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Introduction

After the abolition of apartheid and the coming to power of the first democratic elected
government in 1994, South Africa could participate moravelgt in the international
community. One of the main macroeconomic policies of the new government was the
liberalisation of the trade regime&hich was until then very complexarti-exportbiased and
protectionist. In 1995 South Africa became a fongdmember of the World Trade
Organisation In addition the South African government becdmghly engaged in the Doha
Development Agenda. Moreover, a trade agreement with its major trading partner, i.e. the
European UniofEU), was signed after years of intensive negotiations in 1999. At the same
time the domestic economy got more exposed to international competition and especially the
upsurge of China aan exporting country should be naotén this context. The effect of ths

trade policy on théradeperformance of different industries is exciting indeed, because South
Africa is a semindustrialised country that inherited an industrial structure that was mainly
shaped by decades of apartheid industrial policy, creatingatagiensive industries and an

abundance dessskilled labour.

In general a policy of reciprocal trade liberalisation will result into a higher degree of trade
openness, due to increased imports and exports. On the industry level, however cieigrnot
what is going to happen. One possibility is that industries with a comparative advantage will
export more, whereas imports in other industries will increase and the production in these
industriesin turn decreases. If this is the case the tradectsire will be characterised by
specialisation, i.e. intandustry trade exists. Theoretic models that describe and explain this
phenomenon are the Ricardian and Hecks@tdn-Samuelson trade models. The
alternative is that in the same industries eétgand imports increase simultaneously. This
case is described by intnadustry trade.The theoretic explanation for this situation is based
on monopolistic competition between firms, e.g. ¢gman (1980) and Meltiz (2003)From

this consideration itsi crucial that the change the South African tradpattern over time is
deconstructed Whereas the first part of this paper consists of a descriptive analydis
provides the motivation for the theoretical mqdbee second part applies a thimensonal

HeckscheiOhlin-Samuelson trade model to explain greviouslyobserved trade structure.



Although theevolution of South African trade patteris already the subject of different
papers, e.g. Parr (2000) and Isemonger (2000), the extenstbe empirical part othis

paper is threeld. First of alla longer analysis period used In the empirical analysis a

time period of fourteen years (192806) is considered, a time period that could mete

been covered by older papers. Furthdre ttrade data are disaggregated for different trading
partners. In this way it is possible to consider different trends in the trade pattern Vidth the

and China. The last extension is tteployedanalysis method. Whereas earlier work used
different neasures, this paper develops a method that combines these measures. Through this
approach a consistent analysis method comes alitwat.principal finding of the first section

is the specialisation of the South African trade pattern with respect to thas &l as China

since its negotiated revolution.

In the second section the empirical results of the first section are explained by means of a neo
classical trade model. Due to the importance of the mining and quarrying industry for South
Africa’s tradebalance, an Hecksch@hlin-Sanuelson model seems appropriatdoreover,

the observed difference between trade with the EU and China underpins the necessity to
expand the twalimensional textbook model into a thiieetor, threegood, threecountry

model With respect to a muldlimensional Heckschédhlin-Samuelson trade theory the
academic discussion focussed for most on the generalisation of the price equalisation, the
HeckscheiOhlin, the SamuelseBtolper and the Rybczynski theorem, e.g. Samuelson
(1953), Chipman (1966 and 1969), Batra (1970), Jones and Scheinkman (1977), Chang
(1979), Takayama (1981) and Ethier (198Bue to the generality of these papers, they could
only be applied to descrildbe basic structure of the modeDne major problenn a multr
dimensional trade model is tmetion of factor intensitywhich was discussed by Jones and
Scheinkman (1977). This new notion of factor intensity will be picked up by this paper in the
discussion of the modelHoweverthe model, which is catructed this waydoes not allow

for the treatment of the factor endowment of and trade flows between courfthessfore

the theoretical parincludesthe concept of the endowment triangle and the triangles of
diversification(Leamer 1987jo establish a model that explains the trade patterns between the
considered countrigzased on their factor endowmefithis concept was developed by Lionel

W. McKenzie (1955) and discussed and applied by Leamer (1987@s and Marijit (1991)
andJonegq1992 2005.



South Africa’s trade structure

Trade data supplied by the South African Department for Trade and Industry (DTI 2007) form
the basis of the trade analysis. The main advantage of this approach is that these data a
available online and the results of this paper can thus be reconstructed without any
difficulties. In accordance with other researchers, e.g. Isemonger (2000) and Parr (2000), the
4-digit level of the HarmonigkSystem Classification is used agath class is regarded as
industry This approach will meet with criticism, but as other economists have pointed out, it

i s impossible to uniquely ddtrthenneoretGbRfigitasor r e c
from Statistics South Africa (200%yere usedo calculateannual import and export shares.

As a result a period between 1983 year before the first general democratic electiomd,

2006 is covered by the dat&oncerningrade partnergegional aggregatesme used To be
consistent over timehe Europearinion aggregate includeall 27 countriesthe member

states in 2006for the whole periodind besides China also Hong Kong, Macao and Taiwan
are part of the China aggregate. Since every sample contains at least thousanégndustri

which makes it impodisle to compare these industries at a glativefollowing sectorsare

used

Description HS-code Description HS-code
Animal and animal products 01000599 Textiles 50006399
Vegetable products 06001599 Footwear and headgear 64006799
Foodstuffs 16002499 Stone and glass 68007199
Mineral products 25002799 Metals 72008399
Chemicals and allied industries 28003899 Machinery and electrical 84008599
Plastics and rubbers 39004099 Transportatioh 86008999
Raw hides, skins, leather and fur§ 41004399 Miscellaneous 90009799
Wood and wood products 44004999 Servicé 98009999

Table 1: Sector aggregates
Source: Foreign Trade OnLine: 2007

To analyse the changed trade structure this pdeeelopsa newmethodas visualised in
Figure 1 This method is based upon earlier work of A. G. Isemonger (2000) and R. G. Parr

2 The name of this aggregate industgn be misleading, because it contains only industries of the

transportation equipment industry and not of the transport industry.

This industry aggregate contains only the classes 9801: Original equipment components for motorvehicles,
9991: Postal pamges, not classified and 9999: Household effects & code 999999 (mostly platinum) and
cannot be interpreted as services.
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(2000) combined with a Grubéloyd index of intraindustry trade (Grubel and Lloyd 1971)
The GrubelLloyd index (GL) of each industrycan be caldated for a reference yeawhich
is in this case the yed093 and is defined as:

GL. = Ki+M)—|Xi—Mi| _ 1 — XizMil
t Xi+M; Xi+M; '

The absolute difference between the imp@43 and exportgX) of industryi indicates the

level of interindustry trade, i.e. the exports of industrjat are not matched by the imports

of this industry and vice versa. This index is normalised by means of the value of overall
trade and the value of this index ranges betweeo aed one. The used eoff value to
distinguish between industries with an intndustry trade pattern and industries with an mter
industry trade structure is 0.65. Industries with an index value above tho#f sialue are
allocated to the intrandustry trade group. All other industriase regarded as industries with

an interindustry trade pattern, i.e. due to the usedotuvalue, industries Wich importat

leasttwice as much as they export or vice versa
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Figure 1. Analytic classification of industries

The next step is to distinguish in the inbedustry group between industries with
comparative advantage, i.e. a trade surusl, those witta comparative disadvantage. By
means of a Revealed Comparative Adeget index (RCA) it is possible to differentiate
between these two group#n order to keep the data volume as simple as possible, an RCA
index is used that does not require the collection of extra data. For this analysisiadRA

developed by Siebe(2000) was used. This index is defined as:

_ | Xi—M; _ X(X;i—M;) . 100
RCA; = [Xi+Mi Z(Xi+Mi)] 1-2iMy) -
T(x;+M;)




Corresponding to this notation, a competitive industry is an industry with a higher relative
level of net trade than the overall econgmyg. the RCAindex is positive Thus for the
reference year this method results in the constructitinreé different classes: industries with

a intraindustry trade patter(intra Industry), industries with an intendustry trade pattern

and a comparate advantagéinter. Adv), and industries with an inténdustry trade pattern

and a comparative disadvantdgeer. Disadv).

To analyse the structural evolution of these classes a measure developed by Brilhart (1994) is
applied. Although Brullhart (994) developed two indexes this paper only uses timeldx.

The basis othis B-indexis the increase or decrease of trade flows between the reference year
and the end year, in this case 200®e indicator is defined as:

_ AX—AM;
E|ax+lAM|”

The Brulhart measure constructs three classes, namely specialisation intindunstay
change and specialisation out of. All industries with export growing substantially faster than
imports are allocated to the specialisation into class, whereas opplosite case, they are
listed in the specialisation out of clas®©nce again, the cutff value is 0.65 and0.65,
respectively. The intraindustry change class contains all industries for which imports and
exports changed similgrover time. Using tis technique all industries can be allechto

one of the nine classes.

Before going into detailith respect to trade relations with the EU and Chieaoverall trade
characteristics of Sah Africa arediscussed. In 199the overall GrubellLloyd index was

26.73 i.e. roughly27% of total trade could be defined as inindustry trade. On the
disaggregated industry levatound 17% of all industries hadtra-industry trade patterns,
whereadess than one thirdf the remainig 83%hada positivetrade balance.In 1993the

main exports originated withaddudthseo fasrntd ntehean
sectos. Simultaneouslynanypr oduct s wer e i mported from the
the fAplastics and irounbobearmsd,t e e dii @mincsglog t a
sectors. The overall trade balance wpssitivewith Rand14.05billion. This was the result

of exports in value of RanB.89 billion combined with imports that amounted to R&%d84

billion.
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Figure 2: South African export and import shares over time
Source: Own calculations based on DFdata (2007) and Statistics South Africa (2007)

Figure 2 shows the evolution of the export and import shares starting in 1993 until 2006. This
line graph indicates the opening up of the South African economy. Whereas in 1993 the
export and import share were both below 10%, they steadily increased, except for the year
2003, and reacha@spectivelya value of 33.85% angb.70% in 2006.

This opeimg up was mainly due to the reintegration of South Afri¢a tine global economy.

After the coming to power of the African National Congress (ANC) other countries suspended
their sanctions against South AfricaAt the same timethe new government acgly
negotiated trade agreements, e.g. the South African membership in the World Trade
Organisation and the bilateral trade agreement with the EU, the Trade, Development and

Cooperation Agreement.

In 2006 the export value amounted to Rand 396.48 billidrereas products in worth of
465.04 were importedThe GrubelLloyd index increased to 30.59, but the trade structure did
not change much. The main exports were still coal, briquettes;rnde oil, diamonds, gold,
platinum and ferralloys. Imports wes still composed of manufactures. During this period,
however, the import of fuel (e.g. crude oil and coal) increasednasdresponsible for the

trade deficit of théi mi ner al aggregatel uct s 0

What can be said about the trade pattern with the EU and about that with @Witha2spect
to trade relations with the EU SoutHrida was a net importer in 1993Moreover, the EU

was South Africa’s biggest trading partneékround 2346 of all exports wet into, wtereas
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42% of al | i mports originated (%400omall expoets tdc U . T
theEU) t he fAmin0.&Ph), ptrivel uid $ 5 aIB48%aanndd ¢gtlhaes sfidomet a
(1158%) sectors were the aggregates with the highgporé shares, whereabe import
shares of the Achemi ¢IBH , arnd ealilmaedi nedystar
(34.63%) and t he n126&o0n segarsrwera the bigheésiTh(s trade pattern

resulted in an overall Grub&loyd index 0f19.84, i.e. around one fifth of total trade with the

EU was intraindustry trade

If one applies the analysis method described alspexialisation is observable. Of all
industriesA3% had a trade deficit in 19@®dwithin the observed period specialisation out of
occurred. Mo st of these industries coul d be fou
industrieso, t he fAmetal so, the fAmachinery a
Simultaneouslyaround %6 of all indwstries displayed intendustry trade with a trade surplus

that increased during this periodf hi s trend was observed main
product so, the Aminer al proGoacctsesoniamg tthhe
group, specialisatiminto was linked witlraw materialswhereas specialisation out of could

be observed for productsf more complexity Due to these observed changes it is not
surprising that the Grublloyd index changed little and had a value of 19.71 in 2066he

same year the EU absorbed 31.87% of all South African exports and supplied 34.65% of its

imports.

With regard to China one can observe the increasing importance of this region during the
sample period. Whereas China v&ifl a net importer bSouth African products in 1993

since 1994 the trade balane@sin permanent deficit. In 1993 6.066 of South African

exports went to China and China supplié826 of South Africa’s imports. Over time the

export share remained nearly constaut,South Africa olained 12.23% of its imports from

China in 2006.The GribelLloyd index of the year 1993 wast2, a very low figure indeed,
meaning that only a fraction (4.62%) of trade with China was characterised by an intra
industry patternl n t hi s year the main exports mainly
productso (20. 05 %) %payggregdtes, evhefeasanmparis sonstitftet! bf. 0 7
Atextileso (20. 75%) and Amachi Duwingythe peniadl el ec
1992-2006 79.40% of all industries specialised out of, whereas specialisation into took place

in around 13% of all industries. An increase of comparative disadvantageous industries
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happened in all aggregates. The main specialisation into occurred within thmi ner al
productso, the Achemicals and allied industr
surprising that the Grubélloyd index even decreased and was 3.27 in 2006.
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Figure 3: The distribution of comparative advantages for
the total economy and some selected industri@sthe years 1993 and 2006.
Source: Own calculations based on DFtata (2007)

Further evidence for thetatementhat the South African trade structussmained specialised

over the considered time pericshown in Figure 3This figure displays the distribution of
comparative advantages and disadvantages for the whole economy and for some selected
industries for the years 1993 and 2006. Althougls ipossible to distinguish between
industries with a positive and a negative RZ#lue this approach would attach to each
industry the same weight, i.an industry with a very small comparative advantage and thus



characterised by intrendustry trade woul have the same weight as an industry with a big
comparative advantage. Therefore-cfitvalues for the RCAs were calculated in such a way

that only industries which were previously defined as industries with animakestry trade

pattern can have a emparative advantage or disadvantage. Industries with animanatry

trade structure are thus defined in Figure 3 as neu@akrall the structure did not change

mu c h, except for the fAchemicals and allied
Within the fAchemicals and allied industries
comparative advantage increased with four percent points, simultaneously the percentage of
neutr al i ndustries increased wothettoere eprpece
between 1993 and 2006 a surge in industries with animdiestry trade pattern. They more

than doubled their percentage, whereas the share of the two other groups decreased with
around ten percent points. This remarkable changeoisably attributable to the effects of

the Motor Industry Development Program.

In conclusion South Africa’s economy opened up for global markets and partidip#tec
anda clear specialisation took place. Its trade structure got more specialisethe one
hand,South Africaremained mainly a supplier of mining and quarrying products as well as of
products of the basic iron and steel industri@n the other handmportsoriginatedin the
Amachi ner y aector anel btleecnanufactiadsch as chemicals (EU) and textiles
(China). Wi t hi n t he f ma c haggnegatémpors froin Eerdpe andl China aael 0
partly overlapping. Both country groups supplied South Africa with office machines, and

telecommunication conswengoods, e.gelephone sets.

At this point it will show to be interesting to considdsothe production structure of these
exports and importslf these products use different production factors more intensively, this

is a clear indication for comparative advantages described by the Heekddhertrade
model. Therefore, the classification of Edwards (2QQghich compares capitédbour ratios,

is included. According to this classification both electrical and sbectrical machinery, as

well as textiles are allocated to the labotensive sector. Chemicals are consideraguital
intensive products, whereas mining and quarrying are regasdpdmary products for which

no information concerning factor intensity is giveHowever, iron and steel, and néarrous

metal basic industries are assigned to be capital intensive industries. Furthermore, it is

possible to distinguish between lownd hightechnology manufacturely means of the

10



classification used by Lall (2000), whiaiarks for exampletextiles and metals as lew
technology manufactures and identifies office and telecommunication equipment as high
technology products Table 2 visuases a classification matrix which makes use of both
classifications and in which most aggregate industries are allocated. Although the aggregates
Aani mal and ani mal product so, Aveget abl e pr
based groups, they indy comprise primary products and cannot be included in the matrix.

At t he t he

same ti me Aimi scel | amedocansherefaend A s

not be attributed to a specific class.

Technological Classification (Lall 2000: 341)
Medium .

Resourcebased Low-technology technology High-technology
" Capital- Metals (basic Chemicals and
'c% intensive industries) allied industries
_% Intermediate- Foodstuffs
in} - .caplta}l- Stone and glass Transportation
£ intensive .
® o Labour- . Textiles Machinery and Machinery and
== intensive Plastics and rubber Metals (products) electrical electrical
@ & P (electronics)
< Raw hides, skins,
g Ultra -labour- Wood and wood | leather and furs
'(% intensive products Footwear and

headgear

Table 2: Classification matrix

Based on this classification matrix a remarkable difference between South African exports
and imports can be establishe@ne can claim that the EU sulppd predominantlymedium

and high-technology manufactureswhose production iBbour or capitatintensive whereas
China focussed more dabourintensive,low- and mediurrtechnologyconsumer goods

South Africa exports primaryesourcebased manufactures such @®ducts of the mining

and quarrying industries and leichnology capitaintensive manufacturesThese findings

lead to the question whether it is possible to model these trade flows theorégegihg
account with thedifferent production methods a@fmports and exports. Such a theoretical

model is the topic of the following sections.

*  With respect to the higtechnology manufactures imports originating from China, these products are

probably assembled in China, bthe hightechnology parts of these products originate from more
industrialised countries.
11



The basic structure of the model

The results of the former section show unambiguously, thabrderto model the South
African trade patterra theoretical frameworthat explains intemdustry tradehas to be used

Taking a closer look at the purestiry of international trade thiseans that either a Ricardian

trade model or an Hecksch@hlin trade modelvould be appropriate Whereas in the first

model comparative advantages of industries exist due to differencéne production
technology, in the latter model these advantages are caused by different factor endowments.
This paper opts for an ldkscherOhlin approach basesh three arguments. First of all the
mining and quarrying industries are South Africa’s major exporters. The rich soil and the
endowment with natural resources shaped doubtlessly South Africa’s trade pattern. Secondly
it seems rather awkward ihme faceof a globalised world and the historical link between
South Africa and the EU to assume different production technigbeslly this paper also

wants to incorporate the use of different production factors, e.g. skilledeasdkilled

labour.

Regardiny these production factors it seems necessary to consider three different production
factors. Besides the distinction betwéessskilled (L) and skilled laboufH), capitallinked

to the cluster of industries within the mining and quarrying indusfikigss also considered.

This approach is justified by the claim that these indusb@&smmemore and more capital

intensive, because of tlecreasingdepths where minerals are extracted.

Although there is some overlapping between the South Afiidandthe South AfricaChina
trade pattern, these countries cannot be treated as one economic region, i.e-ofrheest
world. Hence the model will establish trade relations between do@eomiesSouth Africa
as an exporter of mining and quarrying praduche EU as a supplier of skilled labour
intensive goods and China as an exportéesgskilled labour intensive products

Baseal upon the paper by Paul A. Sadson (1953) the two dimensional Hecksckadrlin

trade model can be expanded ttheeedimensional trade modelAdditional assumptions in

line with other mathematical trade models have to be made. First of all, the three countries
produce a positive amount of three different goods in both the autarkic and tteadeee
situation. Moreover, the production of these three goods requirepdsiéive input of three

12



production factors and each country uses the same production techimidaependent of its
factor endowment the production within a country can be written as:

X; = X'(K;,L;, H;) andi € {1,2,3} orits unit isoquant

I=Xi(ky 1, hy) with k; = ’;— I, = Zandh; = &,
For the mathematical model the following notation is usgds the amount of capital,; is
the amount of lesskilled labour andH; is the amount of skilled labour used in industry
Each industry has a certain positive amount of outpuaind the coefficients of production of
the same industry ate |; andh,. The production function of industiys notated a¥X'. The

price of a good produced by industng given byp; andwyk, w. andwy are the factor prices.

The production techniques are characterised by constant returns to scale, i.e. homogeneous
production functions of the first orderThese production fugtions are smooth, i.e. the

assumption of diminishing margin@turns for each factor.

ax?

9% >0and ‘<0and7>0and l<0

oK;

ax? 9
>0and X‘ <0 X‘

On the goods as well as the factor markets perfect competition is assMvitbdrespect to
the consumers the assumption is made that they have the same utility funcpartjcular
homothetic tastes.

8Xi(kl-,ll-,hl-) _ 8Xi(ki,li,hi)
0K; LT R dL;

8X"(kl~,li,hl~)

and wy = p; o1,

Wk = Pi
Within a country factors can move freely between industries and will favour the indugtry wit

the highest wage. Due to taesumption of perfect competition, the marginal productivity of

eachfactor will equalise between the industries
Another consequence of this assumption is that none of the industries anglgeire profit,

they just break even. This zepoofit condition is described by following equation:

Pi = kiWK + liWL + hiWH'

13



With respect to the consumption side, the demand for goods is given as a function of factor

and goods prices

XL' = Di(pli P2, D3, Wk, WLrWH)

If one assumes inelastic factor supply, fdaetor endowmens constantaind can be written as:
K=K L=LH=H.

In the autarkic situation production equals consumption and the national income is spent on
consumption or:

p1X1 + szz + p3X3 = WKK + WLZ + WHH.

It was shown by Takayama (1981) that tBis3-dimensional modeis solvable and has a
unique solution if the determinant of the coefficient matrix is bigger than Adnaler this
assumption the equation of good prices as a function of factor prices is invertible and the
global factor price equalisation theorem hold8his condition isassimed to befulfilled,
because each industry uses a different technology, i.e. input coefficients between industries
are not interrelatedFurthermore, the arrangemaesftthe industries is arbitraryTherefore it

has to hold that:

ki L hy
ky 1, hy|>0
ks 13 hs

Thus, using the general equilibrium theory, it is possible to describe the basics of the
developed model. The following section addresses the problem of factor intensity within this

model.

Factor intensity: a new approach

One major problem of describing possible outcomes for the above model is the notion of
factor intensity. Within a textbook 2x2x#o d e | afdpublé bilateral comparison is

involved, i.e. a ratio of two factors compared between two industries( J ones an
Scheinkman 1977: 912) From the moment on that three or more factors are involved in the

production of one good this notion of factor intensitgamfusing As pointed out by Jones

14



and Scheinkman (1977) tvemuivalentalternatives can be use@ne postility is the use of
the distributive share of a factad, i.e. the share of the product pripethat is used to
remunerate the factpr The distributive share of a factor is defined as:

_ kiWK _ liWL _ hiWH
Ok =—— 0 =—",0in =
pi pi

,0<9U<1and21911=1

L

Another approach is to define factor intensity by means of a comparison of the fraction of the

total supply of a factor employed in a specific industifyor by definition:
— kiXi

K; L H;
Ak ===y =7, g =75 and ;4 = 1.

If the work of Batra and Casas (1976) is included, the distributive share of a factor can be
reinterpretednto the elasticity of the goodjwice with respect to the change of that factor’s
price. In their paper the authors slealthat:

dp;

2 0ijw; = p; with w; = % andp; = L
J i

This equation can now be used to consider the change of only one factor price, e.g. capital.
The equation cathusbe rewritten into:

dw dp; Wk dw dp; dp;
By LK = iy WKEW) _ DBy g AP
Wk pi pi Wk pi dwg

If the equation fok; is now substituted in the equation of the share of the product price that is
used to remunerate capital, following equation is obtained:

dpl-

_ kwk _ dpiwk _ by _
9”(— i —dWKpi—d‘,V_KWIchjHU—land0<9ij<1.

WK

So the distributive share of a factor can be reinterpreted as the elasticity of the goods price

with respect to the change of the factor price.
After this preparatory work the idea of factor intensity can now drapteted. For this

purpose the distributive share of a factan the economy as whole, i.e. the share of the

national income that can be attributed to fagtes needed. The definition of this share is:
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K _ WKI?

a” = [ T 70
wgK+wiL+wyH
WLZ
al = ——A—— ,
wgK+wL+wyH
WHH
ol = ——H ,
wgK+wL+wyH
Yjal =1.

It is also possible to define tishare of the production value of indusiriy total production
as:
PiXi

ai=m with Zi(xi=1.

If the ratio of the distributive share of a facfowithin a specific industry is bigger than its
overall distributive share, this industry is said to use this factor intensiVéiig. ratio equals
the ratio of the fraction of the total supply of a factor employed in a specific industry with the

shareof the production valuef that specific industry. The ratio is given by following

equatlon:
5= U _ A
U o o’
k1WK K1WK
01k P1 X1p1
e.g. ZlK -_ aK -_ _ WKZ( _ -_ _ WKi_( _
WKK+WLL+WHH WKK+WLL+WHH
Ky 1 K1
— X1pP1 — K — Ak
K p1Xy a;
wgK+wy L+wyH p1X1+p2X2+p3X3

The index of intensities;;, can be ranked for each of the three industriaghose industries
where it is bigger than unity, it indicates that that specific industry uses the respective factor
intensivay.
Furthermore, it is clear that at least one intensity index per industry has to be bigger than
unity, because botl}; ; al =1 and};; 6;; = 1. Under the assumption that each industry only
uses one production factor intenswehe following arbitraryranking can be established:

Zig > 1> 2y, > 21y,

Zy > 1> 2z > 75

Zag > 1> 73 > 73, .

16



Based on this rankinghefollowing disequilibria have to hold:
Zig > 1> Zyk, 23k
Zy > 1> 245,23,

Zzy > 1> zyy,Zoy -

Note that based on thessequilibria eight different rankings of the intensity indexes are
possible. Dependent on the chosen ranking the static comparative analysis of a country in a
free-trade situation with respect to the autarkic equilibrium of this country will have ditfere

results. This topic will be further discussed in one of the following sections.

The mathematical solution of the above described model is, however, ambidimueyver,
as followingsectiors will show, the model is graphically solvable my means ottreepts
of the endowment triangle and the triangles of diversificatidie explanation of these
concepts is combined with a gradual introduction of the basitse mathematical modahd

empirical data.

Country positions within the endowment triande

Thus far this paper described an abstract model without making any assumptions concerning
the involved economies. This section corrects this shortcoming by means of a graphical

solution. Although the model could be graphically represented in adimemsional space,

it is possible to simplify it into a twdimensional problem. This is done by using the concept

of the endowment triangle. The remaining of this paper will construct such an endowment

triangle and integrate endowment and productiortorec The result of this exercise as

comprehensive, graphical model that explains trade flows between different countries.

To define the factor endowment of the countries, this paper uses the concept of the
endowment triangle, as describeg McKenzie (1955) and applidady Leamer (1987). The
endowment triangle displays the relative endowments with respect to three factors within a 2
dimensional spaceFigure 4helps to understand the concept of the endowment triangle and
the transformationfrom a threedimensional to a twalimensional space. A three
dimensional factor space is based upon three orthogonal axesiepaebenting a specific
factor. Through this representation each factor endowment is represented by-a three
17



dimensional vecto If, however, a plane is constructed in the thidmeensional factor space
that intersects all three axes. a plane in the positive orthatwo-dimensional vectors can
beused as endowment vectors.

A

),1)

Figure 4: The construction of an endowment triangle

The transformation is conducted in the following way. First of allaagis constructed, in
Figure 4this plane is defined by the points (1,0,0), (0,1,0) and (0,0This plane is our
endowment triangle.Furthermore, one of theseipts will become the new origin, in this
case the point (1,0,0) will function as origin. Combining the new origin with the remaining

points, two vectors can be constructedandv,, which results in this case in:

o~ (300
o (3)-6-)

The three vertices of the endowment triangle can now be rewritten into:

1

(1,0,0) = <o) +0-7;40-7, = (0,0),
0
1

(0,1,0) = <0) +1-v7+0-v; =(1,0),
0
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1
(0,0,1) = <O) +0-v;+1-v, =(0,1).
0

Every line defined by the original origin of the thh@dienensional faar space and a three
dimensional endowment point, e.g.1(lH;, Ki), will intersect the endowment triangle in a
specific point. Moreover, each point on this line will have the same ratios of factors. The
point of intersection will now be used to repraséme original threalimensional factor

endowment and is defined as:

L, 1
(Hl)X = (0)+a-v_£+ﬁ-72= (@, B),

K; 0
HX =«
K1X=ﬁ

Due to the introduced vector notation, it is thus possible to simplify the three dimensional
space to a two dimensional ondzach corner of theendowmenttriangle represents one
production factorAmai n f eature of thi sveryengowmresteont at i on
on a straight line emanating from one corner of the triangle has the same ratio of the other

two factorso (Leamer 1987 : Taié vill be showngby meahs ofithea |l i ¢ s

representation of point (LHi, K1) in the endowment triagie of Figure 5

K
0.1)

Figure 5: Endowment triangle
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Poi nt C, ( U, is tie)two dimensioRal rgpresentatién of the three dimensional

point (Li, Hi, Ki). The ratio of L and K in this point is given by the distance BC, which

equat b, rel ati v e, whia equaisel) daiss tlaonncge aBsD t he endov
an equilateral triangle, and can be obtained by following calculation:

B _ KX =
1—a_1—H1X’W'th1_X(L1+H1+K1)’

B Ky

1—6( o L1+K1.

It is easy to see that ayepoint on the AHiine has the same ratio of L and K as point C.
Using the same technique, it is straightforward that the other ratios for point C are:

a _ H
1-f  Ly+H;'
B Ky

This concept is now applied on a theoretical world of threett@s and three production
factors. By means of scaling would be possible to position the total endowment of the
three countries, i.e. the workkhdowmentin the middle of the endowment triangle. The
endowment of the world with capitdéssskilledlabour and skilled labour can now be plotted

in the endowment triangle. The relative endowments of the wagldhe K/(H+K), L/(K+L)

and H/(L+H) ratos, are represented in Figureb§ the points A, B and C, respectively.
Furthermore, the dashed di& emanating from the three vertices divide the endowment
triangle irto six regions with different basic features. Because the interpretation for each
region is straight forward, only the endowment relationship between region 1 and the
representative wadl will be discussed. The interpretation of the other regions is left to the
reader. All countries with a factor endowment point within region 1 have a higher
endowment ratio for K/(H+K) than the world, because each possible line that emanates from
the L-corner and that goes through region 1 cuts thé-lihe in a point closer to K than point

A. The same is true with respect to thediner, the KL-line and point B, i.e. all countries

in region 1 have a higher K/(L+K) ratio than the world. It is alssilaoticed that all lines

that connect points within region 1 with theddrner cut the tH-line somewhere between

point C and H, which implies a higher H/(L+H) ratio than the world for region 1.
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c

Figure 6: Regions in the adowment triangle

Due to the fact that the emphasis of this paper lies on explaining trade between South Africa
(ZAF), the European Union (EU) and China (CH), the basic assumptions concerning the
factor endowment of these countries shouldrzgle explicit As already mentioned above,

the three production factors considered kassskilled labour (L), skilled labour (H) and
capital bound to the Mineranergy Complex (K). Moreover, the world (W) consists only

of the three economies already mentionegec8ic assumptions about factor endowment are

given by following disequilibria:
(>0 >0 >0
O >0 >0 >0
O >0 >0 0"
These disequilibria can be rewritten into:
) >G> G G
) >G>
R G B G R G

This rewriting is based updhefollowing property:

\Y
/N
$|x
=
[

Q
T
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a c

b d
= ad > bc

= ad + ac > bc + ac
c+d b+a
=

>
c a
a c
b+a = c+d’

A possible endowment situation of the threerdoies is displayed in Figure 1n this figure
South Africa is the country with the highest capgkilled labour ratio, which is higher as the
world endowment. Also the capiskilled labour atio of China is higher than the world ratio
and only the EU has a lower ratio, due to its rich endowment with skilled lalbduma is the
country with the highest leskilled labour ratio, both with respect to capital and skilled
labour. Both the EUrad South Africa have a leskilled labourskilled labour ratio higher
than the world ratio, with the highest ratio of the EU.

Figure 7: Model specific endowment triangle

The next section will use the same concept ofetdowment triangle to include the relative

factor intensities of the industries into the model.
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Production technology and the triangles of diversification

To analyse the relative factor intensities within an industry the industry input vectors, i.e. the
relative ratios of the three production factors used in one industry, are plotted in the
endowment trianglelt should be clear from the theoretical diséossof the model, that the
exact position of the input vectors is determined by the factor prices. But before going into
the model specifics, the notion of endowment triangles must be discussed. Assume that the
input vectors of three industriese knowrthen these vectors can be drawn in the endowment
triangle. As pointed out by Leamer (1987) it is now possible to divide the endowment
triangle into triangles by connecting the vertices of the triangle and the input vectors with
each other. The resultingangles are called the triangles of diversification. Although there
are alternative ways to establish the triangles of diversification, due to the influence of good
and factor prices on therocedureof linear programmingthis isof no further relevace for

this paper as the discussion of Fig8mill show.

Figure 8: Triangles of diversification

Figure 7shows one possible set of triangles of diversification based upon three industry input
vectors Ki, X, and Xs)®. Notwithstanding the fact that the endowment triangle comprises
seven different triangles of diversification, it is sufficient to discuss only three of them. If a

country’s endowment vector lies within the diversification triangle A, no factor is radtind

5 Note that all indstries make use of all factors.
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and all three industries produce a positive amount of their respective commodity. Countries
with an endowment vector in region B produce only goods from industry 2 and both skilled
andlessskilled labour are redundant. Countries in triangle C predymods from industry 1

and industry 2 and only skilled labour is a redundant production factor. For this paper only
region A is of further interest, because the assumption was made that each country produces
goods from each industry. Moreover, althoutjfferent ways are thinkable to divide the
endowment triangle in triangles of diversification, triangle A will always remain the same.
Concerning the factor returns one should note that within each triangle of diversification the
remuneration of factorsiivbe the same, whereas between different triangles differences will

occur.

The above described characteristics of the triangles of diversification result from the
application of linear programming on the model. By means of linear programtimeng
following function can be maximised:

p1X1 + P2 X + p3Xs.

This maximising problem is subject of constraints, already discussed in the model:
kX + kX, + kX3 < K,
LX; + 1LX, + 15X3 < L,
hyX{ + h X, + hsX3 < H,
X; =0.

Using the simplex algorithm theotlyese constraints can be rewritten as equations:

k, k, ks s 0 0 X K
L I, I3 0 s, 0])-[73|=/(¢L] orinmatrix notion,

h, h, hy 0 0 s; il

c-X=V.

The variabless;, s, ands; are slack variables, i.e. they represent the input vectors of some
activities hat do not produce any output. TherefieXs andXs represent slack factors, i.e.

factors that are unemployed.
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A basic solution of this problem can be written as:
XB=B"1.v.

Moreover, the B matrix is a 3x3 dimensional matrix with elements defigadthe C matrix.
Values of X, i.e. factors, are zero, if their correspondiolgnm in the C matrix is not used to
establish the B matrixIf an optimal solution for a given endowment point combines thus the
first, the secondast and the last columns of the C matrix to extract the B matrix, then only
products of industry 1 will be produced dedsskilled as well as skilled labour will hgartly
unemployed. Another country for which the endowment point has an optimal solution that
includes the first three columns of the C matwkl have no abundant factors and will
produce the three different good8ased upon the optimal solution o&thnear programming
problem it is possible to divide the endowment triangle into triangles of diversification. Note
that the slack factors are represented by the vertices of the endowment triangle. Furthermore,
endowment points in the same triangle nfedsification have the same optimal solution, i.e.

the solution involves the same activities.

Within this framework of the diversification triangle, as stated in the above setti®on,
assumed factor intensitiesan be integrated. Based uponsthassunptions, the factor
intensities of the three industries can be written as:

Industry 1 Industry 2 Industry 3

Zik > 1>z, >21y 2y > 1> 2y > 2y Zzg > 1> 23 > 73,

Mg > Ay > Ay Ao > Aoy > Ak Asg > Az > A3y,
K, (K\" L, (L\" Hy (H\"
PO e B
L, ~\L H, \H K; ~ \K
K, (K\"W L, (L\" Hy (H\"
e e 0
H, ” \H K,  \K Ly ~ \L
Ly (LY H, (H\" K: (K\"W
26 eE 20
H, ” \H K, ~ \K Ly~ \L

This information is enough to know that the input vectors of industry 1, 2 and 3 lie in the
regions 6, 4 and 8f Figure 6respectively. This informationan now be included into the

further analysi®f trade flows between the three countries.
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Trade flows between open economies

Figure8 combines the endowment triangle with the diversification triangle A from the above
section. Due to the assumption thraeach country the output of each industry is positive, the
diversification triangle comprises the endowment points of all countries. Thus, it is also
known that the remuneration of one factor is the saamess countrieswhich also implies

that all indviduals face the same commodity prices. These results, combined with the
assumption of homothetic consumer taste, mean that consumption at theemaoigment

point is representative for the three countries and by comparison it is possible to define

expots and imports.

Figure 9: A 3x3x3 trade model

In Figure9 three lines A, B and C emanate from the world endowment point. Each of these
lines describes the shortest distance between the endowment point and one leg of the
diversification triangle. These distances are indicators for the consumption of the epposit
good, e.g. line A is an indicator for the consumption of good 3, and can be compared with
other distance lines (e.g. B or C) to get a notion of the relative consumption. These
Arycentric cod98d978)adnealsotde iitérpetethasrirdars for world
production, because the world is a closed system where production equals consumption. This
allows for comparison of the barycentric coordinates of the world witketlioom each
individual country. By doing soexports and importsanuniquely be defined. For industry 3

the world production is given by the distance A, which is also the distance between a line that
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runs parallel with theX;-Xs-line through the world endowment point and theKHeg.
Countries between these two lines prodretatively less of good 2 and therefore import this
good, whereas countries with an endowment point clos¥p &xport this good.Underthe

made assumptions, it should be clear that South Africa and the EU are importers of
commodity X,, the good with aelative lessskilled labour intensive production, and China
would be the supplier of this product. Furthermore South Africa and China import the skilled
labour intensive good from the EU, and South Africa exportgtues that use the capital

linked tomining and closely linked activities intensivetyboth the EU and China.

Concluding remarks

In generalthe examination of the South African trade structure over itk respect to the

EU and Chinamade it clear that South Africa was mainlgwpplier of minerals, metals and
other natural resources. Simultaneously, it imported chemicals and capital goods from the EU
and consumer goods such as textiles and telecommunication equipment from China. During
the observed period specialisation was ttominant trend within the South African trade

structure and this resulted in the low level of iatrdustry trade.

From a theoretic point of view, it was rather clear tthas trade pattern could best be
described by means of an Hecksetdilin-Samueton trade model. The theoretibasis for

this model was based upon earlier literatewacerning multdimensional trade models and
was combined with the concept of the endowment triandlkis approach allowed for a

analysis of the trade flows betweitre considered countries.

As the attentive reader will have noticed, there are still some problems to be solved. First of
all, the input vectors of production, which are used to draw the diversification triangle, arrive
actually out of the blue, i.awithout any further discussion. Thexact position of thee
vectors, however, still nesdnore theoretic justification. Another topic for further research is
the change of output within an economy as it changes its autarkic regime into free trade, i.e.

comparative statics.

The title of this paper refers to the fact tbgtmeans of the endowment triangle it is possible

to make statements about trade flows, representing the dial of a clock. At the same time these
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trade flows result from the applicationf @ general equilibrium modelin which all
components of an economy are tightly intertwined and influence each other. If one
component is changed, it will influence the overall equilibrium. These multidimensional and

reciprocal interactions can remindnseone othe wheels o& (mechanical) clockwork.
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