
digtribution. While the aggregate economy benefits from a more open economy, the difference
between poor and rich households increases. With lower tariffs the cost of technology transfer
Is kept low, and the economy takes advantage of foreign technology. Faling capita growth

rate reduces the ability to generate loca improvements of technology, and the rdative
importance of technology adoption increases over time. The new technology favors skilled

workers, and the degree of ill-bias in technica change remains about congtant over time.

This generates an increase in the relative demand for skilled labor with a reduction in the
relative unskilled wage rate compared to the reference path. Changes in the consumption

pattern following reative larger wage gap srengthen the negative effect on the income
digtribution. The rich household with semi-skilled and skilled wage income consumes reletively
more modern goods, which uses skilled labor more intensvely. This increases the demand for
skilled labor and widens the wage gap even more. The economy is stuck in a vicious circle,
where skill-biased technical change and demand-side effects of changing consumption pattern
work together to worsen the income distribution. On average the unskilled wage, both rdative
to semi-skilled and skilled wage, drops about 1.5 percentage points compared to the sanction
scenario (see Figure 5). But even though the relative unskilled wage rate is lower, the absolute
income leve for the poor household is eventudly higher than dong the cdibrated path due to
higher growth.
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6. CONCLUDING REMARKS

The andlyss addresses the role of barriers for economic growth and income digtribution in
South Africa. The barriers to productivity growth are integrated in a standard intertemporal
Ramssy growth modd. Bariers to international technology spillovers influence both
productivity growth and skill-bias. Reduced barriers simulate trangitiona productivity growth
and leads to more skill-intensve technology. The modd is disaggregated to capture
interactions between traditiond and modern industridl sectors and adjustments at the |abor
markets for skilled, semi-skilled and unskilled labor. South Africais an interesting case study
of changing openness with ansequences for technology adoption and skill-bias and thereby
productivity growth and income distribution.

The modd reproduces the declining growth rate since 1960 and separates between the pre-
sanctions, sanctions and post-sanctions periods. The high and declining growth during pre-
sanction 1961-1974 is condstent with reduced barriers and neoclassical convergence, the
exploitation of profit opportunities with declining return. To understand the low growth during
sanctions, 1975-1993, the importance of barriers to international spillovers should be
recognized in addition to the observed deterioration in terms of trade. The isolation of the
economy implies higher costs of investment and reduced technology adoption. Interestingly,
this period shows increase in the relative wage of unskilled labor. The protected economy has
less ill-bias in technology. The modd projects an increasing growth rate in the pog-
sanctions period, driven by chegper investment goods and technology adoption with reduced
barriers. The actua growth is somewhat below this projection, probably reflecting domestic

barriers to competition and spillover.

The analysis reveds a trade off between economic growth and income distribution. Openness
dimulates growth (spillovers, less expersive capital goods and productivity-invesment
interaction), but worsens the income distribution because foreign technology is skill-biased.
The development of reative wages depends on the sources of productivity growth. While
adoption of foreign technology generates skill-biased technica change, loca improvement of
technology through innovation can be directed towards unskilled labor.



The relationship between barriers and income digtribution works through both supply-sde
effects (higher degree of sKkill-bias in technica change increases the demand for skilled labor)
and demand-dde effects (changes in the consumption pattern). Since the poor household
consumes relaively more traditiond goods, a worsening of the income digtribution shifts
consumption away from unskilled-intensive goods and reduces the demand for unskilled |abor.
The genera equilibrium mode puts this demand story in abroader context.



21

REFERENCES
Abdi, T. and L. Edwards (2002), Trade, technology and wage inequdity in South Africa,
DPRU Working Paper no 02/60.

Acemoglu, D. (1998), Why do new technologies complement skills? Directed technica
change and wage inequdity, Quarterly Journal of Economics 113, 1055-1089.

Acemoglu, D. and J. Ventura (2002), The world income distribution, Quarterly Journal of
Economics 117, 659-694.

Aron, J. and J. Mudlbauer (2002), Interest rate effects on output: evidence from a GDP
forecasting model for South Africa, IMF Staff papers 49, 185-213.

Benhabib, J. and M. Spiegd (2003), Human capita and technology diffuson, mimeo, draft
paper for P. Aghion and S. Durlauf (eds), Handbook of Economic Growth, forthcoming.

Cameron, G. (1998), Innovation and growth: A survey of the empiricd literature, mimeo,
Nuffied College, Oxford Universty.

Coe, D., E. Helpman and A. Hoffmester (1997), North-South R&D spillovers, Economic
Journal 107, 134-149.

Cole, H., L. Ohanian, A. Riascos and J. Schmitz jr. (2004), Latin America in the rearview
window, NBER Working Paper 11008.

Diao, X., J. Rattsg and H. Stokke (2002), Learning by exporting and structural change: An
intertempora generd equilibrium analyss of the growth process in Thailand, mimeo,
Department of Economics, NTNU.

Diao, X., J. Rattsg and H. Stokke (2005), Internationa spillovers, productivity growth and
openness in Thaland: An intetempord generd equilibrium andyds, Journal  of
Development Economics, 76, 2, 429-450.

Dijk, M. van (2002), South African manufacturing performance in international perspective,
1970-1999, mimeo, Eindhoven Centre for Innovation Studies (ECIS).

Dadllar, D. and A. Kraay (2004), Trade, growth and poverty, Economic Journal 114, F22-
F49.

Eaton, J and S. Kortum (1997), Engines of growth: Domegtic and foreign sources of
innovation, Japan and the World Economy, 9, 235-259.

Edwards, L. (2001), Globdisation and the skill bias of occupationd employment in South
Africa, South Africa Journal of Economics 69, 1, 40-71.



Fedderke, J. (2002), Technology, human capitd and growth: Evidence from a middle income
country case study applying dynamic heterogeneous pand andyss, mimeo, ERSA,
Universty of Witwatersrand.
Fedderke, J,, Y. Shin and P. Vaze (2003), Trade, technology and wage inequdity in the
South  African manufacturing sectors, mimeo, University of Witwatersrand.
Gelb, S. (2004), Inequdity in South Africa: Nature, causes and responses, mimeo, the EDGE
Indtitute, Johannesburg.

Gibson, K. (2003), Armington eadticities for South Africac Long- and short-run industry level
estimates, TIPS Working Paper 12, 2003.

Go, D. (1994), Externd shocks, adjustment policies and investment in a devel oping economy:
[lludtrations from a forward-looking CGE modd of the Philippines, Journal of
Development Economics 44, 229-261.

Goulder, L. and L. Summers (1989), Tax policy, asset prices, and growth: A generd
equilibrium andlyss, Journal of Public Economics 38, 265-296.

Grossman, G. and E. Helpman (1991), Innovation and growth in the global economy,
Cambridge MA: MIT Press,

Harding, T. and J. Rattsz (2005), The barrier model of productivity growth: South Africa,
mimeo, Department of Economics, Norwegian University of Science and Technology.
Internationa Monetary Fund (2004), Internationd Financid Statistics Y earbook, Washington

DC: IMF.

Irz, X. and T. Roe (2001), Agricultural productivity and economy-wide growth: Investigation
in a Ramsey framework, mimeo, University of Reading and University of Minnesota.
Jonsson G. and A. Subramanian (2001), Dynamic gains from trade: Evidence from South

Africa, IMF Staff Papers 48, 1, 197-224.

Klenow, P. and A. RodriguezClare (2004), Externdities and growth, NBER Working Paper

11009.

Lewis, J. (2001), Policies to promote growth and employment in South Africa, Discussion
Paper 16, World Bank, Southern Africa Department.

Love, D. (1997), A dynamic generd equilibrium modd of indudtridization when manufacturing
are unnecessary, Journal of Development Economics 54, 357-385.



23

Ndson, R. and E. Phdps (1966), Invesment in humans, technology diffuson and economic
growth, American Economic Review 56, 1/2, 69-75.

Parente, S. and E. Prescott (1994), Barriers to technology adoption and development,
Journal of Political Economy 102, 298-321.

Parente, S. and E. Prescott (2004), A unified theory of the evolution of internationa income
levels, mimeo, draft paper for P. Aghion and S. Durlauf (eds), Handbook of Economic
Growth, forthcoming.

Stifd, D. and E. Thorbecke (2003), A dual-dud CGE modd of an archetype African
economy: trade reform, migration and poverty, Journal of Policy Modeling 25, 207-
235.

Stokke, H. (2004), Technology adoption and multiple growth paths. An intertempora generd
equilibrium anaysis of the catchup process in Thailand, Review of World Economics /
Weltwirtschaftliches Archiv 140, 1, 80-109.

Zhu, A. and D. Trefler (2003), Trade and inequdity in developing countries. A generd
equilibrium anadlysis, mimeo, Michigan State University and University of Toronto.



APPENDICES
APPENDIX A: Calibration

The parameters in the production, demand, and trade functions are set according to the
method adopted in most static computable genera equilibrium models and are based on the
1998 socid accounting matrix (SAM) documented in Appendix B below. The long run growth
path calibrated as supply side response to sectord investment and productivity adjustments
must be made consstent with the macroeconomic equilibrium as represented by the Euler
equation: r = (1+r )(1+g +n) - 1, where g +n isthe exogenous long-run growth rate. With
aworld market interest rate of 12.5 percent and long-run growth rate of 3 percent, the time
preference rate is equal to 9.2 percent. Then, with the long run assumptions, most parameters
of the intetempord part of the mode can be cdibrated from the SAM. Given margind
product of capitd, the initid capita stock is caculated based on capitd income. Investment is
cdibrated from the long-run condrant on cgpitad accumulaion, for given vaues of
depreciation rate and long run growth rate. The shadow price of capitd equds the firm value
relative to the capitd stock, and follows when we know the interest rate. The initid leve of
foreign debt is set by the long-run congtraint on debt accumulation, given data about trade
deficit/surplus together with the long-run growth rate and interest rate. The ? vaues in the
productivity growth function alocate the effects of the two sources of productivity growth, and
g, issetto 0.3 and q,to 0.7. Based on the long run technological progress rate, initia values

of the adoption and innovation variables, and the rdative level of productivity, the parameter |
follows as aresdud. To have baanced growth the skill-bias variable (3) is set equa to O in
the cdlibration. The dadticity of subgtitution in both the Armington and CET functions are
assumed to be 2, in accordance with nationa and internationa estimates as documented by
Gibson (2003). These dadticities represent substitution possibilities between domestic and
foreign goods (Armington), and between sales to domestic markets versus export markets
(CET). The dadticity of subgtitution between different labor categories is important for the
adjusment of relaive wages, and is set equd to 2, which implies that unskilled, sem-skilled
and skilled labor are subgtitutes. The development in terms of trade is calibrated according to
data (IMF, 2004). We reproduce the terms of trade deterioration of about 30% observed
during 1975-82, while the relative price is kept constant both before and after this period.



APPENDI X B: 1998 Social Accounting Matrix

The origind SAM is developed by Thurlow and van Seventer (2002)! and includes 43
sectors, 14 household types and three labor categories. unskilled, semi-skilled and skilled. We
aggregate this micro-SAM into a three-sector framework with three household types. To
capture the dua gructure of the South African economy, we distinguish between a modern
sector using semi-skilled and skilled labor intensvely and a traditiond unskilled-intensive

sector. In addition, government services are treated as a separate sector.

Traditional sector

M odern sector

Agriculture, forestry and fishing
Cod mining

Gold and uranium ore mining
Other mining

Food

Textiles

Wearing apparel

Lesather and leather products
Footwear

Wood and wood products
Plagtic products

Glass and glass products
Basiciron and stedl

Metd products excluding
machinery

Furniture

Building condruction & civil
enginering

Wholesale and retall trade

Beverages & Tobacco

Paper and paper products

Printing, publishing and recorded media
Coke and refined petroleum products
Badc chemicds

Other chemicals and man-made fibers
Rubber products

Non-metdlic minerds

Basic non-ferrous metas

Machinery and equipment

Electricd machinery and apparatus
Tdevison, radio and communication
equipment

Professond and scientific equipment
Motor vehicles, parts and accessories
Other transport equipment

Other manufacturing

Electricity, gas and steam

Water supply

Catering and accommodation services
Transport and storage
Communication

Finance and insurance

Business sarvices

Medicd, dentd, veterinary & other services

Other products

Based on average relaive wages for the manufacturing sector during the 1990s given by
Fedderke et a. (2003)2, the relative wage between unskilled and skilled labor is assumed to
equd 0.25, and the relative wage between semi-skilled and skilled labor is set to 0.37. With

1 Thurlow, J. and D. E. van Seventer (2002), A standard computable general equilibrium model for South
Africa, TMD Discussion paper no. 100, IFPRI.

2 Fedderke, J., Y. Shin and P. Vaze (2003), Trade, technology and wage inequality in the South African

manufacturing sectors, mimeo, University of Witwatersrand.




the labor income data from the SAM this means that the tota labor force congsts of 52%
unskilled workers, 4% semi-skilled and 7% skilled workers. Both the traditiond and the
modern sector employ 34% of the labor force, while the remaining 32% works in government
sarvices. The origind SAM does not include land as a production factor, and we therefore
assume that 1/3 of the capital stock in traditiona sector represents the input of land. Appendix
table 2 gives further characterigtics of the three sectors.

The modd includes three household types according to income level and source of income: A
poor household with unskilled wage income, a rich household with semi-skilled and skilled
wage income, and a capitdist household with income from capitd and land. All savings are
done by the capitdist household, which aso pays interest on the foreign debt. Income from
sdes taxes and import taiffs are transferred to the household sector lump sum. The
distribution between the three household types is made according to income shares. The poor
and the rich households do not save, and dl income is used on consumption goods. The poor
household is assumed to consume relaively more traditiond goods, while the rich and the
capitdist households spend a relaively higher share of its income on modern goods. This is
conggent with the consumption pattern in the origind SAM. The consumption share of
government services is assumed to be relatively lower in the capitaist household. The income
gap between the two wage-earning households (measured as the income of the poor
household rdative to the income of the rich household) equals 0.57. According to household
wage income data in the origin SAM, the poor household corresponds to more than the
seven lowest income deciles (the 70 percent poorest of the population). Appendix table 3
gives further characteristics of the three households.

Appendix Table 1. 1998 SAM SOUTH AFRICA (3 sectors, 3 households, 3 labor
categories)
(Measured in Millions of Rand)

ACT_A ACT_ M  ACT.S COMD A COMD M  COMD.S

ACT_A 446 541

ACT_M 683 580

ACT_S 197 431
COMD_A 182706 125330 5106

COMD_M 164071 294073 26 404

COMD_S 167 10 494

UNSK 56 896 25291 52 590

SEMI-SK 37699 77551 42 057

SKILLED 22276 47517 9886

LND 30000

CAPITAL 61193 185206 50 186

POOR HH

RICH HH

CAP HH

MTAX 2234 4 408

ATAX 2830 7479 708

SAV-INV

RoW 41 159 140 441

TOTAL 557671 762614 197 431 489934 828429 197431

Note: The table continues on the next page.
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Appendix Table 1 continues.
UNSK SEMI-SK SKILLED LND CAPITAL POORHH RICHHH

ACT_A

ACT_M

ACT_S

COMD_A 71829 21628
COMD_M 13813 130100
COMD_S 52 490 91262
UNSK

SEMI-SK

SKILLED

LND

CAPITAL

POOR HH 134 777

RICH HH 157 307 79 679

CAPHH 30000 296585

MTAX

ATAX

SAV-INV

RowW

TOTAL 134777 157 307 79 679 30000 296585 138132 242990
Appendix Table 1 continues.

CAPHH MTAX ATAX SAV-INV RowW TOTAL

ACT_A 111 130 557 671
ACT_M 79 034 762614
ACT_S 197 431
COMD_A 53070 30265 489 934
COMD_M 116 753 83215 828 429
COMD_S 42450 568 197 431
UNSK 134777
SEMI-SK 157 307
SKILLED 79679
LND 30000
CAPITAL 296 585
POOR HH 1262 2093 138132
RICH HH 2258 3746 242 990
CAPHH 3122 5178 -8564 326 321
MTAX 6 642
ATAX 11017
SAV-INV 114 048 114048
Row 181 600
TOTAL 326 321 6642 11017 114048 181 600

Note: ACT_A = Traditional activity, ACT_M = Modern activity, ACT_S = Government service activity,
COMD_A = Traditiona commodity, COMD_M = Modern commodity, COMD_S = Government service
commodity, UNSK = Unskilled labor, SEMI-SK = Semi-skilled labor, SKILLED = Skilled labor, LND = land,
POOR HH = Poor household, RICH HH = Rich household, CAP HH = Capitalist household, MTAX =
Import tariffs, ATAX = Salestaxes, SAV-INV = Savings/Investments, RoW = Rest of world.

Except for import tariffs (which is an important parameter in the modding of economic
sanctions), we ignore transfers between the rest of the world and domestic agents. Capita and
wage income going abroad are included as income to the capitdist and the rich household,
respectively. We do not adjust total export and import, and the current account therefore
differsfrom the origind SAM. The adjustments give negetive foreign savings (trade surplus). In
intertemporal models the SAM is assumed to represent long-run balanced growth, and atrade
aurplus is conggtent with growing foreign debt (as opposed to growing assets in the case of
long-run trade deficit).



Appendix Table 2: Sector characteristics (based on the SAM in Appendix Table 1)

Traditional Modern Govm. Service

Value added share 0.30 0.48 0.22
Within sector distribution

of labor:

Unskilled 0.65 0.28 0.63
Semi-skilled 0.29 0.59 0.34
Skilled 0.06 0.13 0.03
Between sectors

distribution of labor:

Unskilled 0.42 0.19 0.39
Semi-skilled 0.24 0.49 0.27
Skilled 0.28 0.60 0.12
Total 0.34 0.34 0.32
Capital/Total capital 0.21 0.62 0.17
Export/Output 0.20 0.10 0.00
Export/Total export 0.58 0.42 0.00
Import/Supply 0.08 0.17 0.00
Import/Total import 0.23 0.77 0.00

Note: Within sector labor shares are calculated based on the assumption that the relative wage between
skilled and unskilled equals 0.25 and the rel ative wage between skilled and semi-skilled equals 0.37.

Appendix Table 3: Consumption pattern (based on the SAM in Appendix Table 1)

Poor household  Rich household  Capitalist household

Share traditional good 0.52 0.08 0.25
Share modern good 0.10 0.54 0.55
Share govm services 0.38 0.38 0.20
Income share 0.20 0.34 0.46
Income share (without 0.36 0.64

capitalist household)
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APPENDI X C: The mathematical documentation of the model

The following equations are the detailed description of the modd. The numericd modd is
solved by the General Algebraic Modeing System (GAMYS).

The consumer’sdecision

We separate between three kind of households, which differ with respect to their within period
consumption patterns. But Snce we apply a representative agent modd, there is a common
intertempora consumption decison based on utility maximization:

Max U, = & (1+1) ' In(Q)+In(Q) 1)

t=1

st § RAC, =Y, - SAV,

U, is the vaue of the intertempord utility evaluated at time period 1's price, and aggregate
consumption, Q;, for each time period is defined as.

Q= é TG,

where i = a, m, s representing traditiona, modern and government services, respectively, and
TC;; istota consumption for each good. Y; is consumer income for each period and is defined
as the sum of the incomes of the three household types:

Y, :é Yot
h

where h = poor, rich, cap representing poor, rich and capitalist household, respectively. The
poor household receives income from unskilled wages, the rich household from semi-skilled
and skilled wages, and findly the capitalist household from capita and land income. All savings
are assumed done by the @pitdist household, which dso covers interest payments on the
foreign debt. Income from sales taxes and import tariffs are transferred lump-sum to the
household sector. The digtribution between the three households is made according to income
shares.

poor

Yoo =WULL, +ayD:Q atr, PX XX +bylxQ mir xPWM XM,
i j

Y, = WsLs +WsgSe +ay2xg atr, X, XX, +by2>@ mir xPWM , XM,
i i

Yoo = RKK +WH LD +ay35q atr, X, XX, +by3=Q mtr, xPWM XM +FSAY,

i J
where | = a, m represents traditional and modern good, respectively, which are traded
internationdly.

The Euler equation for the consumer problemis:
E 1+r

t+l —

E  1+r



E =4 P,TC,

Totd demand for each commodity is aggregated over the three households:
o]

TC,=a G,
h

For each household the consumption of good i isacongtant share of household income (minus
savings for the capitdist household). The poor household is assumed to consume relatively
more traditional goods compared to the rich household.

PG, =m, % for h = poor, rich

R,tQ,h,t = m,h >(Yh,t - SA\/t) forh= cap

Endogenous productivity

The rate of labor augmenting technicd progress is endogenoudy driven by technology
adoption and own improvements of technology. While adoption of foreign technology depends
on the degree of internationa barriers (measured by the trade share) and the technology gap,
the innovative activity is gpproximated by the invesment level. Labor augmenting technicd
progress in traditional and modern sector is pecified as.

A x| 8" , JRADEg & Ab

—=c—= 7l = q- —=

A &DPy &GDP 3 & Tg

The productivity leve in government services is assumed to grow exogenoudy. In the long run
productivity grows & the frontier rate (g) and the technology gap is congtant.

Production decison and technological bias

Vaue added is defined as a Cobb-Douglas function of capitd and tota efficient labor use.
Land (LD) enters as a sector specific input in the traditiond sector. The supply of land is
assumed fixed over time, and to have baanced growth we introduce land augmenting technica
progress (Ap) growing exogenoudy at the long-run rate:

xi,t = Kia,‘tI Lil,_ta‘ = ms

Xa = AgLND LDaLND K:a L];a LND -~ 8a

where L is efficient labor use, which is a CES aggregate of unskilled (Lu), semi-skilled (Se)
and skilled (Ls) labor:

;’I =

é v—lb, v v v v+—1bt v
L =a&0uA 2 LU +0,ASE, +(1- 95 - 9,)A, % LS
e

oOC

where s = 1i is the dlasticity of substitution between different labor types.
-V

3 is a variable representing the degree and direction of bias in technica change, and is
assumed to depend on the relative importance of technology adoption and innovation as
sources of productivity growth:
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where TRADE/I represents the relative contribution of adoption and innovation.

First order conditions are:

a,PV, X, = Rk XK,

(R

a PV, X,, =Wd, X.D

at’tat
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where a , istheland share, which is zero in modern sector and government services.

Vdue-added price for each %ctor
PV, = PX;, (- atr) - a

Jlt

Intermediate goods are employed according to the fixed coefficient:

INT,, = § 10, *X,
GDP &t factor price:
GDR, = § PV, *X,,

I nvestment decision

Investment decision is made according to intertempora profit maximization, subject to the
accumulation of the capita stock over time:

¥
Max & (L+r) " [Rk *K, - (Pl 4, + ADJ)]
o=

st Ky, =K, x(1-d)+1,

where

v L

St
L



I, = AK >O VD"

The adjustment costs in red terms, ADJ, consume the modern good and are specified as.

2
ADJ, =ax®,, XI?

t

where a is congtant, P, is the price of the modern good, I; invesment in red term, and K is
the capita stock.

Differentiating the intertempord profit function of the investor with respect to I, gives:

q. = Plt "'2>4:)mt>‘axl_t
] Kt

where PI isunit cost of investment net adjustment cogts. This relaionship saysthat the investor
equilibrates the margind cost of investment, which is given on the right hand Sde, and the
shadow price of capita, q. Differentiating the same function with respect to K; gives us the
wedl-known no-arbitrage condition:

2
&l 0 .

r>q;., zﬂﬂ +a>Pm,t y@?t— -d X +q
e™g

which gates that margina return to capitd has to equd the interest payments on a perfectly
subdtitutable asset of Sze g, ,. The first term on right hand sde, Rk, , isthe capita rentd rate,

while the second term is the derivative of capitd in the adjusment cost function. The margind
return to capital also has to be adjusted by the depreciation rate, d, and capita gain or l0ss,
qg.

Investment demand:

VD, _ielg ><Plt><%
it

Totd investment demand for the modern good includes the adjustment cost:

. 2
TIVD,, :'e'smxp'r’% t+a><'Kt—
m, t

Exportsand Imports

Except for government services, which are not traded internaiondly, we assume imperfect
subgtitution between domestic and foreign goods, and the mode operates with two composite
goods (traditiona and modern). Imports and domestic demand are endogenoudly determined
through an Armington composite sysem. The demand functions are derived from minimizing
current expenditure, subject to the Armington function:

Min PM, M, +PD, xD;,
st. CC,, =aa[ma, M ;7 +(1- rTHj)D},fxa]%xa



where the subscript j represents traditiond (a) and modern (m) good.

PM, = PWM, >er (1+mtr,) isthe price of import goods.

Thefirst order conditions,

1
-ea g P 09xa+1

exa+l )grnaj PM _

@xaﬂ

e aaexa+l )g(l ma. )

CC PD

it

where exa :i- 1.
Sm
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Sdles 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 sles income, subject to the CET function:

Max PD,;, »D;, +PE,; EX,,
st X, =ac[me, sEX T+ (L- mc)Dexc]}&c
PE, = PWE, >er isthe export price.

Thefirst order conditions:

1

D, e PX. O ec
L= ack e X (1- me;) *x—1~+
Xj,t it g

1
EX;, e PX; , orec
' :ac].l'@XC mc, ><—_
X PE,

1
where exc= — +1.
Se

Foreign borrowing and foreign debt
FSAV, = § (PWM XM - PWE, XEX; )
j

DEBT,,, = DEBT, X1 +r) +FSAV,



Foreign debt is accumulated over time from trade deficits and interest payments on outstanding
debt.

Factor market equilibrium

Lu =g Lu,,
% =4 %,
Ls =4 Ls,
K, = é Ki

From these equations we determine wage rates and marginal product of capitd.

Commodity market equilibrium

CC,, =INT;, +TC, +TIVD,, for traditional and modern good
X, = INT, +TC_, +TIVD,, for government services

These equations determine the equilibrium price, P, .

Terminal conditions (long run congtraints)

The termina conditions are imposed in the mode, such that when the time is beyond T, which
is the last period in the modd, al endogenous variables have to approach approximately to
their long run Stuation.

I =(d+g+n)K,
FSAV, =(g+n- r)DEBT,

2

x|, 0
RkT+ame,T QI_T+ :(r+d)qT

eKT %]

These conditions State that foreign debt and capital stocks grow at a congtant rate given by
g +n, and that margind return to capita becomes congtant. With pogtive foreign debt in the

long run, the country hasto run trade surplusas r >g +n from the Euler equation.

Glossary

Parameters

a, share parameter for capital in vaue added function sector |
a o share parameter for land in traditional value added function
vV exponent in CES function of skilled and unskilled labor

S dadicity of subgtitution between skilled and unskilled labor
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o share parameter in CES function for unskilled labor sector i

9, share parameter in CES function for semi-skilled labor sector i
10, input-output coefficient for commodity i usedin
sector |

exa exponent in Armington functions

S eladticity of subgtitution between imported and domestic goods
ma, digribution parameter in Armington
function for commodity i

aa, shift parameter in Armington function for commodity i

exc exponent in CET functions

S, eladticity of substitution between domestic goods and exports
mc, distribution parameter in CET function for commodity i

ac, shift parameter in CET function for commodity i

cles share of consumer’s demand for commodity i

Ccs shift parameter in totd consumption function

AK shift parameter in total investment function

iels, share of investment demand for commodity i

a coefficient in adjustment cost function

r rate of consumer’stime preference

d capital depreciation rate

b parameter in technologica bias function

g, eadticity of innovation-driven productivity growth wrt the investment rate
d, eadiaty of technology adoption wrt the trade share

I coefficient in labor augmenting technica progress function

ayl share of salestaxes going to the poor household

ay2 share of sales taxes going to the rich household

ay3 share of sdes taxes going to the capitdist household

byl share of import tariffs going to the poor household

by2 share of import tariffs going to the rich household

by3 share of import tariffs going to the capitdist household

m, share of tota consumption by household h going to good i

Exogenous variables

PVWM,
PWE,;
T

LD

Ap

atr

world import price for commodity i
world export price for commodity i
productivity level a the frontier
land supply
land augmenting technica progress
sdestax rate for commodity i
tariff rate for commodity i
nomina exchange rate

world market interest rate
exogenous growth rate for unskilled and skilled labor supply



g exogenous productivity growth

Lu, unskilled labor supply

S* semi-skilled labor supply

Ls skilled labor supply

Endogenous variables

X output of commodity i

Ki sector’s capital demand

L, efficient labor use

Lu, , sector’s unskilled labor demand

S, sector’ s semi-skilled labor demand
Ls, sector’ s skilled labor demand

D, good i produced and consumed domestically
M, imports of commodity i

CC, total absorption of composite good i

EX., exports of commodity i

TRADE, total trade

TC,, total consumer demand for good i
(O demand for good i from household h
E, total consumption expenditure

INT,, intermediate demand for good i

IVD,, investment demand for good i

TIVD,,, tota investment demand for industrial good (including adjustment cost)
[ investment in quantity

K, capital stock

ADJ, adjustment costs

Q, aggregate consumption
Y, total consumer income
Vi income household h
SAY, tota savings

GDP, GDP

FSAYV, trade deficit
DEBT, foreign debt

PV, value added price for commodity i

Wu, unskilled wage rate
Wse, semi-skilled wage rate

Ws skilled wage rate

W, rate of return to land
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RK, rate of return to capital
producer price for commodity i

P, Armington composite price for commodityi

PD,, price for D;

PM, import price for commodity i

PE; export price for commodity i
PI, unit cost of investment that builds up capita equipment
q, shadow price of capita

b, degree of biasin technica change

A, labor augmenting technical progress

Values of selected parametersand initial values of endogenous variables



Definition

Parameters

Share of capital in value added for traditional sector
Share of capital in value added for modem sector

Share of capital in value added for government services
Share of land in value added for traditional sector

Elasticity of substitution between different labor types
Distribution parameter in CES labor function, traditional sector

Distribution parameter in CES labor function, modern sector
Distribution parameter in CES labor function, services
Distribution parameter in CES labor function, traditional sector
Distribution parameter in CES labor function, modern sector
Distribution parameter in CES labor function, services

Parameter in technological biasfunction
Elasticity of innovation-driven growth w.r.t. investment

Elasticity of technology adoption w.r.t. trade

Parameter in technical progress function
Distribution parameter CET function traditional sector

Distribution parameter CET function modern sector
Distribution parameter Armington function traditional sector
Distribution parameter Armington function modern sector

Elasticity in Armington function
Elasticity in CET function

Coefficient in adjustment cost function
Time preference rate

Depreciation rate
Endogenousvariables

Marginal returnsto capital

Marginal product of capital
Derivative of adjustment cost w.r.t capital

Shadow price of capital
Adjustment cost per unit of investment

Unskilled wage rate
Semi-skilled wagerate
Skilled wage rate

Symboal in the
model

924
gZ,m

Value

0.29
0.55
0.32
0.14

0.31
0.17
0.34
031
0.36
0.37

0.05
0.3

0.7

1.07
0.67

0.75
0.24
0.32

261
0.092
0.04

0.19

0.18
-0.01

117
0.18

0.25
0.37
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