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The World Rubber Economy
Structure, Changes, and Prospects





I

Introduction and Summary

After twenty-five years of profound but relative]v orderly
structural changes, caused for the most part by technological evolu-
tion, the world rubber economy has been subjected in the past fcw
years to severe exogenous shocks: first thc oil crisis and then a deep
economic recession in industrializecd countries. The supply of rubber
has been affected directly and indirectlv by the quadrupled rzal prices
of oil, which have changed the cost: structures of both synthetic and
natural rubbers.' The demand for rubber has been affected by the
economic recession in industrialized countries, which ha5 severely
dampened the growth optimism of the rubber industry.2 For the first
time in more than two decades, there are serious doubts obout the
future of this industry, which depends so heavily on the growth of
the automotive sector.3

The World Rubber Economy from 1945 to 1973

From the end of WTorld War II to 1973 the growth of the world
rubber economy was rapid, but relatively steadv and orderly. Pro-
found structural changes resulted mostly from technological evolu-
tion. Synthetic rubber (SR), wvhich was developed under wartime
needs, not only continued to bc produced in increasing quantities,
but gained a predominant position in the world market, dissolving

1. Throughout this study, where not otherwise qualified, the terms "rubber"
and "elastomer" imply both natural and synthetic rubbers.

2. Developed countries use about 70 pcrcent of all the rubber in the world.
3. Over 65 percent of all nibber produced in the world is directly used by the

automotive industry in tires and in other automotive parts, such as boses, belts,
strips, bumper parts, seat cushions, and mounts.

3



4 THE WORLD RUBBER ECONOIMY

the near-monopoly position continuously enjoyed by natural rubber
(NR) in the first half of the 1900s. Production of synthetic elastomers
became more and more diversified in terms of kinds, geographical
location, and product performance. Forward integration bv petro-
chemical producers and backward integration bv tire manufacturers
also became a prevalent characteristic of the production process.

The consumptioin of rubber grew also. The extremelv rapid growth
of the use of motor vehicles in \VeCstern Europe and Japan, coupled
witl the continuous expansion of automotive production and use in
North America (where levels were already comparativelv high) created
a strong and steady demand for elastomers. Nonautomotive elastomer
demand also increased rapidly, following closely the fast expansion
in world production of other industrial and consumer goods in which
rubber was used. Between 1948 and 1973 total consumption of
elastomers increased 6.3 percent a year.

The \World Rubber Economv since the Oil Crisis

In 1973 the world rubber cconomy suffered its first severe exogenous
shock: the oil crisis and subsequent sharp rise in crude oil prices. For
an industry whose major component-SR-depends so heavilv on
petroclhenmical feedstocks, the sudden drastic increase in crude oil
prices in 1973-74 represented a major change in cost structures and
production economics. The other component of the industrv-NR-
was less affected directly, but wvas still subject to all the indircct
effects of the oil crisis: acceleration of world inflation, changes in
consumer expectations, and rising doubts about the long-term future
of world clastomer demand in the energv-intensive automotivc sector.

InI 1974-75 the serious economic recession that affected the indus-
trialized countries deepcned the already existing doubts concerning
the long-term future of the rubber industry. Industrial productioin
in general and the output of the automotive industrv in particular
fell drastically, and so did world dcmand for elastomcrs. The growth
optimism that lhad long charactcrizcd the world rubber cconomiv
received another serious jolt. In 1978-79 the price of crude oil again
increased sharply in rcal tcrms, bringing the cumulative increase since
1973 to more than 400 percent. Actual investmcnts and IICw inivcst-
mcnt planning in the svnthetic rubber sector have come virtually to
a halt outside the centrally planned economies. TFhe industrv forc-
casts emerging in the second half of the 1970s clearly show the



INTRODUCTION AND SUMMARY 5

underlying pessimism regarding future growth of demand for elas-
tomers. This pessimism has been created both by the expected low
growth in world economic activity and by the expected medium-to-
long-term decrease in the demand for elastomers, becat se of in-
creasing use of smaller and lighter vehicles and of longer-wearing
radial tires and because of the decreasing use of private transport.

Increased Production Costs
of Natural and Synthetic Rubbers

The sharp rise in crude oil prices in 1973-74 affected th2 produc-
tion Cost of SR much more than that of NR. The production cost of
SR depends heavily (as much as 70 percent of the total) on the costs
of chemical feedstocks and energy inputs (such as steam and elee-
tricitv), which are closely related to the costs of oil and gas. Be-
tween 1973 and 1975 the cost of the basic chemical monomers used
in synthetic rubber production-stvrene, butadiene, and isoprene-
and of other chemical and energy inputs more than doubled. In
addition, labor and overhead costs also increased substantially. As a
result, the average total direct cost of producing general purpose SR

from existing facilities increased by an estimated 75 to 100 percent in
all major industrialized countries.

The dircct effcet of the oil price change on the production cost of
NR was relatively small (an increase of less than 10 percexit), since
energy-related inputs account for only about 15 percent of the total
cost of producing NR from existing trees. If the change in labor cost,
whbich accounts for about 55 percent of the total cost of ?roducing
NR from trees already in the ground, is also considered, the tDtal effect
was large, but still less than one-hlalf of that experienced by gcneral
purpose SR.

In Malaysia, the country for wvhich the most accuratc :ost com-
parisons before and after the oil crisis could be made, the average
direct cost of producing NR increased by onlv about 30 percent be-
tween 1971 and 1974, measured in terms of the local currency.
Moreover, even this relatively modest increasc ovcrstates the full
effect of the oil crisis on the cost of producing NR, since it was largelv
due to higher labor cost, xvhich in MIalaysia is at least in p rt rclatcd
to rubber market prices. Measurecl in U.S. dollars, the overall cost
incrcase between 1971 and 1974 was about 70 perccnt. caused by the
strong appreciation of the Malaysian dollar during this period.
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The long-term cost competitiveness of NR appears to have been
strengthened even further by the recent drastic change in enlergy
prices. It is estimated, for example, that to have invested profitably
in styrene-butadiene rubber (SBR) production in Wcstern Europe in
1977, the industry would have needed future expected real prices of
at least about 40¢ per pound, whereas investments in NR in Malaysia
at the same level of profitability would havc required an cxpected
future real price of about 35¢ per pound, c.i.f. The relative profit-
ability of natural rubber investmcnts would have bccn even greater
in relation to other kinds of SR, such as polyisoprene. The 40 pcrcent
increase in the real price of oil between 1977 and 1979 added at
least another 5¢ per pound to the future expected price necessary to
invest profitably' in SBR. The crude oil price increases expccted in the
1980s will further improve the long-run competitiveness of NR.

Future Growth of Demand for Rubber

Changcs in consumer preferences together with technological changes
are likelv to slow down the future growtth of world elastomer de-
mand. Thc results of forecasting cxercises bascd on both a modified
regional income clasticity framework, and on a more disaggregated
end-use demand model for the developed countries (which account
for about 70 percent of the world market for elastomers) clearly
point to this conclusioni. Under WXSorld Bank assumptions concerning
the future growth of the world economy, world demand for elastomers
can be expectcd to grow an average of 5 to 5.5 percent a year between
1976 and 1990, whiclh is at about 1 percent a year below the historical
rate.

'IliPs slowdown in the expected future growth of rubber demand is
likely to be stronger in developed countries, where the major struc-
tural chaniges in demand are expected to occur and where rubber
usc is already high, than in the centrally planncd economies, whcre
the elasticity of demanid for rubbcr with rcspect to income and
industrial production is higher and where, given the relatively low
levels of rubber use, strong growth is expected in the future. Rubber
consumption is also expected to continue to expand in dcveloping
countries, particularly in high-inicome developing countries where the
use of motor vehicles is increasing.

Despite the expected slower growth of elastomer demand com-
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pared wvith the performance of the past twenty-five years, the world
rubber economy is still facing relatively favorable overall prospects
which should leave to both the natural and synthetic rubber sectors
ample scope for future expansion. Particularly from the standpoint
of natural rubber producers, a potential export market for c primary
commodity that is expected to expand at about 5 percent a year pre-
sents a rather uncommon opportunity for future growth.

Prospects for Growth in the Synthetic Rubber Industry

In the synthetic rubber sector, the scope for future productivity
gains appears to be limited. Outside the field of specialty rubbers,
technological innovations in production and economies of scale,
which were the major factors behind the exceptionally fast growth of
general-purpose rubbers in the post-war period, appear to have run
much of their course. Their future effect is likely to be rnuch less
strong than in the 1950s and 1960s, although by no means negligible.
The synthetic rubber industry outside the centrally planned econo-
mies is reaching a mature stage where emphasis is likely to be on
rationalization, consolidation, and more planned growth. Inside the
centrally planned economies strong expansion will be pursued for
self-sufficiency, almost irrespective of any other consideration.

Apart from serious economic constraints to further rapid growth
represented by the high and possibly rising real cost of energy, the
svnthetic rubber industrv will have to face greater uncertaiuities con-
cerning the availability and prices of chemical feedstocks and mount-
ing pressures over environmental and health issues.

Prospects for Growth in the Natural Rubber Inciustrv

The natural rubber industry is in a favorable position to take ad-
vantage of the present good market opportunities. Although still
faced with difficult problems connected with its diversity, fragmenta-
tion, and location, the natural rubber industrv is just emerging from
a period of profound internal transformation and rationalization.
The benefits of the long-term research and development efforts pur-
sued vigorously during the past twenty years and of the increased use
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of technical innovations in production and processing (such as high
yield varieties of trees, chemical stimulation, crumb rubber, and
technically specified and specialty rubbers) are still to be fully reaped
by the industry.

Productivity increases of enormous proportions can be achieved
over the next thirty years by diffusion of existing tree breeding and
selection technologies. By using chemical stimulants, vields of exist-
ing low-yielding trees can be substantially increased, the escalating
labor costs can be contained, and the responsiveness of supply to
changing market price conditions can be enhanced.

Despite the solid premises for a period of strong expansion of the
world natural rubber economy during the next fifteen to twenty
years, natural rubber producers will have to fulfill several important
conditions to take full advantage of the future market potential.

(a) Natural rubber supply will have to keep pace with the ex-
pected growth of isoprenic rubber demand, and a secure supply
will have to be assured.

(b) Existing production technologies will have to be adopted both
within and across countries.

(c) Research, development, marketing, and technical assistance
programs will have to be maintained and strengthened.

Maintaining a supply of NR to meet world market demand for iso-
prenic rubbers is clearly the most important and, at the same time,
the most uncertain condition that needs to be fulfilled. Natural
rubber supply is expected to increase in line with market needs until
the end of the 1970s. On the basis of current information on areas
under rubber, on projected vicld profiles of trees already in the
ground, and on expected rates of replanting and new plantings, how-
ever, it appears likely that beyond the early 1980s natural rubber
supply will grow at below potential market needs. Even on the basis
of relatively conservative assumptions concerning the growth of iso-
prenic rubber demand outside the centrally planned economies and
a relatively optimistic assessment of the likely growth of natural
rubbcr supply from cxisting plantings and from plantings scheduled
to come into production, a potential natural rubber demand gap of
0.3 million tons is likely by the end of the 1980s.

If not met by increased natural rubber supplies, this demand gap
will be most likcly filled by synthetic polvisoprene. Given the rcla-
tively long lags that characterize investments in NR, new investment
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decisions will have to be made immediately in the key Froducing
countries to increase supply in the late 1980s. Synthetic polyisoprene
producers outside the centrally planned economies now have ample
spare capacities and, more importantly, much shorter investment
lags. Their production can be increased more rapidly and investment
risks are, therefore, lower. Yet analysis shows quite clearly that natural
rubber producers have a substantial competitive cost advantage over
polyisoprene (at least under know,,n production technologies) and
that with its technical and economic potential, NR can fill the poten-
tial demand gap for isoprenic rubber in the late 1980s.

Within the framework of each countrv's comparative advantage in
natural rubber production, attention should, therefore, be focused on:

(a) The possibility of speeding up current replanting and rehabili-
tation plans, particularly in countries such as Indonesia, Sri
Lanka, and Nigeria, where existing smallholder yield levels are
relatively low and where current replanting rates can be in-
creased substantially;

(b) The possibility of rehabilitating the rubber industries of Viet-
nam and Cambodia;

(c) The possibility of stepping up investments in newly planted
rubber in countries such as India, the Philippines, the West
African countries, and Brazil, depending on the relalive avail-
ability of production factors; and

(d) The feasibility of accelerating the use of chemical stimulants,
in conjunction with the most recent tapping techniques, on
existing mature and old trecs in all producing countries.

This last option could well be, at least in the short-to-medium term,
the most feasible one.

Enough private and public investment capital should be available
to expand natural rubber production. The tcchnologv for expansion
is not only available, but also reasonablv well proven. International
organizations can plav an important catalytic role in mobi[izing the
financial and managerial resources that are necessary to initiate the
expansion of natural rubber production capacitv. The experience
accumulated bv both the WVorld Bank and the Food and Agriculture
Organization of the United Nations (FAO) in preparing a'd imple-
mcnting suitable and viable production schemes should bh used to
the fullest extent possible to help bring substantial economic benefits
to the developing countries which produce natural rubber.
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Structure of the Study

In order to put in perspective some of the choices that natural
rubber producing countries will have to make, this study assesses
the magnitude and scope of the changes that have recently occurred
in the rubber economy throughout the world and the likely conse-
quences of these changes on the future of the world natural rubber
industrv. The first section reviews the structure of the rubber econ-
omy and examines the production, consumption, trade, and price
trends of the past twenty years. The second section examines in detail
the market interaction between NR and SR. The third part analyzes
the short- and long-termii effects of the oil crisis on the competitive
relation between NR and SR. The fourth part gives the possible growth
scenarios for rubber demand, the supplv prospects of _NR and SR, and
the balances of supply and demand for NR over the next decade.
Finally, the study focuses on the policy implications of the analvsis
from the point of view of the natural rubber producers. Production
planning, price competitiveness, price stabilization, and profitability
of new investments are discussed in this context. Six appendixes
contain details of the technical analyses on which much of this study
is based. The basic statistics of the world rubber economv are con-
tained in a statistical appcndix.



2

Development and Structure
of the World Rubber Economy

The world rubber industry began to develop in the 1800s.
The impetus came from technological innovations: the invention of
the masticator, which enabled solid natural rubber (NR) to be soft-
ened, mixed, and shaped, and of the vulcanization process, which
drastically improved the physical properties of NR. Throughout the
1800s and most of the first half of the 1900s, important zbanges
took place within the world natural rubber economy.' Wild rubber
from Brazil and Africa gave way to plantation rubber from East Asia
(Cevlon, Malaya, and the Netherlands East Indies). These changes
in the mode and geographic location of natural rubber production
led to vast improvements in productivity. The dramatic increase in
natural rubber yields was aided not only by the spread of modern
production practices, but particularly by continuous research in tree
breeding and tree care, which was applied to rubber production.

The growth of the natural rubber industry in the early 1900s was
helped also by the emergence of production by smallholders, and, by
and large, supply kept pace with the growing demand, which was
spurred bv the use of motor vehicles in the United States and
Western Europe. In the late 1920s and early 1930s, however, the
world economic recession drastically reduced the demand for rubber
in automotive uses, and excess capacity developed. The industry
responded with a supply regulation scheme that lasted until 1943 .2

1. P. W. Allen, Natural Rubber and the Synthetics (London: Cro;by Lock-
wood, 1972), pp. 31-44.

2. The International Rubber Regulation Agreement was, in essence, an export
quota scheme, backed up by limitations on plantings and replantings. For a
detailed account and evaluation of this scheme and its operations, see Peter T.

11
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Despite some troublesome periods, the world natural rubber economy
continued to grow between the wars. The monopoly position of NR,

as the only kind of elastomer used by the world industry, remained
virtually unchallenged. Some synthetic rubber (SR) began to be pro-
duced in Germany, the U.S.S.R., and the United States, but even as
late as 1939 these rubbers accounted for only 2 percent of total world
rubber consumption.

World War IT gave the main impetus to the development of SR

on a large scale. Western Europe and the United States were cut off
from their main sources of _NR, SO they turned to the domestic
chenmical industry to meet their large and expanding need for elas-
tomers. This effort was particularly successful in the United States,
wlhere a crash development program was launched by the government.
By 1945 the United States produced about 1 million tons of SR

a year. Considerable production capacity was also established in
Canada, Germany, and the U.S.S.R. After a brief period of re-
trenchment following the end of World War II, the expansion of
SR started again and has continued unabated throughout the past
three decades. Syntlhetic rubbers now account for about 70 percent
of all elastomer consumption, and NR accounts for the remaining 30
percent.

Over the past thirty years, therefore, the world rubber economy
has come to be based on two broad types of elastomers, natural and
synthetic. Their relative importance has changed drastically, how-
ever: NR has lost its near monopoly position, and the share of the
natural rubber sector in the world rubber economy has decreased
progressively and is now the smaller one.

The Synthetic Rubber Industry

The production of SR is concentrated in a few countries. The United
States, Japan, and the European Community (EC) account for 65
percent of world production.3 Thie U.S.S.R. and the other centrally

Bauer, The Rubber Industry: A Study in Competition and Monopoly (Cambridge,
Massaehusetts: Harvard University Press, 1948), pp. 88-215.

3. In this study the term European Community is used in its current meaning,
implying membership by nine countries: France, the Federal Republic of Ger-
many, Italy, Belgium, the Netherlands, Luxemburg, the United Kingdom, Ireland,
and Denmark.
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planned economies of Europe account for another 28 percent of
the total (Table 2-1). Consumption is distributed in roughly the
same fashion: 64 percent in developed countries, 28 percent in cen-
trally planned economies, and the remainder in developing countries.
Within each area, SR iS produced in only a few firms. In the United
States the four largest synthetic rubber producers account for about
65 percent of total shipments. In Italy, the United Kingdcm, the
Federal Republic of Germany, Belgium, the Netherlanc's, and
Canada, the largest firms account for 50 percent or more of total
capacity. In France and Japan, the two largest firms account for more
than 40 percent of total productive capacity. Because of the rela-
tively small size of domestic markets in relation to the minimum
economic size of mainstream synthetic rubber plants (that is, ,tyrene-
butadiene rubber, SBR), SR iS also produced bv only a limitcd number
of firms in developing countries.

Backward and forward integration is another important stiuctural
characteristic of the synthetic rubber industrv. The dependence of
tire manufacturers on SR encouraged them to integrate backward
into the rubber industry, whereas the similaritv between the technical
processes of synthetic rubber production and those of petrochemical
production offered chemical producers a considerable incenl:ive for
forward integration. Tire manufacturers and petrochemical pro-
ducers dominate the production of SR outside the centrally planned
economies. The petrochemical industry alone appears to contbol over
50 percent of the existing production capacity of SR, and the rubber
manufacturing industry owns another 40 percent of total capacity.
The remainder appears to be in the hands of various industr:al con-
cerns, most of which are owned or supported by a national govern-
ment. If the centrally planned economies are included, more than
55 percent of total world production capacitv of SR iS in one way or
another captive, because of backward or forward integration in the
industry.

Substantial differences in the pattern of integration exist, however,
between the main synthetic rubber producing countries and regions.
In the United States backward integration is predominant. I'he tire
manufacturers have developed SR'S largelv for their own consumption
and, in some instances, have moved even further back into the pro-
duction of basic petrochemicals. Five large tire companies control
more than 55 percent of total existing U.S. synthetic rubber capacity.
The remainder is split roughly equally between petrochemical firms
and independent producers. In Western Europe, however, petro-
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Table 2-1. World Synthetic Rubber Production,
bv Main Countries and Economic Regions,
1955 to 1977, Selected Averages and Growth Rates
(thousands of metric tons)

1955-57 1966-68

Percent- Percent-
age of age of

Economic region world world
and countrv Average total Average total

Developed countries 1,205.0 73.0 3,483.3 77.5
North America 1,193.6 72.3 2,236.4 49.8
Japan . - 298.0 6.6
Western Europe 11.4 0.7 900.7 20.0
Others - 48.2 1.1

Developing countries - 110.6 2.5
Africa
Asia - 20.9 0.5
Latin America ... - 89.7 2.0

Centrally planned economies 445.0 27.0 901.7 20.0
U.S.S.R. 374.2 22.7 651.0 14.5
Eastern Europe 70.8 4.3 224.0 5.0
China . - 26.7 0.5

World total 1,650.0 100.0 4,495.6 100.0

-Not applicable.
Zero or negligible.
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1972-74 1975-77 Growth rate
Percent- Percent- (annual percentage)

Percent- Percent-
age of age of 1955-57 1966-68 2972-74
world world to to to

Average total Average total 1966-68 1972-74 2975-77

5,351.8 72.7 5,203.7 67.3 10.1 7.4 -0.9
2,697.7 36.6 2,465.5 31.9 5.9 3.2 -2.3

881.6 12.0 900.4 11.6 - 19.8 0.8
1,699.2 23.1 1,763.3 22.8 - 11.1 1.2

73.3 1.0 74.5 1.0 - 7.2 0.5

265.9 3.6 328.8 4.2 - 15.7 7.3

31.4 0.4 58.9 0.8 - 7.0 23.0
234.5 3.2 269.9 3.5 - 17.4 4.8

1,748.1 23.7 2,204.1 28.5 6.6 11.7 8.0
1,332.3 18.1 1,700.0 22.0 5.2 12.7 8.5

377.5 5.1 445.5 5.8 11.0 9.1 5.7
38.3 0.5 57.6 0.7 - 6.2 14.6

7,365.8 100.0 7,736.6 100.0 9.5 8.6 1.7

Sources: International Rubber Study Group, Statistical Bulletin, various issues.
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chemical firms dominate synthetic rubber production, whereas tire
manufacturers and independeint producers account for only about 20
and 10 percent, respectively, of the total. In Japan production of SR

is, for all practical purposes, controlled exclusively by petrochemical
conipanieS.4

Multinational corporations play an important role in the world svn-
thctic rubber industry. Synthetic rubber is produced largely by tire
and pctrochemical firms that operate simultaneously in several de-
veloped countries. Manufacturers of tires and other rubber products,
moreover, have set up producing facilities in developing countries,
but have so far shown little inclination to establish synthetic rubber
plants in thcse countries. The precise effect of multinational corpora-
tions on the world market for SR is difficult to assess now with any
degree of precision. Undoubtedly tcchnical and economic factors
tend to limit the number of svnthetic rubber plants that can be estab-
lished in any single market, whereas the availability of production
tcchnology (particularlv for the newer types of SR) tends to favor
large existing producers. The present world market for SR iS clearly
oligopolistic in structure and is charactcrized normally by only limited
price competition among the large producers.

The Natural Rubber Industry

The production of NR, like that of SR, is concentrated in only a few
countries. Thrce major Asian producers-Malaysia, Indonesia, and
Thailand-account for 80 pcrcent of the world total. Two other Asian
producers-Sri Lanka and India-and two African produccrs-Liberia
and Nigeria-account together for anothcr 12 percent of the world
total (Table 2-2).

\NVithin each country, hoxvever, a large number of small units pro-
duce thc NR. Despitc its original commercial devclopment as a plaiita-
tion crop, NR production soon bccame attractive to smallholders. By
the mid-1930s production was split evcnly between estates and small-
holdinigs. Todav smalllholdings account for about 80 percent of the
rubber-producinig area in the four major Asian rubber-producing
countries takcn together: about 95 percent of the total rubbcr arca in
Thailand, about 80 percent in Indonesia, 65 percent in Malavsia, and

4. The single largest independent producer of SR has integrated backward into
petrocelcmicals.
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53 percent in Sri Lanka.5 Smallholdings are also predominant in
India and Nigeria. Statistically estates and smallholders are differ-
entiated by an arbitrary cutoff point: holdings of over 40 hectares
are usually considered estates. The typical rubber smallholdirig is only
3 to 5 hectares. Therefore, despite its strong geographic concentration,
world natural rubber production is actually spread out over perhaps
1.5 million small units, plus thousands of larger units. In contrast,
world production of SR (excluding specialty rubbers) is controlled
by just over 100 firms that operate about 300 plants.

Natural rubber production is a technically and economically suit-
able operation on both estates and smallholdings.

There is no question of rubber being "better" produced by estates
than by smallholdings, or vice versa. Both sectors have their
distinctive attributes and both are capable of producing rather
economically, while providing their owners with fair rcturns.
Estates, because of their size and organization, tend to be the
inniovators, risk takers, and trend setters; they possess appropriate
managerial skills and may bc able to take some advantage of
economiiies of scale (though these economics are nowvhcre near as
predominant as the case with the synthetics). Smalllroldings,
espccially wvhen of adequatc size and wlhen provided with propcr
support (advice plus, perhaps, ccntral processing and mlarketing
facilitics) can make a vital contribution to the nationaal well-
being.6

Estate rubber was originallv almost totally oxvned by European
companies, but is noxv mostly nationally owned and operated. Euro-
pean business conccrns control about 12 percent of total wvrld pro-
duction of NR. Another 4 to 5 pcrcent is controlled by the major
U.S. tire manufacturers. On the whiole, although the major U.S. and
Western European tire manufacturcrs have maintainied a sizcable
interest in NR, they have not integrated backLvard into natural rub-
ber production to the extent that they have into synthetic rubber
production.

5. These percentages were derived from estimates of total area under rubber in
1974-75. During the same years, production statistics, whichl are more reliable
than area statistics, stowed that smallliolders accounted for 56 percent of total
production in western Malaysia, 70 percecit in Indonesia, and about 90 percent
in Thailand. In these thrce countrics, sisalllioldcrs accounted for about 55 percent
of total production of rubber in 1974-7;.

6. Allen, Natural Rubber and the Synthetics, p. 74.
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Table 2-2. World Natural Rubber Production,
bv Nlain Countries and Economic Regions,
1955 to 1977, Selected Averages and Growth Rates
(thousands of metric tons)

1955-57 1966-68

Percent- Percent-
age of age of

Economic region world world
and country Average total Average total

Developing countries 1,823.1 94.9 2,422.0 96.3
Asia' 1,682.5 87.6 2,222.7 88.4

Malaysia 691.5 36.0 1,021.2 40.6
Indonesia 714.0 37.3 743.8 29.6
Thailand 134.0 7.0 227.6 9.1
Sri Lanka 97.3 5.0 141.0 5.6
India 23.6 1.2 61.4 2.4
Othera 22.1 1.1 27.7 1.1

Africa 111.3 5.8 169.4 6.7
Liberia 39.8 2.1 59.7 2.4
Nigeria 36.6 1.9 61.6 2.4
Zaire 31.0 1.6 30.0 1.2
Other 3.9 0.2 18.1 0.7

Latin America 29.3 1.5 29.9 1.2
Brazil 23.3 1.2 22.9 0.9
Other 6.0 0.3 7.0 0.3

Centrally planned economies 99.1 5.1 91.8 3.7
Chinla . .. . -

Vietnani 68.7 3.5 39.7 1.6
Cambodia 30.4 1.6 52.1 2.1

World total' 1,922.2 100.0 2,513.8 100.0

Not applicable.
Zero or negligible.

a. Including Oceaiia.
h. Inclucling allowance for discrepancies in available statistics.
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1972-74 1975-77 Growth rate
(annual percent6ge)

Percent- Percent-
age of age of 1955-57 1966-68 1972-74
world world to to to

Average total Average total 1966-68 1972-74 1975-77

3,230.4 98.4 3,423.1 98.0 2.6 4.9 1.6
2,973.5 90.6 3,176.9 90.9 2.6 5.0 1.7
1,457.0 44.4 1,576.9 4;.1 3.6 6.1 2.7

838.2 25.5 835.0 23.9 0.4 2.0 -0.1
366.0 11.1 389.2 11.1 4.9 8.2 2.0
142.4 4.3 149.0 4.3 3.4 0.1 1.5
120.2 3.7 145.1 4.2 9.1 11.8 6.5
49.7 1.5 81.7 2.3 2.1 10.2 13.2

224.3 6.8 209.8 6.0 3.9 4.8 -2.2
85.0 2.6 81.7 2.3 3.8 6.1 -1.3
67.2 2.0 59.9 1.7 4.8 1.; -3.8
39.4 1.2 29.7 0.9 -0.3 4.7 -9.0
32.7 1.0 38.5 1.1 15.0 10.4 5.6

32.6 1.0 36.4 1.0 0.2 1.5 3.8
22.6 0.7 20.7 0.6 -0.2 -0.2 -2.9
10.0 0.3 15.7 0.4 1.4 6.1 5.0

52.5 1.6 70.7 2.0 -0.7 -8.9 10.4
15.0 0.5 26.6 0.8 - - 21.0
21.0 0.6 29.1 0.8 -4.9 -10.1 11.5
16.5 0.5 15.0 0.4 5.0 -17.4 -3.1

3,356.7 100.0 3,493.8 100.0 2.5 4.5 2.1

Sources: International Rubber Study Group, Statistical Bulletin, various issucs; FAO,

Production Yearbook, various issues; and World Bank, Econoinic Analysis and Projections
Departinent.
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Recent Trends in the World Rubber Economy

From 1948 to 1973 total world consumption of rubber increased
steadily at an average rate of 6.3 perccnt a year (Figure 2-1). This
growth followed closely the growth of world industrial production,
especially in industrialized countries. The recovery of industrial pro-
duction in general, and of automotive production in particular, after
the end of World WVar II creatcd a strong demand for elastomers
and propelled the world rubber economy into a pcriod of rapid and
steady growth.

Figure 2-1. World Consumiiptioni of Ruibber, 1946 to 1978
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Consumption and production

In the developed countries rubber use during the past thitty years
grew about 6 percent a vear. Rubbcr demand grew at an evcn faster
rate in centrally planned cconomies and dcveloping countriet-7 and
10 percent a year, respectively-but from a much smaller initial base.
Developed countries now account for 63 percent of total world
rubber consumption, centrallv planned cconomies for 25 pero-nt, and
developing countries for the remaining 12 percent (Table 2-3).

VNuithin the developed countrics, the use of rubber increased fastcr
in Japan and WNestern Europe thani in North America, closely re-
flecting the different rates of the increase of motor vehicle use in
these regions.7 During the past thirty years, the use of motor vehicles
advanced more rapidly in Japan and \NVestern Europe than izl North
America, where the process had started much earlier and had
achieved high levels by the end of World War JI 8 \NVithin the
centrallv planned economics, rubber use increased faster in Eastern
Europe than in the U.S.S.R., although this trcnd has been reversed
in the past few years, following the decision in the U.S.S.R. to in-
crease automobile production for private use. Apparcntly, rubbcr
consumption also increased quitc rapidly in China during the ]950s
and the 1960s, but the available data show that both the aggregate
and the per capita levels of rubber use are still rather low. Despite
the unccrtainty that surrounds the available statistics on China, it
is clear that both automotive and industrial use of rubber in this
country are strictlv controlled by the government and are kept to a
bare minimum to save foreign cxchange. 9

7. Thronghout this study the term "North America" refers to the United States
and Canada onlv.

8. In 1950, for example, the number of cars for every 1,000 inhabitants was
265 in the United States, 139 in Canada, 21 in Western Europe, and 1 in
Japan. By 1973 the number of cars for every 1,000 inhabitants had increased to
481 in the United States, 355 in Canada (at an average annual rate of 2.6 and
4.3 percent, respectively), 216 in Western Europe, and 134 in Japan (En average
annnal rate of 10.7 and 23.5 percent, respectively).

9. Domestic production of both NR and SR is very small in China: an estimated
25,000 metric tons a year of NR and 60,000 metric tons a year of SR. This
country relies on imports of SR and, most importantly, of NR to meet its domestic
needs. Efforts are now being made to expand the domestic production af rubber,
but actual and potential needs appear to be much too high to be met totally by
domestic production.
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Table 2-3. World Elastomer Use,
bv Main Countries and Economic Regions,
1955 to 1977, Selected Averages and Growth Rates
(thousands of metric tons)

1955-57 1966-68

Percent- Percent-
age of age of

Economic region world world
and countrv Average total Average total

Developed countries 2,639.6 7;.0 4,89;.0 69.5
North America 1,590.1 45.2 2,460.0 34.9
Japaii 118.2 3.4 519.0 7.4
Western Europe 837.5 23.8 1,765.0 25.1
Other 93.8 2.7 151.0 2.1

Developing countries 207.2 5.9 598.7 8.5
Latin America 125.6 3.6 295.0 4.2
Asia 74.9 2.1 246.2 3.5
Africa 2.0 0.1 12.5 0.2
Middle East 4.7 0.1 45.0 0.6

Centrally planned economies 673.0 19.1 1,517.0 21.5
U.S.S.R. 460.0 13.1 900.0 12.8
Eastern Europe 156.0 4.4 410.0 5.8
China 57.0 1.6 207.0 2.9

World total 3,518.0 100.0 7,044.0 100.0

Sources: International Rubber Study Group, Statistical Bulletin, various issues; CAO,

Trade Yearbook, various issues; and World Bank, Economic Analysis and Projections
Departlllent.
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1972-74 1975-77 Growth rate
(annual percentage)

Percent- Percent-
age of age of 1955-57 1966-68 1972-74
wvorld wvorld to to to

Average total Average total 1966-68 1972-74 !975-77

7,121.0 67.0 7,084.0 62.5 5.8 6.5 -0.2
3,268.1 30.7 3,203.5 28.3 4.0 4.8 -0.7

957.3 9.0 946.7 8.4 14.4 10.7 -0.4
2,655.8 25.0 2,699.3 23.8 7.0 7.0 0.5

239.8 2.3 234.5 2.0 4.4 8.0 -0.7

1,147.3 10.8 1,339.2 11.8 10.1 11.4 5.3
541.5 5.1 606.7 5.4 8.1 10.6 3.9
471.5 4.4 570.5 5.0 11.4 11.4 6.5
48.2 0.5 64.3 0.6 18.1 25.0 10.1
86.1 0.8 97.7 0.8 22.8 11.4 4.3

2,366.7 22.2 2,883.3 25.5 7.7 7.7 6.S
1,465.8 13.8 1,796.2 15.9 6.3 8.5 7.0

634.2 5.9 777.1 6.9 9.2 7.5 7.0
266.7 2.5 310.0 2.7 9.2 4.3 5.1

10,635.0 100.0 11,327.8 100.0 6.5 7.1 2.1
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After recovering rapidly from the slump induced by war, world
production of NR more than doubled between 1946 and 1950, and
then grew during the next twenty years at the modest rate of slightly
less than 3 percent a year. The vears between the wars had left the
natural rubber industry with a production capacity that was well
below the nceds of the postwar market. The rapid expansion in the
use of motor vchicles in cstern Europe and Japan, as well as its
spread to practically all areas of the world in the 1950s and 1960s,
created a demand for elastomers that NR was unable to meet. World
clastomcr demanid increased more than 6 percent a year between 1948
and 1973, whereas natural rubber production grew less than 3 percent
a vear during the same period. The gap in demand was filled by the
synthetic rubber industry, whose output, after some initial adjustment
difficulties in the period immediately following the war, expanded
rapidly from 1949 onward and continued to grow about 9 percent a
year until the early 1970s (Figure 2-2).

The onset of the Korean WVar and the consequent renewed fears
of a possible rubber shortage similar to the one cxperienced during
WVorld War II stimulated the recoverv of svnthetic rubber produc-

Figure 2-2. World Production of Rubber, 1946 to 1978
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tion in North America. It also reinforced the U.S. goveinment's
decision to maintain a large domcstic synthetic rubber industry
under private ownership. Technological breakthroughs in SBR pro-
duction and processing in the early 1950s, namely cold polymeriza-
tion and oil extension, improved the qualitv and production profit-
ability of this major type of general purpose SR.

The major reason for the rapid expansion of the synthetic rubber
industrv throughout the 1950s, however, was the growth cf world
demand for elastomers, which NR could not meet. Once launched on
a large scale and firmly placed under private ownership, the world
synthetic rubber industrv continued to grow at a fast rate, supported
bv a massive research, development, and marketing effort.

Commercial production of SR spread from the United States to
NU'estern Europe, and subsequently to Japan. Until the Dmid-1950s
practicallv all SR outside the centrallv planned economies was pro-
duced in North America (see Table 2-1). WVestern Europe began to
produce SR onl a large scale in the earlv 1960s, whereas Japanese
production began on a significant scale only in the mid-1960s. Bv
1966-68, North Amcrica, with about 50 percent of the total, still
dominated world synthetic rubber production, but its share had
dropped more than 20 pcrcent below the levels of the mid-1950s.
By thcn \Western Europe produced 20 perccnt of world total, and
Japan about 7 percent. Tllese trcnds continued into the lale 1960s
and earlv 1970s. By 1975-77 North America's sharc of wvorld synl-
tlhctic rubber production had droppcd to 32 percent, whlereas that
of \Western Europe and Japan had risen to 23 and 12 pcrcent,
respectively.

\Within the centrally planned cconomies, which account together
for about 29 percent of world total production, the U.S.S.R. still
holds the predominant position, followed bv Flastern Europe, and
thcn by Chilla, wh1ose production is still extrcmelv small. Syntlhetic
rubber production did not spread to developing countries unltil thc
middle-to-late 1960s. It bcgan in Brazil and India almost at the same
time, and subsequently spread to Argentina and Mexico. Developing
countrics today still produce only about 4 percent of the world total
of synthctic rubbcr, and production is still concentrated in a few
countries: Brazil, MIexico, Argentina, India, and Korea.

On a global basis, the trends in consumllptionl of NR anld SR after
\World War II closelv rcflcctcd trcnds in production: natural rubber
use increascd at an averagc annual rate of 3.3 percent between 1948
and 1973, whereas the usc of SR incrcased during the samc period



FiguLre 2-3. Natural Rubber Market Shares, 1950 to 1978
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at 9.3 percent a year (see Figures 2-1 and 2-2) .10 Consequently the
share of NR in the world marlket for new rubbers decreased fiom 57.3
percent in 1951-53 to 32.7 percent in 1971-73. The market share of
NR declined sooner and farther in the United States than in 'Western
Europe or Japan, but the advances of SR were common to developed
countries, centrallv planned economies, and developing countries
(Figure 2-3).1"

Compared with the dynamic growxth of the synthetic rubber in-
dustrv in terms of volume, geographic spread, and innovation (several
new types of SR were developed and produced commerciallv during
the postwar period), the 3 percent a year growth of the w:vrld nat-
ural rubber industry in the postvar period may appear to have been
quite modest. The Asian countries, which shaped this trend, main-
tained their predominant position as the major source of natural
rubber supply, and no new large-scale producer emerged on the
wvorld scene.'2 Yet, despite the appearance of only modest growth and
of no major change in the location of the industrv, the postwar
period wvas one of steadv progress for the natural rubber inJustrv.

The advances of synthetic rubbers eventually vere slowed. The
natural rubber industry, far from shrinking passively under the bur-
dien of a seemingly overwhelming challenge, reacted positively to it
in scveral ways. Research into high-yielding varieties of t-ees con-
tinued, as well as replanting wvitlh higher-yielding clones in some key
producing countries of Asia, such as Malaysia, Indonesia, and Thai-
land. Cultural practices wvere improved, and the natural rubber pro-
duction process xvas rationalized.

As a consequence of replantings, new plantings with more produc-
tive varieties of rubber trees, and improvements in cultural practices,
natural rubber yields increased dramatically from the mid-1950s to
the mid-1970s. Although the productivity gains wvere not evenly dis-
tributed among produccrs, they wcre wvidespread enough across coun-

10. Although production apparently increased only 2.8 percent a )ear during
the same pcriod, in actual fact the ratcs of growth of production and consumption
must have bcen virtually the same. The discrepancy is attributed to inaccuracies
in the data, particularly in the earlier years.

11. The problem of competition between the two rubber industrics is exanmined
in detail in Chapter 3.

12. Asia (incluiding the Asian ccntrally planned economics) accounted for 92.9
percent of world production in 1955-57, Africa for 6 perccnt, and Latin America
for 1.1 percent. In 1975-77 the production share of Asia still was 91 percent,
that of Africa 6.0 pcrcent, and that of Latin Amaerica 1.0 percent (see Table 2-2 ).



Table 2-4. Natural Rubber Yields in Major Produicinig Countries, 1930 to 1973, Selected Years
(pounds per acre)

Malaysia India

Small- Indotnesia, Thailarnd, Sri Lanka, Small-

Year Estates holders estatesa total total Estates holders

1930a 380 n.a. 375 n.a. 350 205 n.a.

1950 510 nl.a. 560 n.a. 412 n.a. n.a.
1955 490 385 527 n a. 361 n.a n.a.

1960 677 389 450 312 417 440 187
1965 850 526 495 337 560 603 257

1970 1,060 671 631 393 707 781 467

1973 1,273 826 612 475 694 899 564

n.a. Not available.
a. Imputed yields arc calculated on the basis of volume of production and arca in tapping.
Sources: Bauer, Tlhe Rubber Intdustry: A Stuidy in Competition and Monopoly; World Bank, Economnic Analysis and 1'rojections

Departmc,nt.



DEVELOPMENT AND STRUJCTURE OF THE RUBBER ECONOMY 29

tries and producing sectors (estates and smallholders) (Table 2-4)
to allow NR to withstand the market pressures caused by con:-inuously
falling synthetic rubber prices. The long-term payoffs of the research
into the development of higher-yielding varieties of trees arid of the
effort made to ensure their acceptance and commercial adoption
are still to be rcaped to a large extent. Thlle success of this process of
technical innovation and of its continuing spread throughout the
industry is clear, however, and demonstrates the enormous potential
of research and development to ensurc a future for agricultural
products that compete against synthetic substitutes.

The competitive standing of NR in relation to SR was also i mproved
by the introduction in the mid-1960s of technically specificd rubber
grades for NR: that is, rubber whose qualitv is determined by rigorous
technical tests. At the same time new processes for producing drv
rubber were introduced, which generally involved the mechanical
conversion of the artificial or natural rubber coagulum into granules
instead of the traditional sheets. 'This produced block rubb2r, which
was then graded by the new method. In less than ten years cxports of
technically specified block rubber accounted for over one-third of
total rubber exports.'3" Apart from being rigorously specified in its
quality, which facilitates the choice of the user, the new blo zk rubber
also began to be packaged in small bales (much like SR) usually bulked
into pallets and often was transported in container ships. These
rubbers save transport, handling, and storage costs for both producers
and users. Aside from the direct economic and commercial advantages
that natural rubber exporters gained by introducing technically speci-
fied rubber, the credibility of NR as a dependable raw material capable
of being transformed and improved to meet market needs was also
increased. The natural rubber industrv clearlv demonstrated its ability
to meet the changing requircments of the marketplace.

Chemical yield stimulation of rubber trees was another important
technical innovation. The possible use of synthetic vegetal hormones
(principally 2-4-D and 2-4-5-T acid-based stimulants) tc increase
rubber vield was researched for a long period. A breakthroagh came
with the discovery of chemical ethylene-based stimulants that in-
crease cellular permeability and therefore prolong the flow of latex.14

13. See the next section, "Trade," and Table SA-7.
14. Ethrel (2-chioroethyl phosphoric acid-cEP) is the most comrron kind of

ethylene-generating stimulant now in use.



30 TIIE WORLD RUBBER ECONOMY

The effect of ethylene-based stimulants on yield is quite dramatic,
particularly on low-yielding material, where yield is increased by as
much as 100 percent. The commercial use of ethylene-generating
stimulants has proceeded rather slowly since their discovery in the
earlv 1970s, both because of the uncertainties that still exist about
the possible influence of the continuous use of these stinmulants on
the productive life of the tree and because of the organizational prob-
lems connected with their widespread use. As a result, chemical
stimulants have so far been applied to relatively old trees (fifteen
years old or older), and almost exclusively by estates.15 Although the
total potential effect of chemical stimulation on natural production
is not yet known, the use of chemical stimulants offers a further
possibility for productivity increases, particularly in the smallholders'
sector. It also gives natural rubber producers a greater measure of
short-term supply flexibility, which should reduce the volatility of
natural rubber prices.

Practically all these changes-as wcll as many others in internal
marketing, technical assistance to natural rubber producers and users,
and promotion-were initiated by Malaysia, which also led in imple-
menting them. Other producing countries contributed directly or
indirectlv, and so did international organizations. Throughout this
period natural rubber producers showed a remarkable degree of mu-
tual cooperation and singlemindedness in their efforts to conserve
and restructure their industry. The world natural rubber economv
went througlh a period in wlhiclh retrenchment and reorganization
proceeded together, and during which real long-term progress was
made despite enormous difficulties.

Trade

Natural rubber is a typical export commodity: about 90 percent
of the world production is exported. Only a small-even if growing-
percentage of total production is used in the main producing coun-
tries: 8.5 percent in 1972-74, compared with 2.5 percent in 1952-54.

13. In 1973 about 400,000 acres of Malaysian estate rubber (more than 30
percent of mature acreage) was reported to be under Ethrel stimulation. As a
consequence of a ban imposed by the government to reduce output in order to
stabilize rubber prices, estate rubber acreage under chemical stimulation dropped
substantially in 1975. Use of Ethrel is also reported to be widespread in the
Indonesian estate sector. In Thailand and Sri Lanka, on the contrary, the use of
chemical stimulants is still extremely limited.
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On the contrary, synthetic rubbers are used mostly in the producing
countries: only about 25 percent of world production is exported.

The major natural rubber producers-Malaysia, Indonesia, Thai-
land, and Sri Lanka-are also the major exporters. Malaysia accounts
for 50 percent of world total exports, Indonesia for 26 percent, Thai-
land for 12 percent, and Sri Lanka for 5 percent. Export trends for
NR in the post-war period have parallcled production trends. WNithin
the Asia exporters' group, MIalaysia and Thailand, whose prcduction
of NR grew faster than the average, increased their export shares at
the expense of Indonesia and Sri Lanka. On the whole, Asia main-
tained its predominant position as the main source of natural rubber
exports, with 94 percent of world total. The remainder continued to
come from Africa (Table 2-5).

Developed countries are still the main importers of NR, but their
import share has decreased substantially during the past twenty years,
from 82 percent in 1955-57 to 67 percent in 1972-74. This declining
trend, however, appears to have abated in recent years, largely be-
cause of the increased demand for NR resulting from the introduction
of radial tires in North America and Japan; the share of tle world
total declined only fractionally in those two regions between 1972-74
and 1975-77.16 Developing countries, on the other hand, continu-
ously increased their relative intake of natural rubber imports, from
6 percent in 1955-57 to 11 percent in 1975-77. The share of total
world imports of NR by centrally planned economies doubled betwecn
the mid-1950s and the mid-1960s. This increase in imports has slowed
down considerably in recent years, howcver, because of a strong drive
toward more domestic production of isoprenic synthetic rubber
(polvisoprene) .17 The share of NR imports to centrally planned econo-
mies, after increasing from 12.6 percent in 1955-57 to 26.8 percent
in 1966-68, declined to 22 percent in 1975-77 (see Table 2-5).

\Vorld tradc of SR is not only relatively small in relation to pro-
duction, but is also heavilv concentrated in developcd producing
countries. Developed countries account for 84 percent of world ex-
ports and 69 percent of world imports. Most of world trade in SR iS

among developed producers. The United States, traditionally the

16. Radial tires were first developed and commercially introduced in Western
Europe in the mid-1960s. They were introduced in North America and Japan on
a large scale only in the early 1970s. Radial tires requirc a higher percentage of
NR in the total rubber mix than bias-ply or bias-belted tires. See Chapter 3 and
Appendix A.

17. This trend seems to be particularly strong in the U.S.S.R.; see Chapter 5.
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Table 2-5. World Natural Rubber Exports and Imports,
by Main Countries and Economic Regions,
1955 to 1977, Selected Averages and Growvth Rates
(thousands of metric tons)

1955-57 1966-68

Percent- Percent-
age of age of

Economic region world world
and country Average total Average total

Exports
Developing countries 1,758.6 94.9 2,304.6 96.4

Asia 1,645.4 88.8 2,138.4 89.5
Malaysia 701.0 37.8 1,076.7 45.1
Indonesia 696.4 37.6 686.5 28.7
Thailand 133.2 7.2 221.9 9.3
Sri Lanka 94.2 5.1 135.0 5.6
Others 20.6 1.1 18.3 0.8

Africa 111.2 6.0 165.2 6.9
Latin America 2.0 0.1 1.0 -

Developed countries .

C(entrally planned economics 95.4 5.1 85.1 3.6

World total 1,854.0 100.0 2,389.7 100.0

Iiriports
Developing countries 107.2 5.8 176.3 7.4

Asia 26. 1 14 78.2 3.3
Africa 5.0 0.3 19.7 0).8
Latin America 76.1 4.1 78.4 3.3

Developed countries 1,316.1 81.7 1,563.3 65.8
Western Europe 697.4 37.6 763.2 32.1
North America 633.4 34.1 485.6 20.4
Japan 112.5 6.1 243.3 10.2
Others 72.8 3.9 71.2 3.0

Centrally planned economics 233.4 12.6 636.9 26.8
Eastern Europe 86.8 4.7 167.8 7.1
U.S.S.R. 87.4 4.7 287.4 12.1
C hina 59.2 3.2 181.7 7.6

World total 1,856.7 100.0 2,376.5 100.0

- Not applicable.
Zero or negligible.

a. Including allowance for discrepancies in available statistics.
Sources: International Rubber Study Group, Statistical Bulletin, various issucs; and

FAO, Trade Yearbook, various issues.
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1972-74 1975-77 Growth rate
(annual percentage)

Percent- Percent-
age of age of 1955-57 1966-68 1972-74
world world to to to

Average total Average total 1966-68 1972-74 1975-77

2,980.6 98.8 3,058.2 98.7 2.5 4.4 0.9
2,779.3 92.1 2,878.0 92.9 2.2 4.5 1.2
1,484.3 49.1 1,537.0 49.6 4.0 5.5 1.2

790.0 26.2 800.0 25.8 -0.1 2.4 0.4
352.6 11.7 370.6 12.0 4.7 8.0 1.7
132.3 4.4 144.1 4.7 3.3 -0.3 2.9
20.1 0.7 26.3 0.8 -1.1 1.6 9.4

201.3 6.7 180.2 5.8 3.7 3.3 -3.6

35.6 1.2 39.8 1.3 - 1.0 -13.5 3.8

3,033.7' 100.0 3,097.51 100.0 2.3 4.1 0.9

281.7 9.3 341.1 10.9 4.6 8.1 6.6
125.8 4.1 119.1 3.8 10.5 8.2 - 1.8
23.3 0.8 67.2 2.2 13.3 2.8 42.0

132.6 4.4 154.8 4.9 0.3 9.1 5.3
2,046.2 67.4 2,097.4 67.1 0.3 4.6 0.6

923.0 30.4 906.6 29.0 0.8 3.2 -0.6
691.0 22.8 787.1 25.2 -2.3 6.0 4.4
321.8 10.6 298.9 9.6 7.3 4.8 -2.5
109.5 3.6 104.8 3.3 -0.2 7.8 -1.4

706.3 23.3 686.5 22.0 9.5 1.7 1.0
223.2 7.4 233.8 7.5 6.2 4.9 1.6
268.6 8.8 216.4 6.9 11.4 -1.1 -7.0
214.5 7.1 236.3 7.6 10.7 2.8 3.3

3,034.2 100.0 3,125.0 100.0 2.3 4.2 1.0
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largest single net exporter of SR, has in recent vears been replaced by
Japan. The EC is also a net, although small, exporting area. Develop-
ing countries are the only net importing group. Centrally planned
economies are largely self-sufficient in SR. The U.S.S.R. and the
German Democratic Republic, the twvo largest single prodicers, are
also the main net exporters within the centrallv planned economies.
China is a small net importer of SR (Table 2-6).

Prices

Natural rubber prices fluctuated considerably after \Wcrld WV ar
11.18I Natural robber is sold in international markcts under cDnditions
approaching perfect competition. Changes in the balance of supply
and demand, as Nxell as in expectations which may be aflected by
strikes in the major consuming industries (automobile and tirc in-
dustrics), transport difficulties, and political uncertainties influeilce
the market price of NR. Natural rubber demand is quite inse-nsitive to
price changes in the short term,1 9 but is more sensitive to clhanges in
economic activity.'" Natural rubber supply, mioreover, is also very
insensitive to pricc mlovcments in thc short term.21 This low price
elasticitv of demand and supply causes natural rubbcr priccs to fluctu-
ate widely in the slhort term xvwhenever changes in economlic activity
induce even rclatively small slifts in demand or when the flov of
supply is reduced temporarily.

After W7orld \NVar IT there xvere four major price peaks when natural
rubbcr priccs rosc substantially above trend: 1950-51, 1955, 1959-60,
and 1973-74 (Figure 2-4). 'thie 1950-51 anid 1973-74 peaks can
largcly be attributed to "exogcnous" factors: the Korcan War and the
oil crisis.2 2 The 1955 and 1959-60 pricc peaks, howvever, re;resent a

18. Between 19135 and 1977 tlic avcragc pcrcentagc deviations from the threc-
and five-year moving average were 8.5 and 13.4 percent, rcspcctivclv (annual price
data in constant 1977 U.S. clollars wvere used to derive the fluctliationi indcx)

19. Short-term price elasticities of natural rubber demand are of the order of
from -0.2 to -0.3.

20. Incomc elasticities of natural rubber demand are of the order oF from 0.6
to 0.8.

21. Short-term price clasticities of natural rubber prodnction arc of the order
of from 0.1 to 0.2.

22. Import demand for NR was strong in 1973, becanse of the siranitaneous
boom in industrial prodnction in all the nmajor developed countries. In 1974,
however, prices rcmained high, even thooglh world demand rcmaincd stagnant.
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Tablc 2-6. World Synthetic Rubber Exports and Imports.,
bv A lain Countries and Econonmic Regions,
1955 to 1977, Selected Averages and Growth Rates
(thousands of metric toins)

1955-57 1966-68

Percent- Percent-
age of age of

Economnic region world world
and country Average total Average total

Exports
Developed countries 234.7 78.9 925.3 87.2

Westerni Europe 1.8 0.6 431.3 40.7
North America 232.9 78.3 424.8 40.0
Japan 635.2 6.1
Other 4.0 0.4

Developing countries - 9.0 0.9

Centrally planned economies 62.9 21.1 126.7 11.9
EIastern Europe 40.4 13.6 74.3 7.0
U.S.S.R. 272. 7.5 52.4 4.9

World total 297.6 100.0 1,061.0 100.0

uImports
Developed countcris 198.3 67.7 761.1 73.3

Western Europe 151.9 51.8 584.4 56.3
Nortlh America 15.3 5.3 91.4 8.8
Japan 9.6 3.3 52.4 5.0
Other 21.3 7.3 32.9 3.2

Developing countries 23.1 7.9 142.3 13.7
Asia 3.6 1.2 29.7 2.9
Africa 1.0 0.4 24.4 2.3
Latin America 18.5 6.3 88.2 8.5

Centrally planned economies 71.6 24.4 134.9 13.0
Eastern Europe 46.1 15.7 90.6 8.7
U. S.S.R. 25.5 8.7 34.7 3.4
China ... - 9.6 0.9

World total 293.0 100.0 1,038.3 100.0

- Not applicable.
... Zcro or negligible.
Souirces: International Rubber Study Group. Statistical Bulletinz, various issucs; and

OECD, Trade by Cozmlzodities: Exports, various issues.
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1972-74 1975-77 Growth rate
______ -~ -(annual percentage)

Percent- I'erccnt--
age of age of 1955-57 1966-68 1972-74
world world to to to

Average total Average total 1966-68 1972-74 1975-77

1,570.5 85.9 1,590.2 83.7 13.3 9.2 0.4
936.0 51.1 969.9 51.0 64.5 13.8 1.2
374.6 20.6 343.1 18.1 5.6 -2.1 -2.9
254.1 13.9 273.0 14.4 - 25.4 2.4

5.8 0.3 4.2 0.2 - 6.4 -10.2

43.5 2.3 33.5 1.7 - 30.0 -8.3

215.1 11.8 277.1 14.6 6.6 9.2 8.8
128.2 7.0 151.6 8.0 5.7 9.5 5.7

86.9 4.8 125.5 6.6 8.0 8.8 13.0

1,829.1 100.0 1,900.8 100.0 12.3 9.5 1.3

1,347.2 73.6 1,328.1 69.3 13.0 10.0 -0.5
1,053.8 57.6 1,034.9 54.7 13.0 10.3 -0.6

205.3 11.2 211.3 11.2 17.5 14.4 1.0
25.5 1.4 21.9 1.2 16.7 -11.3 -4.9
62.6 3.4 60.0 2.2 4.0 11.3 -1.4

301.1 16.5 322.5 17.1 18.0 13.3 2.3
100.5 5.5 122.8 6.5 21.1 22.0 6.2

77.5 4.2 85.1 4.5 33.7 21.0 3.2
123.1 6.8 114.6 6.1 12.8 5.7 -2.4

181.7 9.9 258.1 13.6 5.9 5.1 12.4
139.7 7.6 189.8 10.0 6.3 7.5 10.8
27.2 1.5 57.1 3.0 2.8 -3.9 28.0
14.8 0.8 11.2 0.6 - 7.5 -8.8

1,830.0 100.0 1,890.0 100.0 12.2 9.9 1.1
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more direct market response to boom conditions of dcmand: world
motor vehicle production incrcascd by 34 percent in 1955, by 22
percent in 1959, and by 18 percent again in 1960.

In the oligopolistic market for syntlhetic rubbcr prices are very
stable in the short run. This price stability has been an additional
factor that has helped these rubbers to penetrate the markct. Prices
of SBR and of most other SR'S havc stcadily declincd ovcr timle. The
onlv break in this long-term trcnd occurrcd in 1973-74, wheln the oil
crisis drasticallv incrcased the cost of the chemical moniomers uscd to
produce SBR. Prices have since risen moderately following the pace set
by input costs. h'lc prices of SR are still stable in the short tcrnm.

From the early 1950s, when production of SR began on a large
scale, to the earlv 1970s, the trend in natural rubber prices continucd
to decline. The main cause was the steadv fall of svnthetic rubber
prices brought about by economies of scale and bv technical progress
in the world synthetic rubber industry. As SR becamie progressively
more and more important in world markcts, its prices set the overall
trend, and natural rubber producers became, to a large extent, price
takers. The structure of the svntlhctic rubbcr industry is such that
prices can be quite differentiatcd between regional and spccific use
markets. For tlis reason, a "world pricc," even for a specific tvpe of
SR, is almost impossible to reconstruct. For SBR, howcever, the long-run
trend in wvorld prices is approximated reasonablyv well by the trend
in U.S. export unit values (see Figurc 2-4). Thle available empirical
evidenice confirms the hypothesis that the declining trend in natural
rubber prices from the early 1950s to the earlv 1970s xvas influenced
by the decline in general purpose synthetic rubber prices.2 3

As previouslv observed, a sharp break in the natural rubber price
trcnd occurred in 1973-74 as a consequence of the oil crisis and the
subsequent sharp risc in crudc oil prices. Both the short- and the
long-run cost curves of the natural and syntlhetic rubber industries
were affccted substantially, and the interactioni between the prices of
NR and SR lhas now shifted to a different and higher trend level.

23. See 1. Ilaque, "Analysis of Natural Rubber Market,'' World Bank Staff
WVorking Papcr, no. 133 (Waslhington, D.C.: The WVorld Bank, August 1972),
pp. 6-8; and more recently Charles River Associates and 'Wharton Econometrie
Forecasting Associates, Forecasts and Analysis of the Rubber Market (submitted
to the Office of Stockpile Disposal, GSA, Washington, D.C., 1974) (processcd),
p. 60; and Enzo Grilli, Ray Ilelterline, and Peter Pollak, "An Econometric Model
of the World Rubber Economy," \World Bank Commnodity Staff Paper, no. 3,
January 1979, pp. 27-29.
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AlMarket Interaction befween
Natural and Synthetic Rubbers

In order to analyze the market interaction betweer. natural
rubber (NR) and synthetic rubber (SR), it is necessary first to know
the similarities and differences between the two kinds of rulbber and
to be familiar with their major uses. Then the particulai factors
affecting their demand, the competitive relation between lhe two,
and the behavior of the market share of NR can be better uncderstood.

The Main Kinds of Rubber

All rubbers are (high) polymers and possess distinctive chemical
structures that enable them to be transformed into materials having
the property of "rubberiness." They differ, however, in their basic
properties (such as tensile strength, clongation at break, and resili-
ence) and, above all, in their processing behavior and end-product
performance.

Natural rubber

Natural rubber is a fairly homogenous commodity. Its qualities
and product performance are well known, and it still is the rDference
point for man-made elastomers. Natural rubber has high resilience
and tensile strength and low heat buildup. Its resistance to impact,
abrasion, and tear are excellent. Natural rubber, however, is not
very resistant to environmental factors, such as oxidation and ozone.
It also has low resistance to chemicals, such as gasoline, kerosene,
benzol, degreasers, solvents, synthctic lubricants, and hydraulic fluids.
Because of its physical and resistance properties, NR is Freferred

39
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for the manufacture of products that require high strength and low
heat generatioin (for example, airplane tires, giant truck tires, and
off-the-road vehicles' tires) and engineering products which require
higlh fatigue resistance.

Traditionally, NR has bcen traded in sheets whose quality is evalu-
ated bv visual inspection. There are six different grades of ribbed
smoked shcets: RssI to RSs6. Thc no. 1 grade (Rssl) is the highest
quality variety of traded rubber sheets, followed by RSs2 , RSs3, and so
on. HistoricallI, RssI was also the most widelv traded variety of
rubber. In the past twvo decades, however, its relative importance has
diminished considerably, particularlv in rclation to RSs3, which is the
standard kind of NR used in tires. In addition to sheets, NR is also
traded as crepes. There are six standard kinds of crepes: palc, estate
brown, thin brown, thick blanket, flat bark, and pure smoked blankct.
Each kind of crepc, except the last oIIC, is subdivided into different
grades.' All rubber crepes, like the sheets, are visually graded. Sheets
and pale crepes are prepared from coagulated field latex. Estate brown,
thinl brown, thick blanket, and flat bark crepcs are prepared from
remilled sheets.

As previously mentioned, block rubber was introduced by MIalaysia
in the mid-1960s. The quality of block rubber is determined by more
rigorous and technical tests, and unlike rubber sheets and crepes, the
quality of block rubber is specificd and guaranteed. The cxample of
Malavsia was followed bv othcr countries: Singaporc, Indonesia, and
more recently Sri Lanka, TI'hailand, Liberia, Nigeria, Ivory Coast,
aind Cameroon. In 1977 cxports of technically specified rubber ac-
counted for 39 percent of total world exports (scc T able SA-7).

According to the Standard Malaysian Rubber (SMIR) schemlle, there
are four basic grades of block rubber (sNIR5, SNMRIO, SMR2 0m, and
SMR50) and two special grades (saIR5L and SNIREO). For each gradc,
the dirt content, aslh content, volatile mattcr content, nitrogen con-
tent, plasticity, and color are rigorously specified.2 The SMR SChemCe

1. See 'Iiutcrinational Standards of Quality and Packing for Natural Rubber,"
Interniational Rubber Quality and Packing Conferencie. 1969. (This publication is
commonly known as "The Green Book.")

2. The nunmbers refer to the maximua u allowable dirt contenit cxpressed in
percentages: 0.0) percent, 0.10 percent, 0.20 percent, and 0.50 perecit. In the
recenitly reviscd SAIR SCIhemelC (SCC revision1s to SAIR SCheCm 1979, SIR Builletini n1o.
9) improvements in all the specified propcrtics havc been introduced to provide
for more uniforim processability; raw materials for each grade have been specified,
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also specifies the size of the rubber block, as well as its packaging.3

Followving the Malaysian example, various countries row use
standardization and quality control schemes. After the SAMR schemie,
the largest of these schemes arc the Standard Indonesian Rubber
(SIR), followed by the Specified Singapore Rubber and the Thai
Technical Rubber. In addition to the basic and special grades of
technically specified rubber, several kinds of modified natural rubber
have also become available.4

Although most natural rubber is shipped as dry rubber, it can also
be shipped in the liquid latex form. In 1975 about 8.5 pcrcent of
total world rubber exports wvere latex. Latex is used mostly in carpets,
dipping, adhesives, thread, and foam.

Synthetic rubber

Th-ere are many kinds of synthetic rubber availablc on the market.5

The detailed statistics on world\vide consumptioni, whiclh lhave be-
come available in recent years, clearly slxow that seven main kinds
of SR dominate the market in terms of tonnage, accounting for about
98 percent of all SR and for about 66 percent of all rubber consumed

and regrading of rubbers under the scheme has been carefully restricted. The
specifications for top quality rubbers would include an additional cure feature,
which will be more helpful to the customer. Finally, the revised scheme introducecs
a completely new grade of SMIR: the general purpose, or GD, rubber. This grade will
have specified raw materials (including latex, shcet, and field coagulum), low
levels of dirt content, controlled Mooncy viscosity levels, and dcclared vulcanized
features.

3. The literature on the SMR schemc is vast. See Rubber Rcsearch I istitute of
Mlalaysia, Proceedings of the RRI Planters' Conferences (Koiala Luinpur: RRI,

1971-75). The processing anid grading of NR in lIalaysia is well described and
analyzed in Pee Teck Yew and Ani bin Arope, Rubber Ouwners' Mlanral (Knala
Lumpur: RRINM, 1976), pp. 161-77.

4. The two most important kinds, from thc standpoint of volume, aic viscosity
stabilized natural rubber (SMRCV), developed to deal with the hardening of NR,

and superior processing natural rubber (sp), developed to improve the mixing
properties of NR. Other kinds are: a special tire rubber, which docs not require
mastication before mixing and was specifically designed for the tire industry, and
an oil-extended natural rubber (OENR), which contains from 20 to 40 percent oil
and which is used in winter tires.

5. A morc detailed analysis of the techlnical, economic, and cnd-use character-
istics of the seven 'IIost important kinds of sin is included in Appendix A.
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Table 3-1. World Rubber Consumption, by Kind of Rubber, 1977

Thousands Percentage Percentage
of of of

metric synthetic total
Kind of Tubber tons rubber rubber

Svntlhctic rubber
Stvrene-butaldiene (SBR) 3 328 58.3 38.3
Pohlbutadicne (BR) 895 15.7 10.3
Polviso'prnen (IR) 208 3.6 2.4
EthvlCne-propylenc (EPIM-EPDM ) 290 5.1 3.3
PolyChloroprelle (CR) 318 5.6 3.7
BUtVl dIR) 386 6.8 4.4
Nitrile (NBR) 190 3.3 2.2
Other synthetic 91 1-6 1.1

Total 5,706 100.0 65.7

Natural rubber 2,984 - 34.3

Total rubber 8,690 - 100.0

Note: l;xcluiding centrally planncd econioimiics.
- Not applicable.
Souirces: International Institute of Svntlietic Rubber Producers (IsSRI' , private

comuniiiicationi; and Internationial Rubber Study Groul), Statistical Bulletinz.

outside the centrally plannied cconomies (Table 3-1). Y Styrcelc-
butadicinc (SBR), po-bbutadienc (BR), and polvisoprcne (IR) arc
conmmonly classificd as the gcncral purpose SR.7 Ethylenie-propylenc
rubbers (EPNI-EPDMI), polychloroprcrec rubber (CR), nitrile rubber
(NBR), and buty rubber (IIR , together wvith the largc numiiber of
rubbers manufactured in small tonnage amounits and grouped under
"other synthetic," are classified as specialty rubbers.8 This classifica-

6. The Interniational Institute of Synthetic Rubber Producers (IISRP) began to
publish world production and consumi ptioni figurcs in 1973.

7 . 'I'hC otlicr gencral purpose rubber iS NR.

8. In terms of historical devclopmcnt, these sevsn maill kinds of SR can be
divided into two main clisses: (a first gcncration syntlhtic rubbers (stvrcnc-
butadiene, polyclhloroprene, butyl, and nitrile) developed before World War II;
(b) second genrcationi or stercoregular rubbcrs (polyvbutadicne, polyisoprenc, and
cthvlene-propvlcnc) developed in thc 1950s. The developnicnt of solutioln siii~,
wvhiclh also is stercorcgular, is more rccent. Sce Amcrican Chemlical Society,
Cheemistry in the Economy (Washington. D.C.: American Chcmiiical Socicty,
1973) ,p I 2 6 -3 7
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tion, although quite accepted in practice,9 is far from being, unam-
biguous: how "special" EPN1-EPDM rubbers are is still uncertain, and
how "general" BR is, is certainly a matter of interpretation."'

Another classification was recently adopted by P. NV. Allcn, and
distinguishes rubbers by the tonnage consumed.1 ' Large-tonnage SR'S

include SBR, BR, IR, and EPMI-EPDM; medium-tonnage rubbers are CR,

IIR, and NBR, and small-tonnage rubbers include all the re:naining
types. The only ambiguity in this classification is that two of the
large tonnage rubbers-IR and EPM-EPD-m-have lower levels of wvorld
consumption than the two other kiinds of SR'S classified as medium
tonnage-CR anld IIR. The reason for this apparent contradiction is
that IR and EPM-EPDM are thought to have thc potential for becoming
large tonnage rubbers. Even though no unique classification wvill be
adopted in this studv, the one proposed by Allen is quite useful for
the purpose of examining the competition between NR and SR, since
the prices of the four large-tonnage SR'S historically have bcen in the
range of natural rubber prices, and their markets have overlapped
those of NR to a greater or lesser extent.

In terms of tonnage, styrene-butadiene rubber (SBR) is bv far the
single most important kind of rubber in the world. It represents 38
percent of total rubber consumption outside the centrally planned
economies. Its share in total synthetic rubber consumption is even
higher, about 58 percent (Table 3-1 ). SBR has some inmportant
technical advantages over NR, but also some inferior properties. It
has lower resilience and tensile strength, but its rcsistance to mechalli-
cal, temperature, and environmental factors is roughly comparablc to
that of NR. SBR, hoxvever, can be easily extended \with oil, giving it
good wvear resistance and excellent grip. For this rcason SBR is used
mostlv in automobile tire treads xvhere good resistance to wear and
loxv propcnsity to skid on xvet surfaccs arc nccessary performance
characteristics. \NVorldwide, more than 60 percent of all SBR is con-
sumed in tires. Othcr uses includc footwear, convevor belts, cable
insulationi, hoscs, batterv containicrs, and adhcsives. Physical proper-

9. See, for cxample, C. F. Rucbensaal, Changing Markets and Manlufacturing
Patterns in tile Synthetic Rubber Industry (New York: IISRP Inc., 197T), p. 17;
and David Dworkin, "Changing Markets and Technology for Specialty Elasto-
mers," Rubber World (February 1975), pp. 43-46.

10. See further Chapter 3 alnd Appcndix A.
11. P. WV. Allen, Natural Rubber and the Synthetics (London: Cro:by Lock-

wood, 1972), pp. 17-24.
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ties alone, however, cannot explain the outstanding commercial suc-
cess of SBR; its low production cost is also important. \hen demand
for rubber-especially in tires-started to increase after World War IT
at a rate that was well beyond the capacity of natural rubber pro-
ducers, SBR producers filled this gap in demand with a product that
had good physical and end-use properties. But above all SBR had
relatively low production costs and could, therefore, be sold at com-
petitive prices.

Polvbutadiene rubber (BR) iS the second most important kind of
SR and the third most important kind of rubber in terms of volume:
BR consumption accounted in 1977 for 15.7 percent of total consump-
tion of SR outside the centrallv planned economies and 10.3 percent
of total rubber consumption (Table 3-1). Because of its high resili-
ence and low heat buildup, BR iS used to improve the performance of
SBR and NR in tire treads, sidewalls, and carcasses. BR iS, therefore, al-
most exclusively a tire rubber and is hardly ever used alone.

Polyisoprene (IR) is the closest synthetic approximation of the
natural elastomer. On the basis of its physical and processing char-
acteristics it has found uses in areas where NR was previously chosen,
such as car, truck, and bus tires, and pharmaceutical and mechanical
goods. Despite its excellent properties and high manufacturers' ex-
pectations of its market potential, IR has found it difficult to compete
vith NR on a relative price basis. IR still is a costlv SR to produce, since

both the derivation of the isoprene monomer and the polymerization
process are technically more complex and costlv than tbose of SBR.

The market penetration of IR has been slow over the past ten years.
In 1977, IR accounted for only 3.6 percent of all SR and 2.4 percent
of all rubber consumed outside of the centrally planned economies.'2

Ethylene-propylene rubbers (EPxI and EPDM) are the fifth most
important group of SR'S in terms of tonnage. They have excellent re-
sistance to environmental factors, high tensile strengtlh, and resistance
to heat. WVhen first introduced, EPN{ rubber was cxpected to become
a new general-purpose rubber. The low cost of the basic monomers
(ethylene and propylene), the ability of EPMI to accept high loadings
of oil, and its processing case were thouglht to be strong assets. EPAI

12. In 1973 the IR share of total SR consumed outside the centrally planned
economies was 5.1 percent. On a world basis, the market share of IR is probably
higher than indicated in Table 3-1 due to the relatively higher market penetration
reached by IR in the U.S.S.R. and Eastern Europe. No precise figures are available
for these countries, however.
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was difficult to vulcanize, however, and the solution to this probicm-
the addition of diene, a costly material-counteracted much of the
initial relative cost advantage and prevented the modified EPlI

(EPDAI) from entering the tire market, except for some specific uses
(tire sidewalls, cover strips, and off-the-road vehicle tires). EPDM is

now used mostly in automotive parts other than tires, where resistance
to ozone and weather is necessary.

Polychloroprene (CR), butyl rubber (IIR), and nitrile rubber (NBR)

are the three remaining important kinds of SR from the standpoint
of world consumption. They all are expensive and are used only in
products that require their special technical properties. Becaus2 of its
excellent weather, ozone, and fire resistance, CR iS used in automotive
parts other than tires, mechanized goods, and wire cables. CR com-

pctes with EPD-M in automotive goods and with NR in some mechlanical
applications, but for the most part it competes with other specialty
rubbers, particularly NBR. IIR, because of its impermeability to gas,
is used mostly in inner tubes where it has displaced NR. NBR, which
has an excellent resistance to oil and chemical solvents, is mostly
used in oil hoses, oil seals, gaskets, belts, tubing, and sealants.

Other SR'S include a large number of specialty rubbers which meet
specific needs of certain manufactured products. There are at least
170 distinct kinds of specialty rubbers, which can be classified in
three broad groups: castable elastomers, such as urethane, silicones,
and polvsulfides; thermoplastic rubbers; and powdered elastomers.13

The Main Uses of Rubber

The breakdown of world rubber consumption bv main uses is not
known precisely. The only estimatcd breakdown is between tire and
nontire uses, in which each accounts for about 50 percent of the total.

Uses in the major economic regions

A greater percentage of rubber is used in tires in developed coun-
trics (57 percent of the total) than in developing countries and cen-
trally planned economies (38 and 27 percent, respectively, of the
total). 14 The percentage of rubber that is used in tires also reflects

13. See Appendix A.
14. These percentage shares refer to 1972-74.



Tablc 3-2. Elastoiner Consumption in Developed Couniztries, by Major Uses, 1970

European Econo77mic
United States Coi17nmunity Japani

'I'lhousantds Thlousa nds Thousands
of metric of metric of metric

Use tons Percenit tons Percenit tons Percent

Tire
Passenger car 855 34.0 42(0 22.6 110 14.1
TrucLC/bus 445 17.7 325 17.5 192 24.6
Tractor/industrial 100 4.0 75 4.0 21 2.7
Bicycle/motorcycle 3 0.01 25 1.4 13 1.7
Aircraft 9 0.04 3 (0.02 0.3
Retreading 130 5.1 7; 4.0 10 1.3
Iiiiier thi)es 45 1.8 50 2.7 39 5.(
Other products 2(0 0.07 20 1.1 1 S 1.9

Tlotal 1,607 63.8 993 53.4 400 51.3

Nontire
Latcx products 2(03 8.1 195 10.5 74 9.5
13elting 30 1.2 40 2.2 43 5.5
Hose 50 2.0 45 2.4 1S 1.9
Footwear 90 3.6 75 4.0 68 8.7
W\ ire and cable 30 1.2 40 2.2 12 1.6
Othcr products 507 20.1 471 25.3 167 21.5

'lotal 910 36.2 866 46.6 379 48.7

Total conisuimptioni 2,517 100.0 1,859 100.0 779 1()0.0

Sources: Industry sources (interview rlata ); International Rubber Study Group, Statistical Bulleti7t, Various issucs; ancl Malaysian
Rubber Research and Development Board, I'lhe 'Techno-Eco71077oiC Potential of Nattural Rubber, MIRRDB Mfonograph I (Kuala Lumpur:
MIRRDB, 1974).
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the degree of motor vehicle use in each country, ranging from 64 per-
cent in the United States to about 10 percent in the Pecple's Re-
public of China.

In developed countries, the uses of rubber are known in much
greater detail, even though category classifications are often different
between countries and comparisons are quite difficult, especially for
uses other than tires. Table 3-2 summarizes the situation in the
United States, the EC, and Japan. Rubber is used for tires in all three
areas, but there are substantial differenccs among areas in the pattern
of use. Rubber use in passenger-car tires is higher in the United States
than in Europe or Japan, because of the higher levels of Fer capita
automobile ownership and use as well as the relatively larger average
size of automobiles (and thus tires) in the United States. After car
tires, the largest single market for rubber is tires for co[nmercial
vehicles, such as trucks and buses. Japan uses more rubber for conm-
mercial vehicle tires than other countries. In Japan, however, many
commercial vehicles are small buses and small and midget trucks,
whose tires are categorized as commercial vehicle tires but which are
really more similar to passenger-car tires. After tires, latex products,
footwear, belts and hoses, and wire cables are the most important
uses for rubber.

Uses and market shares of natural rubber

Statistics on consumption by use and on market shares in each
use for NR have been almost totally unavailable until recently for
most countries. In 1973 a pioneer studv by the -Malaysian Rubber
Research and Development Board (MIRRDB) provided much needed
empirical evidence on the uses and the market shares of NE.1 5 Addi-
tional data made available to the W`orld Bank and the F'ood and
Agriculture Organization of the United Nations (FAO) by industry
sources confirm-with some minor modification-the distribution of
uses first given by the MIRRDB. Table 3-3 summarizes the u,es of NR

in the United States, the Ec, and Japan.
Commercial-vehicle tires represent the largest single outlft for NR

in all three areas, folloxved by passenger-car tires. Commercial-vellicle

15. P. W. Allen, P. 0. Thomas, and B. C. Sekhar, The Techne-Economic
Potential of Natural Rubber in Alajor End-Uses (Kuala Lumpur: MRRDB, 1973),
pp. 27-30.



Table 3-3. Natural Rubber Consumption in Developed Countries, b)y Major Uses,
a7nd Natural Rtubber Slhare in Eaclh Use, 1970

Eutropcan/ Ecnomwo111i
United States Comm11unity Japan

T'llou- Thou- Thou-
sands sands sands

of Share of NR of Shiare of NR of Share of NR

metric total share metric total share metric total share
UJse tons (percenit) (percent) tons (percent) (percent) tons (percenit) (percent)

Tire 400 70.4 24.9 384 54.8 39.0 154 54.4 38.5
Passenger car 124 21.8 14.5 110 15.7 26.0 31 11.0 27.0
Truck/bus 222 39.1 50.0 190 27.1 58.0 90 31.8 45.(
Tractor/industrial 30 5.3 30.0 45 6.4 60,0 10 3.5 45.0
Bicycle/motorcycle - - 7 1.0 30.0 8 2.8 60.0
Aircraft 8 1.4 90.0 3 0.04 90.0 0.3 ... 100.0
Retreading 13 2.3 10.( 25 3.6 33.0 5 1.8 55.0
Inner tubes 2 0.03 5.0 2 0,03 5.0 4 1.4 10.0
Othser products 1 0,02 5.0 2 0.03 10.0 6 2.1 04.0

Nontire 168 29.6 19.( 317 45.2 36.6 129 45.6 34.0
Latex products 67 11.8 33.0 65 9.3 33.0 21 7.4 28.0
Belting 12 2.1 15.0 12 1.7 30.0 22 7.8 51.0
Ilose - - 11 1.6 5.0 6 2.1 40.0
Footwear 22 3.9 25.0 26 3.7 35.0 30 10.6 44.0
WN'ire and cablc 1 0.(1 3.0 6 0.09 1 5.0 4 1.4 33.0
Other products 66 11.6 13.0 197 28.1 42.0 46 16.3 27.5

Total colsumption 568 100.0 22.6 701 100.0 37.7 283 100.0 36.0

-Not applicable.
. . Zero or negligible.

Sources: Industry sources (intersiew data); and MIRRDB, Thie Techno-Economic l'otential of Natural Rubber.
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tires generally require more NR in the blend. The larger the tire, the
greater the share of NR, since high resistance to wear-and-tear and
cracking as well as low heat buildup are needed. Natural rubber has
high resilience and, therefore, minimum heat buildup. Giant tires
are made almost entirely wvitll NR (about 95 percent), large truck tires
usually contain about 65 percent NR, and small truck tires have only
from 17 to 25 percent NR.1A` The relatively grcater importance of small
and midget trucks in Japan partially explains the lower share of NR

in commercial-vehicle tires in that country.
Passenger-car tires are the second largcst market for NR despite the

heavy losses in market share suffered by NR in the 1950s and 1960s.
SBR and BR are now the dominant rubbers in this markct. Comparison
of natural rubber consumption shares in passenger-car tires shows an
interesting difference betwNecn the United States and Europe. The
share of NR iS much higher in the EC than in the United States, largcly
because of the ligher percentage of radial tires on passenger cars therc.
Radial tires, wvhich rcquire more NR than other tires, were pioneered by
\Michelin in France, and gained consumer acceptance much carlicr in
WN'estern Europe than in the United States, where the industry wvent
from cross-ply to bias-belted tires before getting into radial tire pro-
duction. Radial tires for passcnger cars were introduced on a large
scale in the U. S. market only in the carly 1970s.'7 The situation in
Japan is more similar to that in the United States than to that in
Europe. Radial tires wcre introduced in Japan in the late 1960s and
early 1970s, and thereforc the share of NR in passenger-ca: tires is
lowecr thain in Europe. '1'hc data in 'I[able 3-3 show a somewhat dis-
torted picture of the market share of NR in passenger-car and com-
mercial-vchicle tires in Japan. Ihe reportcd share in passernger-car
tires is higher and that in truck or bus tires is lover than it would
be if the small- and mini-truck tires were categorized as passengcr-car
tires.

Thc third largcst market for NiR iS in latcx products, where its
markct sharc is about 30 percent in all three major consuming areas.
Industrial tires, footwear, hoses, anid belting are othcr important

16. See, for example, E. II. Sonncken, Statement to the United States Cost of
Living Council (Akron, Ohio: Goodyear Tire and Rubber Co., Septcmnber 1973).

17. It is significant that the natural rubber share of the market for tirns and tire
products increased steadily in the United Statcs from 23.6 percent in 1971 to 29.S
percent in 1977, whcreas in the world inirket it rose only from 21 6 percent to
24.5 percent.



50 TIIE WORLD RUBBER ECONOMY

markets. An extreme illustration of the importance of technical and
performance requirements that constrain the ehoice of rubber in-
puts is the market for airplane tires, in whiCh NR has an absolutely
predominant share. It is the only material that has the strength at
very high temperatures and the resistance to fatigue during repeated
flexing that are necessary in aircraft tires.

Factors Affecting the Demand for Rubber

Demand for rubber originated from the use of various kinds of clas-
tomeric materials in a large number of manufactured products. Rub-
ber demand is, by its nature, a derived demand. The usual difference
between rubber uses related to tires and uses not related to tires
highlights the importance of tires as the leading outlet for rubber,
but does not indicate the large variety of other manufactured prod-
ucts in wliclh rubber is used, such as latex products, beltings, hoses,
footwear, wire and cables, medical articles, and glucs and adhesives.

Thc kind of rubber to be used in manufacturing a product is
chosen on the basis of technical factors (performance needs of the
products and process tcchnology), economic factors (product eco-
nlomlics, whichi depenid onl rclative input priecs and proecssing costs),
and factors related to the market (ease of input availability, market
structures, marketing and scrvice needs, and capabilities). Although
the choice of rubber to be used can be assumed to be based (at a given
level of process technology) on the usual criteria of minimumii cost,
in practice scveral technical and nontcclhnical factors constrain the
ease of substituting one kind of rubber for another. Rubber users
tend to delay chaniges in the Imix of inputs in rcsponsc to clhanges
in relative prices because of the technical adjustment costs that are
often involved. Moreover, the largest users of rubber, the tire makers,
have large captive production capacities of SR and tcnd to use thcir
own supplies whlnever possible. Other users of rubber, who do not
have captive production capacities, arc often tied to specific domestic
synthctic rubber supplicrs by contractual and other customarv rcla-
tions, which are hard to break. This limits their ability or willingness
to switclh from one kind of rubber to another in response to chaniges
in relative market prices. Government policies to savc foreign ex-
change tenrd to favor the usc of domestically produced rubbers, most
often SR'S. Security reasons also weigh in favor of protecting and en-
couraging domestic synthetic rubber production instead of importing
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NR. Of these two political factors that interfere with a choice of
rubber inputs that is usually based only on technical and economic
considerations, the former-foreign exchange saving-applies mostly
to developing countries, whereas the latter-security-generally ap-
plies to industrialized countries. In centrally planned economies both
factors apply simultaneously.18

The Competitive Relation
between Natural and Synthetic Rubbers

The analysis of the nature of the demand for the main kinds of
rubber and for their main uses clearly illustrates the complexitv of
the market interaction between NR and SR. The competitive relation
between natural and svnthetic elastomers hinges upon a set of related
factors, which are difficult to evaluate individually. The stud,, of this
relation, moreover, has bccn clouded bv emotions, political considera-
tions, and self-serving attitudes, which are often heavily influenced byl
conflicting economic interests. In the end, a clear understanding of
the issues involved can come only from careful analysis aimed at ob-
taining much-needed empirical evidence on this subject. 19

Study of the technical and economic characteristics of the main
kinds of rubber and of the uses of rubber has shown that NiE and SR

are close substitutes for each other in many product applications
whliere relative price and availability are the main determinants of
the choice of elastomers. Natural rubber, SBR, and IR compete in all
applications for which a gencral purpose rubber with standard char-
acteristics is needed. Even isolating these applications is a difficult
task, however. It is equallv difficult to identify the uses in which any
one of the main kinds of rubber has clear-cut technical advantages
over another, given the fact that careful compounding can yield al-
most innumcrable combination)s of rubbers with a given set of

18. A lucid analysis of the process of choice between rubber inputs is pre-
sented in Allen, Thomas, Sekhar, The Techno-Economic Potential of Natural
Rubber in Major End-Uses, pp. 17-23. 'The manufacturers' problems of choice
have also bcen reexamined recently by J. G Anderson of Avon Processed Polymcrs
Ltd. See J. G. Anderson, "The Rubbcr NManufacturers' Choice: Natural or Syn-
thetic Rubber?," Plastics and Rubber International (July/August lF)77), pp.
169-72

19. The last section of this chapter offers some iew empirical evidence; see
further Appendix B.
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properties. The economic clhoice in thcsc cases would have to de-
pcnd not onlv on rclative input costs but also on rclative compoundinlg
costs.

The opinions of the cxperts in this field are widely divcrgent,
often bccause all of the details of the tcclmical and economic options
have not been (and probablv cannot be) explored simultancouslv.
At one end of the spectrum is thc view that the potential for swvitch-
ing fromn SR to NR Oll tcchnical or commercial grounds is quitc limitcd,
probably only about 5 percent of total elastomer nsc, even given coII-
tinued assurance of cconomic advantage. According to this view,
political factors could be more inmportant thani CcoIIomic factors ill
dctermininig wlhethler this potctial will be realizcd or not2'' At the
otlher cnd of the spectrum, in a carefully reasoned and fincy doct-
meitcd studv of the competitioll between NR anld SR, the MIRRDB CO1n-

cludcs that, apart from the markcts accounted for by specialty rubbers
(about 15 percent of the total) and the mark-et for SBR /BR blends ill
passenger-car tires (anotlher 15 percent of the total), the remainder of
the world rubber market is technically open to isoprenic rubbers (NR

and IR) 21 Aftcr allowing for differences in processabilit, and price
between NR and IR, the potential mark-et share of NR is reduccd to
50 percent. In a further realistic assessment of thc technoeconomic
market slhare for NR, based on an analysis of its uses, the \IRRDB stuldv
concludes that the normal share of NR in total clastomcr usc is 43
percent: the actual imarket share of NR was 35 percent in 1970.

Our direct research on rubber uses outsidc the centrally planncd
cconomies indicates that the possibilities of switching from SR to NR

under favorable conditions of price and availability varn a great dceal
from countrv to country and froni industry to industry. It appears,
however, that at least 15 percent of the SBR and 50 percent of the IR

mark-et could go to NR. Using consumption figurcs for 1977, this
means tllat, outside the centrallyv planned economies, 3.6 million
metric tons of NR could have been used compared with the 3 million
metric tons actually consumed. Natural rubber had, therefore, a

20. See D. A. Bcnnett, "Changes in Markets for Synthetic Robber and Its Raw
Materials," Proceedings of the ECŽNIRA Conferen7ce, MIadrid, 1976; processed. A
similar v-iew is taken bv the IRSG Ad I Joe Advisory Panel in a rccent study on the
prospects for rubber. See IRSG, "Report of the Ad Iloc Advisory Panel on the
Prospects for Rubber," Jakarta, Octobcr 1975, p. 7; processed.

21. See Al]en, Thomlas, and Sekhar, The Techno-Economnic Potential of Nat-
ural Robber, pp. 23-27.
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potential market share of about 42 percent as opposed to an actual
markct share of 34.3 percent. On a world basis, its market share would
probably be lower, since centrally planned economics have policies
of self-sufficiencv in rubber and would not shift back to Nlt on as
largc a scale as that implied for devcloped countries.

Estimates of the Market Slhare Elasticities
of Natural Rubber

The relation between the share of NR in total rubber consumption
and the import prices of NR rclative to prices of competing SR in
North America, Western Europe, and Japan was examined using a
market share model. Because of the lack of reliable data on syn-
thetic rubbcr prices, this model could not be applied to other de-
veloped consuming countrics, dcveloping countries, or c2ntrally
planncd economies. North America, XV'esterim Europc, and Japan,
however, are the largest consuming areas, accounting together for
about 60 percent of total xvorld rubber consumption and for 95 per-
ccnt of total rubber consumption in developed countries.

The model assumes that rubbcr consumers can use both NR and
SR; that NR and SR are closc, but not perfect, substitutes; and that
changes in the relative prices of thesc two inputs affect relalive use
only gradually, given the uncertainties about the nature c f price
changes (temporary or permancent) and given the time and cost
involved in shifting from one input to the other. The economic ra-
tionale for these assumptions stems from the analvsis prescntcc above.

The market share of NR is hypothesized to be a function of the
prices of NR and SR and of technology. If rubber users adju,t their
consumption patterns graduallv in response to changes in relative
prices and technology, only a fraction of the projected share of NR

in total rubber use can be expected to be reached within a certain
period. A Nerlovian partial adjustment model was postulated, and a
reduced form equation was used to obtain the statistical estimates
of the short- and long-term elasticities of the natural rubber markct
share with respect to relative prices. The results are shown in Table
3_422

22. Appendix B contains the details of the analysis of the natural rubbcr market
share.
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Table 3-4. Estimates of the MNfarket Share Elasticities
of Natural Rubber in North America,
Western Europe, anid Japan

Rate of
adjust merit Short-term Long-termn

Area = I- a, elasticity' elasticity

North America 0.504 -0.18" -0.36b
Western Europe 0.587 -0.13'1 -0.46b
Japan 0.568 -0.14b -0.25b

a. Comptuted at the mleani values of the relevant variables.
b. Significant at the 9 5 percent confideuice level.
Source: 'IFable B-i.

The estimated short-term elasticities are, as expected, much smaller
in absolute value thani long-term elasticities. In thc short run relative
prices influence only slightly the choice of rubber inputs. This is
consistent with a priori expectations, given the technical adjustment
cost that is involved wlheni a rubbcr user switclhes from one kind of
input to another. In the longer run, however, the choice of rubbcr
inputs is clearlv and more strongly influenced by changes in relative
prices. Anotlher interesting finding is that the values of long-term
market share elasticities are higher for WVestern Europe than for
North America and Japan. TIhis again confirms expectations, since in
WN estern Europe there is less vertical integration of the tire industry
than in the United States. In addition, despite the similar production
structures in Western Europe and Japan, informal ties linking SR

manufacturers and tire makers, as well as institutional pressures in
favor of domestically produced SR, are much weaker than in Japan.



4

Effect of the Oil Crisis
on the Competifive Relafion
between Rubbers

The drastic increase in crude oil prices since 1973 has
fundamentally changed the competitive relation between natural
and synthetic rubbers. The relative market position of natural rubber
(NR) has improved substantially in the short term, but has improved
even more in the longer term. After more than two decades of ex-
periencing serious difficulties in meeting the price challenge of
synthetic rubbers (SR), NR now faces a market situation in which
relative cost advantages seem to have turned stronglv in its favor.

The effect of the oil price change on the relative market position
of rubbers is examined here, differentiating the short-term effects
from the long-term effects. Although this approach is somewhat
schematic, it brings out the crucial (lifference between the changes
that the oil price increase has caused in the cost of producing rubber
from existing facilities-trees already in the ground and production
plants already in operation-and the cost of producing more rubber
from new facilities-newly plantcd trees and new synthetic rubber
production units.

Short-Term Effects on Operating Costs

Assessing the effects of the oil crisis on the production cost, of NR

and SR iS conceptually easier in the short term than in the long term.
In practice both exercises are difficult and somewhat risky.

55
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Natural rubber

Natural rubber is a perennial crop. The rubber trce does not begin
to produce until the fifth or sixth year after planting. The costs in-
curred during this immaturity period include: (a) land clearing;
(b) new planting (or replanting); (c) field care and upkeep (for
example, pest and disease control, pruning, weeding, and fertilizing);
and (d) management and overhead (prorated). These are essentially
investment costs similar in nature to those incurred in building a
synthetic rubber plant. After maturity is reached and the trce is
exploited, the costs incurred in producing rubber include: (a) tapping
and collection of latex and cup-lumps; (b) processing into sheets,
blocks, or concentrate latex; (c) field care and upkeep (for example,
pest and disease control, chemical stimulation, and fertilizing where
applicable); and (d) management and overhead.1 These are essen-
tiallv operating costs. In addition to the direct cost of producing
rubber, a charge for depreciation is normally included. This charge,
however, should also includc an allowance for interest on capital.
TFraditional compilations of production cost do not include such
allowances in addition to depreciation. Tlhierefore the cost estimatcs
prcscnted below omit interest charges and allowances for possible
changes in the replacement cost of the rubbcr holdings.2

To deal with the cost of NR in global as well as in scctoral terms
is quite difficult. Rubber production is a labor-intensive operation;
about two-thirds of total operating costs arc direct labor charges. In
addition, in all the mnajor producing countries small farmcrs produice
the bulk of the rubber. Valuing labor-especially family labor-in
the production of any agricultural commoditv in developing countries

1. Applicable to estates.
2 For a recenit detailcd examinationi of tile natIlral robber prodnction process

and prodnction cconomics, see IT. laqnc, EffEicicncv in Resourcc Allocation: The
Case of Natural Rubber," 'World B3ank report no. EIC- 179 (a restricted-circulation
document) (Washington, D.C.: World Bank, Julv 1971), pp. 19-37, processed;
anti Maria 4t llooft-Welvaars, 'Profitability of New Investilmcits in Rubber
Plaistings in Malaysia,'' IJNCIAI) docnmecnit TID/B/C. I/SYN/52 (GcencNa, Junie
1971) . I. laquc's paper also containis the most iml)ortant referciccs to the
cxistinig literature on this subject, which is very cxtcnsive. A 5ncw ndl comilpre-
hcnisive analysis of natural rubber production cconomics and marketinIg ]las re-
cently becomiie available from the Rubber Research institnite of Malaysia (RrIrŽM).

See Pee Teck Yew and Ani bin Arope, Rulbber Owners' Manual (Kiiah lahi puiir:
RRIM, 1976), pl. 24- 1 8 3 T1his maiinual is clestincd to become the standard
refcrencec on most aspects of ruiber production econiomics and marketing.
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is notoriously difficult, both conceptually and practically. Thlere are
also scrious difficulties in ascertaining the average cost of producing
rubber on estates. Estate costs depend to a great extent on yields,
and in some countries wage rates are linked to market prices of
rubber.1 Government policies-taxes, ccsses, levies, and subsidies on
planting and/or replanting-complicate tlle assessment of operating
costs and makce comparisons betwecn countries and years e4tremelv
difficult.

The analysis considered here, however, does not require dfinitive
statcments about average natural rubber cost. The direct short-term
effect of the energy crisis on the cost of producing NR from existing
capacity can be ascertained by looking at input prices related to
energy-such as fertilizers, chemical stimulants, and pesticides-and
at other energy costs-such as fuel and electricity-in the processing
and transport of rubber. The indirect effect of the energy crisis is
more difficult to dctermine. At the micro level, wvages on estates and
imputed returns to labor on smallioldings (which are a critical
variable) are affected by domestic inflation rates, which depend in
part on internationial inflation and exchange rates. In some cises the
domestic effect of international inflation on imported agricultural
and industrial inputs (including capital goods and energy) are offset
partially by clhanges in cxclhange ratcs, wvhereas, in other cases, stuch
chaanges reinforce the cost-push effect of international inflatiou. Thcse
cffects, moreover, differ according to the dcgree of dependence of
the major rubber-producing countries on imports.

'I'he cumulative effect of thcse factors on the direct cost ol rubber
productioni can bc observed in the case of Malaysia. The estimates
prcsented in Table 4-1 rcfer to average direct costs on estates and
smalllboldings.4 Mlalaysia is the only rubbcr-producing couintrv in
wvich the average costs for these producing scctors can be derived
xvith a rcasonable dcgrce of confidence. In tcrmls of the local c urrency,
the total operating cost of rubber estates (exclusive of export duities
and othcr taxes) apparently has increased about 30 perccnt between
1971 and 1974, roughl- paralleling incrcases in labor cost (wvhich are

3. See, for example, Ng Clioong Sooi, Colin Barlow, and Chan Chee-Kheong,
"Factors Affecting the Profitabilitv of Rubber Produetion in \Vest Malaysian
Estates," Proceedings of Natiral Rlubber Conference, Knala Lumpuir, 1963; and
Pce 'l eek Yew, "Econoruies of Field Collection," Plaurters' Bulletin of the
Rubber Research Inistitiute of Alalavsia no. 110 (Scptcmrrber 1970), pp. 164-79.

4. Weiglhted avcragcs by yield ranges for both estates and sinallholder.
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Table 4-1. Estimated Average Direct Costs of Production
of Natural Rubber in NMalavsia, 1971 and 1974

1971 1974
(Malaysian (Malaysian Increase,

cents cents 1971-74
Producing sector per per (percent)

and process kilogram) kilogram)

Estates
Tapping and collecting' 34.5 45.0
Management 7i. 8.5
Processing 7.5 8.3
Weeding and fertilizing 7.2 11.5
Others' 8.8 11. 7
Amortization 6.5 10.0

Total, 72.0 95.2 32.2
(Total in U.S. cents per pound)d (10.8) (17.9) (65.7)

Susalliholdings
Tapping and collectinge 30.0 39.0
Processing 14.8 17.0
WVeeding and fertilizing 4.6 8.0
Others 6.6 10.6

Totalf 56.0 74.6 33 2
(Total in U.S. cents per pound)d (8.4) (14.1) (67.9)

a. T'apping costs on estates depend to sonme extent on rubber prices, which were
taken as an average of 100 M¢/kg in 1971 and 150 M¢/kg in 1974.

bx Includes held miintenance, latex stimulationi, pest andl disease control, land
taxes, insurance, and sundry items.

c. ExclUdes researclh tax and export tax, which depends on rubber prices.
d. Converted in USS at average exchanige rate of year sliowvn: US$1 = NIS3.02

in 1971, and US$1 = NM$2.407 in 1974
c. Mostly unpaid famlily labor, the cost of whiclh is imputed at the going wage

rate.
f. Excludes amortization, marketing charges, research tax, and export dutv,

schich dlepends on rubbher prices.
Source: Inrdustry sources (iinterview rdata)

most clearlv shown bv tapping and collection costs). TI'he effect on
total operating cost of the much largcr relative change in the cost of
inputs relatcd to encrgy wlvicl are included in wceding and fertilizing
costs, is quite small, sinlcC their slhare in total cost is only about 15
percent. Thle overall cost chanigcs in the smaliboldcrs' sector are
roughly of the same order of magnitude as in the estate scetor. Thllis
rcsults from calculating tapping and collection costs for small]olders
at market wage rates, whichi is not an unrcasonable assumption, given
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the labor market in Malaysia.a' Measured in terms of U.S. dollars,
operating costs on estates and smallholdings apparentl) increased by
about 65 percent between 1971 and 1974 because of the appreciation
of the Malaysian dollar in relation to the U.S. dollar.

Synthetic rubber

The direct effect of the oil crisis was much stronger on the cost of
SR than on the cost of NR. The production cost of SR depenids heavily
on the cost of chemical monomers and of other energy inputs (such
as steam and electricity), which are in turn related to that of oil and
gas. The quadrupling of crude oil prices more than doubled tlle cost
of the basic rubber monomers (stvrene, butadiene, and isoprene) and
of the other chemical and energy inputs, pushing up quite (Irastically
the cost of producing SR between 1973 and 1975. The amoint of in-
crease in production costs depended on the specific kind of SR and
on the reliance of the various petrochemical and rubber indastries on
different kinds of chemical feedstocks. In NVestern Europe and Japan,
where oil (or naphtha) is the basic feedstock of the chemical industry
and where the industries depend almost totally on imported crude,
the cost and price of rubber monomers increased more than in the
United States. The U.S. petrochemical industry depends much more
on domestically produced gas (natural gas and gas liquid, such as
ethane, propane, and butane) than on oil (or naphtha) for produc-
ing the basic rubber monomers. In the United States, moreover, both
gas and crude oil prices were subject to government regulation and
were not allowed to increasc as much as world market prices (Table
SA-9).

Before the oil crisis, syntlhetic rubber monomers accounted, on
the average, for about 45 percent of the total production cost of
SBR-1500, 50 percent of the total of BR, and 55 percent of the total
cost of high-cis IR.

5
' Other energy-related inputs (chemicals, stean], and

electricity) accounted for another 20 to 25 percent of tota] cost, de-
pendinig on the kind of rubber. The dependence of the svnthetic

5. In other rubber-producing countries this assumption would probably be less
appropriate.

6. Costs of isoprene are particularlv difficult to ascertain and vary quite sub-
stantially between the three main producing areas (WVestern Euro-e, United
States, and Japan) according to the different methods of isoprene recovery and
polymerization processes. See Appendix A.



Figure 4-1. Estimiated SBR-I500 Prices and Raw iNMaterial Costs,
1960 to 1976
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rubber industry on chemical fecdstocks and other input costs related
to energy was, thcreforc, overriding. Also, the oil crisis came at a time
when economies of scale and technlological improvements had already
run much of their course in reducing the production cos: of most
rubber monomers (with the possible exception of isoprene) as well
as the cost of polymerization (again witlh the possible cxception of IR).

One of the reasons for thc commcrcial success of the synthetic
rubber industry in the postwar period has bccn the availability of
chemical monomers at continuously declining prices. The petro-
chemical industry is highly capital intcnsive; capital req,airements
and, therefore, related manufacturing costs are less than proportional
to plant capacity, *vhereas productivity (in the sense of usc of labor,
energy, and materials) is gencrally bcttcr in largc-scale plants. 'The
costs and prices of the two most important chemical monomers for
the synthetic rubber industry-butadicne and styrenc-decreascd sub-
stantially until the early 1970s as a result of economies of scale, and
synthetic rubber producers thus were able to secure the basic raw
materials at continuouslv diminishing prices. The close relation that
existed between falling monomer costs and prices of SBR in the 1960s
and early 1970s is illustrated clearly in Figure 4-1.

Between 1973 and 1975 crude oil prices increascd from an average
of $3.75 to $12.10 per barrel in WTestern Europc, from $3.30 to $11.90
per barrel in Japan, and from S4.10 to $10.40 per barrel in the United
States.7 't he prices of olefin chemicals increased drasticallv: ethvlcne
prices treblcd, and propylene and butadiene prices more than doubled.
The priccs of aromatics (for cxamplc, stvrene) also more than dou-
bled. Butadiene prices increased from about 8¢ to 16-18g a pound,
and styrene prices from 7¢ to 19-20¢. sBR-1500 prices increased from
18¢ to about 30¢ a pound in the United States, from 20¢ to 32¢ a
pound in Western Europe, and from 21.5¢ to 35.5¢ a pound in Japan.

SBR provides a good example of the effects of the drast:.c change

7. Western European and Japanese prices are (landed) crude oil import unit
values. U.S. prices are refiner's acquisition prices (a weighted average of domestic
and imported crude); domestic oil prices are, in turn, a weighted average of "old"
and "new" oil. "Old" oil prices were fixed until 1976 at $5.03 per barrel, whereas
new" oil prices are in line with world market prices. See Federal Energy Ad-

ministration, Monthly Energy Review, December 1976, pp. 66-69 and explana-
tory notes in the appendix. All prices-oil, chemicals, and rubber-are in U.S.
dollars.



Table 4-2. Estimated Average IDirect Costs of Production of sBR-1 500 it Ithe Maltn Producing Areas, 1973 and 197/5
(U.S. cents per pound)

UJnited States Western Europea Japant

Percent- Percent- Percent-
age age age

Cost 1973 1975 change 1973 1975 change 1973 1975 clhanige

Energy 10.4 21.0 11.5 23.5 10.6 22.0
Monomcer 7.5 17.0 7.8 18.0 9 2

cre Other chemical 2.5 3.4 2.7 3.7
ci UJtilities 0.4 0.5 1.0 2.2 0.9 1.5

Other 5.0 6.0 4.9 6.3 6.5 9.4
Labor 2.4 2.8 1.9 2.5 18 2.3
Ovcrhead 1.2 1.4 1.3 1.6 1.7 2.4
Depreciationi 1.0 1.2 1.7 2.2 1.7 1.9
Others 0.4 0.6 nia. ni.a. 1.3 2.8
Dircet costs" 15.4 27.0 75.3 16.4 29.8 81.7 17.1 29.4 71.9

n.a. Not available separately.
a. Costs are converted into U.S. cents at the average exchange rate of year showil.
b. Excludes packaging and selling costs and return on investimient.
Souirce: lIdustry sources (interview data).
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in oil prices on the direct costs of production of SR (Table 4-2).
Allowing for the differences in cost accounting procedures and ex-
change rate changes between 1973 and 1975, both of which compli-
cate comparisons of production costs between countries, the average
direct cost of producing SBR-1500 increased by some 70 to 80 percent
over this period.8 Oil- and energy-related costs more than doubled in
all synthetic rubber producing areas, and other manufacturinlg costs
increased by 20 to 40 percent. The production cost of other kinds of
rubber (BR and IR) increased between 1973 and 1975 by roughly the
same order of magnitude (70 to 90 percent) in response to the oil
crisis.

The most important conclusion emerging from the comparative
analysis of the changes in the cost structure of NR and SR since the
oil crisis is that the short-term cost competitiveness of NR iriprovcd
considerably. The cost (in U.S. dollars) of producing NR from existing
capacity in Malaysia increased less than the cost of producing SBR

from existing plants in the United States, Western Europe, and Japan,
notwithstanding the appreciation of Mialaysian currency over the
U.S. dollar by more than 25 percent between 1971 and 1974. The
short-term cost effectiveness of NR also improved quite subs-antiallv
in relation to synthetic IR.

The effects of this improvement in the cost competitiveness of NR

relative to SBR and IR are best illustrated by what happened in world
markets during 1975. XVhen world demand for all elastomers dropped
quite drasticallv in 1975 as a consequence of the economic recession
in industrialized countries, natural rubber prices declinecl to an
average of 30¢ a pound, c.i.f. At this price level neither IR nor SBR

could compete with NR. In a declining total market, the share of NR

increased, whereas that of IR and SBR declined correspondingly. The
world market share of IR dropped 0. 5 percent and that of SBR 1.0 per-
cent, whereas the xvorld market share of NR increased 1.5 percent. 9

The substantial improvement in the cost advantage of NR compared
with both IR and SBR seems to have made the synthetic rubber in-
dustry-especially the general purpose rubber producers-more vulner-
able to drops in market demand than in the past. The sharp cutbacks

8. These estimates of average direct costs of production of SBR, like those for
NR presented in Table 4-1, do not include allowances for interest on cipital and
for possible increases in the replacement value of the plants.

9. Excluding the centrally planned economies.
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in synthetic rubber production that had to be implemented in 1975
clearly illustrate this point."'

Long-Term Effects on the Profitability
of New Investments

The total production capacity of NR for roughly the ncxt ten years
is by and largc already determined by the planting decisions made in
the late 1960s and early 1970s.'5 The planting decisions made from
nlow to the earlv 1980s, lowevcr, will begin to influence the output
trend only toward the end of the next decade. Their full effect will
not be felt until tlle mid-1990s. In the case of SR, production on a
world basis is well below total capacity, with only about 73 perccnt
of total capacity used in 1976 .12 Even allowing for the possibility of
a strong pickup in svnthetic rubber demand outside the centrally
planned economaies in the early-to-mid-1980s, it is clear that no sub-
stantial expansion of production capacitv is needed before 1980-811.1
It is only in the centrally planned economies that expansion is ex-
pected to continue in line with demand growth .1 4

WN hereas additions to the production capacity in SR can be implc-

10. The utilization rate of capacity in the synlthetic rubber industry outside the
centrally planiled econiouies dropped from 75 percent in 1974 to 62 percent in
1975. See Chapter 5, Table 5-4.

11. Natural rubber producers 1o0w have imlore control over output in tIle short
term thall they had in the past, since they can miiore quickly increase yields through
a more inteilsive use of fcrtilizers and chcmiiical stiunlaints. As the use of chemical
stiniulants spreads from estates to smallliolders-not only in Malaysia, but also in
other producing countries-thc short-term respoilsiveness of natural rubber output
to price chlanges should increase. Presently the total maximum capacity of natural
rubber producers to increase output in tic short term can be estimated at roughly
250,000 metric toins (about 7 percent of total output).

12. The utilizatioil to capacity ratio for the seven main types of synithctic
rubberS-SBR. BR, IR, NBR, IIR, EP-M-EPDOI, and CR-was about 73 percent in the
developed and developing countrics taken together. It appears, from the available
data, that in the centrally planned cconomies there was almost full utilization of
existing capacity. Data on both production and capacities for specialty rubbers are
not available on a world basis with ally sufficienlt degree of precision.

13. This view is shared by the synthletic rubber industry as well. For an
example, see 1. A. Beniett. ''Chaniges in MIarkets for Svntlhetic Rubber and Its
Raw Materials," Proceedings of the ECAIRA Conference, Madrid, 1976, processed,
pp. 5-6 and IRSG, "Report of the Ad Hoc Advisory Panel on the Prospects for
Rubber," Jakarta, October 1975, processed, pp. 7-8.

14. Sce further Chapter 5.
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mented fairly quickli. (from two to three years), additions to the
production capacity of NR have to begin much more in advance (six
to seven years). This difference in "gestation periods," coup] 3d with
the fact that synthetic rubbcr producers outside the centrally planned
economies are likely to have sparc capacity until the early 1980s,
highlights the basic asvmmetry in decisionmaking nceds that exists
now between the twvo sectors of the world rubber economv. Wvhereas
synthetic rubber producers can afford to wait until the early 1980s
before deciding to expand capacity for the next dccade, natural
rubber producers will have to make critical planting dccisions almost
immediately. 'IThese decisions will only begin to produce results in
the latc 1980s and, given the length of maturation of thcse invest-
ments, must necessarily be based on relatively weaker estimates of
profitability.

Comparative analysis of investment profitability

To shed some light on the critical decisions wvhich confront natural
rubber producers, an in-depth comparative analysis of investment
profitability in NR and SR was undertaken to determine wlhethcr
developments in prices are likely to favor investment in Nh.15 The
profitability of new investments in NR was examined for Nlalaysia,
and the profitability of new investments in SBR was examined for
\Western Europe. These two areas were chosen as case studics for
several reasons. Malaysia was selected not onlv because of lhe rela-
tively greater ease with whiclh reliable cost information car be ob-
tained, but also bccause the new calculations can be compared wvith
similar estimates made before the oil crisis.1 '! SBR was choscn also on
the grounds of greater data availability and reliability of results, as
well as because SBR-being the cheapest and most widely used kind of
SR-represents a "base case" against which the profitability of new
investmients for NR can be compared. 17 Wtestern Europe w7as chosen

13. This analysis of investment profitability is purely financial in nature. Analy-
sis of social and economic profitability would have to take into account other
contributions of natural rubber production to national well-being that are not
considered here (for examplc, benefits accruing from employmcnt and tax
receipts).

16. Mfaria 't Ilooft-'Welvaars, "Profitability of New Investments in Rubber
Plantings in Malaysia," pp. 1-16.

17. The analysis of investment in IR which was undertaken separately is much
more speculative given the uncertainty about the economics of isoprene production
and the uncertainty about the effects of economies of scale in polymerization.
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because the chemical feedstock situation there is less complex and
more represcntativc of world conditions than that in the United
States.18 For SBR, the analysis was conducted in terms of 1973, 1975,
and 1977 input prices and capital-labor costs to capture the effect of
the oil crisis on the profitabilitv of new SBR investments.

Creating new capacity in NR means either establishing new planta-
tions or replanting existing areas under rubber with higher-yielding
trees. Onlv new planting of rubber is examined here. Creating new
capacity in SR means either maximizing capacity of existing facilities
(sometimes called debottlenecking) or setting up a new production
facility (in isolation or as part of an integrated operation that includes
the production of the monomers). Setting up a new SBR production
facility as a part of an integrated chemical operation was considered
as the more likely future case, and is the only alternative examined
hlere.

For the production firm-be it a natural rubber plantation or a SBR
plant-the decision to add new production capacity depends, other
things being equal, on the expected rate of return on investment
relative to the opportunity cost of capital. In evaluating the rate of
return on the prospective investment, all the expenditures that can
be expected during the working life of the project are listed. These
include fixed investment expenditure, as well as variable expenditures
coninected with the production operation. At the same tiine, an
estimate is normally made of both the volume of production during
the working life of the project and the price at which this production
can be sold: that is, an estimate of all receipts. If both expenditures
and receipts are entered in constant prices, then the discount rate that
would equate the present value of expenditures to the present value
of receipts represents the real interest rate that the capital used for
the project will earn, if the estimates of receipts and expenditures are
correct.

A slight adaption of this common technique of project evaluation
allows calculation of the price which, if received over the entire
working life of the project, would cover all expenditures and would
provide a desired real rate of return on all capital involved in the
production operation. This price is called herc the "full supply price."
In essence, instead of forecasting output and real prices (that is, re-
ceipts in real terms), and then finding the discount rate that equates

18. See Chapter 3. The situation in Japan is similar to that of \Western Europe.
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the present value of rcceipts to that of expenditure, the desired rcal
rate of return is here taken as the discount rate. The pricc that equal-
izes the present value of expenditure to the present value of revenue
from the salc of the (forecast) output is then calculatcd.'" The full
supply price measured in this wvay not only includes actual expendi-
tures incurred in production, but also a charge for interest that is
either incurred or foregonc by investing in the production of NR or
SR and a risk premium, if the discount rate used is higher than the
real rate of interest.

This method of calculating a full supply price has two clear ad-
vantages: it can take into account the changes in the production
capacity of the project during its economic life and, above all, it
clearly brings out the importance of interest. Both these factors are
very important in examining investment decisions in NR, since the
output of a rubber project changcs over timc because of -he yield
cvcle of the trees and so do costs and revenues.2 ' Moreover, despite
the fact that planting and producing NR iS labor intensive, the role of
capital-and thereby of interest-is ncvertheless important, since the
plantings take six y-ears to reach rnaturity and because substantial
expenditures are incurred before any returns from planting bccome
available. The influence of the rate of interest can be seen clearlv
from the diffcrences in supply prices at various discount rates.

Full supply price of natural rubber

The estimates of the full supply price of NR in Mlalaysia showXn in
Table 4-3 are based on the expenditurcs required to establish and
to exploit an "estate" of 3,000 hectares. The specific structu:e of this
"estate" is such that it can fit a cooperative k-ind of arrangement
among small farmers scttling on a unit of newly planted land with
government support.21 It wvas assumed that: (a) planting wvould take
place in three installments of 1,000 hectares a -ear; (b) iiTmaturity
wvould last for six rears; (c) the econiomic lifctime of the project
'would last for twenty-eight years; (cl) the latest available technology,

19. The full supply price, P, is -- / ~- -, where Ei = expendi-
(1 +a) + (1)±

tures, Q; = output, = discounit ratc, and i v year.
20. Natural rubber yields increase rapidly after tapping. They reach a peak ten

years after tapping. and then begin to decline slowly. This decline, however, can
now be stemmed by the use of chemical stimulants.

21. The details of the calculations, as well as the rationale for selecting this
cooperative type of estatc production structurc, are given in Appcndix C.
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in terms of proven higl-yiclding varieties, tapping systems, fertilizers,
and clemical stimulationi, would be used; and (e) the latex from the
plantationi woulld be processed into crumb rubbcr using a facilitv
that is an integral part of the production unit. TIhe calculations of
the full supply prices arc based on 1974 input costs. The full supply
price in 1974 can be compared with the full supplv pricc in 1970 (at
a real discount rate of 8 percent) calculated for Malaysia using a siilli-
lar methodology (sce Table 4_3).22

Between 1970 ancd 1974 the Malaysian supply price of NR (at a
real discount rate of 8 percent) increased by 39 percent in local cur-
rency and bv 72 percent in U. S. dollars. The increasc in the supply
price in Malaysia can be attributed only to a small extent to the direct
influence of the rise in oil prices. The prices of fertilizers and chelti-
cals used in weeding and stimulation did inicrease considerably; thcir
relative slhare of the full supply price rosc from 8.5 percenit in 1970
to 13.5 pcrcent in 1974. A major reason for the increase in the supplv
price bet-ccn 1970 and 1974, boxvever, was the risc in w-ages, wlich
amounted to about 45 percent. Part of this increase was mere coIII-
pensation for imported inflation. Consumer prices in NIalaysia had
increased bv 36 percent between 1970 and 1974, mainily duc to the
higlh price of food, especially rice. Another part of the wagc increase

22 The methlodology used to calculate the 1970 full supplv price differs some-
what from that for thc 1974 calculations. Tle 1970 full supply price was COIn-
puted for three discount ratcs, assuminig that thc gazetted rubber price was given
indepenidently. Thc 1974 calculations, on the contrary, put the gazettcd price
cqual to the full supply price. Thc wage system in Malaysia allows for wage
bonuscs that increase in line with the level of gazetted natural rubber prices.
Export duty and surchargc increase steeply wlhcn the gazetted pricc increases.
Thus, whell a higlher discount rate is uscd. espccially the investmcnit items in the
supply price will rise, and this, in turn, will influencc tapping cost and export
lcvics III the 1970 calculations, wvlerc the gazetted price was rcgarded as cxogc-
nous, wages and cxport levies did not incrcase witlh a higher discount ratc. 'I'l[c
bcst coImparisoI betwcen 1970 and 1974 is therefore between figurcs at an S
perccnt discount rate. The dctails of the 1970 calculations can be found in
Maria 't Ilooft-Welvaars, "Profitability of e\'cw Investments in Rubber Plantings
in Mlalaysia." Soimie details of the 1974 calculations are given in Appelidix C to this
papcr. Full informationi caii be fonind in Nlaria 't Ilooft-Welvaars, 'TIle Profit-
ability of NR aiid sms InVCstments," World Bank Staff Commioditv Paper (draft)
(\V7ashington, DC.: 'hc \World Bank, 1978) . Altliogl tlcsc calculations wcrc
hased on actual input costs and the currcntly asailable production tcchnologv, both
the sizc and the nature of the "estate" taken as thic model make the resuilts only
broadly indicative of the real situations wlhici are, hy thcir nature, mulchi more
Co(mpl)lex.
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Table 4-3. Full Supplv Prices of Natural Rubber in Malaysia
at Real Discount Rates of 8, 1 0, and 12 Percent, 1970 and 1974

Percentage

8 10 12 8 10 12

(Malavsian cents
Real discount rate per pounzd) (U.S. cents per pound)

1970/
f.o.b. M\alaysia 42.5 46.7 51.6 13.7 15.1 16.7
c.i.f. \Vestern Europe 47.0 51.2 56.2 15.2 16.5 18.1
c.i.f. New York 48.5 52.7 57.6 15.7 17.0 18.6

1974b

f.o.b. Malavsia 59.1 71.5 89.9 23.6 28.5 36.0
c.i.f. W'iesterni Europe 66.8 79.2 97.7 26.7 31.7 3(.1
c.i.f. New York 68.6 81.0 99.5 27.4 32.4 39.8

Note: Natural rubber in crumiib rubber form.
a. The calculation of wages in supply prices has been based on a ga7etted price

range of 5 5.1-60 M1 a pound in 1970. The exchange rate has been taken at
US$1.00 = M$3.10.

b. For 1974 the element of wage and export levies in the supplv pr ice has not
been calculated on the basis of an independently fixed gazetted price. The
gazetted price has been assumed equal to the supply price, showing the inter-
dependencv betweeni wage cost, export levies, and final supply priCe. (For full
explanation, see Appendix C.) As a result, the 1970 and 1974 figure,, especially
at the discount rates of 10 and 12 percent, are not fully comparable.

Thle exchange rate in 1974 has becn takcn at US$1.00 = M1$2.50.
Sources: 1970 calculations, Maria 't llooft-Welvaars, "Profitability of New

Investmiients in Rubber Plantilngs in Malaysia,," 1974 calculations, Appenidix C.

was connected with thc rise during this period of the gazetted price
of NR:.2 Finally, wages also contained increases for produci:ivitv, but
this is not reflected in the supplv price. 'lhc higher gazetted pricc led
to higher cxport levies. Prices of othcr material inputs also rosc con-
sidcrably, especially those for imported inputs, such as vehicles. The
cost of housing cstate workers more than doubled during the same
period, again not only bccausc of inflation, but also bccause of im-
provements in living standards.

The 1974 natural rubber supplv price estimates arc updated to
1976/77 values in Appendix A. The price increase since 1974 is about

23. The gazetted price is the official refereiice price, wvhich is the basis for
calculating export duties.
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15 percent, if the high 1976/77 estimate is accepted (at the lower
estimate, there is no price increase at all). The 1976/77 supply price
of NR c.i.f. New York is calculated to be around 360 a pound at a
real discount rate of 10 percent.

Full supply price of synthetic rubber

A sct of full supply prices (that is, prices rcquired to make it worth-
while to invest in synthetic rubber production) was also calculated for
the synthetic rubber industry. These supply prices are obviously theo-
retical, sincc the overcapacity in the industry throughout most of the
industrialized countries tends to discourage new investments. Supply
prices were calculatcd only for sBR-1500 , the major competitor of NR,

using the same method as that used for NR. It was assumed that
a butadiene extraction plant with a capacity of 60,000 tons a year;
a stvrenic plant, based on ethyleine and benzene, with a capacity of
250,000 tons a year; and an SBR plant with a capacity of 60,000 tons
a vcar, using the emulsion process, all would be part of a largc pctro-
chemical complcx. Full supply prices were calculated first for the
basic inputs, styrene and butadienc, and then for SBR.

Tihe information on capital investments and on input rcquirements
were collected partly from industry interviews and partly from a re-
view of the litcrature. Because of a lack of comparable figures on
reccnt iicw investments other than for debottlenecking opcrations,
figures for the capital cost indcx from U.S. publications were used to
estimate the supply priccs for 1975 and 1977. Nevertheless, the
estimated supply priccs arc considered to be representative of those
in WNcstern Europe for three reasons. First, the frec market price of
crucdc in WVcstcrn Europe has becn used throughotut, and, thcreforc,
the input priccs used are higlher thani those which would apply to the
Unitcd States. Second, butadiene was assumed to be extracted from
a naphlthla cracker, and not bv the Iloudry process still used in the
United States. Finally, markcting, rcsearch, and dcvelopmcnt costs
are includcd in the SBR supplv price. Tlhe inclusionl of marketing costs
implies that the rubber-production firm has no captive markets, a
situationi wvich is more common in WNestcrn Europe than in the
Unitcd States.24

24. The dctails ahout methtod and actual figurcs uscd in tlhcsc calculations are
giene in Appendix D.
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The supply prices of sBR-1 500 over the years are determincd by the
changes in capital costs, labor costs, the price of crude, and the rela-
tion each year betwecn naphtlha and fuel oil prices on the one hand,
and the price of crude on the other. 25 Given investments and labor
costs for 1973 and assuming unchanged production technology over
the estimation period, prices were estimated for 1975 and 1977 by
using published index figures for capital and labor cost changes and
actual crude oil prices. Supplv prices of sBR-1500, and its componcnts
butadiene and styrene, were calculated for three desired real rates of
return: 8, 10, and 12 percent . 26 Thc valuation of the C4 stream from
the naphtha cracker as an input into the butadiene extraction pre-
sented a difficult problem, since the value of the C4's depenlds more
on the market value of butadiene than the value of butadiene depends
on that of C 4 .27 By taking a lower and a higlher value for the C,4 stream,
a lower and a higher butadiene pdice was arrived at. This in turn
resulted in a low and a high supplv price for SBR-1500.

Table 4-4 shows the calculated supply prices of SBR-1500 in 1973,
1975, and 1977. They include marketinig cost and expenses for re-
search and development, taken at 10 percent of the supply pricc.
The low alternative of SBR supply prices is entirelv the result of the
low valuation of the C4 strcam uscd in butadiene extractiDn. It is,
of course, quite possible, even likely, that when market conditions
are depressed, sBR-1500 xvill be sold at prices even below thc low
prices in Table 4-4. Such priccs would simply mean a lower rate of
return on investments or, expressed differently, that full intzrest and
depreciation at replacement value wvould not be covered by market
prices.

The increase in the supply prices of SBR between 1973, ]975, and
1977 also depends, of course, on the discount rate used. The higher
the discount ratc, the greater the proportion of investment expendi-
ture in the final supplv price. Investment expenditure occurs during
the first years, whereas expenditure for labor and chemical input, as
well as receipt from sales, occur later. At a lower discount rate, the

25. This rclation is by no means stable.
26. In a country with, for example, 8 percent inflation, this would mcan

nominal rates of return of 16, 18, and 20 percent if all expenditures and rcccipts
were inflated by the same percentage.

27. Cracking naphtha (or gas oil) yields ethylene, propylene, and Fuel oil. In
addition it yields C4 and C5 fractions, which inclnde a variety of chemicals.
Separation of the C1 fraction yields butadiene and other C1's.
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Table 4-4. Full Supply Prices of SBR-1 500 in Western Europe
at Real Discount Rates of 8, 10, and 12 Percent,
1973, 1975,and 1977

Percentage
Real discounzt

rate 8 10 12

1973 (first half)
SBR, ]OW 19.4 20.6 21.7
SBR, highi 21.2 22.4 23.6

1973
SBR, loW 31.7 33.3 34.9
SBR, hlighl 36.3 37.9 39.6

1977
SBR, lOW 38.1 39.9 41.8
SBR, high 43.4 45.4 47.4

Note: The followiing basic data inputs underlic the supply pricc estimates:

1973
(first half) 1975 1977

Price of crude
-dollars per ton 23.50 87.50 98.00
-dollars pcr barrel 3.22 11.99 13.42

Price of crudc-index 100.0 372.3 417.0
Capital cost index 100.0 127.0 152.8
Labor cost index 100.0 135.0 162.6

Souirce: Appendix D.

increase in feedstock prices resulting from the increase in oil prices
thus weighs more heavily. As the increase in the price of crude far
outweiglhed the increase in capital cost, supply prices at a lower dis-
couiit rate show a sharper increase than those at a highcr discount
rate. Tlhus, at a real discount rate of 8 percenti the low supplv prices
of SBR are cstiimatcd to have risen bv 63.4 perccnt betwcen 1973 and
1975 and by 96.4 percent between 1973 and 1977. At a real discount
rate of 12 pereniit, the supply price incrcases over the two periods
are 60.8 and 92.6 percent, rcspectivelv. 'Ihe increases in the high
SBR supplv priec cstimates are even larger, since the high estimates
are based otn higher values for butadiene, whiclh makes them even
more sensitive to the oil price increase.

These calculations shlow that, to invest profitably in S13R produc-
tion in 1977, the \Vestern Europe industry would have had to price
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the SBR twice as high as in 1973. In absolute figures, a real rate of
return of 10 percent would have been achieved only by insesting in
sBR-l 500 if future expected real prices were at least about 40¢ a pound
(low estimates of feedstock costs). Investment in NR in Malaysia, at
the same real rate of return of 10 percent, would, on the contrary,
have been possible in 1977 if a future real price of 36¢ a pound c.i.f.
in Europe had been expected. Moreover, this supply price for NR con-
tains an export duty; element equal to 14 percent of the f.c.b. price,
whlereas the tax element in the sBR-1500 supply price is abcut 4 per-
cent. The relative profitability of natural rubber investmlents would
have been even greater in relation to IR, since its supplv prices are at
least 3¢ to 5¢ a pound higher than those of snR-lO. li0t seems,
therefore, that NR can compete effectively with both IR. and SBR in
the long term. Greater investments in NR would ensure greater future
supply, which wvould allow NE to blunlt any further substantial dc-
velopment of IR and to slow clown the expansion of SIIR plOductiOnI

capacity, at least outside the centrally planned economies.
The question of how generally- applicable these conclusions are

deserves some further comment. First, the calcnlated supply price of
NER 1S on the conservative side, so that the estimates presented here
possiblv overstate cost by as much as 2¢ to 3¢ a poundS2 Seconld, the
comparison betweenl the expected future prices that would make
investments in NR and SBR profitable in 1977 were made betwecen the
high estimate for NR and the lowv estimate for SBR. This was done to
factor in the possibility of slightly highler natural rubber investmencIt
costs outside M\alaysia, even though recent evidence from projects in
Thailand and Indonesia finanlced by the WNorld Bank indicates that
investment costs in these twro countries do not differ much from those
of Mfalaysia. Third, although the estimated SBR supply price iS still
more representative of the situation in \NVestern Europe, it is nlot hikelv
to be significantly different from the prices in the United States and
Japan. Althoughl the U.S. supply price in 1977 wouldl have been from
1 to 1. 5¢ a pound loxver than that in \V'cstern E1urope, this differecelc
recsultecl mostly from the relatiyely lower cost of oil in the Unitedl
States clue to the price regulations in effect during that period. Thec
thrust of U.S. energy- policy, however, clearly indicates that prices in
the United States w ill fall in line w ithl \vorld prices. They have already;
begunl to do so in the past year. I\Jost of the difference in S.iR supply'

28. See 't Ilooft-WVc]vaars, "Thc Profit:Mility of NR anld SBR Inve'stmenCts.''
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Table 4-5. Sensitivitv of Full Supplv Prices of SBR
to Crude Oil Price Changes at a Real Discount Rate of 10 Percent

Price A B C D

Real crude oil price
U.S. dollars per barrel 13.42 15.43 16.77 18.79
Index (1977 = 100) 100.0 115.0 125.0 140.0

SBR fill supply price-low
U.S. cents per pound 39.9 41.7 42.8 44.6
Index (1977 = 100) 100.0 104.5 107.3 111.8

SBR full supply price-high
U.S. cents per pound 45.4 48.0 49.7 52.3
Index (1977 = 100) 100.0 105.7 109.3 115.2

Source: Appcndix D.

prices between Western Europe and the United States should, there-
fore, disappear in the near future.

Furthermore, the relativc importance of the most important vari-
able affecting SBR supply prices and, thus, the future profitability of
any investments in SBR-the price of oil-necds to be examincd sepa-
ratelv, since the implicit assumptions made about crude oil prices arc
quite slanted in favor of SBR. In 1973 the part of the cost of base
materials and utilitics wlhiclh xvas related dircctly to crude oil prices
representcd about 16 percent of the total supply price of SBR (at a
10 perccnt discount ratc). In 1977 the share of total had risen to
about 30 perccnt. The substantial changes in the real pricc of crude
oil that have occurred sincc have already substantially increascd the
supply prices of SBR by at least 5¢ a pound.2S9 Therefore, the bench-
mark ycar (1977) uscd to compare the long-term profitability of
natural and synithlctic rubber investmiienits understates appreciably thc
rclative advantage of NR. At 1979 rcal oil priccs such relative advantage
is alreadyi muclh greatcr than it was in 1977.

The sensitivity of S13R supply prices to changcs in real crudc oil
prices is shown in Table 4-5. The basis of the scnsitivity analysis is
the 1977 estimated SBR Slpply prices. To ensure the same real rate of
return on SBR investmcnts (for examiple, 10 pcrcent)-other things
rcmiaininig cqual-thc low supply price of SBR would have had to in-

29. Between 1977 and 1979 the real price of crude oil in international markets
has increased an average of about 40 percent.
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crease by about 4.5 percent if the real price of oil increasecl by 15
percent; by about 7 percent if the real price of oil increased by 25
percent; and by about 12 percent if the real price of oil increased
by 40 percent. For the high SBR supply price, these percenl:age in-
creases would have had to have been even higher. Each additional
increase of $1 a barrel in the real price of crude oil adds 0.87¢ a pound
to the low SBR supply price and 1.270 a pound to the high SBR supply
price.

The future cost competitiveness of NR is likelv to improve further
if energy prices continue to rise above their 1979 levels. The available
indications are that the real prices of oil will have to increase in real
terms to ensure equilibium between world energy supply and demand
by the end of the century.30 Current World Bank projections of real
oil prices in the medium term point to a possible increase of 30 per-
cent between 1980 and 1990.31

30. See, for example, Workshop on Alternative Energy Strategies (WAES),

Energy: Global Prospects to 1985 and 2000 (New York: NMcGraw-Hlill, 1977),
pp. 8-17 and 40-41.

31. These projections incorporate a substantial upward adjustment ir. real oil
prices during 1980. The average OPEC price for oil, in 1977 U.S. dollars, is
expected to be $19.30 per barrel in 1980, as opposed to $15.20 per barrel in 1979.
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Future Balance
of Supply and Demand

Forecasting the demand for, and supply of, rubber is a
difficult endeavor. Future growth of demand depends on the evolu-
tion of a complcx set of technological and economic variables with
which the world energy situation interacts strongly. Future growth of
supply is also quite uncertain, but the uncertainty is greater with
synthetic than with natural rubber, at least during the 1980s.1

Outloolk for the World Demiland for Rubber

During the next tenl years the pattern of growth of the world de-
mand for rubber will continue to be shaped to a large extent by the
growth of the world automotive industry. In industrialized countries,
where the use of motor vehicles has already reached high levels and
where energy conservation can be expected to be pursued vigorously,
through higlher prices and other changes in the mode and structure of
transport induced by the government, the growth of motor vehicle
production and use is likely to be slower than in the past. In the ccn-
trallv planned economies (with the possible exception of China),
the negative effect of energy conservation measures and of higlher
energy prices on the future increase in the use of motor vehicles can
be expected to be much smaller than in devcloped countrics, since the
present levels of vchicle ownership and use in the centrally planned
economies are still relativelv low, and growth of individual income
will continue to generate strong demand for motor vehicles, especially

1. See Appendixes D and E for details.
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automobiles. In developing countries with high average inconmes the
same situation is likely to occur. In the poorer developing countries,
however, reliance on public transport is likcly to predominate for the
foresceable future, and the growth of the automotive sectoi is ex-
pected to be much smaller than in the high-income developing
countries.

The other component of rubber demand-demand for usc:, other
than tires-is, on the contrary, expected to continuc to grow in all
major consuming areas, as in the past, in some fixed relation to real
income or industrial production.

Because of the historical dominance of the automotive sector in the
total demand for rubber and the close relation that existed b2tvecn
growth of real income and the production and use of motor vehicles,
past forecasts of rubber demand were usually based on the historical
link between total elastomer use and real growth in the gross national
product (GNP). This relation has remained strong and stable during
the past twentv-five vears. Howcver, the expectcd changes in the
structure of motor vehicle demand in developed countries (caused by
declining rates of expansion of pcr capita vehicle ownership as real
per capita income grows; decreased use of vehicles because of higher
operating costs; and shifts in consumers' tastcs toward smaller, [ighter,
and more fuel-efficient vehicles) have raised scrious doubts about the
traditional method of forecasting rubber demand in these countries.
It was felt, therefore, that the forecasting approach based on historical
income elasticities needed some important modifications before it
could be applied to the present situation.

In this study a modified aggregate income elasticity forecasting
framevwork and a more disaggregated demand model are used to csti-
mate future levels of rubber demand. Tlhe former, applied to all
major consuming areas-developed, developing, and centrally ylanncd
economies-relies upon scaling down the historical income-elasticity
coefficients of total rubber demand over the forecast period. 'T'he
latter, applied to the major developed consuming areas--North
America, \Vestern Europe, Japan, and Oceania-is based upoII divid-
ing rubber demand into demand for use in tires and demand for use
other than in tires (nontire uses). It relates rubber demand f Dr tires
to motor vehicle production (and various technical factors, such as
vehicle size, tire size, and tire type); motor vehicle use to real GNP
growth, fuel prices, and technological factors; and nontire Cemand
to real GNP growth. The results obtained from the disagg:-egated
demand model provide a useful check on the results derived fram the



Table 5-1. World Elastoiner Demand, Actual Averages, Projected, and Growth Rates,
1955 to 1990, Selected Years

Projected
Actual averages (thoutsands of Growth rates

(thousands of metric tons) metric tons) (anniual percentage)

Economic 1955- 1972- 1975- 1956- 1976- 1985- 1976-
region 57 74 77 1985 1990 73 85 90 1990

Developed countries'-1 2,640 7,121 7,084 10,900 13,000 6.0 4.9 3.6 4.4
-II 1 0,500 12,500

Developing couintries 207 1,147 1,339 2,800 4,000 10.6 8.6 7.4 8.1
Centrally planncd econoiiiies 673 2,367 2,883 5,300 7,000 7.7 7.0 5.7 6.5

World total-I 3,520 10,635 11,327 19,000 24,000 6.7 5.9 4.8 5.5
-II 18,600 23,500 5.7 4.8 5.4

a. Alternative I refers to projections based on incoime elasticity; alternative II refcrs to projections derived from end uses.
Source: Actual data, International Rubber Study Group.
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modified aggregate forecasting approach for rubber demand in the
developed countries, where the forecast uncertainties are greatest.2

Under the current World Bank assumptions about the future
growth of the world economy, world demand for rubber is projected
to grow an average of 5.5 percent a year between 1976 and 1990
(Table 5-1), that is at about 1 percent a year below the historical rate.
The future growth of elastomer demand is projected to decrease more
in developed and developing countries than in the centrally planned
economies. In developed countries rubber demand is forecast to grow
4.4 percent a year, compared with an historical annual rate of about
6 percent. In both developing countries and centrally planned econo-
mies, rubber consumption is expected to grow at much hig ler rates
than in dcveloped countries: at 8.1 and 6.5 percent a vcar, respec-
tively, between 1976 and 1990, compared with historical annual rates
of about 10.6 and 7.7 percent, respectively.

On the whole, even under conservative assumptions regarding the
growth of the world economy during the next ten years and the rela-
tivelv unfavorable built-in assumptions concerning the changes in the
structure of demand, world consumption of rubber should ^ontinue
to grow at a healthy rate. This would offer both the natural and the
synthetic rubber industries ample scope for future expansion.

Projcctions of Natural Rubber Production

The potential for natural rubber production between now and the
end of the next decade is, to a large extent, alreadv determined bv
the yield profile of the trees that are already in the ground. Those
planted during the first half of the 1970s have begun to produce, and
will reach maximum yields toward the end of the next decade. New
planting and replanting during the late 1970s have had-in terms of
incremental production-only a limited effcct on wvorld natural rubber
output in the second half of the 1980s. Its full effect will be felt in
the 1990s.

Under such circumstances, the projcctions of natural rubber pro-
duction presented here simply quantify the likely normal output in

2. Appendix E provides detailed explanations of both models, of the method-
ologies used to make the forecasts, of the assumption made concerning the exoge-
nous variables, and of the results that were obtained.



'lable 5-2. World Natural Ru.bber Productioni, Actual, Projected, and Growvth Rates,
1955 to 1990, Selected Years

Projected Growvth rates
Actual (thousanlds of (annlual percentage)

(thousancds of metric tons) metric tons)
Economizic region - - - 1955- 1976- 1985- 1976-

and counltry 1955 1960 1970 1976 1977 1985 1990 76 85 90 90

Developing countries 1,857 1,883 2,902 3,492 3,511 5,035 5,875 3.1 4.1 3.1 3.8
Malaysia 708 765 1,269 1,640 1,613 2,400 2,700 4.1 4.3 2.4 3.6
Indoiiesia 75(0 620 815 847 835 1,010 1,100 0.6 2.0 1.7 1.9
Thailand 133 171 287 392 425 785 1,140 5.3 8,0 7.7 7.9
Sri Lankla 95 99 159 152 146 185 195 2.3 2.2 1.1 1.8

CD India 23 25 90 148 152 200 220 9.3 3.4 1.9 2.9
Others 148 203 282 313 340 455 520 3.6 4.2 2.7 3.7

Centrally planned economiiies 93 114 42 78 80 210 260 -0.8 11.6 4.4 9.1
V'ietnam 66 77 29 33 35 100 120 -3.3 13.1 3.7 9.7
Cambodia 27 37 13 20 15 35 40 -1.4 6.4 2.7 5.1
China .. ... ... 25 30 75 100 - 13.0 5.9 10.4

World total' 1,950 2,035 3,102 3,565 3,600 5,243 6,135 2.9 4.4 3.2 4.0

- N'ot applicable.
Zero or negligible.

a. For 1953, 1960, 1970, 1976, and 1977 the world total is not the Slllll of tlle two sub-totals. I'le differences are caused by
the statistical discrepancies shiown in IRSG data.

Soturce: .\ctual data, Intcrniational Rubber Study Group.
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1985 and 1990, based on existing acreage, age of existing trees, com-
posite yield profiles, and likely rates of replanting and new pla nting in
the major producing countries. The norm projections are nct, there-
fore, based on specific price assumptions; thev simply assume that
natural rubber prices will remain high enough to ensure continuous
tapping of existing productive trees and moderate use of chemical
stimulation on relatively old trees.3 Obviously, depending on the price
trend, both the intensity of tapping and the use of chemical stimu-
lants can be varied, and, correspondingly, the actual output t-end can
deviate from the projected norm.

The level of normal production was derived individually for all the
five major and the eight smaller producing countries . 4 The best in-
formation available to both the Food and Agriculture Organization
of the United Nations and the \NVorld Bank was used to nmake the
projections. For iMalaysia, Thailand, Sri Lanka, and India, future
production was derived from specific information about areas under
rubber, age distribution of trees, yield profiles, and assumptionls about
rates of replanting, likelv new planting, and the use of chcmical
stimulants. For Indonesia and the smaller producing countries, the
production projections are based on a much less rigorous model. They
contain a largcr element of judgment, even though past trends, na-
tional plans, and information spccific to each countrv were considered
as much as possible.5

The projcctions show that world output of natural rubber (NR) can
be expected to grow about 4 percent a year betveen 1976 and 1990,
wlich is slightly over 1 percent a year above the historical rate. The
pattcrn of growth of natural rubber production, hovwever, is likely to
be quite uneven: aftcr growing 4.4 percent a year until 1985, the
annual rate of expansion is expccted to fall to about 3 percent in
the second half of the 1980s (Table 5-2). In Thailand, in the smaller
producing countries, and possiblv in Indonesia, however, rubber pro-
duction is projected to grow at rates above the historical trend be-

3. A price for RssI, c.i.f. New York, of about 40¢ per pound (in 1977 constant
U.S. dollars) would probably fulfill these assumptions.

4. The major producing countries are Malaysia, Indonesia, Thailand, Sri Lanka,
and India; the smaller producing countries are Liberia, Nigeria, Zaire, Vietnam,
Cambodia, Brazil, the Philippines, and the Ivory Coast.

5. Appendix F scts out in detail the methodology by country, showing the
specific assumptions npon which the natural rubber production projec:ions were
made.
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tween 1976 and 1990. Malaysia and Sri Lanka are, on the contrary,
expected to increase their rubber production at rates below those
experienced from the mid-1950s to the mid-1970s. In Malaysia, this
stems from the slowdown in new planting and replanting in the late
1960s and early 1970s, when oil palm production became m-ore at-
tractive than rubber production, particularly to estates. The lack of
a vigorous rubber replanting policy in the 1960s and 1970s is also the
main cause of the expected slowdown of growth in Sri Lanka during
the 1980s.

Although it is expected, with a reasonable degree of confidence,
that natural rubber production will increase during the next ten years
at a faster pace than during the past twenty years, the accuracy of
the projections presented hcrc depcnds to somc extcnt on the future
production profiles of Indonesia and of the smaller producers, both
of which are subject to considerable uncertainty. Indonesia might not
reach the production shown in Table 5-2, particularly during the
second half of the 1980s. The short-term production potential of
some of the smaller producers may also be overstated.

Capacitics for Synthctic Rubber Production

WN orld producing capacity for synthetic rubber (SR) increased at
roughlv the same rate as actual production in the 1960s, about 9
perccnt a year. The ratc of expansion was faster in the developed
countrics than in the centrally planned economies. Developing coun-
tries did not begin to producc SR until the nid-1960s (Table 5-3).
During the 1960s an average of 80 percent of existing world produc-
tion capacity was utilized.

This rapid pacc of expansion bcgan to slow down in the early 1970s
and was further retarded by the uncertainties created bv thc oil crisis
and by the subsequent downturn in world cconomic activity in the
mnid-I 970s. Expansioni of productioni capacity for SR has now virtually
ceased in industrialized countrics, but is continuing at a rapid pace
in the developing countries and in the centrally planned economies of
Eastern E.urope and the U.S.S.R.

Little growth in world production capacitv is foreseen Unltil 1981,
the latest year for vhlich estimates are quite firm. Practically all of the
projected expansion-about 22 pcrcent with respect to 1976 levels-
will take place in the centrally planned economies (U.S.S.R. and
Eastern Europe) and in developing countries (Brazil, Argentina,
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Korea, and India). Synthetic rubber production in Middle Eastern
countries is not expected to begin on a significant scale until the
mid-1980s. On the whole, world capacitv for svnthetic rubber produc-
tion is not expected to growx much inore than 4 percent a y,ear until
the early 1980s.

Outside the centrally planned economies, the rates of capacity
utilization are bound to increase appreciably in the late 1970s, when
the synthetic rubber industry will probablv have to operate at close
to full capacity (Table 5-4) .6

Although firm projections of production capacities cannot be made
much beyond 1980, it is apparent that major investment decisions
will have to be taken in the next two to three years-particularly in
developed countries-to begin the production facilities necessary to
meet the growth in demand that is expected in the 1980s.

In the centrally planned economies of Eastern Europe and the
U.S.S.R. expansion of production capacity for SR iS expected to con-
tinue to increase at a fast pace. China has almost completecl a large
petrochemical complex, which will generate substantial acdditional
capacity for producing SR.

In the U.S.S.R. in particular, the production of svnthetic cis-
polvisoprene (IR) is expected to continue to expand rapidly. Growth
of about 10 percent a year between 1976 and 1985 is planned. Ac-
cording to an International Rubber Study Group report, IR produc-
tion capacity in centrally planned economies (excluding China) wvill
reach 1.1 million metric tons by 1980 and 1.8 million metric tons bv
1985, from an estimated capacity of 0.63 million metric tons in 1978.
Other authoritative estimates of IR production in the centrally
planned economies of Eastern Europe and the U.S.S.R. sliscount
somewhat the published expansion plans and implicitly place pro-
duction of IR in these countries at about 0.8 million metric tons by
1980 and 1.2 million metric tons by 1983.8 On balance, however, it

6. Use of about 90 percent of total rated capacity can be considered to be full
capacity utilization.

7. International Rubber Study Group (IRSG), "Thc Polyisoprene Rubiber Situa-
tion: A Rcport by the Ad Iloc Advisory Panels," London, NMarch 1)77 (pro-
cessed ), p. 5.

S. See for example, C. F. Rucbensaal, Changing Markets and Man'lfacturing
Patterns in the Synthetic Rubber Industry (New York: IISRP Inc., 197;'), pp. 6-
10. These estimates are consistent with the projections of IR capaci:y by the
sources in Table 5-3.



Table 5-3. World Synthetic Rubber Capacities (Net Rubber), Estimated, Projected, and Growvth Rates,
1960 to 1982, Selected Years

Projected Growvth rates
Estimated (thousanzds of (annual percentage)

(thousands of metric tons) metric tons)
Economlic regionl -- 1960- 1965- 1970- 1976-

and couintry 1960 1965 1970 1976 1978 1982 65 70 76 82

Developed countries
North Amcrica' 1,900 2,454 3,009 3,355 3,323 3,366
Japan 28 246 742 1,355 1,327 1,462
Western Europe 318 866 1,584 2,583 2,647 2,930
Others' . 60 92 124 125 125
Total 2,246 3,626 5,427 7,417 7,422 7,883 10.1 8.4 5.3 1.2
SBR 1,765 2,437 3,371 4,513 4,476 4,697
BR 20 359 749 998 1,079 1,151
IR . 123 210 359 280 280
NBR 117 161 253 290 300 312
IIR 174 286 349 465 493 575
EPNI/LPDNI ... 47 149 391 385 426
CR 170 213 346 400 409 439

Developing countrics
Latin America' . . . 138 205 368 389 599
Asia ... 30 30 56 165 235
Africa _ _
Nliddle East .. . ... .. ...
T'otal . 168 235 424 554 834 - 6.9 10.3 14.5
SBR . .. 140 205 377 475 633
BR 28 28 38 67 138
IR . ... ... - -



NBR 2 8 12 13
IIR ... ... 50
EPM/EPDIM ... ...

CR ... ...

Centrally planned economies
Total 682 801 1,201 2,048 2,605 3,388 3.3 8.4 9.3 10.6

SBR 607 696 871 1,258 1,420 1,720
BR 30 65 1S3 215 285
IR . 100 375 625 940
NBR 20 20 30 65 80 88
IIR 25 25 30 90 105 120
EPAr/EPDM . 30 - -

CR 30 30 75 75 160 235

WTorld total 2,928 4,595 6,863 9,889 10,381 12,105 9.4 8.4 6.3 4.1
Co SBR 2,372 3,273 4,447 6,148 6.371 7,050 6.7 6.3 5.5 2.7

BR 20 417 842 1,221 1,361 1,574 85.0 15.1 6.4 5.2
IR 123 310 734 905 1,220 - 20.0 1 .4 10.7
NBR 137 181 285 363 392 413 5.7 9.5 4.1 2.6
IIR 199 311 379 555 598 745 9.3 4.0 6.6 6.1
EPNM/1,PDX1 47 179 391 385 426 - 31.0 13.9 1.7
CR 200 243 421 475 369 674 4.0 11.6 2.0 7.2

Note: Totals may not add up becausc of rounding.
- Not applicable.

Zero or negligible.
a. Excludes Mlexico.
b. Australia and South Africa.

T-c . '.clues Nlc- c, .

Source: For 1960 and 1965, C. F. Rucbensaal, "WVorld Svntbetic Rubber-Its 'Manufacture and Markets," Rubber anld Plas-
tic Age (various issues); for 1970, 1976, and projections to 1978 and 1981, C. F, Ruebensaal, "'Ihe Rubber Industry Statistical
Report," International Institute of Synthetic Rubber Producers, New York, annual report (1971 and 1977).
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Table 5-4. Utilization of Synthetic Rubber Production Capacity
in Developed and Developing Countries, Actual and Projected,
1974 to 1980, Selected Years
(percentage)

Actual
Economic region Projected,

or countrv 1974 1975 1976 1980

Developed countries
Nlorth America 81 66 75 87
WVestern Europe 73 60 72 83
Japan 65 54 69 80
Others 68 59 64 85

Developing countries 88 76 76 88

Total 75 62 73 85

SOUTCC: Industry sources (interview data).

seems quite likely that these countries will continue to pursue policies
of self-sufficiency in rubber and that their relatively favorable situa-
tion concerning energy supplv will give additional impetus to their
plans. The possibility of substantial IR exports from the U.S.S.R. to
\V7estern Europe also cannot be totallv discounted.

Outside the centrally planned economies the expansion of IR

production capacity is likely to be quite modest over the next nine
to ten years. Some expansion will take place in North America and
Japan. Greater uncertainty exists in WVestern Europe. Total produc-
tion capacity could expand from the 1976 level of 360,000 metric tons
to 300,000 metric tons in 1985." Should natural rubber prices-in
1977 U.S. dollars-increase substantially in the 1980s above 1979
levels (48.7¢ a pound), reflecting relative scarcities of NR, IR produc-
tion would be stimulated, and production capacity in industrialized
countries would expand much faster than projected. The analysis in
Chapter 4 indicates that expected prices of NR (in 1977 U.S. dollars)
in the neighborhood of 50¢ a pound would trigger new substantial
investments in IR in industrialized countries.

This situation is not vern likelv, since full natural rubber produc-
tion from cxisting trees is almost guaranteed at c.i.f. prices of about
40¢ a pound (in 1977 U.S. dollars) and since the expansion of exist-

9. IRSG, "The Polyisoprene Rubber Situation," p. 5.
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ing production capacity through replanting and new plantings would
be economically justified. The long lags between investmenLs in NR

and actual production, however, complicate considerably the process
of investment synchronization. This increases the risk of temporary
price increases that could lead to price expectations different from
those warranted by the analysis of supply prices. These price expecta-
tions about future natural rubber prices could give impetus to in-
vestments in iR.

The Balance of Demuand and Supply

Between 1976 and 1990 total world consumption of elastomers is
projected to grow 5.2 to 5.4 percent a year. Production of NR over
the same period is likely to grow less than 4 percent a year. Even
using the lower growth projection for elastomer demand, it is ap-
parent that the market share of NR is likely to continue to decline
during the next fifteen years because of insufficient supply. The world
market share of NR iS projected to fall from 30 percent in 1977, to 28
percent in 1985, and to 26 percent in 1990 (Table 5-5). Excluding
the centrally planned economies, the markct share of NR iS likely to
remain at about its 1976 level (33.5 percent) until the end of the
current decade, but to fall to about 32 percent in the mid-1980s, and
to 31 percent in 1990. If the higher growth projcction for elastomer
demand is used, the projected fall in natural rubber market share
wvould be greater.

As indicated above, the centrallv planned economies (paiticularly
Eastern Europe and the U.S.S.R.) seem to be developing a large
indigenous production of synthetic cis-IR. If this happens, the
market share of NR in these countries will drop irrespective of the
levels of supply and price. Demand for NR in the centrally planned
economies will then increase slowly over the next fifteen yeais, and it
will likely be used onlv in products for which substitution with iR is
technically difficult.10 Yet, despite the consequent availability of more
NR to both developed and developing countries, and without a con-
centrated program to increase production even further, the market

10. The importance attached to the maintenance of trade relations with some
of the natural rubber producing countries is also likcly to play a role in deter-
mining how much NR is nsed by the centrally planned economics.



Table 5-5. World Elastomer Balanzce of Supply anid Demiianld, Aetnal Averages, IProjected, and Grow'th Rates,
1955 to 1990, Selected Years

Actual averages Projected Growth rates
(tiousands of metric tons) (thousanzds of (anniual percentage)

-________________________ __________etric to71s) - -- _
1955- 1966- 1972- 1975- 1976- 1985- 1976-

Item 57 68 74 77 1985 1990 85 90 90

Productioni of clastoincrs
Synthetic rubber 1,6;0 4,496 7,366 7,737 13,355 17,365 6.3 5.4 5.9
Natural rubber 1,935 2,333 3,337 3,493 5,24; 6,135 4.6 3.2 4.1
TotLl 3,585 7,029 10,723 11,230 18,6(0)0 23,500 5.8 4.8 5.4

Consumption of clastomeTs
co SScutlbetic rubber 1,616 4,425 7,251 7,792 1 3,355 17,363 6.2 5.4 5.9
co \Natural rubber 1,902 2,619 3,384 3,536 5,245 6,135 4.5 3.2 4.0

l'otal 3,518 7,044 10,633 11,328 18,600 23,500 5.7 4.8 5.4
Constumiiptioni of natural rubber

Developed countries 1,498 1,669 2,113 2,128 3,240 3,793 4.8 3.2 4.2
l)eveloping counitries 184 345 364 703 1,05() 1,300 4.6 4.4 4.5
Centrally planned economies 220 611 7()7 703 9;0 1,040 3.4 1.8 2.8
Total 1,902 2,623 3,384 3,536 5,240 6,135 4.5 3.2 4.0

(percent)

Natural rubber market share
\W'orld 54.1 37.2 31.8 31.2 28.2 26.1 - -
\\orld, exc]uding centrally

planned economies 59.1 36.4 32.4 33.6 32.2 30.8

-Not applicable.
Source: Actual data, International Rubber Study Group.
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Table 5-6. Isoprenic Rubber Share of Total Rubber Consumptioni
Outside tlhe Centrally Planned Econzomies, 1965,1970, 1975, and 1976

1965 1970 1975 1976
Item (thousands of metric tons)

Isopienic rubber consumption 1,952.0 2,466.0 2,852.0 3,051.5
NR 1,882.5 2,317.5 2,652.5 2,837.5
IR 69.5 148.5 199.5 214.0

Total rubber consumption 4,842.5 6,849.5 7,582.5 8,419.0

(percent)

IsopreniC rubber sb]are 40.3 36.0 37.6 36.2
NR 38.9 33.8 35.0 33.7
IR 1.4 2.2 2.6 2.5

Note: Isoprenic rubber includeS NR and IR.

position of NR outsidc the centrally planned econormies is cxpected to
deteriorate appreciably7 because of insufficicnt supply.

In 1976 the market share of isoprenic rubber (NR anid IR) outside
the centrallv planned economics was about 36 percent: N;R held
roughly 33.5 perccnt of the market for all elastomcrs, and IR held
the other 2.5 percent of the total. The market share of isoprenic
rubbers has remained quitc stable since the late 1960s, wllen the
commercial development of synthetic IR began on a sufficienLly large
scale (Table 5-6).

It has been argued that, on techlical grounds, the market slhare of
isoprenic rubbcr outside the centrally planned cconomies could be
as high as 43 percent.11 On cconomic grounds-with naturaI rubber
prices at around 4;0 a pound c.i.f. (in 1977 coostanit U.S. dollars)
and IR prices 5 to 10 percent abovc tliat-isoprenic rubbers slhould at
lcast be ablc to maintaini tlheir share of the total rubber marke t in thie
foresecablc futurc. 2 The analysis in Chaptcr 4 pointed quite clearly

11. See, P. WNI. Alleiu P. 0. Thnioas, B. C. Sckhar, 7'he Techno-Eleonornic
Potential of NR in Mfajor End-Uses (Kuala Lumpur: MRInB, 1973), p. 34.

12. This is the almiiost unanimous opinioln of rubber analysts. See for example
Ruebensaal, Changing Markets and M\ianufacturing Patterns in the Synthetic
Robber Industry, p. 10 and NI. J. Rhoad, "Isoprene Worldwide" Proceedings of
the 15th Annual Mlecting (Ncw York: I1RBM), p. 9. Thc latter analyst aigues that
the share of isoprenic rubber in total world clastomcr consumption-incilding
the centrally planied economies-could be as high as 39.2 percent in 1983.



Table 5-7. World Natural Rubber Trade, Actuial Averages, Projected, and Growth Rates, 1955 to 1990,
Selected Years

Actual averages Projected Growth rates
(thousands of metric tons) (thousands of (annual percentage)

metric tons)
1955- 1966- 1971- 1975- 1956- 1976- 1985- 1976-

Economic region 57 68 73 77 1985 1990 76 85 90 90

Exports
Developed countries . . . . .. 

10 Developing countries 1,794 2,304 2,909 3,058 4,480 5,180 2.7 4.3 2.9 3.8
°Z5 Centrally planned economies 43 85 33 40 140 160 -0.4 14.9 2.7 10.4

Total 1,837 2,389 2,942 3,098 4,620 5,340 2.6 4.5 2.9 4.0

Imports
Dcveloped countries 1,518 1,570 2,007 2,097 3,240 3,795 1.6 5.0 3.2 4.3
Developing countries 104 170 261 341 530 635 6.1 5.0 3.7 4.5
Centrally planned economies 235 636 663 687 850 910 5.5 2.4 1.4 2.0
Total 1,857 2,376 2,931 3,125 4,620 5,340 2.6 4.4 2.9 3.9

-Not applicable.
. . Zero or negligible.
Sources: Actual data, International Rubber Study Group.
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to the conclusion that NR has a strong technical and economic po-
tential to compete successfullv with IR within the market for isoprenic
rubbers. Assuming that the market for isoprenic rubbers outside the
centrally planned economies remains at close to recent levels-36 to
37 percent of the total elastomers market-maintaining a totc.l market
share for NR of 34 to 35 percent appears to be quite feasible. To
reach this objective, the supply of NR in 1990 should be about 0.5
million metric tons above the levels envisaged in current projections.

The Trade Outlook for Natural Rubber

The balance of supply and demand for NR (Table 5-5) has clear
trade implications. Exports of NR from developing countries can be
expected to grow 3.8 percent a ycar between 1976 and 1990. This
compares with a historical rate of 2.7 percent a year. Exports are ex-
pected to increase at a much faster rate between now and 1985 than
during the second half of the 1980s, closelv reflecting the expected
future natural rubber production patterns. The increases are expected
to be 4.5 percent a year during the earlier years, compared with 4.0
percent a year between 1985 and 1990 (Table 5-7).

Imports of NR by developed and developing countries are expected
to incrcase about 4.5 percent a year between 1976 and 1990. Total
imports by centrally planned economies are foreseen to g-ow at a
much slower rate, about 2 pcrcent a vear. Only China is expccted to
increase its imports of NR during tfic next fifteen years, whbarcas im-
ports by the U.S.S.R. and Eastern IEuropc are expectcd to remain
virtually unchanged. Even in China, the growth of natural rubber
imports is expected to slow down in the 1980s, as more SR becomles

available domesticallv and as indigenous production of NR is expanded.
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Conclusions and Implications

On the whole, the natural rubber industry is facing favor-
able prospects for growth. Its markct potential is probably greater
than at any time in the past twenty y-ears. The quadrupling of the
real price of crude oil between 1973 and 1979 has enhanccd con-
siderablv the competitive position of natural rubber (NR) in the
short-term, and its long-term competitiveness appears to have been
strengthened even further.

The Future of the Synthetic Rubber
and Natural Rubber Industries

Aside from the new kinds of specialty syntlietic rubbers (SR)-such as
thermoplastic rubber, resin-rubber blends, block-butadiene polvmers
-and possibly polvisoprenc (IR), technological innovations in syn-
thetic rubber production, as well as in economies of scale, seem to
have run imluch of their coursc. Their future effect on the cost and
price of the traditional kinds of SR is likclv to be much less strong
than in the 1950s and 1960s, althoughi by no means ncgligible. After
twentv-five years of unrestrained expansion, the synitlhetic rubber
industry is reaching a stage where emphasis is likely to be put on
rationalizationi, consolidation, and more planned growtlh.

Apart from the economic constraint to further rapid growth poscd
by high and possibly still-rising real energv costs, the synthetic rubber
industry will have to face uncertainties concerning the availabilitv
and the price of chemlical fcedstocks, mounting pressures over en-
vironmllenital issucs related to the production of chemlicals, and some
critical questions concerning the potential lhcalth hazards of pro-
longed exposure of workers to certain basic chemicals. Environ-
mental concerns are likelv at least to limit the previous freedom of

92
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choice of plant location enjoyed by the industry. The concentration
of chemical production operations near denselv populated areas is
likely to heighten existing environmental concerns. Japan and XVest-
ern Europe are already faced with this situation. The cost of pollution
control systems is expectcd also to increase substantially the unit
Cost of SR.i Finally, the potential health problems related to prolonged
exposure to chemicals, such as benzene, are now being invesi:igated in
the United States and elsewhere. This will likely increase worker
and government concern over the safety of some synthetic rubber
production processes, therebv increasing the uncertainties connected
with planning new production capacity.

The natural rubber industry, lowever, although faced vxith prob-
lems connected with its diversity, fragmentation, and lo^ation, is
just emcrging from a period of retrencbmeut, profound internal
transformation, and rationalization. The full benefits of long-term
research and dcvelopment programs pursued tenaciously during the
past thirty years, of the sprcad of technical innovations in production
and proecssing, of the rationalization measures introduced to im-
prove internal and external marketing, and of the efforts made to
improve the technical and economic credibility of the product are
still to bc reaped by the industry. As a natural raw material still com-
peting directly' with industrial raxv matcrials, NR can expect another
phase of relatively strong growth in demand. The industry can face
this newT period of expansion starting from a solid technoccononmic
base.

Productivity can be increased enormously during the next thirty
years by spreading existing tree-breeding and selection technology and
by propagating, distributing, and planting locally suitable trees.2 The
use of high-yielding trees would help to bring smallholcler yields
closer to the levels reached bv estates.

During the normal exploitation of cxisting rubber trees, clhemical
stimulants also can produce great economic advantages, prticularly
on trees tapped on first renewed bark. These advantage., include
significantly increased latcx output, reduced labor costs, and an in-

1. See Ralph Stone and Company, "The Impact of Pollution Con:rol on the
Produetion Costs of Selected Natural and Synthetic Material," Ref'erence no.
ENV/73/007 (draft final report to UNCTAD) (September 1975; proce5sed).

2. See E. K. Ng and Pee Teck Yew, "Innovations in Natural Rubber Tech-
nology: Some Nlalaysian Lessons," Rubber Research Institute of Malaysia, Kuala
Lumpur, 1976; processed.
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creased responsiveness to changing price conditions. Stimulation can
be used on old, low-yielding trees to at least double their latex output,
enhancing the responsivcness of the industry to changing market
prices. Alternativelv, average yields can be maintained with less labor.

A greater amount of short-term stability in natural rubber prices
is now vithin reach. Partly as a consequence of the greater elasticity
of supply that could result from the use of stimulants and partlv as
the result of efforts initiatcd bv producers to organize the market,
short-term fluctuations in prices should be reduced considerably in
the future. The first concrete example of the willingness and capa-
bilitv of producers to influence market prices through direct and
positive market action occurrcd in NIalaysia at the cnd of 1974. When
natural rubber prices declined to an unacceptablv low levcl as a result
of the world economic recession, production and export control mea-
sures were implemented quickly and forcefullv to arrest the fall in
prices during 1975 and to avoid morc serious disruptions in the
production process.

Since then, the focus of producer efforts has shifted from unilateral
to multilateral action aimed at establisling a workable scheme to
stabilize rubber prices, protecting the interests of both producers and
consumiiers. \Vithin the framework of the Association of the Natural
Rubber Producing Countries (ANRPC),

3 producers agreed on a rubber
price stabilization scheme in November 1976.4 The producers, hIow-
ever, emphasized immnediately that the scheme was opcn to con-
suming countries as well, and solicited their participation in the
agreement.

Consultations between producers and consumers began almost
immediatelv thereafter in conjunction with the UNCTAD (UUnited
Nations Conference on Trade and Development) Integrated Pro-
gram for Commodities. In late 1978 producers and consumers began
to negotiate an international agrcement on rubber, which would
stabilize natural rubber prices at approximatelv market levels. In
October 1978 the ncgotiations came to fruition, and a new Inter-

3. The ANRPC was formed in 1970. Present members are: India, Indonesia,
Papua New Guinea, Malaysia, Singapore, Sri Lanka. and Thailand.

4. The Jakarta Agreement was signed by Malaysia, Indonesia, Thailand, Sri
Lanka, and Singapore. It envisaged the operation of an internationally controlled
buffer stock that would stabilize prices in conjunction with measures to rationalize
supply. The size of the buffer stock was fixed at 100,000 metric tons for the first
two years of the scheme.
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national Natural Rubber Agreement was reached.5 Produ.crs and
consumers agreed to share equally) the responsibilities and benlefits of
the new agreement, which aims to stabilize the market price through
an internationally held and financed buffer stock of 550 thousand
metric tons of NR. Thne buffer stock is meant to maintain natural
rubber prices above the floor of NJalay>sian $1.5 per kilogram, but
below a ceiling of Malaysian $2.7 per kilogram. There will also be a
moving price stabilization band between the established floor and
ceiling prices. The stabilization band will be reviewed every eighteen
months, whereas the floor and ceiling will be reviewed every thirty
months.

It is obviously too earlv to judge the effect of the new international
agrcement on natural rubber consumers. The fact that an agreement
was reached shows, however, that both producers and consumers of
NR want stable market prices. The use of the buffer stock seemils
adequate to attain this objective. The kev to the succcs5 of this
operation, however, will be tihe sctting of realistic price stabilization
bands.

A Strategy for Natural Rubber

There are solid reasons to expcct a period of strong expansion in
the world natural rubber economyv cluring the ncxt fifteen years. Yet,
if the industrv is to take full advantage of its market potential, a
number of important conditions will have to be fulfilled:

(a) The supply of NR will have to kcep pace with the expected
growth of demand for isoprenic rubber, and the suDplv will
have to be made secure; this is the only wav for NR to maintain
its price competitiveness with synthetic polIisoprene (IR) and
to prevent a new wave of investment in IR;

(b) Existing production technologies will have to be adopted and
spread wvithin and across countrics; and

(c) Research and development on production and utilization of
N' will have to continue and be intensified.

5. The agreement is scheduled to go into effect on October 1, 1980, following
ratification by member governments. For the text of the agreement, see United
Nations Conference on Trade and Development (UNCTAD), International Natural
Rubber Agreement, 1979 (Document TD/Rubber/15) (New York, October 17,
1979).
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The basic elements of a strategy that will ensure the development
of the world natural rubber economy and maximize the potential of
NR are quite clear. The implementation of such a strategy, however,
vill require timely decisions, a considerable degree of cooperation

among producers, some international assistance, and continuinig
dialogue and collaboration between the producers and consumers
of NR.

Maintaining the growtlh of supply of NR in line with the growth of
world demand for isoprenic rubber is clearlv the most important and
urgent problem. The projections presented in Chapter 5 indicate
that this growvth is likelv to continue until the earlv 1980s. Beyond
that, however, the supply of NR Wvill probably grow more slowly than
the potential demand. Even with the relatively conservative assump-
tions made regarding the growth of world demand for all rubbers and
the natural rubber requiremenits of the centrally planned economies,
and with the relativelv optimistic assumptions concerning thc pattern
of growth of the natural rubber supplv, a potential demand gap of
about 0. million metric tons appears likelv bv 1990. If this gap
outside the centrallv planned economies is not met by incrcased
Hevea rubber supplies, it will be filled by synthetic cis-IR or another
general purpose SR. The possibility of producing NR from alterinative

sources, such as guavule, on a significant scale before 1990 is un-
likely.1 Despite recent renexved interest in guavule, its economics arc
quite uncertain, since the production and processing technologies
have not been improved and evaluated. 7

6. Except in Brazil. NR is derived todav exclusively from the tree, Ilevea brasili-
ensis. The guayule shrub, Parthenium7z argentatun2, is another possible source.
Guavule originated in the upland plateaus of Mexico and Texas, where tempera-
ture is subtropical and rainfall is low. Guayule rubber and Ilevea rubber have
identical clemical and plhysical propcrties. Guayule rubber was produccd briefly in
Mexico during the 1910s. Interest in guavule revived during World War II, under
the Emergency Rubber Project (ERP) sponsored by the U.S. GovernMCet. The
ERP was terminated in 1946. Guavulc devclopmeut has continued during the past
thirty years only in Mexico. Mexico plans to produce guayule rubber fromi an
estimated 4 million hcctares of wild guayule shrubs.

7. A receint report on guayulc rubber, issued bv the U.S. National Academsv of
Scicnces, empphasizes the potential importance of guayule to the U.S. and Mexican
economies aud to U.S. securitv, but expresses doubts about the cosmmercial
viability of the plant under existing agricultural teclniques and rubber extraction
metlhods. Sce National Academy of Sciences, Guayule: An Alternative Source of
Natural Robber (National Academy of Sciences: Washington, D.C., 1977), pp.
3-10.
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To increase the supply of NR in the 1990s, investment decisions will
have to be made immediately in the key producing countiies. Ob-
viously, the relative economic and social advantages of investments
in rubber will have to be evaluated carefully on a country-by-country
and on a case-by-case basis. No attempt is made here to examine in-
vestment alternatives in rubber producing countries. Such analysis
would require in-depth work on each country, and is xvell beyond the
scope of this study.

Investnmlent in replanting anld rehaibilitation

Within the bounds of country comparative advantages, iccelera-
tion of existing plans to rcplant old trees with new high-yielding
varieties scems to be the best way for producers to increase the natural
rubber supply. This is even more likelv to be the case in countries
wvhere yields in the smallholder sector are low because of insufficient
replanting in the past.

Thailand, assisted by the World Bank, is currently implementing
a large replanting program in the smallholder sector. The ezonomic
feasibility of a large-scale replanting and rehabilitation program for
the smallholders' sector in Indonesia has been examined recently,
and the program will be implemented in the near future, also with
\NVorld Bank assistance. If this schemne is successful, the poss-.bility of
enlarging its scope should be examined as soon as possible. The re-
habilitation of the rubber industries of Sri Lanka and Nigoria also
offcr scope for incrcasing production in the relatively short term.
Similar prospects wvould be offered by rehabilitating the rubber sec-
tors of Vietnam and Cambodia. India also can expand her production
beyond what is presently planned. International assistance to these
government programs will probably be needed. 'The experience ac-
cumulated in the Thai replanting program should provide a solid
basis for extending similar assistance to other countries.

Governments need to ensure that all of their efforts are concen-
trated on measures which wvill rcquire maximum replanting. Insuffi-
cient attention to rcplanting during the 1960s has resulted in a lag
of production behind the potential that might have been cxpected.
In many areas this pattern has also continiued into the present decade
and is, in fact, responsible for the gap wl)lich is projected to develop
during the 1980s. Given the lag between the time investment deci-
sions are taken and the time the results are achieved, it is essential
that governments take a long-range view and ensure that a.l of the
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conditions are created which will lead to replanting at the rate re-
quired. If not, the potential bencfits which might otherwise have
accrued to natural rubber producing countries will not be realizcd.

Attention should also be focused on the possibility of increasing
the usc of chemical stimulation on existing old trces. The experience
of Malaysia in this field could provide a useful basis for programs
designed to speed up the introduction of chemical stimulation among
smallholders. The programs would have to be specifically designed for
this purpose in order to ensure the profitability of this technique in
each country.

Oncc the possibilities for replanting and rehabilitation have been
exhausted, increasing the invcstments in newly planted rubber is
another alternative for natural rubber producers. At the expected
avcrage c.i.f. prices of 40¢ a pound (in 1977 U.S. dollars), new in-
vcstments in NR should be financially attractive to both foreign and
domestic private capital in many rubber-producing countries. Private
capital for expandiing rubber production on cstates seems to be amply
available. It should be uscd wherever possible, within the develop-
ment priorities established by the various governments. Serious at-
tention should be given to cxisting institutional factors (such as the
tax structure), wliclh influence the relative profitability of competing
estate crops (such as oil palm, coconut, and rubbcr).

Continuity of supply

Flinallv, a continuous, adcquate supply of NR to respond to market
neccls will require constanit government attention to the internal
prices of rubber, particularly to the prices received by smallliolders.
'I'lTe amount of short-term price responsiveness to supply that IIow

exists depends to a large extcnt on the prices received by smallholdcers.
Thc suitability of cxisting tax structures (particularly export taxes),
the amount of financial and other assistance providcd by govcrnment
agcncies to growers, and the efficiency atnd equity of internial markct-
ing anid distribution systems all will have to be critically evaluated,
and chaniged whecre necessary, if they are to provide full support to
the producers of NR.

'IThc security of supplv is still a largc concern in the minds of
natural rubbcr consumiiers. Measures to stabilize prices in the short
term will go a long way to improve consumer confidcnce and to
overcomc the fcar of the risks involved in relving on a raw material
prodticedl tlhousands of miles awav from its main markct outlets.
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Stocking operations, such as the one envisaged by the new Interna-
tional Natural Rubber Agreement, should diminish existing fears of
market disruptions.

Increased research and development

In the longer term, however, only the ability of the natural rubber
industry to meet growing market demand xvill enablc it to realize its
full potential. A natural raw material tlhat competes with industrial
raw materials for the same market can onlv survive and prosper if
it can share the benefits of modcrn technologies. Research and de-
velopment on production and consumption are essential. The ex-
perience of the past thirtv vears has proven this point beNond any
doubt. Innovation in natural rubber technology has conie so far
mostly from the -Malaysian industry and government. Other countries
and industries have contributed, bul- the burden has been shouldercd
largely by MVlalaysia.

Further support is also required for rcsearch work currently going
on in the institutes of India, Indonesia, thc Ivory Coast, Mlalaysia,
Nigeria, and Sri Lanka. The efforts of the International Rubber Re-
scarch and Developmcnt Board (IRRDB) to coordinate and dissenii-
nate the results of the research bcing carried out in member countries
would also be a step in the right dircction. It could probably increase
the resources available for research and developmcnt, cnsure a more
equitablc sharing of the financial burden, and improve the speed of
technological transfer. It may also provide for more efficicnt use of
existing resources by avoiding duplication of effort and bv providing
a more precise focus for national efforts. It could also provide ample
grounds for cxpanding cooperation between producers and consum-
ers, particularlv in research on uses for NR, as well as cementing the
ncccssarv relation of mutual trust and collaboration between pro-
ducers and processors.

A greater geographic diversification of the sources of supply would
be an additional advantage. International assistance to viable rubber
projects in \Vest Africa, Latin America, and small Asian countries,
should bc intensified. Recent WVorld Bank cxperience in several \Vest
African countries indicates that investments in natural rubber projects
in that region arc economicall- attractive and financially sound at the
prices expected in the future. Progrcss in the control of the South
Amcrican leaf blight disease could make cxpansion of natural rubber
production in Brazil a fcasible proposition, but more research is re-
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quired to ensure the economic viabilitv of such production. Brazil
has a large potential for rubber production, because of the available
virgini land and the access to development capital. The private and
public efforts currently being made there to increase natural rubber
production deserve encouragement and assistance.



Appendix A

Technical and Economic
Characteristics of the Main Kinds
of Synthetic Rubbers

The many kinds of synthetic rubbers (SR) commerciallv
produced in the world differ not onlv in their technical attributes,
but also in their economic charactcristics. The tcchnical attributes
depend on the structure of the elastomer; the economic character-
istics, on the costs of production, which are in turn tied to the scalc
of the production operation and to the technologies usel in the
production process. It would be very difficult, if not impossible, to
exhaustively review and compare the main technical and economic
characteristics of all SR'S. This appendix expands the review of the
most important kinds of SR, particularly thosc which compete with
natural rubber (NR ).

Styrene-Butadiene Rubber

Styrene-butadiene rubber (SBR) is, in tcrms of tonnage, b-y far the
single most important kind of rubber in the world. SBR hlaS SomIIe

important technical advantages over NR, but also somc inferior
properties. Its resilience and tensile strength are lower than those of
NR, whereas its resistance to mechanical, temperature, and environ-
mcntal factors is roughly comparable to that of NR. SBR, however, can
be easily extendcd with oil, giving it good wear resistance and excel-
lent grip. Its vulcanization behavior is also better than that of NR.

Mlore than 60 percent of all SBR iS consumed in tires. Nontire uses
include footwear, conveyor belts, cable insulation, hose, batterv con-
tainers, and adhesivcs. SBR iS used mostly in automobile tire treads,
where extension with oil gives it a good wvear resistance and cxcellent

101
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grip (low skidding on wet surfaces). SBR, blended with) polybutadiene
(BR), iS the preferred tread rubber for cross-ply, bias-belted, and radial
car tires.' SBR is also used in automaobile tire carcasses and sidewalls,
but not as the prevalent compound. In the tire carcass, NR is the
prevalent compound, witlh SBR (or BR) as the subsidiary onc.2 Thbe
rubber blend in car tire carcasses depends on the kind of tire; for
example, more NR is used in radial than in cross-ply and bias-belted
tire carcasses. In the sidewalls of car tires SBR (or a blend of SBR and
polybutadiene) is again the prevalent compound for cross-ply and
bias-belted tires.3 In radial tires, however, the performance require-
ments of sidewalls are more stringent, because the carcass is thinner
and because the degree of flexing and lheat aging in service are much
greater than in cross-ply and bias-belted tires. NR/SBR, NR/BR, or
NR/SBR/BR blends nmust be used. NR iS the prevalent compound be-
cause of its superior tack and green strength.4

1. About one-third of all the rubber used in car tires goes into the tread.
2. About 30 percent of all the rubber used in cross-ply car tires goes into the

carcass. In radial car tires, carcasses account for about 20 percent of total rubber
use.

3. About 14 percent of all rubber used in cross-ply car tires goes into the side-
wall; in radial car tires, more than 20 percent of rubber used in tires goes into
the sidewall. In both cross-ply and radial car tires, the remaining 13 to 17 percent
of the total rubber used goes into the liners. Inner lincrs in tubeless tires are often
NR/BR blends. Inner tubes are almost always 100 percent BR. For a detailed analy-
sis of rubber tire uses see K. A. Grosh, "Natural Rtubber in 'rires," Proceedings of
the Natural Rubber Conference, Kuala Lumpur, 1968, pp. 1-19; and J. G. An-
derson, "The Rubber Manufacturer's Choice: Natural or Synthetic Rubber?"
Plastics and Rubber International (July/August 1977), p. 171, table 1. For some
aspects of rubber use in radial tires, see J. J. Levden, "Radial Tire Compounding,"
Rubber Age (1972), pp. 51-;3.

4. More NR is used in radial than in cross-ply and bias-belted car tires. Although
rubber compounds for tires can vary quite substantially among manufacturers, all
available estimates indicate that the proportion of NR is two to three times greater
in radial than in nonradial tircs. According to one estimate that refers to the
United Kingdom, the overall NR/SR ratio is 10 : 90 percent in cross-ply car
tires and 36 : 64 percent in radial car tires. See J. E. Diamond, "Tyres and
Natural Rubber," Proceedings of the NRPRA 3rd Rubber in Engineering Con-
ference, Londoni, 1973, paper K, p. 3. Another estimate referring to Western
Europe that recently has become available broadly confirms Diamond's previous
one: in cross-ply car tires the NR/SR ratio is 18: 72, whereas in radial car tires
a 40 : 60 ratio prevails. In absolute amounts a typical cross-ply car tire requires
2.88 k;ilograms of rubber, whereas a radial tire takes 3.34 kilograms of rubber.
See Anderson, "The Rubber Manufacturers' Choice: Natural or Synthetic
Rubber'" Plastics and Rubber International (Juily/August 1977), p. 171, table 1.
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SBR is produced by polymerization. The monomers, styrene and
butadicne, are gencrally mixed in a proportion of 25:75. Copolvmer-
ization of styrene and butadiene is still generally done in emulsion.
Solution polymerization has started relatively recently, Eut it is
gaining momentum. Emulsion polymerization had substantial ad-
vantages over solution polymerization, because it was technically
simpler, and it became the standard method for producing SBR.

Emulsion polymerization, however, could not yield a stereo-regular
SBR, whereas solution polymerization could.5 The technical difficulties
of solution polymerization now have bcen overcome, and the solution
SBR iS gaining in popularity because of its more desirable character-
istics as a car tire compound: it has higher abrasion anc fatigue
resistance than emulsion SBR, while, at the same time, it hias lower
heat buildup. In 1974 solution SBR accounted for about 6 percent of
total SBR consumed outside the centrally planned economie,.6

The ability to extend the polymer with oil was one of the I-echnical
breakthroughs that launched SBR into large-scale production and use
(the other being cold polvmerization). Oil extension made SBR sub-
stantially cheaper to produce, as well as improving its proc,ssabilitv
and giving it desirable properties for use in car tire treads."r Oil ex-
tension can be varied over a large range. The most comunon oil-
extended emulsion SBR has 37.5 parts of oil.8 About 90 percent of all
SBR produced in the world is shipped in dry form. Latex SBR, which
is used in paper and carpet backing, accounts for the remaining 10
percent.

SBR iS the cheapest tvpe of SR available in the market. SBB-1500 (a
basic grade not extended with oil) has generallv been sold at prices
below that of NR. Only in 1971 and 1975 were sBR-1500 prices above
the prevailing mark-et prices of NR. SBR-1712 (a basic oil-extended

5. Stereoregularity refers to the geometry of the molecules in the polymer.
When the geometry of the molecules is precisely defined in three dimension,
stereoregularity is achieved. Natural and synthetic isoprene are stereoregular, as are
solution SBR and solution BR.

6. IISRP statistics, as reported in Rubber WVorld (August 1975), p. 2 ..
7. High resilient types of rubber, such as NR, have a low skid resistar,ce on wet

surfaces. SBR, as observed before, has low resilience, and its resilience is further
lowered by oil extension. Its skid resistance is. therefore, higher than that of NR.

8. The classification of the various SBR types is extremely detailed. Generally
sBR-1OOs are not extended with oil, and sBR-1600s and sBR-1700s are. SBR-1200S

are solution-sBR types; they can be extended with oil or not. See IMSRI', Descrip-
tion of Synthetic Rubbers and Latices (New York: IISRP Inc., 1968).
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grade, containing 37.5 percent oil) has generally been priced 25
percent below SBR-1500, and therefore, in addition to a tcchnical
advantage, it has enjoyed a substantial price advantage ovcr NR as a
tire-tread rubber.

Polybutadiene Rubber

Polybutadiene rubber (BR) is the second most important kind of
SR and the third most important kind of rubber in terms of volumc.
A kev characteristic of BR iS that it is hardly ever used alone. Normally
BR is blenlded wVith SBR or NR. Becausc of its higlh resilience-hiigher
than that of SBR and NR-higlh abrasion and cracking resistance, and
low heat buildup, BR iS used to improve the performance of SBR in
car tire treads and sidewalls." Blended with NR, it is also used in the
sidewalls and carcasses of car tires and in commercial vehicle tires,
xvhere its high abrasion resistance improves tread wear. BR is, there-
fore, almost exclusively a tire rubber. Nontire uses of BR, which make
use of its abrasion resistance, include conveyor belts, golf balls, hoses,
shoe soles, and motor mounts.

BR is obtained from the polvmerization of butadiene. Solution
polymerization is bv far the most popular process used to produce BR.

Solution polvbutadienie drv rubbcr is produced both with and without
oil extenders.'o The most common kind of oil-extended solution BR

contains 37.5 percent oil.
Until the mid-1960s BR was priced above sBR-1500. From the mid-

1960s onward, however, BR prices have bcen quite close to those of
SBR. On thc whole, therefore, BR (likc SBR) has been priced con-
sistentlv at competitive lcvels in relation to NR.

Butvl Rubber

Butvl rubber (IIR) is the third most important kind of SR in terms
of volume, and, like polvclloroprene and SBR, iS a "first generation"
SR, having been developed before World War II. IIR iS obtainled from

9. The high resilicnce of BR makes it difficult to process.
10. Like SBR, BR can accept hiiglh loadinigs of oil.
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the copolymerization of isobutylenc, with the addition of isoprene.
IIR has excellent resistance to weather, oxidation, ozone, and water.
It also has one additional and very desirable property: high imperme-
ability to gas. IIR, hoxvever, is not compatible with other synthetics
and cannot be extended with oil. Its resilience is also poor.

Because of its impermeability to gas, IIR found its major Dutlet in
inner tubes and bags where it substituted for NR. The second largest
outlet is in automobile tires, followed by cables and miscellaneous
industrial applications. IIR has been traditionallv priced at 35 to 40
percent above SBR, and only slightly below EPDMI. Its cost depends
heavily upon that of isobutylene and to a lesser degree on that of
isoprene.

Polychloroprene Rubbcr

Polychloroprene rubber (CR), also called Neoprenc, is, in terms of
tonnage, the fourth most important kind of rubber.11 It is obtained
from emnulsion polymerization of chloroprene, and its general strength
properties are similar to those of NR and SBR. The chlorine content,
however, gives CR some spccial properties: excellent resistance to
weather and ozone as well as to fire. CR, imloreover, is relai:ivelv re-
sistant to oil and chemicals. ''lhe main technical drawbacks of CR

are its poor properties at low temperatures.
CR finds its major applications in automotive and other meclhanical

goods, as a bonding agent in nonxvoven textiles, in xvire and cables,
in hoses and belts, and in miscellaneous products requiring good flame
resistance. In automotivc goods (about 20 percent of total CR con-
sumption in the United States in 1972), CR competes nlostlv with
EPDOI. In some mechanical goods, CR competes wvith NR, but for the
most part CR compctcs witll otlher specialty SR'S, particularlv NBR.

CR is an expensive rubber. Tllc large capital investments requircd
and the high cost of raw materials and catalysts results in production
costs and prices that arc almost double those of SBR and at lcast 25
percent highcr than those of EPDNM. CR, in addition, has high specific
gravity, which adds to its basic relative cost disadvantage . 2

11. 'Iblis wias the DuPont brand namec for CR. Du1Pont was for a Ion,; time thle
only producer of CR.

12. See footnote 24 in this Appendix.
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Polvisoprene RubberI

Polvisoprenc rubber (IR), the sixth most important kind of SR in
terms of tonnage, is the closest synthetic approximation of the natural
elastomer. Both IR anld NR are poly-mers of the isoprene monomer.1 3

JR accounted inl 1977 for 3.6 percent of all SR'S and 2.4 percent of all
rubber consumed outside the centrallv planned economies. 'i'he de-
velopiment of IR in the mid-1950s "represented a major triumph for
the polymer synthesists and a landmark in the world of rubber,"' 4

and it began to be commercially produced in 1960.15 Of the two
main kinds of IR that were commercially produced, the kind first
produced by Shell is about 91 percent cis-1,4, whereas the kind first
produccd by Goodyear (Natsvn) is about 98 percent cis-1,4I.1 These
two kinds of IR have differcnt properties. TIhe 98 percent cis form
is easier to process than the 90-to-91 perccnt cis form; it also
has a slightly greater green strength, tensile strength, and heat
buildup. 17

'T'he processing behavior and end-use properties of the 98 percent
cis IR and NR are very similar, givcn the sliglit differcnces in the
molecular structures of the two rubbers. TFhis kind of IR has a lower
tensile strength than NR and a lower tear resistance. In compounding,
it also has a lowver green strengtlh than NR. Howcvcr, 98 percent cis IR

has a greater clongation tlhan lNR and rcquires little or no brcakdown
before compounding.1 5 Tlis last property gives IR a limited processing
cost adCvaJntage over NR. The 91 pcrccnt cis IR, on the contrary, has

13. Natural robber is cis-1,4-polvisoprene. The cis form refers to the gcometry
of the molccules; the 1,4 indicates that the isoprene units are joined at each end.
The cis-form arrangement of the polvisoprene (natural or syinthetic) molecule is
stereoregular.

14. P. NV. Allen, Nattural Ruibber and the Synthetics (London: Crosby Lock-
wood, 1972). p. 139.

15. Sec Arnericall Chcmiiical Society, Chemistry in the Economy (Washington,
D.C.: Amiicrican Chemical Society, 1973) pp. 132-34.

16. The Shell IR was produced commercially in 1960 using a lithium catalyst;
Goodvear's Ncitsyr was produced commercially in 1962 using a catalyst systeil of
alminllm trietyl and a cocatlyst.

17. N. XV. Atkiinson,' "Polyisoprenc-Prcscnt Status and Future Prospects,"
Proceedings of the IRSG Symposium on the Present Position and Prospects for
the Newer Rubbers, in Sao Paulo, ]mzil, October 1967 (London: IRSG, 1968),
p. 13.

18. This advantage over NR is also shared by 91 percent cis IR.
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substantial disadvantages wvhen compared with NR. It is mostly used
as a filler in blends with other rubbers including NR.

IR has been used in areas where NR previously was chosen on the
basis of its physical and processing characteristics. Although the claim
that IR can replace NR in all uses still constitutes a slight exaggeration
on the side of IR manufacturers, it is clear that the development of
IR has made the changeover from natural to the synthetic elastomers
even easier. Car, truck, and bus tires constitute the largest oitlet for
IR, about 50 percent of the total. The remainder goes into a variety
of nontire uses, such as mechanical goods, pharmaccutical goods,
and footwear. In tire uses, IR is usually blended with other kinds of
rubber.

IR iS produced bv the polvmerization of isoprene. The process is
complex and technically quite difficult. As was mentioned above, the
solution of these difficulties has been a major achievement of polymer
science and chemical engineering. The basic monomer, isoprene, is
produced in various ways. There are at least five commercial processes
for the synthesis of isoprenc:

(a) Isoamylene extraction and dehydrogenation (used by Shell at
Pernis and Goodrich in Texas);

(b) Propylene dimerization, isomerization, and pyrolysis (used by
Goodyear in Texas);

(c) Isobutylene-formaldehvde condensation and cracking (used in
the U.S.S.R. and by Kurarav in Japan);

(d) Isopentane dehvdrogenation (uscd in the U.S.S.R.); and
(e) Acetone/acetylene condcnsation and cracking (used by Anic

at Ravenna, Italy).

Apart from the five basic synthetic routes and the by-product route
to isoprene (recovery bv solvent cxtraction), scvcral variations are
being experimented with and commercialized. For examplc, within
the isobutyvcne-formialdehyde proccss, a single-step isoprene process
has been developed by Sumitono and another bv Takeda Chemical
Inc., both in Japan. Goodvear has announced recentlv the commer-
cial operation (at Le Havre in France) of a new method tc recover
isoprcne fromn C:, streams by fractional distillation."' In the future,

19. Sce M. J. Rhoad, "Isoprenc NVorldwide," Proceedings of the 15th Annual
Afeeting of the Intemnational Institute of Synthetic Rubber ProducTrs (New
York: IISRP, 1974).
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the dominant source is expected to be recovery of isoprene from
steam cracking of heavy liquids.2 "

The variety of existing basic routes to isoprene, as well as the
number of variations that are being experimented with, illustrates the
cffort made by the chemical industry to producc isoprenc moiomer
at lower costs. The relatively high cost of isoprene synthesis and
isoprene recovery has been one of the most important reasons that
the commercial development of IR has evolvcd relatively slowly. IR-

at least the 98 percent cis kind-has never become fully cost competi-
tive with NR, and the substitution of NR Witlh IR lhas procceded slowly
outside the centrally planned economlies.

Elistorically, IR producers have sold their high-quality IR at a slightly
higher price than that of NR and their lower-qualitv IR at a substan-
tiallv lower price than that of NR. IR price changes have followed, by
and large, the trend of those of NR.

21 This behavior is still prevalent
today. With only about 2.5 percent of the market for all rubbers, IR

producers outside the centrally planned economies are behaving as
price takers.

Ethylene-Propyleie Rubbers

E-thylene-propylene rubbers (EPM and EPDM) are the fifth largest
kind of SR, in terms of volume. EPM is a copolymer of ethylene and
propylene. It has desirable properties and is resistant to environmental
factors, such as weather, ozone, oxidation, and temperature. It is
difficult and costly to vulcanize and to process, however. To overcome
the vulcanization problem, one-third (unsaturated) material-usually
a diene-is added to the ethylene-propvlene combination. The re-
sulting combination of three monomers (EPDM) can be vulcanized
by using sulfur in the normal way.

EPDMI has some interesting properties. Like EPMI, it has excellent
resistance to environmental factors (such as weather, ozone, and
oxidationi), good tensile strengtlh, and high resistance to heat. Its

20. When naphtha or gas-oil is cracked to produce ethylene, several by-
products are obtained, since isoprene is a part of the C5 fraction. Isoprene yields
vary from 2 to 5 percent of ethylene production. The development of large
ethylene production units has made the rccovery of isoprenc from the C, stream
commercially possible.

21. Without the short-termn ups and downs of NR prices.
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resilience, however, is lower than that of NR and IR. Other desirable
properties of EPDMI are its ability to accept high oil-black loadings
and its case in processing (mixing, extruding, and molding).-22 WVhen
first introduced, EPM was heralded as the next low-cost, general pur-
pose rubber. The low cost of the monomers, the resistance of the
copolymer to environment, and its processing ease were thought to
be the main strengths of this kind of rubber.2 3 The difficulty in vul-
canization was its main drawback, and the solution to this problem-
the addition of diene, very costly material-took away a good deal of
the cost advantage of EPMI and prevented EPDMr from entering the
huge tire market. In other uses, however, the higher cost oF EPDMN

was in part compensated for by the low specific gravity that gives it a
substantial advantage over NR, IR, SBR, and BR and an even larger ad-
vantage over NRB and CR.

2 4

EPDM is mostly used in nontire automotive parts: weather stripping,
radiators, heater and exhaust emission-control hoses, brake cups,
window and windshield gaskets, wvindshield washers, seals, and more
recently in safety bumpers. In the United States these uses accounted
in 1975 for 40 percent of total EPDAI consumption. hIC EPI)NI tire
market is limited to sidewalls, cover strips, and some specialty, off-the-
road vcehicle tires, xvhich require excellent resistancc to ozone de-
terioration. EPDM is also used in tire tubes (together with I1(R). In
the United States, EPDM USC in tires accountcd in 1973 for about 20
percent of total EPDM consumption. The remainder of the EPrMI goes
into domestic appliances, hoses, wire and cable, coated fabrics, foot-
wear, and rug underlay.

EPDOI prices have historically been consistentlv higher than those
of SBR and generally higher than those of NR. \Vhereas ethylene and
propylene are relatively inexpensive feedstocks, the solution poly-
merization technique and the diene are expensive. The growtl of the
market for EPDM has so far been based on its weathering and ozone-
resistance qualities and has taken place in uses where these qualities
are required.

22. See Noble Keck, "EPDM Elastomers," Rubber Age (September 1973),
pp. 43-45; and C. J. Harrington, "Ethylene Propylene Elastomers," Proceedings
of the IRSG Symposium on the Present Position and Prospects for the Newer
Rubbers, Sao Paulo, Brazil, October 1967 (London: IRSG, 1968).

23. The price of both ethvlene and propylene has generally been less than half
of that of styrene and butadiene.

24. Specific gravities: EPDM 0.86, NR 0.93, IR 0.94, SBR 0.94, BR 0.94, CR 1.25,
and NBR 0.98.
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Nitrile Rubber

Nitrile rubber (NBR) is obtainlcd from emulsioii copolymCrizatioii
of acrvlonitrile and butadiene. Depending on the proportion of acrv-
lonitrilc used in the blend, different types of NBR can be obtained.
Generally NBR has high tensile strength and resistance to abrasion.
HIigh acrylonitrile content gives NBR cxcellent resistance to oil and
solvent.

NBR is used in products wvhere oil and abrasion resistance are
essential: oil hoses, oil seals, gaskets, adhesives, sealants, belts, and
tubing. In latex form, NBR is used in paper and nonwoven textile
manufacture. Strictly speaking, NBR does not compete directly with
most other rubbers. The uses of NBR are generallv dictated by proper-
tics that NR and other SR cannot meet. The highl cost of acrylonitrile
imlakeS NBR the highest priced SR (excluding the small-volume specialty
rubbers). Its use is only justified on technical grounds.

Other Syntlhetic Rubbers

Included in this category are a large number of specialty rubbers
which meet specific needs of certain manufactured products. Accord-
ing to an authoritative compilation, there are at least 170 distinct
kinds of small-volume specialty rubbers that can be classified into
twcnty major categories.2 5 A convenient way of classifving some of
these specialty elastomers is to divide them into castable, thermo-
plastic, and powdered elastomers. Castable elastomers-such as
urethanes, silicones, and polvsulfides-have favorable processing char-
acteristics: they can be quicklv cast at relatively moderate costs into
various shapes. Polyurethancs are by far the largest single kind, and
are used in coating, footwear, sealants, industrial tires, automotive
parts, and flooring. Polysulfides are mostly used as scalants. Thermo-
plastic elastomcrs are in many ways a bridge between rubber and
plastics: wvlen cold they have the same properties as rubber; when
hot they can be processed like plastics. Easy processabilitv is their
major advantage. Polvurethanes, styrene/butadiene copolvmers,

25. See C. F. Ruebensaal, Changing Markets and Manufacturing Patterns in
the Synthetic Rubber Industry (New York: IISRP, Inc., 1973 to 1977 and 1978
(draft) ), pp. 16-17.



CHARACTERISTICS OF SYNTHETIC RUBBERS 11I

styrene copolvmers and terpolyrners, and ethylene/propylene copoly-
mers are the most important kinds. Thermoplastic rubbers find appli-
cation in automotive parts, coated fabrics, coatings, hoses andl tubing,
and footwear. Powdered elastomers also have the potential for sub-
stantial cost savings in processing. Their actual use, however, is still
limited.

2 6

Some of these specialty rubbers have well known special properties.
Acrylic rubbers, for example, have excellent resistance to temperature
and oil, as well as to ozone and cracking. Silicone rubber is resistant
to extreme temperature, as are fluorocarbon rubbers. In gencial, these
specialty elastomers have gained markets because of combinations of
desirable properties-oil and solvent resistance, resistance to wide
temperature ranges, favorable processing characteristics-which make
their use attractive despite their often large price disadvantage in
relation to both general-purpose and large-tonnage specialty SR'S.

Because of the variety of specialty elastomers and the difficulties
in classifying them-for example, in plastics or rubbers-statistics
are difficult to find and to compare. According to an authoritative
source, total production capacitv of these specialty rubbers outside the
centrally planned economies is currently around 500,000 metric tons
a year, equivalent to about 6 percent of all synthetic rubber
capacity. 2 7

26. For a detailed account of specialty elastomers and their uses in the United
States, see David Dworkin, "Changing Mlarkets and Technology foi Specialty
Elastomers," Rubber World (February 1975), pp. 43-46.

27. Ruebensaal, Changing Markets and Manufacturing Patterns ir, the Syn-
thetic Rubber Industry, p. 17. Ruebensaal's figures exclude chloroprenes, nitriles,
and EPDM'S from specialty rubbers, since he classifies them as large-volume specialty
rubbers.



Appendix B

Quantitative Evidence on
Natural Rubber Market Shares

Economic analysis of rubber consumption has been diffi-
cult. To the usual technical problems connectcd with single-equation
estimation procedures in the presence of substitute products, research-
ers have had to face serious practical problems deriving from lack of
reliable data on synthetic rubber prices in the various consuming areas.
Yet the quantification of the effect of price changes on rubber con-
sumption is a necessary first step toward a better understanding of
the dynamics of the competition between natural rubber (NR) and
synthetic rubbers (SR).

Having overcome, at least in part, the most serious difficulties con-
cerning the availability of price data by consuming region, the rela-
tion between NR and SR iS explored here by concentrating on the
factors that deternmine the market share of NR. In doing so, it was
assumed that the market share of NR could be considered independenit
of all the forces that affect the demand for all elastomers to the same
extent (for example, the level of economic activity)

The Market Share Model

lhis model assumes that rubber users have a production function
that includes both NR and SR; that NR and SR are close, but not perfect
substitutes; and that changes in the relative prices of these two kinds
of inputs and in teclnologv affect rclative usc only gradually, given
the uncertainties about the nature of the price change (temporary
or permancnt), the time and cost involved in shifting from onle inlpUt
to the other, and the institutional constraints that limit the process
of adjusting inputs. The rationale for these assumptions stems from
the market analysis presented in Chaptcr 3.
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Given the size of the total market for elastomers, the market share
for NR (MS,_R) is hypothesized to be a function of the price of NR

(PNE), the prices of SR (PSR), and technology (TECH).

(1) MSNR = f (PNR, PSIZ, TECH)

If rubber product manufacturers adjust their utilization patterns
graduallv in response to changes in relative prices and teclrnology
only, a fraction of the expected use of NR in total rubber use can be
expected within a certain period. Using a partial adjustment tvpe of
model, a reduced form equation of the kind presented below can be
derived and used to obtain the statistical estimates.

(2)

MISNR t 8a + 8/3 L + (1 -8) NISR_ 1 + ° TECIZ% + Set
L PSR I t

Several problems have to be faccd in estimating the model equa-
tions: possible multicollinearitv in the prices of rubber, seiial cor-
relation in the presence of a lagged dependent variable, and, finallv,
the difficultv of adequately proxving technological change. To re-
duce the risk of multicollinearitv the prices of NR and SR wvere entered
into the equation as a ratio. A three-pass procedure was uscd in
estimating the modcl equations to dcal with serial correlation prob-
lems, xvherever present.' The cffect of technological changes in the
production of tires on the market share of NR was proxiec. using,
where appropriate, time series of the market penetration of radial
tires. To account for the downward historical trend in natural rubber
market shares due to the techniological changes that have affected
the processing and performance charactcristics of SR, a time trend
variable wvas also includcd in the cquationis.

Application of the Nlodcl to
Nortlh America, WVestern Europe, and Japan

This model was applied to North America, NVestcrn IEurouc, and
Japan. Bccause of the lack of reliable data on SR prices, olher de-
veloped cnnsuming countries, developing countries, or centrallv
planned economies could not be covered. North America, WVestern

1. See K. R. Wallis, "Lagged Dependent Variables and Serially Correlated
Errors," Review of Economics and Statistics (1967), pp. 555-67.



Table B-1. Determlinants of the Natural Rubber Market Share
in North America, Western Europe, and japan,
1957 to 1977, Annlual Data

Multi-
Regression coefficients type Stard-

___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __ corre- ard

1',N R kltion error
Constant a, - __ coeffi- of Durbin-

Equatiotn for term PSRt a2 = MSNRt-_ a, = TECH a, = TIME cient esti- Watson
economic region a, R2 mate statistics

(1) North America'
MSv, = 0.295418 -0.043582 +0.4 9 5 7 8 6 +0.153968 -0.004607 0.87 0.019 1.89 0.32

(-2.64) (3.47) (2.59) (-3.49)
411 (2) Westerni Europc

MS-,, = 0.369206 -0.045205 +0.412521 -0,001851 0.75 0.013 2.00 0.74
(-2.81) (1.95) (-2.03)

(3) Japaii
MSVR = 0. 593611 -0.074283 +0.432375 +0.003476 -0.024097 0.98 0.014 1.90 0.0

(-3.25) (2.37) (2.86) (-2.76)

Note: MSS, = Natural rubber share of the rubber market.
PNR = Price of NR (North Aniierica, average price of RSSI, spot N.Y., dollars per iiictric toi; Westerin Europe, average price of Rssl

and Rss3, c.i.f., London, dollars per iiietric ton; Japani, wholesalc price index of NR).
Pss = Price of SR (North America, average price of SBR, BR, IR, dollars per nietric toni; Western Euirope, average price of SBR in the

United Kingdom, France, anid Gcrmaniy, dollars per metric ton; Japani, wholesale price index of SBR).
TECH = Share of radial tires in total automobile tire market.
TIME = 'I'ine trenid (1956 = 1)
t values are given in parcntheses.

a. Estimatcd frolmi 1952 to 1977.
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Europe, and Japan, however, are the largcst consuming areas, account-
ing together for about 60 percent of total world rubber consumption
and for 97 percent of total rubber consumption in developed
countries.

Two alternative regression equations were used to estimate the
market share of NR in North America, Western Europc, and Japan:

(3a) AISNIRt = a,) + a, In[ -

+ a2 MSNIRt_1 + a:; TECHt + a4 TIMIE + Ut

(3b) In MlISNI = ao + a, In P ]
+ a. In MISNI _ 1+ a3 TECIH + a4 TIME -- Ut

where a. is a constant tcrm; a,, a,, a3, and a4 are regression coefficients
defined in Table B-1; TIME is the time trend (1956 = 1); and u, is
the error tcrm.

Thc regression results are summarized in Table B-1. S.:nce the
results from the linear form of the estimating equations were con-
sistently better from the statistical standpoint than those obtained
from the log form, the latter are here omitted.

The model results are quite satisfactorv from the statistical stand-
point. The relative price variable is highly significant in all three
equations and so is the TECII variable in equations (1) and (3),
clearly showing the positive effcct on the market share of NR of the
introduction of radial tires.2 The time variable also has the correct
sign and is statisticallv significant in all three equations. The co-
efficienlts of the laggcd dependent variables have similar magnitudes:
the adjustment process seems to have roughly the same speed in all
three major consuming areas. All three equations seem to be ielatively
free of serial correlation problems. The short and long-term price
elasticity of natural rubber market shares implicit in the e,timated
equations deserve some additional comment. The short-term price

2. Information on radial tire penetration is not available for Weste-n Europe
as whole. The process, however, started much earlier in Western Europe than in
North America or Japan, and its effects on market shares of NR were slower and
more uniformly distributed over time.
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elasticities computed at the mean values of the rclevant variables
and the long-termii elasticities (derived from the short-term ones anid
the adjustmicnt cocfficients) are summarizcd in 'lablc B-2.

It can be seeni from Table B-2 that slhort-termi elasticitics arc, as
expected, much smaller in absolute value tlhan long-tcrm clasticities.
Relative market prices for the current scar influencc onily slightly the
clhoice of rubber inputs. THis is conisistcnt xvith a priori expectations,
given the tcclhnical adjustmncit costs that arc involvcd wheni a rubber
user sxvitches from one kind of input to anotlher. In thc longer run,
howvever, the choice of rubbcr inputs is clearly and more strongly
influenced by changes in relative prices.1 Anotlher initeresting finding
is that the values of the long-termii market share elasticities are highcr
in \Western Europe than in North America and Japan. In \NVcstcrn
Europe the tire industry is imluci Icss vertically intcgrated tlhan in
North America. This result, therefore, is in linc with expectationis.
Slightly more surprising, on the surface, is the result for Japan, given
the apparcnt similarity of the structurc of the rubber industrv of that
country wvitlh that of WVestern Europe. In Japan, lvowever, informlial
ties betwveen synthetic rubber producers and tire manufacturers are
muchi stronger than in \Western Europe and so are institutional
pressures in favor of domestically produced rubber. Thcsc factors
probablv accounit for the loer long-term clasticitv of the natural
rubber market slhare in this country witlh respect to W estcrn Europc.

Table B-2 . Estimates of thze Natural Rubber Nlarket Share Elasticities
iIn North America, Western Europe, and Japan

Rate of
Equationt for adjustmentt Short-term Long-term

economic region - I - a, elasticity a elasticity

Nortlh America 0.504 -0.18b -0.36"
Western Europe 0.587 -0.13 b -0.461'
Japan 0.568 -0.14" -0.25'

a. Computed at the meani values of the relcvant variables.
h. Significant at the 95 percent confidence level.

3. Although much higher than in the short-term, the estimated long-term
elasticity coefficients are lower than would have been expected, given the close,
competitive relation between NR and SR. TIle difficulties that are involved in
estimating thcse elasticities, however, still make the confidence bands around
them quite large.



Appendix C

Estimafe of the Full Supply Price
of Newly Planted Natural Rubber
in Malaysia

There are many ways to invest in natural rubber (NR):

part of existing acreage can be replanted bv commercial estates and
smallholders, iicnw areas can be brought under rubbcr, or smallholders
can practice "fringe alienation" (that is, occupy small parts of
existing uncultivated land and turn it into a rubber holding). Govern-
ment land-development authorities such as the Federal Land De-
velopment Authority (FELDA) can set up new land schemes by de-
veloping virgin lands to resettle large numbers of farmers.' Othcr
investment structures are possiblc and each will carry diffe:?ent ex-
penditures for developing new rubber. A major concern of the
government of Malaysia in opening up new land is to provide em-
ployment for a rapidly growing population and to limit the expansion
of urbanization.

Until recently FELDA divided newly opened land among the settlers.
Each family head became the owner of from 8 to 12 acres and wvas
responsible for paying off the investment cost on his plot fifteen
years after his crop matured. Because of the possible fragmentation
of existing land plots aftcr the death of the original owner, the
government has begun to consider new forms of land ownership. One

Note: This appendix is based on a paper prepared for The World Bank bv
Maria 't Ilooft-Welvaars, "The Profitabilitv of NR and SBR Investments," M'orld
Bank Staff Commodity Paper (draft) (WVashington, D.C.: The WVorld Bank,
1978).

1. FELDA was established in 1956 as a loan board for state govmrnmerts under-
taking developments of new lands.
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possibility is that the newvly developed and planted land would re-
main as one unit and be run as an estate, the new settlers being both
workers and shareholders in the estate. Thus, the advantages of estate
organization would remain, fragmcntation would be prevented, and
mobilitv would be preserved through the right to sell one's share.

Since new investments in rubber sponsored by government agencies
are likely to have this or a similar organization, it is appropriate to
estimate the expenditure required to establish and exploit such an
estate, treating the new settlers as ordinary workers receiving a wage
in accordance with the collective wage agreement currently in force.
As the workers gradually buy their share of the new estate, they could
be required to pav taxes on their earnings. This would mean, in fact,
that a new settler starting from scratch would, during the first fifteen
years, have less disposable income than an ordinary estate worker,
but would end up owning part of an estate.

Given the theoretical naturc of these calculations, there are two
distinct advantages in assuming this kind of organization: it allows
the results to be compared with those reached in a 1970 study by the
same author, and both the receipts from vworkers acquiring their estate
shares as well as their expenditures on tax payments can be disregarded
in the cash flow calculations.2 All expenditures will be merely the
normal expenditures of an estate not subject to taxation, and all
receipts will merely be receipts from selling the rubber produced.

Definition of the Full Supply Price
for Natural Rubber

As explained in the text, "full supply price" hcre indicates the price
which, if received over the entire lifetime of the investmcnt, would
equate the present value of all expenditures to the prcscnt valuc of
all receipts. In calculating present values, thrcc discount rates have
becn used: 8, 10, and 12 percent. All the calculations werc done in
real terms (that is, at constant prices). It is assumed that all expendi-
tures over the entire lifetime of the rubber estate are to be at the
1974 price lcvel and that the same wvould be true for the unit price

. 't llooft-We]vaars, "The Profitability of New Investmcnits in Rubber Plant-
ings in Malaysia," UNCTAD doc. TD/B/C.1, Gencva, June 1971 (processed), pp.
1-16.
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of NR received. If all expenditures and receipts were inflated by the
same annual percentage rate over the lifetime of the estate, the
nominal discount rates would have to be increased by the same per-
centage to arrive at the same results. (At an inflation rate of 5 percent
for all entries, the nominal discount rates wvould then be 13, 15, and
17 percent.) In reality, however, the average rate of inflation would
not apply equally to all expenditures and receipts, even if it remained
constant over the years. Therefore, even if vields from each hectare
and all physical inputs into the production process remained the
same, the fact that some costs increase more than others would re-
quire an updating of the exercise, especially wvhen new planting ma-
terial and new cultivation methods are taken into account.3

Calculating a cost price as a full supplv price bv using the dis-
counted cash flox method has two additional advantages. It can
take into account the change in production capacity over the lifetime
of the estate, and, above all, it clearly brings out the importance of
intcrest. Because of the y-ield profile of rubber trccs, production
capacity varies over the years, and so do costs and revenues. Moreover,
despite the fact that planting and producing NR is a labor intensive
operation, the role of capital, and therebv of interest, is nevertheless
important, since the plantings take six ycars to mature. Substantial
expenditures are incurrcd, therefore, before any vields (and revenues)
become available. The higher the discount rate is, the higher the
supplv price xvill become. This effect is magnified when xvages and
export levics are not calculatcd on the basis of an independenitly given
gazetted price, but at the final supply price itself. WNhIen the full
supply price is defined as a price wvhich, if prevailing over the entire
period, Nvould cover all expenditures and leave a desired real ratc of
return, wvages and export duty plus surcharge should be calculated on
the basis of this particular price. Using a higher real discount rate
(that is, aiming at a higher internal rate of return on capital) wvill
increasc especially the investment clements in the supply price. This
increasc thcn wxill iniflucnice those clements of expenditure wvhich are
rclated to price, that is, wage cost and export dutv plus surcharge.
The lattcr, in turn, increasc thc supplv price. Finally, suppl) prices,
wage cost, and cxport levies only can be determincd together. The
discount rate used thus has both a direct and an indirect effect on
the supplv price. Takling thc calculations of the 1974 naturaL rubber

3. A desk update of thc.se calculationis was conducted, in fact, for 19/6.
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supply price (f.o.b. Malaysia) as an example, discount rates of 10 and
12 percent make the supply price, respectively, 21 and 52 percent
higher than that calculated at an 8 percent discount rate.4

Description of the Estate

The hypothetical estate taken here as a model is assumed to consist
of 3,000 hectares. Planting of the first 1,000 hectares is assumed to
start in sear 1, with the second and third 1,000 hectares planted in
years 2 and 3, respectivelv. Immaturity is assumed to last six ylears.
The calculations cover twenty-eight years from the first clearing of
land; bv then the last 1,000 hectares of area planted would have been
in production for twentv years. The actual lifctime of an estate is
likelv to be longer than twentv-eight nears, but under a discounting
system with higlh interest rates, the later years would not carry much
weight. Thle rubber latex from the estate is supposed to be processed
into crunmb rubber in a factorv built as part of the new plantation.
Staff and workers are assumed to be living on the estate.

Costs and Supply Priccs for the Estate aicd Factorv

Table C-1 shows both total yields during the twenty-eight-year life-
time of the estate and the expenditure for various items during these
ycars, at 1974 priccs. Tlhc prcsent value was calculated for all cate-
gories at discount rates of 8, 10, and 12 pcrcent.

WN ages on rubber plantations in MIalaysia include bonus payments
lepcndinig on the gazetted natural rubber price. '1fhese payimcnts

xvere cntered in Table C-1 at a value corrcsponding to a gazctted
p rice of M1060-65 pcr pound. ThelCy have, however, been calculated
for all rclcvant price rangcs, in ordcr to enter wagc costs commenllCII-
surate xvith the final supplyv pricc.

After twentv-eight vears an cstate still has a residual valuc: trces
are still tappable, buildings are still in operation, and so fortlh. Since

4. In the 1970 paper! the indirect cffcct of the ratc of interest on the supply
price Nwas not considered, since tbe gazetted price (M¢55 to Mg60 pcr pound)
was assumicd to he given independently. Tlic 197,0 and 1974 figurcs, thierefore,
compare best at the lowcst discount ratc used (S pcrccnt).

;. A gazetted price of M¢6Q to M\f¢6; per pound is equivalenit to an export
price (including dutics) of MNel6 to N1c167 13cr kilogram.
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total investment in field establislhment, estate buildings, housing, and
premium (for land) amounts to M$14 million for this model cstate,
it is assumed that the residual value after tventv-cighlt years will be
10 percent: that is, M\$1.4 million. The present value of this residual
wvas also calculated to discount rates of 8, 10, and 12 percent, and was
subtracted from the present value of total expenditure.

Table C-2 gives the sum of all values for vields and for various
expenditure items, as well as their present values at discount rates
of 8, 10, and 12 percent.6 Dividing expenditures by yields (taking
present values for both) results in the supply pricc: that is, the price
that would bc requircd to cover all expenditures and to earn an
interest of 8, 10, and 12 percent on all capital cngaged over the
lifetime of the estate.

Table C-2 shows that the rubber supply price for this estate would
be N1096.5 per kilogram at 8 percent discount, M1112.6 per kilo-
gram at 10 percent discount, and AI 132.0 per kilogram at 12 perccnt
discount. The breakdown of these cost prices, which shows the heavy
influence of interest on the investnment items (field cstablishment,
estate buildings, and housing) also is shown in Table C-2. The direct
influcnce of interest on the investment items (field establishment,
estate buildings, and hlousing) as wvell as its indirect influence on
tapping costs, through the increase in the supply price, alsc can be
gauged from Table C-2.

Assuming that 70 percent of the annual production capacity of
the estate would consist of SMUR-5-cv rubber and 30 percent ol' sIR- 2 0

rubbcr, the total cost of crumb rubber production will be M109.6 pcr
lkilogram at 8 percent discount, N1\20.0 per kilogram at 10 percent
discount, and M1¢20.6 per kilogram at 12 percent discouInt.

Corrcction for thc Timc Lag
betwN7een Expenditurcs and Receipts

''lbe implicit assumption in the calculation so far-that expendi-
turcs anid reccipts wvould occur at the cnd of eaclh rear-is an over-
simplification; cxpeniditurcs, in fact, occur over the entire year, and so
do receipts. There is, moreover, aii average time lag of three months
between the time when rubber is produccd and when payments from

6. In the case of tapping costs, the figures given in Table C-2 are relaled to the
final f.o.b. supply price at differcnt discoiint rates. They arc not, therefore, thlC
figurecs used in Table C-1 as tapping costs.
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Table C-1. Yields and Expenditures for an Estate of 3,000 Hectares
(thousands of Malaysian dollars (1974), unless otherwise noted)

Estate
buildings

Yield and Estate
(thou- installa- staff Workers'
sands tions, housing, quarters,

Year of Field includ- includ- includ-
from kilo- estab- ing i71g i71g

planting grains) lishment upkeep upkeep upkeep

I 0 1,458 0 262.5 1,100
2 0 1,977 383.6 115.5 11
3 0 2,397 48.9 100.0 11
4 0 1,334 37.5 10.0 1I
; 0 1,173 ;7.6 10.0 11
6 0 1,087 38.1 28.0 286
7 818 692 28.2 10.0 564
8 1,979 334 28.2 10.0 514
9 3,466 0 28.2 10.0 24

10 4,335 0 28.2 10.0 24

11 4,845 0 28.2 10.0 24
1 2 5,181 0 28.2 10.0 24
13 5.461 0 28.2 10.0 24
14 5,725 0 28.2 10.0 24
15 ;,817 0 28.2 10.0 24

16 5,686 0 28.2 10.0 24
17 5,934 0 28.2 10.0 24
18 6,336 0 28.2 10.0 24
19 6,770 0 28.2 10.0 24
20 6,.70 0 28.2 10.0 24
21 6,58 0 2 .2 10.0 24
2 6,580 0 28.2 10.0 24
23 6,739 0 28.2 10.0 24
24 6,892 0 28.2 10.0 24
25 6,780 0 28.2 10.0 24

26 6,583 0 28.2 10.0 24
27 6,425 0 28.2 10.0 24
28 6,345 0 28.2 10.0 24

Total 122,025 10,452 1,186.1 746.0 2,988
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Field
upkeep,
includ- Material Premium, Total

ing costs of Estate quit rent, estate
stimu- field Tapping staff and expendi-
lation collection costs salaries insurance ture

0 0 0 129.6 466 3,416.1
0 0 0 175.4 25 2,688.5
0 0 0 205.2 29 2,791.1
0 0 0 205.2 32 1,629.7
0 0 0 205.2 109 1,565.8

0 201.7 0 205.2 114 1,960.0
217 232.6 502.7 212.4 114 2,572.9
430 223.6 1,019.4 212.4 114 2,885.6
635 115.0 1,605.8 212.4 114 2,744.4
626 59.6 1,724.0 212.4 114 2,798.2
629 82.2 1,828.2 212.4 114 2,928.0
634 117.3 1,883.4 212.4 114 3,023.3
631 117.1 1,923.9 212.4 114 3,060.6
623 88.4 1,957.9 212.4 114 3,057.9
655 66.8 1,971.2 212.4 114 3,081.6

683 156.9 1,951.4 212.4 114 3,179.9
739 139.6 2,000.3 212.4 114 3,267.5
750 197.2 2,074.7 212.4 114 3,410.5
768 109.7 2,148.9 212.4 114 3,415.2
753 88.1 2,147.4 212.4 114 3,377.1
734 90.8 2,106.9 212.4 114 3,320.3
734 44.8 2,099.7 212.4 114 3,267.1
701 51.7 2,111.1 212.4 114 3,2 52.4
675 109.4 2,122.9 212.4 114 3,295.9
637 109.4 2,095.8 212.4 114 3,230.8
625 125.3 2,062.1 212.4 114 3,201.0
611 70.8 2,010.0 212.4 114 3,080.4
602 69.9 1,975.7 212.4 114 3036.2

14,092 2,667.9 41,323.4 5,977.6 3,283 82,538.0
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Table C-2. Yields and Expeniditures for an Estate,
at Real Discount Rates of 8, 10. and 12 Percent
(1974 prices, unless othenvise noted)

Real discount rate (percent)

8 10 12 8 1 0 12

Yields (thousands of
kilograms) 31.252 23.234 17.540

Discoutnted values Supply prices
(thousands of (Malaysian cents

Item Malaysian dollars) per kilogram)

Field establislhment 7.996 7,524 7,096 25.6 32.4 40.5
Estate buildings

and installations 640 576 526 2.0 2.5 3.0
Estate staff housing 518 488 463 1.7 2.1 2.6
WN'orkers' quarters 1,967 1,818 1,692 6.3 7.8 9.6
Field upkeep,

ineluding stimulation 3,895 2,952 2,270 12.5 12.7 12.9
Material cost of

held collection 924 742 605 3.0 3.2 3.;
Estate staff salaries 2,219 1.853 1,576 7.1 8.0 9.0
Premium, quit rent,

and insuirance 1,378 1,184 1,038 4.4 5.1 5.9

Estate expenditure other
than tapping cost 19,537 17,137 15.266 62.5 73.7 87.0

Tapping cost 10,773 9,134 7,948 34.5 39.3 45.3

Total estate expenditure 30,310 26,271 23,214 97.0 113.0 132.3
Residual value 162 97 59 0.5 0.4 0.3

T[otal estate cost 30,148 26,174 23,155 96.5 112.6 132.0

its sales are received. To correct the above oversimplification it was
assumed that expenditures would be incurred at mid-year, whercas
receipts (supply price times total yields) would occur three months
later. This requires that the present value of expenditures be mlulti-
plied by (1 + r) ', and the discounted yields by (1 + r)'4. Since the
supply price is obtained by dividing the present value of expenditures
by the discounted yields, the adjustment can be made bv multiplying
the total supply prices for the estate and factory by (1 + r)/4 or
1 + (1/4r). As shown in the 1974 section of Table C-3, the ex-factory
supply prices then become MN118.4, M¢135.9, and M¢159.2 at real
discount rates of 8, 10, and 12 percent, respectively.
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Total Supply Priccs F.o.b. and C.i.f.

In Table C-3 f.o.b. charges, a research tax, and export duty plus
surcharge are added to the corrected ex-factory supply price, to arrive
at the supply price f.o.b. Malaysia. F.o.b. charges include transport
to port, shipping charges, and selling commission. It has been assumed
that the replanting tax, which is levied on exported rubber, will be
refunded.

Export duty plus surcharge increases steeply at higher discount
rates. At the f.o.b. supply price of M¢130.3 per kilograml, which
corresponds to the 8 percent discount rate calculation, these export
levies amount to M¢5.2 per kilogram: that is, only 4 percent of
the f.o.b. price. At a discount rate of 10 percent, these export levies
amount to 9.6 percent. At a discount rate of 12 percent, the export
duty plus surcharge amount to 17.3 percent. Adding the average
freight rates in 1974 to the f.o.b. Malaysia supply price then gives the
supply prices c.i.f. Western Europe and New York in V[alaysian
cents per kilogram.7

Updating the 1974 Supply Price Calculations

Since 1974, when the field research for these calculations wvas con-
ducted, a new wage agreement for rubber estate workers hbs come
into effect. The Rubber Research Institute of Malaysia (RlRkI) also
published a new Rubber Owners' Mlanual, which contains a wealth of
new information on input cost and production economics.l; It wvas
felt, therefore, that the cost calculations could and should be updated
in light of the changes in wage structures that occurred in 1976 and
the valuable new information that became available throLiglh the
Rubber Owners' Manual. Since labor cost-the major input in natural
rubber production-did not change by much in 1977 (the Nlalavsian
rate of inflation from 1976 to 1977 was only 5 percent), the updating
of the 1974 supply prices is assumed to be representative of the
situation both in 1976 and in 1977.

7. The 1974 supply prices were converted from Malaysian dollars to U.S. dollars
at the exchange rate of US$1 = M$2.50.

8. Pee Teck Yew and Ani bin Arope, Rubber Owiners' .lanual (Kuala Lumpur:
RRINI, 1976).



Table C-3. Natural Rubber Supply Prices F.o.b. and C.i.f. in 1974 and 1976/77,
at Real Discount Rates of 8, 1 0, and 12 Percent

Real discount rate (percent)

1974 1976/77

8 10 12

Item 8 10 12 Low IIigh Low lligh Low High

Malaysian cents per kilogramn
Iotal estate cost 96.5 112.6 132.0 95.1 107.3 111.0 125.2 129.4 142.9
Production cost of crumb rubbcr 19.6 20.0 20.6 19.3 19.3 19.9 19.9 20.6 20.6
lotal ex-factory supply price 116.1 132.6 152.6 114.4 126.6 130.9 145.1 150.0 163.5

Corrected ex-factory supply price 118.4 135.9 157.2 116.7 129.1 134.2 148.7 154.5 168.4
f.o.b. charges 4.5 4.5 4.5 6.0 6.0 6.0 6.0 6.0 6.0
Rescarch tax 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2 2.2
Export duty and surchargc 5.2 15.1 34.4 5.2 13.1 15.0 26.1 33.0 50.4
f.o.b. supply price Malaysia 130.3 157.7 198.3 130.1 150.4 157.4 183.0 195.7 227.0



Frcight to Western Europe 17.0 17.0 17.0 17.8 17.8 17.8 17.8 17.8 17.8
Freight to New York 21.0 21.0 21.0 17.5 17.5 17.5 17.5 17.5 17.5

c.i.f. supplv price Westcrn Europe 147.3 174.7 215.3 147.9 168.2 175.2 200.8 213.5 244.8
c.i.f. supply price New York 151.3 178.7 219.3 147.6 167.9 174.9 200.5 213.2 244.5

Mlalaysian cents per pound
f.o.b. supply price Nlalaysia 59.1 71.5 89.9 59.0 68.2 71.4 83.0 88.8 103.0
c.i.f. supply price Western Europe 66.8 79.2 97.7 67.1 76.3 79.5 91.1 96.8 111.0
c.i.f. supply price New York 68.6 81.0 99.5 67.0 76.2 79.3 90.9 96.7 110.9

U.S. cents per kilogram'
f.o.b. supplv price Malaysia 52.1 63.1 79.3 52.0 60.2 63.0 73.2 78.3 90.8
c.i.f. supply price Western Europe 58.9 69.9 86.1 59.2 67.3 70.1 80.3 85.4 97.9
c.i.f. supply price Nei York 60.5 71.5 87.7 59.0 67.2 70.0 80.2 85.3 97.8

U.S. cents per pounlda
f.o.b. supply price Nlalaysia 23.6 28.6 36.0 23.6 27.3 28.5 33.2 35.5 41.2
c.l.f. supply price Western Europe 26.7 31.7 39.1 26.8 30.5 31.8 36.4 38.7 44.4
c.i,f. supply price New York 27.4 32.4 39.8 26.8 30.5 31.7 36.4 38.7 44.4

a. U.S.$1 = M$2.50,



T,ablk C-4. Estate Supplsl' Pices in 1974 anid 1976/77,
at IReal Discounit Rates of S, I 0, and 12 1'ercenit
(Malaysian cents per kilogrami)

Real discouniit rate (percent)

1974 1976/77

8 1(0 12

Itern 8 19 12 Low lligh Low High Low High,

Field cstablishment 2;.6 32.4 40.5 22.2 27.7 28.1 35.1 33.1 43.9
Estate buildings and installations,

including upkeep 2.0 2.5 3.0 2.5 2.5 3.0 3.0 3.6 3.6
E5tate staff housiig, including upkeep 1.7 2.1 2.6 1.5 1.5 1.9 1.9 2.4 2.4
Vorkiers' quarters, includiing upk-cep 6.3 7.8 9.6 6.3 6.3 7.8 7.8 9.7 9.7

Field upleep, including stimulation 12.; 12.7 12.9 8.8 12.; 9,0 12.7 9.1 12.9
Material cost of field collection 3.0 3.2 3.3 3.2 3.2 3.5 3.5 3.8 3.8
Estate staff salaries 7.1 8.0 9.( 9.0 9.( 10.1 10.1 11.4 11.4
Premiuml, quit renit, and insuranice 4.4 5.1 5.9 4.4 4.4 5.1 5.1 5.9 5.9

Estatc expenditure other tlhani
tapping cost 62.3 73.7 87.0 37.9 67.1 68.5 79.2 81.( 93.6

Tapping cost 34.5 39.3 45.3 37.7 39.4 41.2 44.7 46.9 49.6

Total estate expenditure 97.0 113.0 132.3 95.6 106.5 109.7 123.9 127.9 143.2
Residual value 0.5 (.4 0.3 O.5 0.3 0.4 0.4 0.3 0.3

Total estate cost 96.5 112.6 132.0 93.1 106.0 109.3 123.5 127.6 142.9
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Table C-4 gives the breakdown of supply prices for NR in Malaysian
cents per kilogram, at various real discount rates, in 1974 and 1976/77.
The cost of some items actually decreased between 1974 and 1976/77,
in part, because 1974 was a year of extreme scarcities and correspond-
ingly of high prices for inputs such as fertilizers and other chemicals.
The Rubber Owners' Manual, moreover, gives lower average cost
figures in 1976 for some items than those used for our 1974 estimates.
Wherever this was the case, a lower and higher price are shown,
with prices from the Rubber Owners' Manual as the low price, and
our updated estimates as the high price. As a result, a low and a high
supply price are shown at each real discount rate for 1976/77, instead
of a single estimate, as for the 1974 calculations.

As with the 1974 calculations, it was assumed that the gazetted
price (on the basis of wvhich wages, export duty, and surcharge have
to be calculated) would equal the final supply price. This, again,
required calculating the tapping cost for the entire relevant range
of supply prices. To illustrate the effect of the new wage agreement
on tapping cost, a comparison is made between 1974 and 1976/77
supply prices and their tapping cost components, both at 10 perccnt
discount rate, and in Malavsian cents per kilogram. Although the
estimate of the low 1976/77 supply price is practically equal to that
of 1974, tapping costs have increased from MW39U3 to XR41.2 per
kilogram, or by nearly five percent.

19,76/77

Item 1974 Loiv High

Supply price, f.o.b. Malaysia 157.7 1S7.4 183.0
Tappiing cost 39.3 41.2 44.7

Factory expenditures taken into account in the estimates were based
on the actual accounts of MRDC factorics in 1974."1 Since thesc fac-
tories were then still at their early stagcs of operation and also were
uscd for training purposes, they were considerably overstaffed and
showved higher than normal costs. Table C-3 also indicates that,
despite the increase in investment expenditure betwcen 1974 and
1976/77, the increased cfficiency in these factories since 1974 slightly
lowcred the production cost of crumb rubber.

9. The frcight rates used were valid until Scptcmilbcr 1977.



130 THE WORLD RUBBER ECONOMY

Table C-3 shows the various natural rubber supply prices in 1974
and 1976/ 77 at the three real discount rates, both f.o.b. Malaysia and
c.i.f. Western Europe and the United States.'0 Comparison of the
f.o.b. supply prices in 1974 with the high estimate for 1976/77 shows
that between 1974 and 1976/77 the supply price of NR in Malaysia
is estimated to have increased by 15 percent. The actual increase
was probably smaller than 15 percent, since the 1976/77 high
estimate tends to overstate cost. Finally, it is shown again that ex-
penditures related to price, such as tapping costs and export levies,
have an important effect on the final supply price.

10. In 1975 rubber prices were low, whereas in 1977 they were high.



Appendix D

Estimate of the Full Supply Prices
of Butadiene, Styrene, and SBR
in Western Europe

Creating new capacitv for producing styrene-butadiene
rubber (SBR) involves eithcr extending the production capacity of
existing facilities to the maximum (debottlenccking) or setting up
new production plants. The latter alternative can mean cither cstab-
lislilng SBR polvmerization plants that depend on styrcne and buta-
diene monomers produced elsewhere, or setting up integrated opera-
tions that include the production of the monomers as well as thcir
polNmerization. Only the establishment of a new SBR production
facilitv as part of an integrated chemlical opcration is considered here,
since this altcrnative probablv involves the least cost for producers
and, therefore, is the most rcpresentative one.

It has been assumed that SBR-1500 is made from butadienc and
stvrene by the well-established process of SBR emulsion, in which the
two base materials react in an aqueous medium at low temperature
(50 to 100 C) using an emulsificr such as Dresinate. Unconverted
butadicne and styrcne are stripped from the resulting latex, and the
rubber is thcn coagulated, dcwatered, dried, baled, and packcd.

It has also been assumed that the butadiene, styrene, and SBR

plants are all part of a large pctroclemical complex, with a naphtha
cracker as its base. Butadiene is obtained by recovering the C4 stream

Note: This appendix is based on a paper prepared for The World Bank by
Maria 't Hooft-Welvaars, "The Profitability of NR and SBR Investments," World
Bank Staff Comnmodity Paper (draft) (WVashington, D.C.: The World Bank,
1978).
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of the naphtha cracker; stvrcnc is miade by reacting bezenle with
ethylene from the crackecr to produce cthivlbenzenc, followed by
catalytic debvdrogenation.

Dcfiiitioiu of thic Full SUpply' Price for SBR

As in the case of natural rubbcr (NR), the full supply price of SBR is

defined as the price wh1iclh, if received over the entire lifetimie of the
plant, would equate the prcsent value of all expcnditures to tilc
present value of all rcccipts. For SBR, however, a supply price range
expressed in terms of oil prices, labor, and capital costs is dctermined
first for butadiene. A supply price is also calculated for styrene, taking
ethylenc and benzene as given.1 An SBR supply price is then derived
from the styrene and butadienc prices. To facilitate the comparisons
of tllcse results with those obtained for NR, the same thrce real dis-
count rates-8, 10, and 12 percent-were used to calcilate the pres-
enlt values of cxpenditures and receipts for SBR.

Collcctioni of Invcstment Data

Calculating a fnll supply price by the discounted cash flow iethod
requires that all expenditures and reccipts be entered in the year in
which they occur. This in turn requires data on: (a) total rcquire-
ments of investment capital; (b) phasing of plant constructionl;
(c) timne profile of production buildup after the plant has come on-
stream (including stockbuilding requiremenits); (d) reqnircmiieints of
physical input (feedstocks, utilities, labor) and their prices; (c) plant
maintenanice and overhcad; (fi expenditures for selling and for rc-
scarch and development; aind (g) tax payments.

To collect the necessary data a numrbcr of WN-esteri European and
Americani firms were interviewed, inclndiing chelical produccrs, SU3R

prodncers, and engineering firms. Tlechnical literature also was con-

1. T'he supplv prices of ethylene and benzenc were not ca]culated Lsing a
discounted cash flow method. Instead, a formula relating the value of thcse
chemicals to the prices of crude oil, iaphtha, and fucl oil and to some capital anid
labor costs was oLsed to sinmplify the calculations.
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sulted. The informationv was cross-checked and extensive use was
made of published reference data to ensure consistency.

Since SBR production is a capital-intensive operation, a major cost
element in its supply price is, of course, investment capital. Accurate
capital cost estimates are crucial to the calculations of the full supply
price.

A serious impediment to making thesc estimates was the hetero-
geneous mixture of investment data for \Vestern Europe. Investment
figures often referred to plants of different sizcs located in different
countries. Figures were also somctimes available for comparable size
plants, but for different vears. An additional problem was the exact
specification of investment costs: inside battery limits or full costs.2

The main cause of these difficulties was that few investments wcre
actuallv carried out between 1972 and 1976 and that, to a large ex-
tent, only engineering estimates wxere available. Finally, it was difficult
to compare investment data between countries because of the rcla-
tively large changes in exchange rates that occurred in this period.
National investment figures for 1973 were converted into U.S. dollars,
thercfore, averaged, and set as the base for cost indexes that were
updated using the Engineering News Record index of capital costs.
Despite the fact that this cost index refers to the United States, the
derivcd U.S. dollar estimates for subsequent years checked rather well
against available estimates for specific y-ears, expressed in U.S. dollars."

Labor costs are another component of the SBR supplV price. They,
again, vary from country to country. An average cost figure ($21,500 a
year for a chemical operator) was taken as representative for 1973 .4
This figure includes direct wages, benefits, and social premiums, as
wvell as the cost of supervision. A labor cost index expresscd in U.S.
dollars that represents an amalgam of wage indexes in the petro-
clhemical industries of the key Western European countries was used
to updatc labor costs to 1977.

The costs of raw materials and utilities that go into the production

2. An inside battery limits investment is one that becomes part of an ongoing
production operation and, therefore, benefits from the presence of the operation in
terms of cost.

3. This result is caused, in part, by the nature of the goods in question. Capital
investment goods are internationally traded, and their prices in different markets
are closely related.

4. This figure includes labor benefits, social premiums, and supervision costs.
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of SBR are related to the price of oil. Utilitics are produced witlb fuel
oil, and raw materials are based on naphtha, wbose cost, in turn,
depends on oil. Table D-1 shows the average c.i.f. prices of crude oil,
naphtha, and fuel oil that were calculated for the major Western
European countries on the basis of Platt's Oilgram monthlyl quota-
tions. It also shows the capital and labor cost indexes used to
calculate SBR supply prices.

Tax paymcnits, which vary from country to country, also bad to be
expressed in an approximate commoni dcnominator. Thc average
effective tax rate on profits wvas assumed to be 45 percent. 'hllis rate
probably understatcs slightly tbe nominal tax on profits in WVestern
Europe, but often rcbates that are linkied to investment are granted
to producers by national governments, so that thle effective average
tax rate is probably not too different from the one assumed here.
Taxable profits were defined as the total value of sales (adjusted for
stocks) in a given year; minus the value of base materials and utilities
used in production; minus labor, maintenance, andc overhead costs;
and minus capital depreciation.

Tablc D-l. Basic Price Data and Indexes Used
to Calculate SBR Supply 1'rice
(U.S. dollars per metric toni)

Itemn 1973": 1974 1975 1976 1977a

Crude 23.3 78.5 87.5 92.5 98.0
Naphtlia 43.0 123.0 110.0 131.0 130.0
Fucl oil. 3 ¼'2 percent sulfur 17.5 69.5 62.5 67.5 75.0
Fuel oil, 0 percenit sulfuir 28.0 76.0 72.0 76.0 82.5

Relationis
Naphtlia/erude 1.83 1.57 1.26 1.42 1.33
Fucl oil. 3 ', percent

sulfur/crude 0.74 0.89 0.71 0.73 0.77
Fuel oil, 0 percenlt sulfur/crude 1.19 0.97 0.82 0.82 0.84

Capital anid labor cost indexes
(miid-year; 1973 = 100)
Capital cost" 100 112.4 127.0 137.1 152.8
Laborcost 100 118.0 135.0 147.8 162.6

a. Averagc for the first half of the vcar, except for cal)ital anid labor cost in-
dexes.

h. Derived from Engineering Neris Record. The inidex is lagged onle year, and
its values refer to the first quarter.

c. Average of the major Western European countries.
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Assumptions and Estimates for Butadiene Production

It was estimated that a butadiene plant having an annual capacity
of 60,000 metric tons would have cost US$8 million in 1973.5 Such a
plant would take about three years to begin production. In year 0
plant costs consist exclusively of site preparation and general plan-
ning. The direct plant investment outlays were, therefore, phased over
three years at, respectively, 1 5, 40, and 45 percent of the total. The
production buildup was assumed as follows: 25 percent of capacity in
year 2, 70 percent in year 3, 85 percent in year 4, and 100 percent
from year 5 onward. Stocks were taken as one-sixth of annual pro-
duction. Depreciation, whichl has to be calculated only for tax pur-
poses, was assumed to be linear for ten years, starting in year 3. The
life of the plant was considered to be twelve years and its scrap value
20 percent of the initial investment value. It was also assumed that
an average two-month credit would be extended to all customers by
the producers.

The valuation of the butadiene feedstocks presented a major prob-
lem. The C4 stream-the input into butadiene production-is difficult
to cost, since its value depends more on the market price of butadiene
than vice versa. To circumvent this problem low and high values of
the C4 feed were taken: thc forner assumes a market surplus situa-
tion, whereas the latter assumcs buoyant demand conditions for the
butadiene mionomer. Between 1973 and 1975 the only way to dispose
of surplus C4 was to use it as fuel. At times of high demand, surplus
C4 can, instead, be cracked as naphtlha. Tlhc ininin4uim refincry valulc
of C4 appears, therefore, to have gone from the lowcr fuel value to
the higher naphtha valuc. Yct cven between 1973 and 1975, the
market values of C4 were never cvcn remotely near those of fuel.
Entering the naphtha value as the lower limit of the C4 stream costs
in all years from 1973 to 1977 does not, thcrcfore, introduce any
severe bias in the calculations. Again, based on the observation that
from 1974 onward, the actual valucs of C4 fluctuated betweeni 1.7
and 2.4 times those of naphtha, the high value for C4 used in the
calculations was twice that of naplitha.

5. Capacity is defincd throughout this appendix as the annual production of a
plant that is teclhnically feasilie, allowing for normal maintenance and repair.
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Assumptions and Estimates for Styrene Production

A styrene plant having an annual capacity of 250,000 metric tons
was estimated to have cost USS50 million in 1973. Total expenditure
was assumcd to be pbased over four years: 10 percent of the total in
year 0, 30 percent in vear 1, 40 percent in year 2, and 20 percent in
vear 3. Production buildup was taken as follows: 25 percent of capa-
citv in y-ear 3, 70 percent in vear 4, 85 percent in year 5, and 100
perccnt from vear 6 onward. Stocks were taken at onc-sixth of an
annual production. Depreciation was assumed to be linear over ten
years. TI'he life of the plant was put at thirteen vears. Its liquidation
valuc was taken at 20 percent of the initial investment value. Again,
an average two-month credit to all customers was assumed.

T'o valuc the ethvlene and benzene feedstocks that go into stvrene
production, formulas were uscd that relatc the value of these chemi-
cals to the price of crude oil, naplhtlha, and fuel oil and to soeic
elements of cost for capital and labor.

Assumptionis and Estimates for SBR ProductioIn

The cost of an SBR plant having an anniual capacitv of 60,000 mctric
tons was estimated at US522 million in 1973. This total expenditure
was assumed to bc phased ovcr three vears: 15 percent of the total in
year 0, 40 percent in ycar 1, 45 percent in vear 2. The production
buildup was taken as follows: 25 percent of capacity in year 2, 70
pcrccnit in ycar 3, 85 percent in ycar 4, and 100 percent from s'car 3
onward. Stocks were taken at onc-sixtlh of annual production, and
dcepreciation was assumed to be linear over ten y-ears. The plaint was
assumed to operate for twclve years and to have a scrap value of 20
percent of the initial investment value. Two-montlh credit to all
clicnts was again postulated.

The calculationis of the supply pricc for butadicien and styrene (at
different real discount rates) formed the basis of the SBR feedstock
valuation. Low and high butadiene prices used in thc calculations
yieldcd corresponding low and high cstimatcs of S13R suipplv prices.
'I'ransport costs for stvrene and butadiene also cntercd the calcula-
tions of SBR supplv prices, as well as packing costs (a packing workcr
wVas assumed to have cost the producer $15,000 a year in 1973).
Packing costs were naturallv cntcred in the calculation proportionallv
to the assumed productiorn buildup.
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Most synithetic rubber producers in WVestern Europe arc not tire
manufacturers. They, therefore, incur selling costs wlhen marketing
their products. Selling costs, togetlher with expenditure for research
and development, were assumed to be at 10 percent of the full supply
price. This overstates the SBR supply price for the tire manufacturers
that produce their own rubber. This type of producer, however, is
not often integrated with a petrochemical company; he usually has
to buy the butadiene and stvrene monomers. In such cases, selling
costs should be added to the full supply price of stvrene and buta-
diene, and some expenditures on research and development would
also be required. The full supply price of SBR for a tire manufacturer
producing his own SBR is, thereforc, likely to be less than 10 percent
below, the full supply price that includes selling and full research and
developmnent costs.

Differentiation of Expenditures

In the more detailed background paper on supply prices of NR and
SR, the various elements of expenditure for producing butadiene,
styrene, and sER-1500 are split up into three categories containing
oil-related input costs, labor cost, and capital cost.

For example, the price of utilities per ton is defined as:

FS,, = P(x) + C(y) + L(z)

where: FS,, = price relation between fuel oil (31/2 percent sulfur)
and crude oil; P = price of crude oil; C = unit capital cost (in 1973,
tlherefore, C = $1.0, in 1974, $1.124, etc.); L = unit labor cost (in
1973, L = $1.0, in 1974, $1.180, etc.)6 ; and x, yX, and z are cocfficicnts.
'rhis differcntiation of expenditure categories has several advantages.
First, it makcs it possible to analyze the sensitivity of SBR supply

prices to changcs in crude oil prices or to changcs in capital and
labor costs. 7 Second, it allows country-specific infornmation concerning
labor and capital investment costs to be incorporated quickly and
efficiently and the corresponding SBIH supplv prices to be formulated

6. See indcxes in Table Dl-1.
7. To exan,ine the sensitivity of SBR suppilv prices to clanges in cride oil price,

a rclation between crmde oil, naphtha, and fuel oil prices Ias to be established.
WN'here this is done, tbie sensitivity analysis becomes straightforvard. The results
of this exercisc can be foind in Table 4-5.



IabIle D-2. Full Supply lP7ices of Butadiene, Stvrene, and sBR-1 500 in Westertn Europe,
at Real Discounit Rates of 8, 10, anld 12 Percent

Real discount rate (percent)

1973 1975 1977

Itemn 8 10 12 8 10 12 8 10 12

UJ.S. dollars per metric ton
Butadienc

Low 99.93 105.15 110.50 203.68 211.03 218.52 242.83 2;1.67 260.66
Higli 146.13 151.76 157.51 322.11 330.54 339.0(5 382.86 39 2.9; 403.16

Styrene 218.06 227.42 237.12 400.65 413.68 427.09 478.86 494.51 510.62

SBR-1 500

Low 428.78 453.66 479.28 699.02 733.28 768.38 838.92 880.10 922.29
Highl 467.86 493.49 519.82 799.22 835.39 872.33 957.39 1,000.82 1,045.18

U.S. cents per pound
Butadiene

Low 4.61 4.85 5.10 9.24 9.37 9.91 11.02 11.42 11.82
Iliglh 6.71 6.97 7.23 14.61 14.99 15.38 17.37 17.82 18.29

Styrcne 10.05 10.47 10.92 18.17 18.76 19.37 21.72 22.43 23.16

SBR-1 500

Low 20.42 21.57 22.75 31.71 33.26 34.85 38.05 39.92 41.83
Iligh 22.19 23.37 24.58 36.25 37.89 39.57 43.43 45.40 47.41
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without having to go through the whole discounting exercise item by
item.8

Estimates of the Full Supply Price of SBR

Table D-2 shows the supply prices of butadiene, styrene, and SBR-

1500 at the three real discount rates chosen for the calculations; the
high and low butadiene supply prices correspond to the high and low
sBR-1500 supply prices. The supply price of SBR-1500 appears to have
increased by from 60 to 70 percent between 1973 and 1975 and by
another 20 percent between 1975 and 1977. Between 1973 and 1977
the supply price of sBR-1 500 is estimated to have almost doubled.

The data in Table D-2 also show that the oil price increase that oc-
curred between 1973 and 1977 bad thie strongest effect on the price of
butadiene, whose prices are closest to those of naphtha. The effect is
lower for styrene, which is further removed from naphtha, and, of
course, is even lower for SBR-1 500. 'This illustrates well the process
of passing through costs which is characteristic of the petrochemical
industry.

The supply price of sBR-1500 is broken down by major items in
Tables D-3 and D-4. A similar breakdown for styrene, butadiene,
and sBR-1500, but with a single rate of discount (10 percent) is given
in Table D-5. Tables D-3 and D-4 illustrate quite clearly the in-
fluence of the desired rate of return (the real discount rate) on the
various cost elements. The items that are influenced heavily by the
real discount rate are, naturally, investment costs and taxes. The
other cost elements on which a difference in discount rates bears
lheavilv are stockbuilding and credit, whereas base materials, utilities,
labor, and other costs are relatively less affected.

8. This way it was possible to correct the labor component in the 1973 SBR

supply price. It was clearly too high when computed in terms of U.S. dollars,
because of the exchange rate changes during that year.



Table D-3. Low and High SBR-15
00 Sulpply Prices in WesternI Europe,

at Real D)iscount Rates of 8, 10, and 12 Percent
(U.S. dollars per mctric ton)

Real discount rate (percent)

1973 1975 1977

Item 8 10 12 8 10 12 8 10 12

SBR-1 500, low
Investment 59.14 65.50 72.24 75.10 83.19 91.75 90.36 1(0.89 110.39
Base materials aud utilities 231.34 237.31 243.44 410.48 418.84 427.39 491.95 501.99 512.26
Labor, main-tenance, and overhead 76.85 77.74 78.65 114.23 115.55 116.90 137.55 139.13 140.75
Taxes 13.90 19.59 25.22 19.96 27.70 35.32 23.98 33.28 42.45
Stockhbilding 5.29 6.87 8.56 8.63 11.11 13.72 10.36 13.33 16.47
Debtors 5.17 6.70 8.33 8.43 10.83 13.36 10.12 13.00 16.03
Selling and research

and development 41.88 44.24 46.66 68.28 71.50 74.80 81.94 85.82 89.78
Total per ton 433.58 457.95 483.10 705.11 738.42 773.24 846.26 886.65 928.14

Liqiidatioii value of plant 4.80 4.29 3.82 6.09 5.44 4.86 7.33 6.55 5.84
Supply price (pcr ton) 428.78 453.66 479.28 699.02 733.28 768.38 838.92 880.10 922.29

sBR-1500, high
Investment 59.13 65.50 72.24 75.10 83.19 91.75 90.36 10)0.(9 110.39
Base materials and utilities 274.36 280.66 287.12 496.94 506.08 515.38 594.16 605.13 616.28
Labor, maintenance, and overhead 86.07 87.07 88.08 114.23 115.55 116.90 137.55 139.13 140.75
Taxes 14.80 20.69 26.51 21.48 29.56 37.50 25.78 35.48 45.03
Stockbuilding 6.04 7.81 9.68 9.87 12.66 15.58 11.82 15.16 18.66
Debtors 5.90 7.61 9.42 9.64 12.34 15.16 11.54 14.79 18.17
Selling and research

and development 47.79 50.25 52.76 78.06 81.46 84.92 93.51 97.59 101.74
Total per ton 494.10 519.58 545.81 805.32 840.84 877.19 964.72 1,007.37 1,051.03

Liquidation value of plant 4.80 4.29 3.82 6.09 5.44 4.86 7.33 6.55 5.84
Supply price (per ton) 489.30 515.30 541.99 799.02 835.39 872.33 957.39 1,000.82 1,045.18



Table D-4. Loiv and High SBR-1 500 Supplv Prices in Western Europe,
at Real Discount Rates of 8, 10, and 12 Percent
(U.S. cents per pound)

Real discount rate (percent)

1973 1975 1977

Item 8 10 12 8 10 12 8 10 12

SBR-1 500, low
Ilvestmenit 2.68 2.97 3.28 3.41 3.77 4.16 4.10 4.54 5.01
Base matcrials and utilities 10.49 10.76 11.04 18.62 19.00 19.39 22.31 22.77 23.24
Labor, maintenance, and overhead 3.49 3.53 3.57 5.18 5.24 5.30 6.24 6.31 6.38
Taxes 0.63 0.89 1.14 0.91 1.26 1.60 1.09 1.51 1.93
Stockbuilding 0.24 0.31 0.39 0.39 0.50 0.62 0.47 0.60 0.75
Debtors 0.23 0.30 0.38 0.38 0.49 0.61 0.46 0.59 0.73
Selling and research and development 1.90 2.01 2.12 3.10 3.24 3.39 3.72 3.89 4.07
Total per pound 19.67 20.77 21.91 31.98 33.51 35.07 38.39 40.22 42.10
I.iqnidation value of plant 0.22 0.19 0.17 0.28 0.25 0.22 0.33 0.30 0.27
Supply price per ton 19.45 20.38 21.74 31.71 33.26 34.85 38.05 39.92 41.83

SBR 1500, high
Investment 2.68 2.97 3.28 3.41 3.77 4.16 4.10 4.54 5.01
Base materials and utilities 12.44 12.73 13.32 22.54 22.96 23.38 26.95 27.45 27.9;
L.ahor, nmaintenance, and overhead 3.90 3.95 4.00 5.18 5.24 5.30 6.24 6.31 6.38
Taxes 0.67 0.94 1.20 0.97 1.34 1.70 1.17 1.61 2.04
Stockbuilding 0.27 0.35 0.44 0.43 0.57 0.71 0.54 0.69 0.85
Debtors 0.27 0.35 0.43 0.44 0.56 0.69 0.52 0.67 0.82
Selling and rescarch and development 2.17 2.28 2.39 3.54 3.70 3.85 4.24 4.43 4.62
Total per pound 22.41 23.57 24.76 36.53 38.14 39.79 43.76 45.69 47.67
Liquidation value of plant 0.22 0.19 0.17 0.28 0.25 0.22 0.33 0.30 0.27
Supply price per toII 22.19 23.37 24.58 36.25 37.89 39.57 43.43 45.40 47.41



Table D-5. Full Supply Prices of Butadiene, Styrene, and SBR-1 500
in Western E;urope, at a Real Discount Rate of I0 Percent
(U.S. dollars per metric ton)

Butadiene, low Butadiene, high Styrene SBR-1 500, low SBR-1 500, high

Item 1973 1975 1973 1975 1973 1975 1973 1975 1973 1975

U.S. dollars per ton
Investment 23.82 30.25 23.82 30.25 37.88 48.11 65.50 83.19 65.50 83.19
Base materials and utilities 60.57 148.37 104.86 261.93 160.51 321.44 237.31 418.84 271.33 506.08
Labor, mainteniance,

andoverhead 12.93 18.61 12.93 18.61 12.36 16.75 77.74 115.55 77.74 115.55
Taxes 6.25 9.46 7.17 11.84 12.19 17.97 19.59 27.70 20.31 29.56
Stockbuilding 1.59 3.20 2.30 5.01 3.44 6.27 6.87 11.11 7.47 12.66
Debtors 1.55 3.12 2.24 4.88 3.36 6.11 6.70 10.83 7.29 12.34
Selling and researchz and development - - - - - 44.24 71.50 48.12 81.46
Total per ton 106.70 213.01 153.32 332.52 229.76 416.65 457.95 738.72 497.77 840.84

Liquidation value of plant 1.56 1.98 1.56 1.98 2.33 2.97 4.29 5.44 4.29 5.44
Supply price per ton 105.15 211.03 151.76 330.54 227.42 413.68 453.66 733.28 493.49 835.39

U.S. cents per pound
Investment 1.08 1.37 1.08 1.37 1.72 2.18 2.97 3.77 2.97 3.77
Base materials and utilities 2.75 6.73 4.76 11.88 7.28 14.58 10.76 19.00 12.31 22.96
Labor, maintenance,

and overhead 0.59 0.84 0.59 0.84 0.56 0.76 3.53 5.24 3.53 5.24
Taxes 0.28 0.43 0.33 0.54 0.55 0.82 0.89 1.26 0.92 1.34
Stockbuilding 0.07 0.15 0.10 0.23 0.16 0.28 0.31 0.50 0.34 0.57
Debtors 0.07 0.14 0.10 0.22 0.15 0.28 0.30 0.49 0.33 0.56
Selling and researeb

and development - - - - - - 2.01 3.24 2.18 3.70
Total per pound 4.84 9.66 6.95 15.08 10.42 18.90 20.77 33.51 22.58 38.14

Liquidation value of plant 0.07 0.99 0.07 0.09 0.11 0.13 0.19 0.25 0.19 0.25
Supply price per pound 4.77 9.57 6.88 14.99 10.32 18.76 20.58 33.26 22.38 37.89



Appendix E

Forecasting Frameworks and
Demand Estimates for Rubber
to 1985 and 1990

The demand for rubber is a derived demand. The automo-
tive industry is the most important consumer of rubber products,
and more than 65 percent of all elastomers produced in the world
are used in tires and other automotive products. Miost of the remain-
ing 35 percent is used in fabricating industrial goods. Since the pro-
duction and use of motor vehicles are very sensitive to changes in
economic conditions, rubber demand also closely follows these
changes. In the past twenty-five years, the relation between gross
national product (GNP), motor vehicle production (or motor vehicle
use), and rubber consumption was so strong and stable that, in fore-
casting future rubber demand, it actually mattered little whether the
link between growth of GNP and growth of motor vehicle produc-
tion (or the motor vehicle park) and rubber demand was estimated
or whether the elasticity of rubber demand with respect to GNP
wvas estimated directlv.1

The Traditional Forecasting Approach

Time-series analysis of rubber demand during thc past twentv-five
years clearly shows that a strong and stable statistical relation existed
between total elastomer consumption and growth of GNP (or in-

1. Use of existing vehieles, which affects the replacement rate of the vehicles
in use as well as the rate at wlich tires and othcr rubber automotive parts are
worn out, is also closely related to GNP.

143
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dustrial production) in all major consuming arcas. Almost all past
demand forecasts published by international organizations, rubbcr
companies, and individual researchers were based on tbis direct
approach. Cocfficients of incomiie elasticities of demand for rubber
were computed on the basis of time-series (or cross-section) analysis,
and rubber demand was estimated directly, using projections of
future GNP growth. Interestinglv enouglb, despite the fact that the
choscn income elasticitv coefficicnts were broadly' similar and were
takcn as constant over time (whicll turned out to be a correct as-
sumptioni for the 1950s and 1960s) most past forccasts of rubber
demand erred greatly on the conservative side, since projected GNP
growth rates were invariably lower than the realizcd ones.

Shortcomizgs of the traditional framework

Whether this forecasting framework is still useful is questionable.
Apart from the estimation problems that have to be ovcrcome, thcre
are several reasons to doubt that the morc scrious shortcomiiings of
the direct approach to forecasting futurc rubber demand through
incomiie elasticity coefficients could be remedied. First, the dcgree of
motor vehicle usc iii most developed countries has increased so much
and so rapidly that dcclininig growtth rates can be expected over the
next ten to fiftccn years. Second, the intensity of motor vehicle use,
particularly for private automiiobiles, can also be expccted to grow
less rapidly thani in the past as a consequence of physical crowding
and higlher costs of vehiclc maintenanicc and use. Tlhese factors-
whose importancc has been heightenicd first by the increasinig aware-
ness of the economic drawbacks resulting from the current widcsprcad
rcliance on private means of transport, andl morc recently by the sharp
increases in fuel prices-will not only negatively affect the "direct"
demanid for rubber, resulting in a decreascd rate of growth of demand
for nCw velhiclcs, but also will affcct the "replacement'' demand for
rubber, since decreased use of vehicles leads to decreased growth of
demand for rcplacemiient rubber products. 'Lllird, fuel conservation
policies that governmnciits in most oil-importing countrics are bound
to implemiienlt (or to tougheln over time), will also mcan that in some
major rubber-consurtiing areas (notablv, North America) smaller
and lighter cars xvill bc produccd, thereby reducing both the rubber
demand per vehicle produced and possiblv the ratc of wear of tires.

TIlbc abovc considerations-which arc bv no mcans exhaustive-
clearly point to the fact that for at least a major portion of the
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rubber market-the tire market-the historical relation between
growth of GNP and growth of demanid is likcly to undergo sub-
stantial changes. To capture these as well as otber changes in the
structure of rubber demand, a mor-e disaggregated forecasting ap-
proach seems to be necessary. In trying to disaggregate demand into
its main components, however, the conceptual and practical difficul-
ties encountered, particularly on the data side, become very serious.
The natural tendency for the forecaster is, therefore, to try to salvage
the traditional framework and adapt it, somewhat mechanicallv, to
the expected changes in the structure of rubber demand.

Adapting the traditional framework to the expected clhanges

One way of doing this is to scale down ovcr the forecasting period
the historical coefficients of income elasticity of rubber demand to
try to capture some of the expected structural changes, making the
implicit assumption that the structure of demand is likely to change
relatively smoothly. In effect, because the historical relation betwecn
GNP and elastomer consumption is expected to continue in de-
veloping countries and centrally planned economies where rubber
use is still relatively low, it becomes necessary to make a priori ad-
justments in thc income elasticity coefficients only for developed
countries.2 If this approach is followed, demand forecasts can be
derived straightforwardly from the assumptions regarding the growth
of the shift variables (GNP/GDP and population).

The estimation of the income elasticity coefficients is not, how-
ever, trouble-free. Although it would be theoretically preferable to
estimate the elasticity cocfficicnts from a relation betwecn per
capita consumption and per capita income, this is in practice difficult,
since the consumption statistics that are available refer onlv to direct
domestic use of rubber in manufacturing and do not reflect the trade
balances in finished rubber products. This makes it impossible to
disaggregate consumption beyond broad economic regions (developed
countries, developing countries, and centrally planned economies)
and prevents, in effcct, the use of cross-section analvsis of individual

2. Another wav of achiieving the samc result would be to usc in estimating the
historical relation betwecn rubber demanid and income functions that allow for
an antomatic decline of income elasticity over time. The problem here is that for
the devcloped countrics as a gronp the historical relation is best reprcsented by a
log-log function (semi-log or invcrse function do not fit the data nearly as well).
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country data. Aggregation of statistics on (countrv) domestic use by
economic regions helps to deal with the problem of regional trade in
finished products (whiclh is the largest portion of total trade), but
still does not solve the difficulties caused by inter-regional tradc.3

Althouglh both Eastern Europe with the U.S.S.R. and China are
practically self-sufficient in rubber products, developed countries are
net exporters of rubber manufactures (especially tires), and develop-
ing countries are net importers. The available statistics of total
rubber use thus overstate the quantity of rubber actually consumed
in developed countries and understate it in developing countries.
Thle consequence is that the regional income clasticity of demand
coefficients estimated on the basis of these statistics are probably
biased upward for the developed countries and downward for the
developing countries.4 The lack of uniformity and incompleteness
of the available trade data series for rubber products make it im-
possible to factor in trade balances and to arrive at reasonably
accurate estimates of actual consumption even for broad groups of
countrics.5

Projections based on adjusted coefficients of income elasticity

Subject to these qualifications, the historical coefficients of income
elasticity for rubber demand estimated from time-series analysis of
annual data (using the estimated equations in Table E-1) range
from 1.3 to 1.4 for the developed countries, 1.6 to 2.0 for the
developing countries, and 1.4 to 1.6 for the centrallv planned econo-
mies. The 1978 working assumptions of the World Bank concerning
CDP and population growth to 1990 by major economic regions are
summarized in Table E-2. On the basis of these assumptions and
the chosen coefficients of income elasticity, projections of future
elastomer consumption can be derived. The projections presented
here are based on scaled-down coefficients of income elasticitv for

3. Because of the large regionial trade in rubber manufactures, for most of
the individual countries, per capita consnmption data that are derived by dividing
direct domestic use of rubber by population are virtually meaningless.

4. Implicit is the assumption that robber imports of developing couintries have
increased more rapidly than total utilization of rubber products.

7. Trade in several rubber products is only recorded in value terms. XVbeu
quantities of products, such as tires, are available, the wcights refcr to the actual
weight of the product and not to its rubber content. The country covcrage also
lacks uniformity.
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1976-80 and on declining coefficients of income elasticitv for 1980-
90. This adjustment is particularly important for developed countries,
where (as discussed above) substantial changes are cxpected in the
historical relation between income and rubber consumption, and the
use of functions that would allow for an automatic decline in the
elasticity coefficients over time series runs into serious difficulties.t
Coefficients of per capita income elasticities of 1.2, 1.1, and 1.0 were
used in making the forecasts for 1976-80, 1980-85, and 1985-90,
respectively. Thney compare with the values of 1.42 and 1.39 esti-
mated for 1955-75 and 1960-75.

Similar, if smaller, adjustments were made in the per capita co-
efficients of income elasticitv of the developing countries and the
centrally planned economies. For the developing countries the his-
torical coefficient (1.98) was scaled down to 1.8 for 1976-80, 1.6 for
1980-85, and 1.4 for 1985-90. Eastern Europe and U.S.S.R., however,
were differentiated from China. Income-elasticitv values of 1.4, 1.3,
and 1.2-which compare with the historical 1.6-were used in the
projections for Eastern Europe and the U.S.S.R. as a group over the
three times intervals, whereas a constant coefficient of 1.4 was used
for China. The projections for China, moreover, were worked out on
the basis of the relation between total consumption and total income.
China was treated differently because consumption levels there are
so low that the use of rubber is expected to continue to increase in
some fixed relation to industrial production or income and because
thc relation between per capita consumption and per capita income
is not very relevant, since private consumption of rubber products is
more strictly restricted there than in any other countrv.

The projections indicate that even under conservative assumptions
regarding the values of income elasticities and long-term economic
growth in industrialized countries (Table E-2), world rubber con-

6. In the past the relation between rubber consumption and income in de-
veloped countries was clearly linear in logs. The use of other functions in the
estimation of the historical relation yiclds either poor statistical fits (such as
semi-log functions) or untenable results (such as inverse or log-inverse functions).
The latter problenm is well exemplified by equations (1.5) and (1.6) in Table E-1.
The inverse function yields a saturation level of 35.3 pounds per capita that is
20 percent higher than the current U.S. level and does not represent a feasible
level of per capita consumption for the whole of the developed countrics. The
log-inverse function yields a saturation level of 60 pounds per capita, which is
definitely out of reach for anv single country let alone the whole of the devcloped
countries.



Table E-1. Relatio77 between Total Elastomier Consumption and Real Income (GDP)
in Major Consuming Areas: Time Series Regression Results

Multiple Stand-
correla- ard TimeRegression coefficienlts tion error period

Con7stant coeffi- of Durbin- for
co PN a, term cient esti- Watson annual

Economic region a, a, lln GDP a, In GDP/N G CDP/N Wo mate statistics data

Developed countries
(1.1) II CE =-3.7088 +1.3264 0.99 0.0349 1.60 1955-75

(38.4)
(1.2) In CE =-3.1506 +1.2877 0.95 0.0343 1.51 1960-75

(15.5)
(1.3) In CE/N= -2.3603 +1.4272 0.98 0.0336 1.61 1955-75

(33.8)
(1.4) In CE/N = --2.0325 +1.3856 0.94 0.0339 1.50 1960-75

(14.1)
(1.5) CE/N= 16101.5 -.22731.10-' 0.81 0.277 1.50 1955-75

(-8.5)
(1.6) In CE/N =10.218 -3477.4 0.97 0.0344 1.59 1955-75

(-22.7)



Developing countries
(2.1) In CE =-7.734 +1.592

(23.3) 0.98 0.043 1.86 1960-75
(2.2) In CE/N = 5.623 +1.980

(11.7) 0.91 0.047 2.10 1960-75

Centrally planned economies
U.S.S.R. and Eastern Europe

(3.1) InCE=-6.942 +1.565 0.83 0.031 2.37 1960-75
(7.6)

(3.2) In CE/N =-3.737 +1.600 0.72 0.032 2.35 1960-75
(5.5)

China
(4.1) In CE =-4.415 +1.361 0.85 0.136 0.38 1960-75

(9.0)
(4.2) In CE/N =-2.585 +1.458 0.73 0.144 0.38 1960-75

(6.2)

Note: The Cochrane-Orcut procedure was used to correct for autocorrelationi in all regressions except for China. OLS were used througlhout.
CE = total elastomer consumption, GDP = gross domestic product (at constant U.S. dollar and exchange rates), N = population, and CE/N -

kilograms per 1,000 people; t values are in parentheses.
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Table E-2. Forecasts of GDP and Population Growth
for Major Economlic Regions, 1980, 1985, and 1990
(annual percent)

Item 1976-80 1980-85 1985-90

GDP (constant U.S. dollars)
Developed countries 4.1 4.2 4.2
Developing countries 6.0 6.5 6.5
Centrally planned economies

Eastern Europe, U.S.S.R.' 5.5 5.5 5.0
China 5.0 5. 6.0

Population
Developed countries 0.9 0.9 0.8
Developing countries 2.7 2.7 2.6
Centrallv planned economies

Eastern Europe, U.S.S.R. 0.7 0.9 0.8
China 1.6 1.4 1.2

a. Net material product.
Sources: World Bank, Economic Analysis and Projections Department; UN

Secretariat. Population Division.

sumption can be expected to continue to grow about 5.4 percent a
year during the next ten years: that is, about 1.0 percent below the
historical rate experienced between 1948 and 1973 or about 1.8 per-
cent a year below the growth rate realized between 1956 and 1976
(Table E-3). Alternative projections worked out on the basis of the
relation between total elastomer consumption and income growth
for all counitry groups using scaled-down elasticity coefficients yielded
similar results.

An Alternative Forecasting Approach

Any attempt to forecast future rubber demand on the basis of its
uses necessarily has to start with a broad division between the rubber
that is used in automotive uses and the rubber that goes into other
uses. Given the variety of nonautomotive uses, this broad breakdown
is the only feasible one, at least from the standpoint of long-term
forecasting on a world basis.7 Yet even this rather broad differentia-
tion presents serious problems to the forecaster. Reliable data on total
rubbcr use in the centrally planned economics and in the developing

7. See Chapter 3.



Table E-,. \Voorld Demand for Elastonziers, Actual Averages, Projected, and Growth Rates,
1955 to 1990, Selected Years

Actual averages Projected Growth rates
(thousands of metric tons) (thousands of (annual percentage)

-nietric tons)
1955- 1966- 19,7- 1975- 1956- 1976- 1985- 1976-

Economic region 57 68 74 77 1985 1990 73 85 90 90

Developed countries 2,640 4,S95 7,121 7,084 10,900 13,000 6.0 4.9 3.6 4.4
Developing couintries 207 599 1,147 1,339 2,800 4,000 10.4 8.6 7.4 8.1
Centrally planned economies 673 1,517 2,367 2,883 `,300 7,000 7.7 7.0 5.7 6.5

U.S.S.R.andEastcrnEuropc (617) (1,310) (2,100) (2,573) (4,700) (6,200) (7.5) (6.9) (5.7) (7.1)
China (56) (207) (267) (310) (600) (800) (9.6) (7.6) (5.9) (11.1)

Total 3,520 7,011 10,635 11,327 19,000 24,000 6.7 5.9 4.8 5.4

Source: Actual data, International Rubber Study Group.
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countries as a group are not available, and it is even difficult to find
reliable data scrics on total rubber use in the automotive industrv of
developed countries. Only a breakdown of rubber consumption into
that for tires and that for nontire uses is available for the main
countries aiid can bc reconstructed for the rest. Thlis Icss-than-
satisfactory division has to be used for lack of any more prccise and
detailed information.

Starting from this basic division of rubber uscd in tires and rubbcr
in nontirc uscs in developed countries, an attempt was made to fore-
cast these two major components of elastomer dcmand for North
America, WN'estern Europe, Japan, and other developed countries.
This at least would covcr a iajor portion (70 percent) of world
rubber demand and would bc a check on the dcmand forecasts ob-
tained using the traditional approach. Since the most scrious doubts
about the reliability of the direct forecasting method are harbored in
the developed countries, this limited application of the disaggregated
approach has the obvious advantage of focusing on the most trouble-
some area of forecasting future rubber demandi.

A disaggregated model for forecasting demand

The forecasting mlodel used for the developed countries is sum-
marized below.

'IIRE AND NONTIRE UJSES

(1) CR = CRT + CRNT,

where CR = total consumptioni of rubber, CRT = total consump-
tion of rubber in tires, and CRNT = total consumption of rubber
in nontirc uses. All relations are summed over the four geographic
arcas: Nortlh America, 'Western Europe, Japan, and other developed
countries; the summation signls are omitted throughout for economy
of exposition.

TIRE SECTl OR

(2) CRT =CRTA + CRTCV,

wlvcre CRTA = consumption in automobile tires, and CRTCV
consumption in commercial vehicle tires.
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Consumiption in automobile tires:

(2.1) CRTA = k(TAo,) + k(TArp) + k(TA).

Consumption in commilercial vehicle tires:

(2.2) CRTCV = v(TCVoe) + v(TCVrp) + v(TCVc),

where TAoe, TCVoc = original equipment tires (number), TArp,
TCV,V = replacement tires (number), TAr, TCV, = tire exports
(exogenous), k = average clastomer weight of automobile tires, and
v = average elastomer weight of cornmercial vehicle tires.

(2.3) TA0 . = f(0 0+),

where °= production of automobiles (including exports).8

(2.4) TCV,, = f( O,, +),

where 0,,.= production of commercial vehicles (including exports).

(2.5) TArp = f(AP+, AU+, PMAT-, TH),

where AP automobilc park, AU -= automobile use (average miles
driven a year), PMAT = potential mileage of automobile tires
(proxied by the market share of radial tires), and TII = other tech-
nical shift factors (such as snow tires).

(2.6) TCVrp = f(CVP+, CVU+, PMCV-, TH),

where CVP = commercial vehicle park, CVU = commercial vehicle
use (average miles driven a vear), PMCV = potential mileage of
commercial vehicle tires, and TH = other technical shift factors
(such as size composition of CVP).

(2.5.1) AU = f(Y+, G,--, A/N-, Z),

8. + and - indicate the expectcd signl of thc relation between the dependent
and independent variable.
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where Y = personal real disposable income, GC = real price of
gasoline, A/N = number of cars per household, and Z = other car
maintenance costs (such as insurance and repair costs).

(2.6.1) CVU = f(IP+, ,NICOT F11 ),

where IIP = industrial production, A,MCCV/A1MCOT = relative
average mile cost of commercial vehlicle transport, and F = structural
factors (such as highwav versus rail system development).

NONTIRE SECTl OR

(3) CR-NT f(GNP+),

where GNP = real gross national product.

The specification of this dcmand model involves some important
simplifications, and its statistical estimation also runs into difficulties
because of the incomplete availabilitv of data. Tire exports are
treated exogenouslv, and so are the most important techlnical factors:
potcntial mileage of tires, sizes of vehicle parks, and average weights
of tires (whichi depend on the former). The effect of government
policics (such as taxation, developments of specific kinds of transport
infrastructures) and regulations (such as maximum allowable tire
tread wear and other safety measures) are only indirectly taken into
account in determiniing the values of the exogenous variable over the
projection periods. Another important simplification is the treatment
of nontire demand, which is simplv taken as a function of GNP.
Data difficulties, howcver, prevent the same specification from being
tested uniformly for all equations in all four consuming areas, and a
few adjustments had to be made on that ground.

Finally, important components of this demand model-the estima-
tion of rubber consumptioin in original equipment tires and the
influence of the size of the vehicle park on demand for rubber in
replacement tires-depend criticallv on assumptions about motor
vehicle production and use. It was, therefore, necessary to develop a
submodel of the motor vehicle industries in the four consuming
areas considered in the main model. The dcmand projections for
motor vehicles to 1985 and 1990 were based on a submodel that is
summarized below.
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A submodel of motor vehicle demand

(4) APK = f(GNP+),

where APK = automobile park, and GNP = real gross national
product.9

(;) CVPK f (GNP+),

where CVPK = commercial vehicle park.

(4.1) NDA = APK,

where NDA= new demand for automobiles.

(4.2) RDA =z(APK),

where RDA = replacement demand for automobiles, and z auto-
mobile scrap rate.

(4.3) ATDA =NDA + RDA,

where ATDA = apparent total demand for automobiles.

(44) °a = ATDA + AX,

where 0
a = production of automobiles, and AX = exports of auto-

mobiles (exogenously determined).

(5.1) NDCV=ACVPK,

where NDCV = new demand for commercial vehicles.

(5.2) RDCV =g( CVPK),

9. Tlhis equation was actually specified using car per capita as the dependent
variable and GNP per capita as the independent variable, taking population pro-
jections as exogenous. The results were then clecked against those derived from
a long term logistic trend of cars per capita.
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where RDCV replacement demacnd for commercial vehicles, and
g commercial vehicle scrap rate.

(5.3) ATDCV = NDCV + RDCV,

wlhere ATDCV = apparent total demand for commercial vehiclcs.

(5.4) 0c, = ATDCV + CVX,

where 0,., = production of commercial vehicles, and CVX = ex-
ports of commercial vehicles (exogenously determined).

It is apparent that this model of motor vehicle demand is quite
simplistic. Apart from income and population, several other economic,
dcmographic, and technical factors influence motor vehicle demand.
Government policies and changes in consumer preferences are addi-
tional important determinants of demand. TI'here is no lack of
sophisticated models used to project vehicle demand (particularly
automobile demand) that incorporate a large number of economic,
dcemographic, and technical factors. In terms of specifications, most
automiiobile demand models have evolved from the basic Chow and
Nerlove stock adjustment models, in whicll the derived stock of
vehicles is made to depend on economic and demograplhic variablcs,
and the speed at which the actual stock adjusts to the desired stock
is a linear function of their difference.10 Subsequent models, begin-
ning with Suits, have emphasized other factors (such as credit con-
ditions) as determinants of new car demand.' 1 More recent models
for the United States have tried to capture the influence of cyclical
economic variables such as uncmploymcnt' 2 and "consumer senti-

10. G. Chow, Demand for Automobiles in the United States: A Study in Con-
sumer Dzurables (Amsterdam: North Ilolland Publishing Co., 1957), and M.
Ncrlovc, "A Note on Long Run Automobile Demand," Journal of Marketing
(July 197), pp. 57-64. Using the 1921-53 data, Chow founid that the income
elasticity of demand for cars in the United States is between 1.14 and 2.03, and
the pricc clasticity is between -0.74 and -1.56. Nerlove's estimates are -1.2
for the long-run price elasticity and 3.8 for the income elasticity. Both estimates
have been criticized on various grounds.

11. D. B. Suits "Tlhe Demand for New Automobiles," Reviewl of Economics
and Statistics (Auguist 1938), pp. 273-80.

12. M. Evans, Macroeconomic Forecasting (New York: Ilarper and Row,
1969).
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ment" using the indexes worked out by the University of Mlichigan
Survey Research Ccnter.1a

Most of these models attempt to forecast automobile demand in
the short terms. The poor forecasting track record showni by most of
thcse modcls rcflects the objective difficult) encountered in incorpo-
rating consumer expectations in short-tern forecasting models. But,
if car sales have proved to be elusive to predict in the short tern even
with the help of sophisticated demand models, the long-term fore-
casting record of much simpler models has been more satisfactory.
WVhenever the effcct of cyclical variables was disregarded and the
trend in sales was the aim of the forecasts, models of car demand
have produced acceptable results.

It is preciselv because the objective of this submodel is to predict
long-term trends in car ownership and production that a simplc model
based on income and population was chosen. For the same reason
replacement demand in this model is derived from scrap rates that
ailn to approximate the average lives of vehicles. 'lThe model, there-
fore, disregards the short-term effect of changes in the prices of new
and secondhand vehicles, changes in fiscal and credit policies, and
consumer expectations on replacement demand. It is based on the
premise that levels of ownership and physical durability of vehicles
determine the long-run demand trend.

Projections based on the disaggregated model

The projections of the vehicle park that are the cornerstone of the
vehicle production projections were made on the basis of the relation
between per capita car ownerslip and per capita real GNP. Since in
most developed countries car ownership per person has already
reached high levels, the projections were made using functions that
specifically incorporate the notion that after a period of rapid growth
in per capita car ownership induced by income growth, a point is
reached after which, despite further income growth, the growth of
per capita car ownership decelerates and converges to a saturation
level. Inverse and log-inversc functions were, therefore, used. They
performed well for Japan, WVestern Europe, and Australia, but less

13. S. Hymans. "Consumer Durable Spending: Explanation and Prediction,"
Brookings Papers on Economic Activity, sol. 2 (1970) and F. T. Juster and P.
Wachte], "Anticipatory and Objective Models of Durable Goods Demand,"
Exploration and Economic Research, MIBER, Vol. 1 (1974)).
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well for the United States and Canada, where the historical relation
between per capita car ownership and per capita GNP is clearly
linear in terms of logs. Yet inverse functions were used to make the
projections even for the United States and Canada (Table E-4) on
the notion that the historical relation is bound to stop during the
projection periods. To test the long-run projections, logistic trends
were estimated for all the four consuming areas and were extended
to 1990.

The commercial park projections, on the contrary, were made on
the basis of the historical relation between the vehicle park and in-
dustrial projection. Double-log and semi-log functions were estimated
for all major consuming areas (Table E-5), and the statistical re-
sults were satisfactorv in most cases. The automobile and commercial-
vehicle park projections are summarized in Tables E-6 and E-7.
They cearly indicate a notable slowdown in the historical growth of
the vehicle park and vehicle production in all areas.

From the projections of vehicle production, demand for original-
equipment tires and rubber demand for both automobiles and com-
mercial vehicles were derived using estimates of the number of tires
per vehicle and rubber content of tires.14 Replacement rates were
estinmated statistically and the projected rates were applied to the
vehiclc projections to derive tire demand for replacement (Table
E-8).' 5 Rubber demand was then calculated on the basis of the
same estimates of the rubber content of tires used to calculate
original-equipment tirc demand. Deimiand for tire exports was pro-
jected on the basis of historical trend.

Nonitire demand was estimated using the historical relation of
nontire rubber consumption and real GDP growth (Table E-9).
Thle aggregatc demand projections to 1980, 1985, and 1990 for the
threc major developed consuming areas (North America, Western
Europe, and Japan) plus estimated demand for Australia, New Zea-
land, and other developed countries are contained in Table E-10.10

14. In estimating thc future nunmber of tires per vehicle produced, production of
knockcd' vechicles for exports (that is: vehicles to l)c shipped unasscmiblcd) and

the possible introduction in the 1980s of puncture-resistant tires that would
eliminate the need for spare tires were talen into account.

1;. TI'hC replacement functions for Japan could not be estimated because of
lack of data. Rates projected by amrii wcrc uised to make these forecasts.

16. Lack of data on replacemncit tires has so far presented the estimation of
fuitre deinand for rubber in Australia and New Zealand on the basis of vchicle
production and usc.



FORECASTING FRAMEWORKS AND DEMAND ESTINIATES 159

The detailed projections for North America, Western Europe, and
Japan are contained in Tables E-11, E-12, and E-13.

These projections show that total elastomer consuimiption in de-
veloped countries will grow at about 4 percent a year between 1976
and 1990, roughlv 1 percent a year below the historical rate. The
slowdown in the expansion of elastomer demand is expected to be
particularlv pronounced in the second half of the 1980s. These pro-
jection results parallel those of the motor-vehicle park and produc-
tion; the expected slowdown of the process of motor vehicle use in
developed countries, coupled with the less intensive use of existing
vehicles (particularly automobiles) is shown to negatively affect
rubber consumption in tires. Japan and NVestern Europe-the two
areas where rubber consumption cxpandcd at the fastest rate in the
1960s-are expected to experience the most marked slowdown in
the rate of growth of elastomer demand in the 1980s. The projec-
tions also show quite clearly that the overall level of future expan-
sion of rubber demand will be mainly sustained by the growth of
nontire uses.

These projections of uses produce overall results that are broadlv
consistent with those obtained for developed countries using the
modified framework for forecasting income elasticity. The results are,
therefore, quite encouraging from the forecasting standpoint. Clearly,
the methodology needs to be refined and more research must be done
on the assumed technical coefficients. Yet, the results of the use
projections provide strong support for the notion that rubber demand
will continue to grow at a healthv rate even in developed countries
where the effect of the energy crisis will be felt more severelv than
elsewhere and where rubber consumption has alreadv reached high
levels.



Table 1-4. Relation between per Capita Automobile Ownership and per Capita Real Incomiie (GDP)
in the Developed Countries: Time Series Regression Results

Multiple Stand-
R(egression coefficients correna- err paeidod

Developed Constant coeffi- of D>urbin- for
cont reoy terni a, a, = In - I --- a= GDI'/N cient esti- WVatson annual
or region a, a GD 6PIN - DPIN -R2 miate staitistics data

United States
(1.1) CAR/N =0.7575 -603.181 0.56 0.0034 2.18 1950-t6

(-5.5)
(1.2) CAR/N= 1.7312 -9.24918 0.56 0.0034 2.12 19550-76

(-5.4)
Canada

(2.1) In CAR/N =-1.5253 +0.000129 0.63 0.01312 1.40 1950-76
(6.4)

Wcstern Europe
(3.1) CAR/N 0.4821 -627.471 0.89 0.00259 1.44 1954-76

(-12.5)
(3.2) CAR/N 2.5587 -18.1822 0.92 0.()()54 1.66 1954-76

(-15.5)
Japan

(4.1) CAR/N 1.6637 -11.8310 0.81 0.0077 1.01 1962-72
(-7.2)

Australia
(5.1) CAR/N= 0.6646 -965.968 0.94 0.0084 1.66 1954-,6

(-17.9)

Note: The CochrancO)rcit procedure wsas used to correct for auitocorrelation in all regressions. OLS were used throuighouit. CAR/N = car pcr capita,
anid GDP/N = per capita GDP (at conistanit U.S. dollars and exchanige rates) t values arc in parentheses.



Table E-5. Relation betwveen Commercial Vehicle Park and Industrial Production
in the Developed Countries: Time Series Regression Results

Multiple Stand-
correla- ard Time

tion error period
Developed Contstant Regression coefficients coeffi- of DuLrbin- for

cont2trv termn cient esti- Watson annual
or region a, a, = In IIP a2 = GDP R2 mate statistics data

United States
(1.1) In CVPARK = 5.3578 +0.98032 0.91 0.0819 0.41 1958-75

(15.7)
(1.2) CVPARK = -56715.6 +16617.1 O.S4 1920.6 0.30 1858-73

(9.3)

Cainada
(2.1) In CXVPARK = 5.7339 +0.30320 0.90 0.0113 2.27 19;8-75

(10.8)
(2.2) CVPARK =-329.07 ±345.14 0.67 23.34 223 1958-75

(5.6)
Westeni Europe

(3.1) In CVPARK= 5.4163 +0.80601 0.98 0.0213 1.47 1958-75
(23.8)

(3.2) CVPARK= -19579.1 +6249.7 0.99 149.1 1.3) 1958-75
(31.8)

Japan
(4.1) In CVPARK =7.9267 +0.29375 0.6° 0.0171 1.05 1962-75

(5.0)
(4.2) CVPARK = -23266.9 +6960.9 0.99 290.5 1.52 1962-75

(43.4)
Australia

(5.1) In CVPARK = 6.3119 0.01687 0.81 0.0213 1.50 1958-75
(7.S)

Note: The Cochrane-Orcut procedure ss-as used to correct for autocorrelation in all regressions except for (1.1) and (1.2). Ol.S Nvere used
throtuglhout. GVPARK = commercial vehicle park (total registration), *PP = index of iinduLstrial production, aiid GDP = gross domfiestic prod-
uct (at constant U.S. dollars and exchange rates); t values are in parenitheses.



Table 1F-6. Motor Vehicle Park, in the Developed Couniitries, Actual Averages, Projected, and Growth Rates,
1958' to 1990, Selected Years

Growvtlh rates
Actual (Iverages (an77ual percentage)
(million7 units) Proojected

--- - ____- (777illionl units) 1958-60 1964-66 1974-76 1985
1958- 1964- 1971- 1974- to to to to

Item 60 66 73 76 1985 1990 1964-66 1971-73 1985 1990

Automobiles
North America 63.24 80.40 10)4.68 107.01 141.7 154.9 4.1 3.8 2.8 1.8
Western Europe 20.2; 43.03 74.56 87.14 118.0 132.3 13.4 8.6 3.1 2.4
Japan 0.35 2.22 12.52 17.19 29.4 35.5 36.0 30.0 ;.5 3.9
Oceania 2.40 3.64 3.24 6.20 8.8 10.3 7.2 ;,3 3.6 3.2
Total 86.24 129.29 197.00 217.54 297.9 333.2 7.0 6.2 3.2 2.3

Commiercial vehicles
N\orth America 12.90 16.32 23.38 28.48 43.7 32.5 4.0 3.4 4.4 3.7
WNTestern Europe 5.50 7.54 9.56 10.35 13,9 13.3 5.4 3.5 3.0 2.1
Japani 0.72 4.18 9.90 11.12 15.6 18.2 28.0 13.1 3.4 3.1
Oceania 0.94 1.12 1.31 1.48 1.8 2.0 3.0 2.3 2.0 2.2
Total 20.06 29.16 44.35 51.43 75.0 88.( 5.5 6.2 3.8 3.3

a. Including light trucks.
Souirce: Actual data, U.S. Motor Vehicle Manufacturers Association, World Nlotor Vehicle Data (1977).



Table E-7. Motor Vehicle Production in the Developed Countries, Actual Averages, Projected, and Growth Rates,
1958 to 1990, Selected Years

Growth rates
Actual averages (annuial percentage)
(million units) Projected

(millioni units) 1958-60 1964-66 1974-76 1985
1958- 1964- 1971- 1974- to to to to

Item 60 66 73 76 1985 1990 1964-66 1971-73 1985 1990

Automobiles
North America 6.02 9.21 10.17 8.64 12.00 13.80 7.3 1.4 3.3 2.8
W\estern Europe 4.55 7.85 11.52 10.59 14.1() 15.85 9.5 5.6 2.9 2.4
Japan 0.10 0.72 4.07 4.51 6.75 7.90 39.0 28.0 4.1 3.2
Oceania 0.13 0.28 0.37 0.38 0.60 0.70 13.6 4.1 4.7 3.1

Total 10.80 18.06 26.13 24.12 33.45 37.65 9.0 5.4 33 2.4

Commercial vehicles
North America 1.13 1.87 2.84 3.09 4.30 .10( 8.8 6.1 3.4 3.5
Wtestern Europe 0.84 1.08 1.38 1.43 2.00 2.40 4.3 3.6 3.4 3.8
Japana 0.21 1.24 2.32 2.60 3.70 4.43 35.0 9.4 3.6 3.8
Oceania 0.04 0.05 0.08 0.09 0.14 0.17 3.8 6.9 4.5 4.0

Total 2.22 4.24 6.62 7.21 10.14 12.20 11.3 6.6 3.5 3.7

a. Inclulding light trucks.
Sotirce: Actual data, U.S. MIotor Vehicle Nlanufacturers Association, WN'orld Alotor Vehicle Data (1977).



Table F-8. Replacemenzt Rates for Passenger Car and Commercial Vehicle Tires
in -Western Europe ancd in the United States

Mutltiple Stand-
correla- ard

Number tion error
ConIstant Regression coefficients of coo f7i- of Durbin-

Kinid of teor -- - observa- cient esti- Watson
motor vehicle a,, a = M\VY a, = RAD) a, = SCP a4 = RH Form tions R2 mate statistics

Passenger cars
PCRR- 0= 0.3342 +0.1191 -0.0020 +0.0085 Linear 15 0.92 0.1056 1.80

(6.4) (-1.6) (3.0)
PCRR,, -04691 -0.0002 -0.0117 +0.0171 Linear 20 0.92 0.04R6 137

(3.1) (-8.7) (10.3)

Commercial vehicles
CVRRM- = 2.7690 -0.0970 +0.0850 Linear 28 0.57 0.5773 1.19

(-2.7) (4.6)
CVRR.,, = 0.5313 -0.0048 +0.00094 Liniear 20 0.75 0.0369 1.68

(-4.9) (7.1)

Note: PCRR,,, = aiinnial replacerment rate for passenTger cars in \V'csteril Eulrope (percent), PCRRPr = annual replaccireit rate for passengcr cars in North
America (pcicent), CVRR-h = anniual: replacemcint iatc for commercial vehicles in Western Europc (percent), CVRR.-A = aiiniual replacement rate for
comimilercial vvhiclcN iii North \mcrica (perceint), \IVY = iisilcagc driveni pcr vehicle pcr ycar (actual mileage), RAD = degree of radialicationi in total miar-
ket (DE . RFP, in percentL SCP = size compositionj of enr park, and RII = Euirofinance road hauilage index for WVestcrn Europe (tons/kilomcter/per
vehicle) and iintcrcity motor truick freight index for the Unitcd States (tonis/mile/per %chicle); t values arc in parentheses.



Table E-9. Relation between 'l'otal Elastomer Consumption in Nontire Uses anid Rcal Income (GDP)
in .Major Developed Consuming Areas: Tiime Series Regression Results

MIultiple Stand-
correla- ard Time

tion error period
Developed Constant Regression coeffi- of Durbin- for

countrv term coefficient cient esti- Watson annual
or region a, a, ln GDP m tate statistics data

North America
(1.1) In CENT = 1.4161 +1.00910 0.97 0.0495 1.89 1955-76

(24.3)
(1.2) CENT = -3539.9 +904.49 0.94 37.8 1.42 1955-76

0o (17.2)
\VAestern Europe

(2.1) In CENT = -O.7768 +1.4664 0.99 0.0393 1.64 19;8-76
(37.4)

(2.2) CENT = -4122.9 +971.06 0.93 36.7 1.99 1958-76
(14.5)

Japaii
(3.1) hI CENIT 0.5115 +0.9376 0.62 0.0832 1.65 1959-76

(4.9)
(3.2) CENT -1019.0 +243.91 0.90 28.5 1.95 19,9-76

(11.1)

Note: The Cochranc-Orcut procedure wvas used to correct for aitocorrelationi in all regressions except for (1.1). CENT - total
clastomer consumption in nontire uses, and GDP = gross domestic product (at coinstaut U.S. dollars and exchange rates); t values are
in parentlheses.



Table 1 0-0. Flastomer De7and in tite Developed Countries, by Major Uses,
Estimated, Projected, and Growth Rates, 1965 to 1990, Selected Years

Projected Growth rates
Estimated (thousands of (annual percentage)

(thoousanids of metric toins) metric tons)
1965- 1976- 1985- 1976-

Item 1965 1970 1976 1985 1990 76 85 90 90

North America
Tire uses 1,427.0 1,747.5 1,921.0 2,526.0 2,770.0 2.7 3.1 1.9 2.6
Nontire uses 801.0 955.0 1,285.0 2,000.0 2,500.0 4.4 5.0 4.6 4.9

Total 2,228.0 2,702.5 3,206.0 4,526.0 5,270.0 3.4 3.9 3.1 3.6

\Vesterin Europe
Tire uscs 815.5 1,159.0 1,320.0 1,883.0 2,215.0 4.5 4.0 3.3 3.8
NoItire uses 767.0 1,198.0 1,425.0 2,110.0 2,600.0 5.8 4.5 4.3 4.4

Total 1,582.5 2,357.0 2,745.0 3,993.0 4,815.0 5.1 4.3 3.8 4.1

Japan

Tire uses 182.7 399.0 574.5 856.0 989.0 11.0 4.5 2.9 4.0
Nontire uses 194.3 380.0 385.0 705.0 910.0 6.4 7.0 5.3 6.3

'I'otal 377.0 779.0 959.5 1,561.0 1,899.0 8.9 5.6 4.0 5.0

Other developed

Total 157.5 189.0 265.0 390.0 485.0 4.8 4.4 4.5 4.4

Totalirubberdemiland 4,345.0 6,027.5 7,175.0 10,470.0 12,469.0 4.7 4.3 3.6 4.0



Table F-i 1. Elastonier Demand in North America, b Mlajor Uses, Estimated, Projected, and Growth Rates,
1965 to 1990, Selected Years

Estimated Projected Growth rates
(thousands of metric tons) (thousands of (annual percentage)

Developed - metric tons)
countrv 1974- 1965- 1970- 1975a- 1985-
or region 1965 1970 76 1985 1990 70 75a 85 90

Tire uses
Original equipment tires 393.0 380.0 482.0 640.0 720.0 -0.7 4.9 2.9 2.4

Automobilcs" 243.0 198.0 251.0 310.0 340.0 -4.0 4.9 2.1 1.9
Commiiercial vehicles' 150.0 192.0 231.0 330.0 380.0 5.1 3.8 3.6 2.9

Replacement tires 734.0 1,092.0 1,166.5 1,550.0 1,670.0 8.3 1.3 2.9 1.5
Automobilesb 452.0 704.0 708.5 820.0 850.0 9.2 0.2 1.5 0.7
Comlmiercial vchicles' 282.0 391.0 458.0 730.0 820.0 6.8 3.2 4.8 2.4

Other tires' 90.5 119.0 136.0 200.0 240.0 5.6 2.7 3.9 3.7

Exports of loose tires 26.5 20.5 53.0 51.0 60.0 -;.0 21.0 -0.3 3.3
Automobiles 10.3 8.3 32.0 18.0 20.0 -4.2 31.0 -5.2 3.2
Commercial vehicls 12.0 7.0 15.0 25.0 30.0 -10.2 16.5 5.3 3.7
All others 4.2 5.2 6.0 8.0 10.0 4.4 2.9 2.9 4.6

Other tire uses 183.0 136.0 114.0 85.0 80.0 -5.7 -3.5 -2.9 -1.2

Total 1,427.0 1,747.5 1,951.0 2,526.0 2,770.0 4.1 2.2 2.6 1.9

Nontire uses
Total 801.0 955.0 1,229.5 2,000.0 2,500.0 3.6 5.2 5.0 4.6

Total rubber demand 2,228.0 2,702.5 3,180.5 4,526.0 5,270.0 3.9 3.3 3.6 3.1

a. 1974-76 average. c. Including light trucks.
b. Including snow tires. d. Farm, aircraft, and industrial tires.



Table E-12. Elastomner Der7and in Western Europe, by Major Uses, Estimated, Projected, and Growth Rates,
1965 to 1990, Selected Years

Projected Growth rates
Estimated (thousands of (annual percentage)

(thousands of metric tons) metric tons)
- 1965- 1970- 1975- 1985-

1965 1970 1975 1985 1990 70 75 85 90

T'ire ises'
Original equipmeint tires 208.2 294.4 273.6 481.0 574.0) 7,2 -1.3 5.8 3.6

Automobiles 105.8 149.0 136.9 200.0 219.0 7.1 -1.7 3.9 1.8
Commercial vehicles 103.4 14;.4 139.4 281.0 355.0 7.1 -0.8 7.2 4.8

Rcplacemenit tires 573.0 801.5 899.0 1,203,0 1,333.0 6.9 2.3 3.0 2.1
Automiiobiles 178.9 289.4 345.3 498.( 5 39.0 10.1 3.6 3.7 1.6
Commeicrcial vchicles 394.1 512.1 553.7 70;.0 794.0 5.4 1.6 2.4 2.4

Export of loose tires 34.3 63.1 82.4 199.0 308.5 1 3.0 3. 9.2 9.2
Automobiles 12.2 27.2 35.3 100.0 168.; 17.4 5.4 11.0 11.0
Commercial vehicles 22.1 35.9 47.1 99.0 140.0 10.2 5,6 7.7 7.2

Total 815.5 1,159.0 1,255.0 1,883.0 2,215.0 7.3 1.6 4.2 3.3

Nontire uses
Total 767.0 1,198.0 1,247.0 2,110.0 2,600.0 9.3 (.8 5.4 4.3

T'otal rul)ber dcmand 1,582.5 2,357.0 2,502.0 3,993.0 4,813(.0 8.3 1.2 4.8 3.8

a. Excluding inner tubes and tires for bicycles, motorcycles, farm equipmcnt, and off-tlhe-road vehicles.



Table E-1 3. Elastomer Demand in Japan, bv Major Uses, Estimated, Projected, and Growth Rates,
1965 to 1990, Selected Years

Projected Growth rates
Estimated (thousands of (annual percentage)

(thousands of metric tons) metric tons)
_ - 1965- 1970- 1975- 1985-

1965 1970 1975 1985 1990 70 75 85 90

Tire uses
Original equipment 60.5 146.8 181.7 281.0 330.0 19.4 4.4 4.5 3.3

Automobiles 13.8 53.7 78.7 107.0 120,0 31.3 7.9 3.1 2.3
Commercial vehicles 46.7 93.1 103.0 174.0 210.0 14.8 2.0 5.4 3.8

Replacemcnt tires 47.9 110.6 140.7 263.0 297.0 18.2 4.9 6.5 2.5
Automobiles 11.9 43.1 76.7 105.0 115.0 29.5 12.2 3.2 1.8
Commercialvehicles 36.0 67.5 64.0 158,0 182.0 13.4 -1.1 9.5 2.9

Other tires 11.6 27.2 31.0 45.0 53.0 18.6 2.7 3.8 3.3

Exports of loose tires 36.2 77.7 144.2 212.5 248.0 16.5 13.2 4.0 3.1
Automobiles 7.9 18.6 19.2 37.5 49.0 18.7 0.6 6.9 5.5
Commercial vehicles 23.7 44.3 92.5 125.0 140.0 13.3 15.9 4.2 2.3
All others 4.6 14.8 32.5 50.0 59.0 26.4 17.0 4.4 3.4

Other tire uses 26.5 36.7 42.4 55.0 61.0 6.7 2.9 2.5 2.1

Total 182.7 399.0 540.0 856.5 989.0 16.9 6.2 4.7 2.9

Nontire uses
Total 194.3 380.0 330.0 705.0 910.( 14.4 -2.8 7.9 5.2

Total rubber demand 377.0 779.0 870.0 1,561.0 1,899.0 15.6 2.2 6.0 4.0



Appendix F

Projections Framework and
Production Estimates for Natural
Rubber to 1985 and 1990

Natural rubber is a perennial crop. 'I'he lag between
planting and first harvesting is about six years, and the economic
life of the tree lasts for twenty-five to thirty years. 'the yield, more-
over, follows a fairlv uniforini pattern, increasing rapidly for about
ten vears after maturity (roughly sixteen years after planting) and
then beginning to decline.1 Rubber planting is based on cconomic
considerations (expected relative profitability of rubber), but in
several countries government policies play a key role. Government
investments in infrastructure, subsidization of basic inputs, credit,
and tax incentives are important determinants of the investment
decision. Once the area under rubber is determined, however, rubber
production depends basically on agronomic factors.2

Projections Framework and Aggregate Results

During most of the projection period-1976 to 1990-the world
rubber supply is to a large extent predetermined. It depends on the
acreage and vield profiles of the trees that have already been planted.

1. Rubber yields, after peaking at fifteen to sixteen years after planting, exhibit
another temporary peakl around the twenty-first year. The decline in yields after
the fifteenth or sixteenth year can now be stemmed by using chemical stimulants.

2. In the very short tern the decision to tap is clearly influenced by the prevail-
ing market prices.

170
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Trees planted during the first half of the 1970s started to bear
toward the end of the 1970s and will reach a maximum yield toward
the end of the 1980s. Any planting and replanting done during the
last part of the 1970s will have only a limited effect on production
during the second half of the 1980s. Its full effect will be felt in
the 1990s.2

Because price changes still have only a limited effect on output
in the short term, production trends have not been projectcd on the
basis of specific price assumptions; thev simplv assuiie that natural
rubber prices will remain high enough to insure continuous tapping
and a moderate use of Ethrel-type stimulation during the last years of
the economic life of the tree.4 Depending on the price trcnd, both
the intensity of tapping and the use of chemical stimulants can be
changed and the output trend can correspondingly deviate from the
projected norm, but the deviation Nvould not be very great.

The production norm was derived for all the major producing
countries (except for Indonesia) using the best information available
on areas under rubber, age distribution of trecs, and yield profiles.
Assumptions were made about rates of new planting and replanting
and about the use of chemical stimulants. The assumptions used and
the actual methodologies adopted-which vary slightly from countrv
to countr depending on1 the data available-are described below. In
Indonesia and in eight smaller proclucing countries, the production
was projected on the basis of expert judgement, considering past
trends, national plans (whenever available), and country-specific
information available to FAO and the WN'orld Bank.

The projections of production suimmarized in Tablc F-i show that
world rubber output is likely to increase rclatively quicklv until the
mid-1980s (4.8 percent a vear during 1977-85), but that growth will
decelerate during the second half of the 1980s to about 3.2 percent
a year, reflecting the decline in the rate of new planting and replant-
ing in most major countries during the 1970s. Between 1977 and 1990
rubber production is projected to grow at above historical rates in

3. Although the immaturity pcriod of the rubber tree has been reduced to
three-and-a-half years after planting, it is assumed that the inevitable lags in
spreading this new technique will prevent it from having a significant effect on
production until 1990.

4. At a price for RSSl, c.i.f. New Yorl-, of about 40¢ per pound (1977 dollars),
these assumptions can probably be fulfilled.



'l'able F-l. World Natutral R..ubber Production, Actual, Projected, and Growthz Rates,
1955 to 1990, Selected Years

Projected Growth rates
Actual (thousainds of (annual percentage)

(thousanids of metric tons) metric tons)
Economzic region - - _ _ _ __ _1955- 1977- 1985- 1977-

and country 1955 1960 1970 1976 1977 1985 1990 77 85 90 90

Dcvelopiig countries 1,857 1,883 2,902 3,492 3,511 5,035 5,875 2.9 4.6 3.1 4.0
Mlalaysia 708 765 1,269 1,640 1,613 2,400 2,700 3.8 5.1 2.4 4.0
Indonesia 750 620 815 847 835 1,(1( 1,100 0.5 2.4 1.7 2.1
Thailand 133 171 287 392 425 785 1,140 5.4 8.0 7.7 7.9
Sri Lanlka 95 99 159 152 146 185 195 2.0 3.0 1.1 2.3
India 23 25 90 148 152 200 220 9.0 3.5 1.9 2.9
Others 148 203 282 313 340 455 520 3.8 3.7 2.7 3.3

Centrally planned economies 93 114 42 78 80 210 260 -0.7 12.8 4.4 9.5
Victnam 66 77 29 33 35 100 120 -2.8 14.0 3.7 9.9
Cambodia 27 37 13 20 15 35 40 -2.7 11.2 2.7 7.8

Chiina - - - 25 30 75 100 - 12.2 5.9 9.7

\Vorld total' 1,950 2,035 3,102 3,565 3,600 5,245 6,135 2.8 4.8 3.2 4.2

a For 1955, 1960, 1970, 1976, and 1977 the world total is not the sum of the totals. Ihe differences are the statistical dis-
crepallCies SIIOwn l in IRSG data.

Source: Actual data, International Rubber Study Group.
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Thailand, the smaller producing countries, and possibly Indonesia.
On the whole the trend for growth of world production is expected
to be higher than that between 1955 and 1977: 4.2 percent a year in
1977-90, compared with 2.9 percent a year in 1955-77.

Production Estimates, by Country

Future natural rubber production has been cstimated for the five
major producing countries and eight minor producing countries.

Malaysia

Nialaysia is the largest producer of natural rubber (NR), account-
ing in 1977 for 45 percent of the total world output and 50 percent
of total world exports. Over 50 perccnt of the country's production
originates in the smallholding sector, \vhich comprises all holdings
of 40 hectares and less, averaging about 2.6 hectares. \Vithin the
estate sector, over half of the acreage is owned by transnational com-
panies which have larger, more modern holdings than the locally
owned small estates. Between 1970 and 1975 total output expanded
4.0 percent a vear. Growth is expected to continue until 1985 at a
comparable rate, but it is projected to decline sharply during the
second half of the 1980s as a result of the decline in the expansion
of acreage and in the rate of replanting during 1965-75, compared
with the second half of 1955-65 (scc T'able F-1).

The production of the estate and smallholding sectors has been
projected separately, althouglh rough estimates have had to be made
for much of the basic data relating to the smallholdings. The basic
parameters and assumptions used in the projections are given below.

The average annual rate of replanting on estates has fallen over
the past two decades as shown below :r

Hectares planted
Year per year

19;rr 9 27,900
1960-64 26.300
196;-69 11,300
1970-74 11,300

5. All area figures were converted from acres to bectares (1 bectare = 2.47
acres) and rounded off.
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This decline-a reduction in the rate from the maximum of percent
of the mature area in the early 1960s to less than 2 percent in 1972-
73, has been due primarily to the decreasing proportion of old rubber
on estates as a result of earlier replanting and to the widelv followed
policv of diversifying estate holdings to 50 percent oil palm and 50
percent rubber. For the future, a replanting rate of 16,200 hectares,
or 3 percent a year, has been assumed. This implies that about 80
percent of all trces thirty years old will be replanted every year.

Replanting began in the smallholder sector on a large scale in
1953, whlen the first of what provcd to be five replanting schemes
was begun. TUle rate of replanting rcached its peak in the early 1960s
as follows:

Ilectares replanted
Year per year

1953-59 17,800
1960-64 32,800
1965-69 2,.100
1970-74 24,300

It was assumed that replanting would accelerate to an average
28,000 hectares a year during 1975-80, 32,400 hectares a year during
1980-85, and 40,500 hectares a year during 1985-90.

During thc past two dcecades IIew planting (as opposed to re-
planiting) on estates also has fallen off sharply (from 5,300 hectares
a tear in 1960-64 to 2,000 a vear in 1970-74), and together with the
conversion of land to other crops, has resultcd in a decrcase in the
total estate area under rubber from 0.77 million hectares in 1960 to
0.61 million hectarcs in 1974. For the futurc, new planting is assumed
to contiilue at the low rate of 2,000 hectares a year under the con-
straints of the investment policics of the plantation companies, the
inadequate rate of rcturn on investment in rubber relative to other
faster-yielding crops, and a shortage of available land.

Information on new smallholder plantings is incomplete. It is
cstimated that new plantings in this sector avcragcd 14,500 hcctares
a xcar during 1950-74 under the sclhemces runi by FELDA, RISDA, FELCRA,

and the various statc development agencies. It is assumed that new
planting durinig 1977-90 will average 20,200 hectarcs a year.

Bctween 1960 and 1970 average vields are estimated to have in-
creased at the rapid rate of 4.6 percent a year on estatcs and 5.6 per-
cent a vear on smallholdings, reflccting the increase in the area under
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high-yielding material at the expense of unselected seedlings and
mixed materials.6 During 1977-90 better management practices and
the use of progressively higher-yielding clones are expected to in-
crease yields further, although the rate of expansion is unlikely to
be as rapid as that during 1960-70. During 1985-90 the average yield
on smallholdings may actually bc somiiewhat lower than in the im-
mediatelv preceding years, because of the relativelv large proportion
of newly tapped area in the total, which will follow from the accelera-
tion of replanting that is planned for the second half of the 1970s.
The development of yields during 1960-70 and the assumed levels
for the future are indicated to be:

Estates Smallholdings
(kilograms (kilograms

Year per hectare) per hectare)
1960 758 436
1970 1,189 751
1985 1,588 1,116
1990 1,597 1,108

No accurate data are available on the acreage under Ethrel stimula-
tion in Malavsia. In the smallholding sector stimulationi is not widely
practiced, and in the estate sector 170,000 hectarcs were estimated
to be under Ethrel stimulation in 1973 before the government ban
on its use.7

In estimating the production increase which is likelv to result
from the wider use of chemical stimulation during 1980-90, two
assumptions must be made. The first relates to the area which will
come under stimulation and the second to the average yield response.

For the purpose of this projection, it is assumed that:

(a) Chemical stimulants will be applied on trees more than fifteen
years old (according to thc RRIMI recommllllendation);

(b) On smallholdings, 25 percent of the area more than fifteen

6. Unselected seedlings and mixed material are estimated to yield half that of
high-yielding matcrial in 1970.

7. This ban, which was imposed in late 1974, was lifted toward the end of
1975 when natural rnbber prices recovercd from the low level of the previous two
years.
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years old will be stimulated in 1980, and 65 percent in both
1985 and 1990;

(c) On estates, 50 percent of the area more than fifteen years old
will be stimulated in 1980 and 1985, and 100 percent in 1990;
and

(d) Yields from trees under stimulation will increase 50 percent
on smallholdings and 60 percent on estates.

The effect of the foregoing assumptions on average annual increases
in vields and on total production will depend to a large extent on
the practice followed in regard to tapping patterns. Many estates now
use chemical stimulants to reduce tapping intensity and hence pro-
duction costs, rather than to obtain an increase in vields. To the
extent that this policy is followed, the average increases in yields will
tend to be below the potential indicated above.

Indonesia

Indonesia is the second largest rubber-producing countrv, account-
ing in 1977 for 23 percent of total world output and 25 percent of
total world exports. Over two-thirds of the total production is esti-
mated to come from smallholdings, most of which are less than 3
hectares in size.

The lack of comprehensive data on replanting rate, age distribu-
tion of acreage, average yields, and so forth, makes it impossible to
make a detailed projection of rubber production. A general assess-
ment indicates, however, that despite the efforts made within the
framework of the First and Second Indonesian Development Plans,
which have included numerous projects for new planting and re-
planting, progress so far has been extremely limited. It would thus
appear unlikely that production will expand faster than the trend of
1.8 percent a vear of 1960-62 to 1974-76. It is expected, however,
that there will be some acceleration over the extremelv low rate (0.7
percent a vear) of the first part of the 1970s (see Table F-1).

Thailand

Thailand accounts for 12 percent of world production and 13
percent of world exports of NR in 1977. The bulk of the output comes
from smallholdings, whiclh account for almost 90 percent of the area
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under rubber. Output expanded extremely rapidly during 1960-70,
largely as a result of the expansion in the area under rubber, and is
expected to increase even faster in the future under the effect of the
acceleration in replantings during the 1960s and early 1970s (see
Table F-1).

The rate of replanting in Thailand has accelerated steadily since
the early 1960s, rising from 3,900 hectares in 1961 to more than
20,000 hectares a year in the early 1970s. In 1972, 347,000 out of
the 1.4 million hectares under rubber were estimated to require
replanting.

For the future it is assumed that the replanting rate of 3 percent
a year planned under the Accelerated Rubber Replanting Project of
the Rubber Replanting Aid Fund will be achieved and that replant-
ing should reach 50,000 hectares a year by 1980 and should continue
at that rate. A considerable amount of unrecorded new planting is
taking place, particularly in Southeast Thailand, but no estimate is
available of the area involved. Official settlement schemes project
40,000 hectares of new rubber by 1980, and, although this target may
prove overambitious, the area under rubber should nevertheless con-
tinue to increase above its present level of about 1.6 million hectares,
given the large amount of smallholder replanting.

At present 347,000 hectares are estimated to be under unselected
seedlings, which give peak yields of only 400 kilograms per hectare
compared with 2,000 kilograms per hectare on replanted areas. This
large expanse of low-yielding area is responsible for a national average
yield of about 300 kilograms per hectare, about one-sixth of the yield
that can be expected under modern methods of cultivation.

The Accelerated Rubber Replanting Project assumes that the re-
planting would be carried out with material which would give the
following yields:

Kilograms Kilograms
Year per hectare Year per hectare

7 500 14 1,800
8 800 15-26 1,800
9 1,050 27 2,250

10 1,300 28 2,2 50
11 1,500 29 2,250
12 1,600 30 2,050
13 1,700 31 2,050
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This assumes that fertilizer will be applied during maturity and that
chemical stimulationi will be used on 60 percent of all trees more
than twcnty-six years old.

Sri Lanka

Sri Lanka accounted for some 4 percent of world rubber output and
exports in 1977. Of the total 217,700 hectares under rubber in 1973,
onlv 202,000 were considered to be suitable for rubber. The remaindcr
is land with poor soil conditions, high elevation, steep gradient, low
rainfall, or water-logging.

Rubber production expanded rapidly in Sri Lanka during 1960-70,
but has since been consistentlv below the 1970 level. This decline
was caused by the inadequate rate of replanting from 1963 onward,
and by a deterioration in maniagemiient due to the change in political
conditions in recent years. Although rubber production should re-
sume an upward trend in future years, programs to revitalize the
rubber sector will not have a substantial effect until after 1990 (see
Table F-I)

Total area under rubber is expected to be maintained at 202,000
hectares, which is the area that is presently under good rubber. A
replanting rate of 6,000 hectares a sear will bc necessary to maintain
this area, but given the low achievement of recent years (see below),
it is unlikely that this target can be reached before 1986.

Hectares Hectares
replanted replanted

Year per year Year per year

1953-58 7,690 1971 3,430
1959-63 6,880 1972 3,540
1964-68 4.860 1973 2,945
1969 4,890 1975 3,230
1970 4,145 1986 onward 6,000

Current yields are estimated at 392 kilograms per hectare from
areas planted before 1953, and 1,166 kilograms per hectare from
areas planted in the years following. For the future, it is assumed
that vields from newly planted areas can be raised to a peak of 1,400
kilograms per hectare on holdings of over 40 hectares and to 1,230
kilograms per hectare on holdings of less than 40 hectares. It is
expected that Ethrel mav increase total output by about 10 percent
in 1985 and 1990.
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India

In India, the rate of growth of production has been extremelv
rapid ovcr the past two decades, changing the country from a sig-
nificant importer to self-sufficiency. Having ceased to be a net im-
porter in 1974, India has since exported small quantities of rubber,
primarilv when domestic demand has been weak and stocks have
accumulated. For the future, the rate of expansion is likely to slow
down because of the growing scarcitv of suitable land for expansion
(see Table F-1).

The rate of rcplanting has declined from 3,500 hectares in 1965 to
1,800 hectares in 1974, and was 2,000 hectares in 1975. The target
for the Fifth Plan Period is 25,000 hectares at the rate of 5,000 hect-
ares a year, which would appear to be slow given the total 1976
acreage of approximately 227,000 hectares.

Beginning in 1975 the rate of subsidv for replanting was increased
substantiallv in order to increase the rate to the target level 5,000
hectares per year in 1978, and above that in the vears following. The
projections made here assume that this scheme will be successful and
that the rate of replantings will accelerate as follows:

Hectares replanted
Year per year

1976 3,000
1977 5,000
1978 5,000
1979 6,000
1980 6,000
1981 7,000
1982 7,000
1983 7,000

The target for the expansion of the area under rubber during the
Fifth Plan Period (1974-75 to 1978-79) is 25,000 hectares, at the
rate of 5,000 hectares a year. Against this, the area planted during
1974 and 1975 would be about 2,000 hectares a year. A realistic
estimate from 1976 would be about 2,000 hectares a vear, although
this may prove to be conservative over the longer run if the experi-
mental plantings in Tripura, Assam, and other states in the northeast
region prove successful on a larger scale.

It is assumed that yields in the new areas (and in the old areas
planted with budded and clonal varieties) will reach a peak of 1,250
kilograms per hectare and that vields of unselected seedlings will
average 400 kilograms per hectare. Some 7,500 hectares were estimated
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to have been under Ethrel stimulation in 1974. For the future, it is
assumed that the coverage could be expanded giving an addition to
total production of roughly 10 percent.

Minor producing countries

Over 88 percent of the world output comes from the five major
producing countries discussed above, and an additional 8 percent
comes from the countries shown in Table F-2. The total production
increased by only 10 percent (that is, at 0.7 percent a year) between
1960 and 1976, largely because of the sharp declines in output in
Cambodia and Vietnam, but also because of stagnation in other
countries. For the future, it would appear that production could rise
rapidly from its current growth rate of about 5 percent. This could
be achieved easily, considering the currently low base of many of
the countries and the good start that Vietnam has made on its re-
construction program.

The information on which the projections for these countries has
been made is uneven. For some such as Liberia, where 75 percent of
rubber is produced on foreign-owned concessions, the data base is
relatively good. More than 50 percent of the total output in this
country comes from the Firestone plantations, 25 percent from the
other concessions, and 25 percent from farms owned by Liberians.

Table F-2. Natural Rubber Projections in Minor Producing Countries,
Actual and Projected, 1960 to 1990, Selected Years
(thousands of metric tons)

Actual Projected

Country 1960 1970 1976 1977 1985 1990

Liberia 48.4 83.4 82.4 80.0 135.5 154.5
Nigeria 59.5 65.3 52.5 59.3 80.0 105.0
Zaire 35.6 40.0 29.3 30.0 40.0 40.0
Brazil 23.5 25.0 20.3 22.6 35.0 40.0
Vietnam 76.6 28.5 32.5 35.0 100.0 120.0
Cambodia 37.1 12.8 20.0 15.0 35.0 40.0
Philippines - 20.1 60.0 65.0 80.0 85.0
Ivory Coast - 10.9 17.5 17.3 25.0 40.0

Total 280.7 286.0 314.5 324.2 530.5 624.5

SoUrce: Actual data, International Rubber Study Group.
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The average yield on the concession estates is about 1,200 kilograms
per hectare compared with 400 to 600 kilograms per hectare on
Liberian-owned farms. Most of the areas replanted by the concessions
with high-yielding clones reached maturity by the middle of the
1970s, except for Firestone's. As a consequence, the number of trees
tapped by the former group will not rise substantially in the future,
and output will increase only as yields rise to maximum levels in
the earlv 1980s. The output of Firestone is expected to fall until the
replantings made during the early 1970s begin to bear toward the
end of the decade. The output of Libcrian farm rubber is likely to
rise steadily until 1980, and the increase is expected to accelerate
thereafter as acreage planted in the late 1970s with higher-vielding
materials comes into production. 'T'he projections assume that no
major programs of new planting will be implemented before 1985.

In Nigeria there has been little replanting in the smallholder
sector, which is estimated to have provided more than 60 percent of
total output in 1963. Bv contrast, the government and private estates
have stepped up replantings in recent years. Total output is expected
to increase only slowly during the next decade, mainly as a result of
the absence of a vigorous smallholder sector. Some 80,000 to 120,000
hectares out of the total 185,000 hectares under rubber require re-
planting. A feasible program might be to replant 8,000 to 12,000
hectares a vear over ten to twclve years. Assuming that such a pro-
gram is gradually implemented, a substantive increase in output
could be expected only after 1985.

In Vietnam, the post-war reconstruction appears to be proceeding
rapidly. The current five year plan calls for rehabilitating and re-
planting the existing 100,000 hectares (40 percent of which is esti-
mated to be over 40 years old) and for raising the total area to
400,000 hectares by 1980. Under the component one-year programs,
priority in 1976 was given to clearing the undergrowth in the ten-to-
twenty-five year blocks with the ambitious goal of raising yields from
800-900 kilograms per hectare to 1,500-2,000 kilograms per hectare
by applying fertilizers and stimulants. The 1977 program envisaged
the rehabilitation of the 25-to-40 year blocks on which yields were to
be increased from 600 kilograms per hectare to 1,000-2,000 kilograms
per hectare. In 1978 slaughter tapping of the older trees was to have
begun in preparation for subsequent felling and replanting. For this
projection, it has been assumed that the target of rehabilitation and
replanting 100,000 hectares could be attained, but that the maximum
yields would be no higher than 1,000 kilograms per hectare.
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In Zaire, output of rubber from old trees constitutes the bulk of
the planted material, and yields appear to have passed peak levcls.
At the same time, the higher yields on the small replanted areas will
not appear until 1980-85. Unless tlhere has been considerable re-
planting-which seems unlikely-the new supply may merely replace
the declining output of ageing trees.
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Table SA-1. World Natural Rubber Production,
by Main Producing Country and Producing Sector, 1950 to 1977
(thousands of metric tons)

Malaysia

Small- Total, Total,
Year Estates holders west east Total

1950 382 326 708 77 785
1951 333 284 617 62 679
1952 346 247 593 50 643
1953 346 233 579 44 623
1954 350 242 592 43 635

1955 358 290 648 60 708
1936 357 259 616 62 678
1937 373 254 627 62 689
1958 395 252 647 60 707
1959 413 266 679 67 746

1960 420 276 696 74 770
1961 435 283 718 72 790
1962 445 281 726 67 793
1963 466 299 765 67 832
1964 484 319 803 68 871

1965 499 353 852 65 917
1966 522 393 915 37 972
1967 534 404 938 53 991
1968 572 479 1,051 49 1,100
1969 603 596 1,199 69 1,268

1970 621 593 1,216 53 1,269
1971 661 609 1,270 48 1,318
1972 659 599 1,258 46 1,304
1973 673 792 1,465 77 1,542
1974 660 801 1,460 64 1,525

1975 599 818 1,417 61 1,478
1976 679 885 1,564 76 1,640
1977 653 884 1,537 76 1,613

na.. Not available.
a. Including statistical discrepancies.
Soulrce: Internationial Rubber Study Group, Rubber Statistical Bulletin

(montflly), variouLs issUes.
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Indonesia

Small- Sri
Estates holders Total Thailand Lanka Othersa Total

n.a. n.a. 708 11; 115 165 1,888
n.a. n.a. 827 III 107 191 1,915
n.a. na. 763 100 98 214 1,818
309 397 706 98 100 231 1,758
288 468 756 112 95 235 1,833

266 483 749 133 95 265 1,950
257 441 698 136 97 313 1,922
243 453 696 133 100 317 1,935
224 472 696 141 102 327 1,973
215 490 705 174 93 3;5 2,073

215 405 620 171 99 375 2,035
223 459 682 186 98 357 2,113
209 472 681 195 104 395 2,168
208 374 582 190 105 461 2,170
223 425 648 232 112 500 2,353

219 498 717 216 118 385 2,353
209 528 737 207 131 346 2,393
201 500 701 216 143 472 2,523
233 561 794 259 149 383 2,685
230 550 880 283 151 413 2,995

237 578 815 287 159 572 3,102
239 581 819 316 141 491 3,085
214 559 773 337 140 566 3,120
2.23 663 886 382 155 540 3,505
248 607 855 379 132 554 3,445

244 578 822 349 149 517 3,315
247 600 847 392 152 534 3,565
249 586 835 425 146 581 3,600
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Table SA-2. Natural Rubber Consumptionz in Developed Countries, 1950 to 1977
(tthousands of metric tons)

United Western New South
Year States Canada Europe Auslralia fapan Zealanda Africa: Israel} I'otal

1950 731.8 46.9 530.0 34.7 61.0 5.2 21.9 0.3 1,431.8
1951 461.3 45.1 600.0 36.5 58.2 8.0 27.3 0.6 1,237.0
19)52 461.1 34.0 560.0 29.0 65.6 3.3 19.1 0.3 1,172.4
19;3 562.4 38.1 613.0 36.6 88.7 6.6 26.2 1.8 1,37;.4
1954 605.9 42.2 697.5 45.9 89.6 8.4 29.8 2.0 1,521.3

1953 643.0 45.0 727.5 48.8 87.4 8.6 27.6 1.0 1,5(90.9
1956 571.0 43.7 660.0 39.7 110.7 6.0 22.5 1.3 1,434.9
19;7 547.4 41.5 660.0 35.6 130.3 6.5 25.1 2.8 1,449.2
1938 492.3 37.7 650.0 37.5 129.9 6.7 20.6 4.0 1,378.7
1959 564.0 4;.0 670.0 38.6 161.1 3.8 20.2 4.9 1,3;09.6

1960 486.7 35.7 677.5 37.0 168.4 6.6 19.2 4.3 1,43;.4
1961 434.2 32.2 660.0 31.9 178.8 5.6 17.7 4.3 1.364.7
1962 470.2 35.3 677.5 32.3 193.0 5.3 18.( 5.5 1,437.1
1963 464.6 36.6 702.5 37.1 195.5 6.4 21.1 5.8 1,469.6
1964 489.2 40.9 720.0 40.0 206.0 6.1 30.3 5.8 1,;39.3

1965 523.0 43.5 737.5 39.0 201.5 7.6 29.3 7.0 1,588.4
1966 554.4 47.3 730.0 37.6 216.0 6.8 21.4 6.4 1,639.9
1967 496.7 46.1 732.5 37.3 243.0 6.6 26.3 3.6 1,594.3
1968 591.2 45.5 795.0 43.9 255.0 7.4 28.2 79 1,774.1
1969 607.9 49.7 847.5 42.1 268.0 9.1 27.0 6.9 1,8;8.2

1970 568.3 50.6 89;.0 40.1 283.0 8.4 31.8 10(.( 1,887.2
1971 387.1 52.0 915.0 40.5 295.0 8.4 29.0 9.0 1,936.0
1972 630.9 6(0.4 902.5 46.3 31 2.0 7.8 34.6 6.6 2,021.2
1973 712.0 60.4 93 .0 52.1 33 3.0 8.4 39.5 3.5 2.147.9
1974 738.4 63.3 930.0 59.4 312.0 10.3 48.1 8.7 2,170.2

1975 666.0 72.3 907.5 49.9 283.2 8.0 39.3 S.3 1,969.9
1976 686.7 84.7 917.5 50.0 302.0 9.1 42.5 8.5 2,101.6
1977 803.5 90.4 934.0 41.4 320.0 10.3 38.4 9.5 2,247.5

a. Net imports.
Source: International Rubber Stoidv Group, Rulbber Statistical Builletitn (miionthly), various issues.



Table SA-3. Natural Rubber Net Imports by Developed Countries, 1950 to 1977
(thousainds of metric tons)

UJnited Western New South
Year States Canada Europe Australia Japan Zealand Africa Israel I'otal

1950 803.3 45.3 540.8 36.5 57.7 5.2 2 1.9 0.3 1,511.0
1931 742.2 46.9 681.6 57.2 61.5 8.0 27.3 0.6 1,62;.3
1952 815.4 33.9 561.9 24.5 69.0 3.3 19.1 0.3 1,527.4
1953 649.5 40.7 618.2 36.7 93.5 6.6 26.2 1.8 1,473.2
1954 599.2 40.8 692.7 47.0 84.7 S.4 29.8 2.0 1,;04.6

19S5 637.0 47.2 755.6 48.1 92.0 8.6 27.6 1.0 1,617.1
1956 577.0 44.0 633.1 38.4 112.9 6.0 22.5 1.3 1,437.2
1957 551.6 43.3 701.4 35.7 132.6 6.5 25.1 2.8 1,499 0
1958 465.0 38.0 613.5 37.0 131.5 6.7 20.6 4.0 1,31S.3
1959 566.1 46.0 632.8 38.5 160.2 5.8 20.2 4.9 1,474.5

1960 404.7 35.3 636.8 36.8 172.5 6.6 19.2 4.3 1,316.2
1961 391.0 32.0 641.2 31.2 183.7 3.6 17.7 4.3 1,308.7
1962 419.6 37.8 634.6 33.4 193.0 5.3 18.0 3.5 1,367.2
1963 367.5 35.9 690.4 38.1 187.9 6.4 21.1 5.8 1,333.1
1964 419.4 43.0 738.4 41.0 214.9 6.1 30.3 6.8 1,499.9

1965 416.3 45.4 749.9 40.2 207.3 7.6 29.3 7.0 1,503.0
1966 389.3 49.7 730.2 3S.2 229.1 6.8 21.4 6.4 1,488.1
1967 418.4 44.6 744.1 38.7 243.0 6.6 26.5 3.6 1,527.5
1968 508.0 46.9 793.2 42.7 257.7 7.4 28.2 7.9 1,694.0
1969 572.2 50.1 875.8 42.6 280.9 9.1 27.0 6.9 1,864.6

1970 543.2 32.5 921.8 39.5 292.2 8.4 31.8 10.0 1,899.4
1971 599.0 52.7 923.6 40.0 315.9 8.4 29.0 9.0 1,997.6
1972 592.6 60.7 903.0 43.4 292.0 7.8 34.6 6.6 1,944.1
1973 627.7 66.7 932.7 53.9 365.8 8.4 39.3 5.5 2,100.1
1974 667.2 58.1 934.1 59.7 307.7 10.3 48.1 8.7 2,093.9

1975 639.4 64.8 862.7 48.2 299.1 8.1 39.3 8.3 1,969.9
1976 696.6 86.3 923.2 50.7 292.7 9.1 42.3 8.5 2,109.6
1977 781.2 92.9 934.0 41.7 304.9 10.3 38.4 9.5 2,212.9

Source: International Rubber Study Group, Rubber Statistical Builletin (monthly), variotis issues.



Table SA-4. Natural Rubber Net Imports by Centrally Planned Economies, 1950 to 1977
(thousands of metric tons)

Germany, Eastern
Czecho- Democratic Europe,

Year Bulgaria slovakia Republic of Hungary Poland Romania total tJ.S.S.R. China Total

1950 1.6 22.9 2.0 3.7 5.5 0.6 36.3 87.2 71.0 194.5
1951 0.3 11.2 1.9 4.6 13.0 0.6 31.6 127.2 74.5 233.3
1952 0.6 20.3 2.3 3.5 11.3 2.8 40.8 148.0 24.0 212.8
1953 0.8 17.3 3.7 6.1 16.1 0.2 44.2 70.0 61.0 175.2
1954 0.3 22.7 5.7 8.4 17.2 0.2 54.5 20.6 63.0 138.1

1955 2.1 30.0 9.5 5.2 19.1 0.9 66.8 25.4 49.0 141.2
1956 3.3 38.4 9.7 7.3 23.5 0.2 82.4 117.5 77.0 276.9
1957 5.0 43.8 16.5 8.9 32.2 2.0 108.4 119.4 58.0 285.8
1958 5.8 48.6 17.0 10.6 32.0 5.3 119.3 241.6 99.0 459.9

co 1959 6.0 42.4 15.5 9.0 29.9 6.3 109.1 224.7 110.5 444.3
co 1960 6.1 62.4 23.0 10.1 32.7 9.3 143.6 173.4 121.7 438.7

1961 6.1 57.4 23.9 10.7 35.4 11.5 145.0 334.9 83.8 563.7
1962 7.8 27.0 23.5 13.4 36.2 13.8 121.7 338.2 108.5 568.4
1963 8.0 52.9 24.1 14.9 33.1 19.2 152.2 275.5 109.2 536.9
1964 10.9 45.8 30.1 15.6 39.6 22.3 164.3 162.3 144.2 470.8

1965 9.4 45.7 28.8 16.0 35.8 19.2 154.9 248.1 139.8 542.8
1966 9.6 45.7 29.9 16.2 41.3 24.9 167.6 283.1 172.5 623.2
1967 6.7 43.5 26.0 16.9 39.4 26.7 159.2 253.1 159.8 572.1
1968 14.3 45.0 26.5 17.5 42.9 30.5 176.7 325.9 211.8 714.4
1969 9.8 42.5 26.5 16.7 49.8 36.8 182.1 295.0 275.0 752.1

1970 15.0 53.8 31.0 17.7 50.8 37.1 205.4 316.5 181.8 703.7
1971 8.7 53.1 31.0 21.5 56.2 26.9 197.4 246.1 165.2 608.7
1972 18.1 50.0 28.9 20.1 53.4 47.5 218.0 231.1 187.5 636.6
1973 13.5 46.2 29.9 15.8 59.2 54.1 218.7 260.2 265.0 743.9
1974 12.4 53.0 33.3 22.6 61.2 50.4 232.9 314.6 191.0 738.5

1975 15.0 53.7 35.9 19.3 67.1 41.3 232.3 234.6 239.5 706.4
1976 12.0 53.0 40.1 15.7 63.4 68.2 252.5 216.3 222.5 691.3
1977 11.5 52.9 40.0 16.1 58.0 38.0 216.5 198.3 247.0 661.8

Source: International Rubber Sthdy Group, Rubber Statistical Bulletini (monthly), variouis issues.



Table SA-5. Synthetic Rubber Consumption in Developed Countries, 1950 to 1977
(thousands of metric tons)

Untited Western New South
Year States Canada Europe Australia Japan Zealand Africa, Israel, Total

1950 546.9 22.9 20.0 0.2 0.1 . . 0.1 . . . 590.2
1951 771.1 26.9 27.5 0.2 0.3 ... 0.2 ... 826.2
1952 820.0 34.1 40.0 0.3 0.8 ... 0.8 ... 896.0
1953 797.4 36.5 45.0 0.4 1.7 ... 1.2 ... 882.2
1954 646.9 30.6 62.5 0.5 2.1 ... 2.8 ... 745.4

1955 909.3 40.8 100.0 1.2 4.3 0,4 8.0 0.6 1,064.6
1956 888.4 49.2 152.5 9.5 9.0 0.9 10.4 0.5 1,119.9
1957 940.7 48.3 212.5 15.5 12.9 1.5 13.4 0.4 1,245.2
195S 894.0 47.5 240.0 17.0 16.8 2.1 10.4 0.8 1,228.6
1959 1,089.9 58.1 31 3.0 20.0 35.0 1.4 13.8 1.0 1,534.2

1960 1,096 6 56.8 455.0 24.3 61.6 2.3 14.8 1.7 1,713.1
1961 1,119.9 63.7 500.0 22.5 85.2 2.6 15.1 1.4 1,810.4
1962 1,276.1 74.2 560.0 28.8 106.0 5.0 17.5 3.0 2,070.6
1963 1,327.8 85.1 640.0 35.1 127.5 5.5 18.8 3.5 2,243.3
1964 1,474.8 92.3 750.0 39.1 162.1 5.0 26.7 4.5 2,554.5

IC 1965 1,564.8 97.7 845.0 40.6 175.5 5.6 22.5 4.9 2,756.6
1966 1.692.8 108.9 935.0 39.0 222.0 5.5 22.6 5.3 3,031.1
1967 1,654.4 110.4 975.0 43.0 273.0 5.3 31.1 5.3 3,097.5
1968 1,926.6 106.2 1,107.5 53.4 348.0 7.7 30.2 9.6 3,589.2
1969 2,056.5 129.1 1,297.5 50.9 426.0 8.4 31.3 8.9 4,008.6

1970 1,948.6 135.5 1,452.5 53.7 496.0 9.8 32.7 11.6 4,140.4
1971 2,126.7 158.3 1,530.0 59.9 525.0 10.5 40.1 10.9 4,461.4
1972 2,328.3 172.8 1,605.0 57.9 588.0 11.8 36.9 11.3 4,812.2
1973 2,440.2 186.2 1,830.0 65.8 710.0 15.0 37.4 12.7 5,297.3
1974 2,210.1 181.3 1,76 5.0 64.4 615.0 18.8 43.7 16.1 4,914.4

1975 1,963.7 179.3 1,610.0 50.0 584.8 9.2 42.5 18.0 4,457.5
1976 2,172.2 203.9 1,835.0 57.1 658.0 15.0 47.6 18.0 5,007.0
1977 2,480.9 207.1 1,894.0 53.0 690.0 17.0 40.5 20.0 5,402.5

... Zero or negligible.
a. Productioii plus exports aiod imports.
Source: International Rubber Study GrouLp, Rubber Statistical Bulletin (monthly), various issues.



Table SA-6. Natural and Sy nthetic Rubber Consumption,
bv Major Counitrv Groups, and Natural Rubber Share
of Total Elastomer Consumption, 1950 to 1977
(thousands of metric tons, unless otherwise noted)

Developed countries
Centrally planned

Total economies
elastomer

NR con- SR con- con- NR NR con- SR con-
sump- sump- sump- share sump- sump-

Year tion tion tion (percent) tion tion

1930 1,431.8 590.2 2,022.0 70.8 165.0 245.0
1931 1,237.0 826.2 2,163.2 57.2 190.0 273.0
1932 1,172.4 896.0 2,068.4 56.7 217.5 300.0
1953 1,373.4 882.2 2,237.6 60.9 193.0 350.0
1954 1,521.3 743.4 2,266.7 67.1 147.3 423.0

1955 1,590.9 1,064.6 2,635.5 59.9 1 3(.0 4;0.0
1956 1,454.9 1,119.9 2,374.8 36.5 230.0 450.0
1937 1 449.2 1,243.2 2,694.4 33.8 280.0 460.0
1938 1,378.7 1,228.6 2,607.3 32.9 360.0 46).0
1939 1,509.6 1,534.2 3,043.8 49.6 402.5 487.5

1960 1,433.4 1,713.1 3,148.5 43.6 447.; 332.5
1961 1,364.7 1,810.4 3,175.1 43.0 02.35 565.0
1962 1,437.1 2,070.6 3,507.7 41.0 527.5 572.5
1963 1,469.6 2,243.3 3,712.9 39.6 535.0 627.5
1964 1,5339.3 2,354.5 4,093.8 37.6 550.0 702.5

1965 1,388.4 2,73 56.6 4,343.0 36.6 363.0 780.0
1966 1,639.9 3.031.1 4,671.0 35.1 585.0 833.0
1967 1,394.3 3,097.3 4,691.8 34.0 610.0 905.0
1968 1,774.1 3,389.2 3,363.3 33.1 640.0 935.0
1969 1,838.2 4,008.6 5,866.8 31.7 660.0 1,010.0

1970 1,887.2 4,140.4 6,027.6 31.3 672.5 1,102.5
1971 1,936.0 4,461.4 6,397.4 30.3 685.0 1,273.5
1972 ',0 l.2 4,812.0 6,833.2 29.6 693.0 1,463.0
1973 2,147.9 3,297.3 7,443.2 28.8 707.3 1,66 2.5
1974 2,170.2 4,914.4 7,084.6 30.6 717.3 1,852.5

1975 2,0 36.5 4,457.5 6,494.0 31.4 7((.( 2,053.0
1976 2,1(1.0 5,007.0 7,108.0 29.6 70.0 2, 160.0
1977 2,247.5 5,402.5 7,650.0 29.4 715.0 2320.0

a. Including the residual dtie to statistical discrepancies.
Source: Intcrnational Ruhher Stud& Group, Rubber Statistical Bulletin (moltlhlv)

various issues.
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Centrally planned
economies Developing countriesa

Total Total
elastomer elastomer

con- NR NR COn- SR COn- con- NR
sump- share sump- sumrp- sump- share
tion (percent) tion tion tion (percent)

410.0 40.2 110.7 - 110.7 100.0
465.0 40.9 123.0 1.2 124.2 99.0
517.5 42.0 111.1 1.S 116.6 98.7
545.0 35.8 137.1 5.3 142.4 96.3
572.5 25.8 173.7 4.6 178.3 97.4

600.0 25.0 186.6 7.9 194.5 95.9
680.0 33.8 175.1 22.6 197.7 88.6
740.0 37.8 190.8 27.3 218.1 87.5
821.0 4,.6 211.3 33.9 245.2 86.2
890.0 45.2 200.4 48.3 248.7 80.6

9801.0 45.7 2i2.1 101.9 334.0 69.5
1,067.5 47.1 232.8 122.1 354.9 65.6
1,100.0 48.0 245.4 1;4.4 379.8 64.6
1,182.5 47.0 247.9 1,4.2 402.1 61.7
1,252.5 43.9 290.7 188.0 478.7 60.8

1,341.0 42.0 294.1 203.4 497.5 59.1
1,440.0 40.6 317.6 213.9 571.1 56.1
1,515.0 40.3 330.7 272.5 603.2 54.8
1,595.0 40.1 365.9 333.3 699.2 32.3
1,670.0 39.1 391.8 351.4 743.2 12.7

1,77,.0 37.8 430.3 392.0 822.3 12.3
1,90(.0 34.9 471.5 448.6 920.1 11.2
2,160.0 32.2 311.8 451.0 966.8 53.1
2,370.0 29.9 547.1 615.2 1,162.3 47.1
2,570.0 17.9 629.8 68,.1 1,312.9 48.0

2,755.0 25.4 631.0 515.0 1,146.0 55.1
2,860.0 24.5 749.0 685.0 1,434.0 52.2
3,035.0 23.6 727.5 710.0 1,437.5 50.6
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Table SA-7. Natural Rubber Exports (Techinicallx Specified or Block)
by Producintg Counttries, 1966 to 1977
(thouisaiids of metric tons)

Percent-
age

of total
world

Singa- Indo- Sri Ivory NR

Year Malaysia pore nesia Thailand Lanka India,, Coast" Cameroon Totalb exportsb

1966 8.7 ... . . .. ... ... ... ... 8.7 0.4
1967 23.9 ... ... ... . .. ... ... ... 23.9 1.0
1968 82.8 ... ... ... ... ... ... 82.8 3.2
1969 100.7 40.2 8.4 ... ... ... . . . 149.3 5.2
1970 156.1 71.7 32.5 0.3 ... ... 10.0 ... 270.6 9.7
1971 222.0 97.4 126.2 1.6 ... ... 12.0 2.8 462.0 16.3
1972 280.1 87.0 291.7 1.8 0.8 ... 13.1 3.8 678.3 24.1
1973 376.1 105.4 360.7 2.0 0.8 ... 13.3 6.5 864.8 27.2
1974 404.9 76.8 364.1 7.0 0.5 0.4 15.0 7.3 876.0 28.2
1975 433.0 89.9 401.3 32.5 1.3 1.3 14.4 7.5 981.2 33.7
1976 518.7 98.8 467.5 47.8 2.1 2.9 15.9 8.5 1,162.1 36.7
1977 541.9 102.1 521.4 61.9 1.8 3.3 16.0 9.8 1,258.2 39.2

... Zero or negligible.
a. Refcrs to production.
b. Does not includc Nigeria or Liberia, for -which data are not available.
Source: International Rubber Study Group, Rubber Statistical Bulletin (miolithly), various issues.



Trable SA-8. Natural and Synthetic Rubber Consumption in the Tire Sector
in Western Europe, the U nited States, and Japan, 1960 to 1977
(thousands of metric tons, unless othervise noted)

Western Europea United States Japan

Rubber Tire Rubber Tire Rubber Tire
consump- Total sector consump- Total sector consump- Total sector

tion in rubber share tion in rubber share tion in rubber share
the tire consump- (per- the tire consump- (per- the tire consumnp- (per-

Year sector tion cent) sector tion cent) sector tion cent)

1960 494.7 909.2 54.4 1,010.8 1,583.3 63.8 99.0 230.0 43.0
1961 508.4 923.3 55.1 972.9 1,5;4.1 62.6 120.9 264.0 45.8
1962 532.2 971.6 54.8 1,083.5 1,746.3 62.0 136.9 299.0 45.8
1963 576.8 1,048.3 55.0 1,098.0 1,792.3 61.3 1;8.8 323.0 49.2
1964 618.7 1,138.9 54.3 1,217.4 1,964.0 62.0 178.8 368.1 48.6

1965 672.0 1,212.8 55.4 1,327.3 2,087.8 63.6 182.8 377.0 48.5
1966 695.1 1,277.2 54.4 1,434.4 2,247.2 63.8 204.0 438.0 46.6
1967 711.2 1,316.6 54.0 1,346.9 2,151.1 62.6 251.0 516.0 48.6
1968 772.4 1,446.5 53.4 1,632.1 2,517.8 64.8 300.2 603.0 49.8
1969 873.2 1,633.9 53.4 1,749.2 2,664.4 65.6 351.5 694.0 50.6

1970 938.8 1,760.7 53.3 1,602.9 2,516.9 63.7 399.0 779.0 51.2
1971 968.0 1,797.2 53.9 1,799.7 2,713.8 66.3 424.1 820.0 51.7
1972 969.0 1,803.6 53.7 1,949.1 2,979.1 65.4 481.3 900.0 53.5
1973 974.3 1,992.3 48.9 2,022.3 3,152.2 64.2 562.4 1,045.0 53.8
1974 975.7 1,895.4 51.5 1,965.7 2,948.5 66.7 545.1 927.0 58.8

1975 921.9 1,765.7 52.2 1,643.8 2,629.7 62.5 540.1 870.0 62.1
1976 987.5 1,977.2 49.9 1,712.8 2,858.8 59.9 574.8 960.0 59.9
1977 1,009.6 7,989.5 50.7 2,086.7 3,284.4 63.5 616.3 1,010.0 61.0

a. United Kingdom, France, Federal Republic of Germany, and Italy.
Source: Intcrnational Rubber Study Group, Rubber Statistical Bulletin (monthly), various issues,



Table SA-9. Crude Oil Prices in Nlajor Consuminig Areas,
1970 to 197S
(U.S. dollars per barrel

Western United States
Europea Japan

Average Refiner
(c.i.f. unit (c.i.f. unit price acquisition

Year values) values) at well cost

1970 2.25 1.80 3.18 n.a.
1971 2.77 2.18 3.39 n.a.
1972 2.90 2.50 3.39 n.a.
1973 3.96 3.29 3.89 n.a.
1974 11.04 10.78 6.87T 9.07

1975 12.00 11.86 7.67 10.38
1976 12.80 12.59 8.18 10.89
1977 13.84 13.41 8.57 11.95
1978 14.04 13.68 9.00 12.46

n.a. Not available.
a . Average of the United Kingdom, France, Germany, Italy, and the Nether-

lands.
b. From 1974 the figures are averages of "old" and "new" oil. Since September

1976 the average includes "stripper oil." Since Jnl 1977 the average also includes
Alaskan North Slope oil.

Source: Federal Energy Administration, MXtonthly Energy Review, various issues;
Energy Fconomics Research Ltd., International Crude Oil and Product Prices,
various issues.
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Table SA-10. Major Chcmical Feedstock Unit Sale Values
in the UJnited States, 1960 to 1978
(U.S. cents per pound)

Ethyl- Propyl- Buta- Iso-
Year Stvrene Benzene ene ene diene prene

1960 11.0 4.2 5.0 3.9 12.9 n.a.
1961 11.0 4.4 5.0 2.4 11.7 n,a.
1962 10.0 3.4 4.7 2.0 11.3 n.a.
1963 9.0 3.1 4.5 2.4 10.7 n.a.
1964 8.0 3.1 4.7 2.2 10.4 n.a.

1965 8.0 3.3 4.0 2.2 10.3 n.a.
1966 8.0 3.3 4.1 2.1 10.0 n.a.
1967 8.0 3.3 4.0 2.0 9.5 14.1
1968 7.0 2.8 3.4 2.3 8.8 n.a.
1969 6.0 3.0 3.3 2.5 8.4 n.a.

1970 6.0 3.0 3.1 2.7 8.4 10.2
1971 6.0 2.7 3.0 2.7 8.3 7.7
1972 6.0 2.8 3.0 2.9 7.8 n.a.
1973 7.0 4.0 3.3 2.8 8.1 6.3
1974 17.2 9.0 7.5 6.9 14.6 9.7

1975 19.0 9.6 8.8 7.0 16.5 10.5
1976 19.7 10.6 11.2 7.4 17.6 11.7
1977 18.6 10.4 12.0 9.5 17.8 13.7
1978 17.4 10.1 12.5 9.3 19.4 15.6

n.a. Not available.
Source: United States International Trade Commission, Synthetic Organic

Chemicals: United States Production and Sales (annual), various issues.
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Table SA-1 1. Synthetic Rubber Unit Sale Values
in the United States, 1954 to 1978
(U.S. cents per pound)

Weighted
average

EPM- of all
Year SsRa SBR

1
' BR EPDM IR NBR rubberse

1954 24 n.a. n.a. n.a. n.a. 50 29
1955 24 n.a. n.a. n.a. n.a. 51 29
1956 24 n.a. n.a. n.a. n.a. 49 27
1957 24 n.a. n.a. n.a. n.a. 49 27
1958 23 n.a. n.a. n.a. n.a. 48 27
1959 23 n.a. n.a. n.a. n.a. 49 27

1960 24 n.a. n.a. n.a. n.a. 48 27
1961 24 n.a. n.a. n.a. n.a. 49 28
1962 23 n.a. n.a. n.a. n.a. 51 28
1963 22 n.a. n.a. n.a. n.a. 48 27
1964 23 n.a. 23 n.a. n.a. 48 27

1965 23 n.a. 22 n.a. n.a. 47 28
1966 21 n.a. 20 n.a. n.a. 45 27
1967 22 n.a. 19 n.a. n.a. 46 27
1968 23 n.a. 19 n.a. n.a. 46 27
1969 23 n.a. 18 27 n.a. 47 27

1970 23 n.a. 17 29 21 47 27
1971 20 n.a. 17 26 19 46 26
1972 20 n.a. 19 26 18 44 26
1973 20 16 19 27 22 44 28
1974 (28) 24 27 34 n.a. 50 35

1975 (31) 27 29 41 na. 57 39
1976 (31) 27 34 45 n.a. 61 n.a.
1977 n.a. 33 30 50 n.a. 65 n.a.
1978 n.a. 28 37 55 n.a. 68 n.a.

Note: Estimated values are in parentheses.
n .a. Not available.
a. Elastomer content basis.
b. Elastomer weight basis.
c. Including polyuretlhane silicone and butyl.
Source: United States International Trade Commission, Synthetic Organic

Chemicals: United States Production and Sales (annual), various issues.
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Table SA-12. Synthetic Rubber Unit Exp5ort Values
in the United States, 1950 to 1978
(U.S. cents per pound)

EPM- Weighted
Year SsRa SBR BR EPDM IR NBR IIR average

1950 25.8 n.a. n.a. n.a. n.a. 46.1 17.3 -
1951 27.4 n.a. n.a. n.a. n.a. 51.5 20.8 -
1952 25.8 n.a. n.a. n.a. n.a. 52.1 22.4 -
1953 26.8 n.a. n.a. n.a. n.a. 51.; 23.3 -
1954 25.6 n.a. n.a. n.a. n.a. 51.4 23.5 -

1955 24.2 n.a. n.a. n.a. n.a. 50.5 23.6 25.7
1956 24.7 n.a. n.a. n.a. n.a. 51.7 23.5 25.9
1957 22.5 n.a. n.a. n.a. n.a. 49.8 22.9 23.5
1958 29.8 21.6 n.a. n.a. n.a. 48.0 22.4 23.0
1959 31.8 21.3 n.a. n.a. n.a. 49.8 22.7 22.7

1960 31.0 21.5 38.3 n.a. n.a. 46.5 23.0 22.7
1961 29.7 20.7 38.3 n.a. n.a. 47.2 23.2 22.2
1962 26.0 19.4 35.9 n.a. 25.7 45.5 22.5 21.1
1963 26.4 18.5 33.5 n.a. 22.9 46.8 24.7 20.7
1964 24.5 17.9 29.9 n.a. 22.9 44.6 25.8 20.4

1965 25.1 18.1 27.5 n.a. 22.9 45.6 24.9 20.5
1966 24.5 17.5 25.1 n.a. 23.8 44.9 25.6 20.3
1967 23.1 17.1 23.9 n.a. 22.0 41.2 25.7 20.0
1968 24.2 17.3 21.6 n.a. 21.1 39.2 2;.7 21.6
1969 21.2 18.2 20.4 n.a. 2.2.0 38.3 25.2 21.6

1970 19.7 17.8 18.7 32.8 19.4 37.8 25.6 21.2
1971 20.5 17.5 19.9 26.3 18.9 36.4 24.7 21.3
1972 17.9 17.5 19.7 28.6 20.2 37.1 24.3 21.3
1973 18.5 19.0 19.3 30.7 22.8 36.3 27.3 23.5
1974 28.5 27.4 32.6 35.3 37.8 42.3 30.7 31.7

1975 29.8 28.3 30.2 45.0 37.3 43.2 38.5 33.9
1976 31.0 30.7 32.0 59.7 48.4 44.6 42.6 38.0
1977 36.4 36.4 31.1 51.3 46.4 56.3 45.3 41.3
1978 37.7 37.0 39.8 56.5 50.4 62.0 47.1 44.4

n.a. Not available.
- Not significant.
a. Excluding latcx.
b. T otal SBR.

Source: United States Department of Commerce. U.S. Exports, Commodity by Coun-
try, Schedule B (annual), various issues.
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Tablc SA-1 3. Natural Rubber Prices, 1947 to 1978

Singapore
(Singapore Colombo

dollars (rupees
Newv York Londotn Kuala Lurmpur per per

(UT.S. dollars (pounds per (NMalaysian dollars metric metric
per metric ton) metric ton) per metric ton) ton) ton)

RSSI Rss3 RSSJ MO RssI RSS RSSJ RSSI
Year .spot spot c.i.f. c.i.f. spot spot SNIR 5L SNRI 0 SMIR2() spot spot

1947 462.3 410.5 103.6 na. 823 788 II.q. i.q. n.q. 823 n.a.
1948 485.2 446.4 115.8 na.l. 929 852 ni.q. n.q. 929 n.a.
1949 387.1 3;5.4 105.2 n a. 842 763 in.q. ii.. n.q. 842 n.a.

19;0 906.1 887.4 290.7 278.2 2,385 2,300 n.q. n.q. n.q. 2,385 n.a.
1931 1,302.3 1,293.9 448.0 416.2 3,738 3,4;8 n(.q. ng. i.q. 3,738 n.a.
1932 830.3 794.3 2 j6.3 237.1 2,118 1,949 n.q. n.q. n.q. 2,118 na.
1933 534.2 494.9 181.0 169.5 1,487 1,380 nq.q. i..q. 4. 1,487 nia.
1954 521.2 514.1 182.0 178.2 1,484 1,448 n.q. Ig.q. n.q. 1,484 n.a.

1953 862.9 846.5 302.0 289.0 2,517 2.390 n.q. n.q. i.q. 2,517 n.a.
1956 7;3.3 737.8 257.9 249.3 2,133 2,062 n.q. n.q. n.q. 2,133 n.a.
1937 686.7 673.6 238.0 231.3 1,957 1,923 ni.q. ig.q. ni.q. 1,937 2,530
19;8 618.8 581.5 213.0 200.1 1,769 1,638 n.q. n.q. n.q. 1,769 2,061
19;9 805.8 789.8 270.0 265.8 2,239 2,191 ug4. n.q. n.q. 2,239 2,782



1960 841.2 829.8 288.8 281.1 2,383 2,313 n.q. n.q. n.q. 2,383 2,727
1961 653.1 645.1 224.8 220.2 1,842 1,804 n.q. n.q. n.q. 1,842 2,213
1962 629.6 615.6 211.7 205.5 1,724 1.672 n.q. i.q. n.q. 1,724 2,156
1963 578.9 565.3 196.7 192.0 1,597 1,556 n.q. n,q. n.q. 1,597 2,043
1964 556.5 549.3 185.9 182.7 1,502 1,481 n.q. n.q. n.q. 1,502 1,973

1965 566.4 556.3 190.7 186.3 1,544 1,512 n.q. n.q. n.q. 1,544 2,015
1966 520.8 514.3 179.0 174.8 1,441 1,407 n.q. i.q. n.q. 1,441 1,964
1967 438.8 429.8 151.6 145.1 1 192 1,134 n.q. n.q. n.q. 1,192 1,735
1968 437.4 429.4 170.8 165.6 1,171 1,131 n.q. n.q. n.q. 1,171 1,945
1969 577.5 568.0 222.3 219.9 1,539 1,512 n.q. n.q. n.q. 1,539 2,289

1970 462.5 454.1 180.4 175.1 1.244 1,193 n.q. n.q. n.q. 1,244 2,001
1971 399.0 388.6 143.7 139.2 1,016 925 n.q. n.q. n.q. 1,016 1,746
1972 402.1 381.8 147.7 141.9 935 881 n.q. n.q. n.q. 935 1,782
1973 785.1 753.4 300.2 287.0 1,655 1,567 1,680 1,587 1,580 1,667 2,614
1974 868.0 803.6 342.4 318.7 1,794 1,605 1,901 1,626 1,614 1,820 2,800

197 5 658.9 633.7 287.5 276.5 1,357 1,300 1,406 i,328 1,214 1,346 2,930
1976 872.3 837.6 475.0 460.2 1,991 1.897 2,126 1,908 1,895 1,931 4,340
1977 916.9 880.3 508.6 493.4 2,028 1,940 2,129 1,969 1,958 2,007 4,530
1978 1,108.1 1,072.6 552.7 540.4 2,700 2,225 2,341 2,166 2,156 2,256 n.a.

n.a. Not available.
n.q. Not quoted.
Souirces: International Rubber Study Group, Rubber Statistical Bulletin (various issues); John Keclls, Rubber Statistics (of Sri

Lanka), various issues.
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AFTER TWENTY-FIVE YEARS of profound but relatively orderly structural
change, caused mostly by technological evolution, the world rubber econ-
omy has been subjected in the past few years to severe exogenous shocks:
first the oil crisis and then a deep economic recession in the industrialized
world. The countries that produce natural rubber must now make diffi-
cult decisions if they are to remain competitive with the producers of
synthetic rubber.

This study assesses the magnitude and scope of the recent changes in
the rubber economy and their likely consequences for the future of the
world's natural rubber industry. The authors analyze the structures of the
natural and synthetic rubber economies, placing particular emphasis on
production costs. They describe the factors that determine the competi-
tion between the two kinds of rubber and present new empirical evidence.
They also forecast the demand for rubber, using an integrated and com-
plete framework that links rubber demand to its main uses. Other issues
discussed include production planning, price competitiveness, price stabili-
zation, and profitability of new investment.

The book differs from existing work on the subject in that it integrates
for the first time the analysis of the natural and synthetic rubber econo-
mies and presents a unique analysis of the relative costs of producing
the main kinds of rubber.
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