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CHAPTER EIGHT.

N

THE LOCATION Of MANUFACTURING.

Industrial Location Theory.

There have developed two main bodies of theory relat
ing to the location of manufacturing activities, One, with
Weber its most notable exponent, is based oh the least-cost'
principle; the other, with which Hotelling and Losth in par-
ticular are associated, is founded on the market.area appre
oach.l‘ Formulated in terms of perfect competition, Weber-
ian theory incorporates the axiom that profits are largest'
where costs are lowest. The optimum location for a manufa-

cturing enterprise is therefore the point where it will be

possible to minimize costs., The alternative school of thow
ught, which is concerned with market-area analysis and the
locational inter-dependence of firms, is framed in terms of
monopolistic competition and spatial rivalry. It focuses
more directly on the maximization of profits,'which is taken
to result from.masimizing sales rather than minimizing costs,
and the optimum location is regarded as that point which
will enable a manufacturer to command the lafrgest shsre of

the market possible.
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1. See :.F.E. Ian Hamilton, "Models of Industrial Locate
ion", chap,lO in Models in Geography, ed, Richard J.

Choriey and Peter Haggett, London, 156
D.M, Smith, "A Theoretical Framework for Geographical

Studies of Industriml Location', Economic Geograph
Vol,42 (1966), pp.98-99; Melvin L, Greenhut, Iant
Location in Theory and in.Practise, Chapel HiII UeSe,
1956, chaps., 1-3 and 11

Walter Isard, Location and Space-Econom , Cambridge,
Massachusetts, 1956,
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The market-area approach, as formulated by Lgsch%'be-
gins by postulating a uniform plain on which resocurces are
evenly distributed, and the only element of the delivered
price free to vary is the transport charge for conveying
the good in question from producer to consumer, Other cos-
ts are constant, regardless of the location of the producer,
The market is taken to be dispersed rather than concentrate
ed, A manufacturer seeks to maximize his profits by maxim-
izing the market area he controls, and hence his sales,
Limits are set to his capacity to do so by the fact that if
a good has to travel more than a certain distance, and tra-
nsport costs rise above a certain level, consumers will
turn to alternative suppliers who can deliver it at a lower

total cost,

There are disadvantages in this approach to industrial
location which do not recommend its adoption in the present
context, In particular the initial abstractions tend to be
too restrictive, For example, the premise that resources
are of a uniform character throughout a region is grossly
unrealistic when industries that use raw materials of a |
highly irregular occurrence are being studied, Again, Web-
er's concept of the market is more relevant thanbLgsch's tb
the study of basic industries, which dominated manufacturing
on Teesside. Most of the demand for the produce of such
industries emanates from places outside the region, and
l. Hotelling'!s work on inter-depéndence may be thought of

as a special and limited case, in that the market is
considered as a line rather than an area, Sce Greene-

hUt, OE-Cito, pp037"hlo
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transportation and other commercial economices invariably

mean that external demand is channelled through one point,

or a small number of points, where goods are collected for

despatch,

Effectively, therefore, the market is concentrated rate-

her than dispersed, and there is no question ofamanufactf
urer attempting to control a market area in the sense sugge
ested by Losch., Rather, the manufacturer is concerned with
minimizing the cost of producing his goods and delivering
them to the regional market or shipment point, These cons-
lderations also apply to non-basic industries which do not
have scattered final consumers as their market., The L8sch-
type model is thereforec most appropriate for market-oriented
manufacturing when the market is areal rather than puncti-

form,l'

The Weberian model is also based on simplifying assump-
tions which are open to criticism, but it is better suited
to the needs of the present study. In a sense, this model is
¥he antithesis of Losch's construct., Perfect competition
is assumed and there is consequently only one market prica,
rather than a series of delivered prices. There is only one
market point, or a small number of such points, instead of a
host of consumers scatterced throughout the region. Resourc-

es and costs vary spatially, and the predominant concern of
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le See : Greenhut, op.cit., p.268; and Edwin vontventer,'
"Towards a United Theory of Spatial Economic Structure,

Papers of the Regional Science Association, vol,l0
1963), p.l73.
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the manufacturer is to find that location which will allow

costs to be minimized and profits thys maximized,

In Weber'!s scheme}' the optimum or least-cost location
is defined with reference to three factors : transportation
costs, labour costs, and agglomeration economies and disec-
onomies, The first of these, transportation costs, is bel-
ieved to have the most fundamental influence on iddustrial
locations, the other factors being regarded almost as causes
of abbrration., This is an attitude which is common to locaw
tion theories in general., Thus, Isard concluded that ",...
only the transport factor and other transfer factors whose
costs are functionally related to distance impart regularity
to the spatial setting of activities."?s

For simplicity, and to confine his analysis to purely |
economic matters, Weber regarded transport costs as the pro-
duct of the weight of a good and the distance it had to be
moved.2* He was concerned not with transport rates as such,
which are affected by political, social and other considera-
tions, but with the true economic cost of transportation in
terms of the resources needed to move a good from one place
to another. Determining the location where transport costs
will be lowest is, therefore, a matter ofidentifying the.
point at which production will entail the smallest'aggregate
movement of raw materials and product. To take account of
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1l. A translation.*W1th annotations of Weber s*work is
available : Carl Joachim.Friedr{ch Alfred Weberts 1

Theory of the Location of Industries, Chicago, 1929,
PP

2. ISaI’d, oEtCitO, p.llfot
3. Friedrich, op.cit., chap.3.



"G S RDRG peule ¥ BT SRET PR LBV SR S SR T L4 PRI SRS TV ARS DA ¥ S05 4 4 GRS SEPRE SRS 5 B & FRE U S0 V- igrd 0 8 8 PR A SRR SEBPE B ¥ F B 53 S TR PRl At 4 0d g ¢

- 260 -

real transport rates, as many critics of Weber have urged,

would be to remove the general base from the theory.

The materials used in manufacturing may be classified
as either ubiquitous or localized, as suggested by'Weber.l'
Those in the former category are to be found everywhere in
sufficient quality and quantity; those in the latter have
irregular spatial distributions, Localized materials may be
further defined as ‘'gross! or 'pure!, according to whether
they do or do not lose weight during processing. The types
of materials used by a particular industry, and the propor-

tions in which they are required, are important determinants

of its basic orientation,

If transport costs alone are considered, there 1s a
range of possible solutions to the location problem, For an
industry which uses only ubiquitous materials, the Optimum._
location is at the market, where transport costs will theora-
etically be zero, In contrast, an industry requiring one
gross material can minimize its transport costs by locating
at the source of that material; the material loses weight
during processing, and it is consequently preferable to takg
the factory to its source than to the market, A third hypo-
thetical case is provided by thc industry using just one pure
material, Here, the location problem is theoretically insol-

uble, since the material weights the same amount as the pro-
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1, 1ng;g£g. Also sce : Greenhut E.Cit, pp.8-l7 and 254~
573 Isard, cit., chap.5: and Stuart Daggett, "The
' \TFred ic

System of red’Weber", in Readings in Econom. Geo-
graphy, ed. Robert H.T. Smith, Edward J., Taafe an

Leslie J. King, Chlcago 1969, pp.53-6h.
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duct, and transport costs will be the same whether product-

ion takes place at the sourcc of the material, the market

or some intermediate point,

Tﬁese examples, however, are all cogparatively simple,
Solutions to the location problem are more difficult to ob;
tain for industries using more complex packages of inputs,
For this reason, Weber devised a material index, which con-
sists of the wéight of the localized material inputs divide
ed by the'wéight of the product.l' An index value smaller
than unity occurs when the product is heavier than the loc-
alized materials combined, and indicates that the optimum
location is at the market, If the product is equal in weil-
ght to the localized materials,. then the material index
has a value of one and the optimum location is still at the
market, unless only one pure material is required, in which
case it is indeterminate, If the index value is larger
than unity, the optimum location depends on the number and
weights of the localized materials used., When only one such
material is required, thec optimum location is at its source,
when more arce involved but one is heavier than the others '
plus the product, the source of the dominant material is the
optimum location; otherwise, the optimum location is at some
intermediate point which can only be determined by more rig-

orous analysis,

As Weber pointed out, the solution to the last problem,

when the optimum location is an intermediate point, can be
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1. Frledrich g,cit., pp.59-61.
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found mathematically or by the use of a physical analogue
such as the Varignon frame.l- The market and the sources aof
the localized materials can be represented in a location
figure. In a simple form, this may be a triangle, with thg
mérket and the sources of two materiails providing the corn-
ers, Each corner exerts a locational attraction on the in-
dustry concerned which is commensurate with the relative
weights of the materials and the product and the distancas
between them, As Isard has said, "... the problem is one of

the equilibrium of forces...."z‘

Deane showed that it is not impossible for the equili=-
brium position to be at a corner of the location figurc when
no single weight exceeds the others in combination.>* Furth-
er, in certain circumstances the source of a pure material
may provide the Optimum,location%' despite Weber'!s assertion

De

that this could never be the casc, The solution depends

on just how the conflict between opposing forces is resolved
in a particuwlar example., It is even possible for the equi-
librium point to lie outside the location figure, in which
casc the ncarest corner may be adopted as an approximatidn

to the best solution.é'
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1. Ibid., 3y PPe 53-58t

2. Isard, op.cit., p.121,

3. Loc,.cit.
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5¢ Friedrich, op,cit., p.6l.
6. Isard, op.cit., p.122,
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The sccond factor Weber considered ih determining the
optimum location for an industry was theo effect of variat-
ions in the cost of 1abour.l' By this, he meant not the

crude differences in wage levels, but differcences between

2

places in the cost of labour per unit of output,™® though

there are practical difficulties in dealing with this type

of variation. While labour costs vary spatially, they do so
in an irregular manner; some plases have high and others low
labour costs, but there are not smooth gradients between
them., Hence, tne critical ",.., question is whether industry
should operate at the point of}minimum.tranSportation costs
or be moved to the (cheapest) labour location".B‘ It may
only be possible for an entreprceneur to minimize his overall

costs by neglecting the location where transport costs are

lowest and chossing one where labour is inexpensive,

Weber argued that movement to a cheap labour point will
only occur if ",.. the savings in the cost of labour which
this new place makes possible are larger than the additional
costs of transportation which it involvos!¥s Further, if

there is more than one cheap labour location, then that ong

will be selected which allows the largest saving in total :

costs, For there to be an advantage in such a movement, the
proportion of total costs attributable to labour must be

relatively high; otherwise, variations in labour costs would
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l. Friedrich, op.cit., chap.4.
2, Ibid., p.95.
3. Ibid., p.l02,
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be less significant than those in transport costs. Hoover

and Isard, as well as others, have shown that other produc-
tion costs may be treated in the same manner that Weber dea-
1t with labour costs.,ls For example, an industry with large
water rcquirements, or one nceding extensive tracts of land,
may be¢ able to obtain overall savings by departing from the
location where transport costs are lowest in order to take

advantage of a local abundance of water, or lard,

Finally, Weber attempted to find a place in his model
for the forces of agglomeration and deglomeration;z'; In
practice, these are difficult to measure, but they certainly
have an important bearing on costs, Weber dealt rather Vage
uely with this subject, but, following Ohlin and Hoover,B:
agglomeration economies may be sub-divided into three comp-
onents : scale cconomies internal to the firm or plant,
localization economies for all firms in one industry, and
urbanization economies for all firms in all industries. Ag~
glomeration economics encourage industrial concentration byg
resulting in a lowering of costs as production becomes more
centralized, Conversely, the forces of deglomeration, which

stem from diseconomies of scale ard concentration, encourage

industrial dispersal,

Internal scale economies mcan that the larger plant has

lower unit costs, and thercfore they stimulate the centrale-
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3. Isard, op.cit., p.172.
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ization of resources into plants which are smaller in number_'
but larger in size than would otherwise be the casc. Local=
ization cconomies result from the congregation of a number
of firms in the same industry at one point. Weber cited
Joint technical developments, the specialization of labour
and the growth of knowledge in relevant flelds as some of
the advantages, but many more come readily to mind, Urban-
ization economies arise from the complex and sophisticated
nature of the urban economy, and they also appear in many
forms, Commercial facilities in general tend to be in a
more advanced state in and around the city, which is also‘
the repository of capital and usually the hearth of invenw

tion and innovation.

All of these factors influence the cost structure of a
particular industry or firm, It may be the case that agglo-
meration ecconomies offer sufficient savings to persuade an
entrepreneur to ignore, or abandon, the point where transport
costs are lowest and choose a location where total costs are
lower, despite an increase in the costs associated with traw
nsportation, Conversely, though more rarely perhaps, there
may be diseconomies resulting from agglomeration which ree
quire a firm to sceek a location some distance from an urbane
industrial centre if it is to minimize its costs,

Economic Growth and the
Location of Manufaecturing

Theoretically, at least, it is possible for a region to

undergo economic growth without any contribution other than

a larger aggregate output from the manufacturing scctor, If
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growth were based on the rising productivity of agriculture
or mining, this could be the case. An expansion in thc sup-
ply of manufactured goods, for both industrial and final
consumption, would be required but this neéd not prompt inn-
ovation in the sccondary industries., Indeed, it would not
necessarily affect domestic manufacturers at ally the many
examples of colonial cconomies, and arcas of new settlement,
indicate that the additional demand for secondary goods
could be satisfied by raising the level of imports. Even sao,
a certain amount of locationai change amongst domestic manue
facturing industries would be expected, with the establish-
ment of new activities and the decline of somc of those ala-
ready represented, Such changes, however, are of marginal
interest in the present context, The major concern is with
locational adjustment during the phase of rapid economic
growth which accompanies industrialization, a phase in which
manufacturing industries play a leading rather than a subs-

idiary role,

It is convenient to begin by assuming that the cconomy
is in a state of equilibrium, with stable levels of supplyi
and demand, a static technologzy, and plamts operating at the
current optimum scale, This position may be disturbed by
change internallor external to a particular industry, or
industries, 1In the case of internal change, an innovation
which results in a lowering of unit costs of production -
assuming that there is a mcasure of demand elasticity for
the good in question - will bc followed by an expansion of

demand. In turn, output will rise. Necw plants may be nceded,
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since those in existence were alrcady working at the opti-
mum level. However, innovation often makes possible greater

scale economies, and thereby reduces or rcmoves the need for

additional plants,

The nature of the industry concerned, and the extent of
the increase in demand, determinc whether the expansion of
output will be achieved through more plants of the same sizg
as those alrcady established, more of a larger size, or few-
er of a larger size, Innovation must permit scale economieé
to grow at a faster rate than demand if there is to be a re{
duction in the number of plants. In reality, the process
is normally step~like, with innovations which allow a rise
in scale cconomies occurring at irregular intervals, and
with demand catching up or taking the lead in the intermed-
iate periods., After surmounting some particularly awkward.
problem, an industry tends to experience a series of innove
ations which takes it to a new technical ceiling relatively

quickly., Subsecquently, further scale economies may have a

long gestation period,

Amongst the external influences on an industry'!s devel-
opment, demand conditions arc obwiously of great importance,
One aspect of them is the clasticity of demand, which cont-
rols the extent to which an industry can benefit from.intér-
nal innovation. A relatively high elaaticity for a partip-
ular commodity means that there are great opportunities for
expansion if the industry producing it can lower its costs,

At the other extreme, demand may be resolutely inelastic,
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which will limit the opportunities for expansion and probabe

ly tend to discourage invention and innovation,

Rising productivity in other sectors of the cconomy may
aid an individual manufacturing industry by reducing its
unit costs, much as an intcrnal advance doecs. Improvements
in the transport scctor have historically playod a crucial
role in this respect. Another external influence of great
significance is the growth of education, knowledge and skills
which normally accompanics rapid economic development, By
improving the economic quality of labour, this is a change‘

which can contribute to the lowering of real costs of prode-

uction in many industries, Finally, the effect of a rise

in demand independent of changes in production costs should
not be under-estimated, It may occur as a result of higher
living standards, the decvelopment of external trade or the
discovery of a new use for a particular commodity. Its imme-
ediate effect is to prompt the expansion of production, but

in the longer term it may act as a catalyst for innovatioi,

The nature and extent of industrial change will obvioT
usly vary according to the interplay of intcrnal amd extersy
nal conditions in a given situation, and ultimately it is a
problem for empirical invesatigation, One industry may find
itself under overwhelming pressure to cxpand its output and
productive capacity, as internal productivity increases com--
bine with external developments to lower costs and as dem-
and grows under the influence of falling prices and rising

per capita incomes. These are circumstances favouring . -
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the construction of more plants, larger plants, or some com-
bination of both, On the other hand, an industry may find

its opportunitices for expansion limited by a scarcity of raw
materials, Another, perhaps with a fine record of innovat-

!ion, may be restricted by the inelasticity of the demand for
its product, These are situations in which modest expansioﬁ
may be all that is possible, despite the propitious circum-'

stances,

It is also possible that there will be industriecs faced

with the imminent prospcct of decline, Some may be tradite-
ional industries producing goods for which cheaper or tech-h
nically superior substitutes have been found., Others may be
industries which have raised their productivity, and lowered
their costs, but are still unable to competc any longer, even
in domestic markets, with foreign producers who have super- .
ior resowrces at their disposal, One of the striking para=-
doxes of economic development is that the improvecment of
transport facilities and the expansion of external trade
which normally accompany it are just as great a source of ¢
danger to somec domestic industrics as they arce one of oppor-

tunity to others,

Growth and Materials—Orientced
ManE 3 Cturing.

It is convenient to consider the locational effects of
growth by refcrring separately to the industrial categories
distinguished by Weber. The industrics to be included in
the materials-~oriented group generally have a value higher

than unity on Weber'!s materials index, have a relatively low
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labour coefficient -~ that is, labour costs are a small part
of total costs =, and are not affected to a significant ex-
tent by agglomeration economics of diseconomies. Normally,
too, the orientation is towards gross materials : those
which have a localized distribution and lose weight during
ﬁrocessing. When one material input is hecavier than the
product plus the other localized materials, then its source
represents the optimum location, When no single weight is
dominant, then the optimum location is normally at some in-
termediate point. As explained earlier, however, there are
special circumstances in which a localized material, pure on
gross, may provide the equilibrium position even though it

is not dominant.

In reality, other industries may be added to the group;
for a straightforward consideration of weight alone can give
a misleading picture of a material'!s attractiveness, For
example, transportation rates have seldom, if ever, been di-
rectly related to the weight alone of a commodity, The Ch"f
arge fhe cargo can bear is usually taken into account, Val-
uable commodities consequently have higher rates leviced on;

them than their weight justifies, while very hecavy and, or,
bylky goods of low value tend to be carried at relatively
low rates,te In general, too, finished products are charged
higher rates than raw materials, In applying Weber's model
to real situations, therefore, usc should be made of the

'economic! rather than the terude! weight of the commodities

involved,
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An additional consideration is that transfer payments

1,

are rarely directly proportional to distance, Longer

hauls tend to be less expensive, per ton per mile, than she-
ort hauls, One r<ason is that there are certain fixed char-
ges, including terminal and insurance costs, which must be
met regardless of the length of the journey involved, and
over short distances these loom disproportionately large,
Over long distances, they constitute a negligible part of
the overall cost per ton-mile. Another factor is that rail-

way companies, in particular, often tend to encourage long-

distance traffic by setting progressively lower rates.

For these and other reasons, Hamilton has suggested a

broader definition of materials orientation. Thus

Industries, s.. , Will terd to be located
nearer the sources of their materials and fuel
(or dominant input) the greater the proportion
of unusable waste, the greater the bulk (peri-

shability or fragillty) the higher the freight
charges, and the lower the value - Weight for
weight - Qf the raw materials compared with the

products,

A rider may uscfully be inserted at this point concere
ning the term 'materialst!, In works concerned with industr
rial location Eheory, it is usually implied, at least, that
'materials' are raw materials. At best, this is a gross -
over-simplification, since even metallic ores are normally
given somec processing prior to their sale, More important,

the raw materials used by many industries are in fact the
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finished products of others, In principle, this distinction
between 'raw! and 'manufactured! materials is not perhaps
very sigr;ificant : both may be ubiquitous or sporadic in
occurrence, and gross or pure in type, and both are equally
at home in Weber's model, In practice, however, confusion
may arise in determining the orientation of an industry
which uses other than crude materials, Most manufactured
materials are obtainable only, or mainly, in and near to
industrial towns and cities. These are the locations which
are most likely to offer agglomeration and labour economics
and ma jor markets, For some industries it may be very diffe
icult to discover whether materials or one of these other

factors is the dominant attraction,

If a region has only onec source of a material which is-
dominant for a particular industry, and the economic clime-
ate favours expansion, then the industry in question will
expand at that source, Existing plants will be chlarged, asl
necessary, to ensure the full realisation of current scaleg
economies, a limit being set by the prospect or actual onseti
0f diminishing returns, Beyond that limit, any additional

increase in output will require the establishment of new

pla nts,

New plants should be installed at the same location as
those already in existence, since that is the location where
overall costs for the industry are at a minimum. This, how- '
ever, raises a theorctical problem; for if one plant occup-

ies the optimum location, then another cannot. Indeed, even
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one plant requires an arca rather than a point for its loc-
ation, If, as is logical, a location is 2accepted as an area,
then 1t is clear that new plants can only be built within a
certain radius of the centre of that area., Beyond that rad-
ius, increascd transport costs will prevent the carning of

a normal profit, and this is unacceptable in a competitive

cConomy .

To some ecxtent, however, the arca within which it is
possible to earn a normal profit - the optimum location =
may be enlarged by thc localization economies which normally
accompany industrial cxpansion in one place, Although of
small importance to a material-oriented industry, these, and
possibly urbanization cconomics too, may still secrve to
widen the areal cextent of the optimum location by partially

offsetting the rise in transport costs.,

If demand remains in excess of supply once the optimum
location is fully occupied, then the price of the good conc-
erned will rise, giving existing producers the opportunity
to carn excess profits., In this situation new producers will
be attracted, even though they will be obliged to accept non-
optimum locations, and will consequently bear relatively
high costs, providing that they can still carn what are nor-
mal profits in the context of the economy as a whole, Hence,
there will bo a widening of the arca of production, Further,
it may also become possible, with the new price and cost
structure, to develop a second areca of production, perhaps

based on a resource body which was previously not worth wor-
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king, A limit is set to the spatial expansion of production
by foreign competition; once a certain cost and price level
is reached, further rises will he ruled out by the develop-
ment of an import trade. In the event of external competi;
tion forcing the price level downwards, the domesticn ind-
ustry would be obhliged to contract, Ideally, the last pla-
nts to be cstablished would be the first to svccumb, since
they would have the poorest locations. Ultimately, however,
even the firms with the best locations might be forced out

of busincss.,

As we1l as these predictable patterns of expansion and
contraction, there is another aspect of the impact of econ-
omic growth to be considéred. In addition to simply lower-
ing production costs, technical innovations can transform
the orientation of an industry quite fundamentally. Thus,
modifications to the manufacturing process may mean that one
material ceases to be dominant in the material index, or
cven that the localized materials as a whole come to weigh
less than the product. Historically, the reduction of the
fucl inputs for various metal-making industries has been cs-
pecially notable in this context., In a rather different

category, progress in the transportation sector may so red-

uce transport costs that labour or aggregation economies

become the main determinant of locations cquilibrium,

Growth and Market-Oricntcd
Manﬁfacturing.

According to Weber, the industries to be included in

this category are thosc with a material-index valuc not
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greator than unity., In addition, as described earlier,
there are special circumstances in which the market may be
the optimum location, when neither the weight of the product
nor that of any material is dominant., Finally, there is the
condition to be met that neither labour nor agglomeration
economies should be capable of luring the market-oriented
industry away from the location where transport costs are
lowest., Because of Weber'!s simplified interprcetation of
transport costs, however, Hamilton has suggested the follow-
ing description of market orientation,

ese Ihc greater the gain in weight, bulk, peri-

shability, or fragility, the higher the costs of

transport, and the lower the value of the product,

the greater 1s the tendency for cntreprencurs to

locate an industry as near the centre of thf market

as possible to minimize distribution costs,

The expansion of market-oriented industries is governed
by much the same rules as apply to those industries tied to
the sources of their materials, The output of existing pl-
ants can be raised to the optimum level, which may itseclf
be raised by innovation, Above that lcvel, the further ex-
pansion of production requires the establishment of new plew.
ants, which should be built as closc to the optimum location
as possible, Again, however, new plants must be confined to
the area within which normal profits can be earncd, This

arca may well be extended by the agglomeration economics

which accrue to producers located at an urban market,
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1. Hamilton, Op.cit., p.37h.
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If the upsurge of demand outstrips the pace of innovae-
tion and cost reductions, prices will rise and give existing
producers the opportunity to carn excess profits., They will
also allow new producers to locate their plants at a greater
distance from the centre of the markev than would have been
feasible at the original price leovel., Similarly, sccondary
markets which were previously untenable locations could be-
come viable, Again, competition from external producers
will set limits to thesc types of development; the growth of
imports will prohibit further expansion once a certain cost

and price lovel is reached,

For some industries, cexpansion may createc a differcnt
problem, Thosec using materials from wasting resource dep-
osits may find that they cannot obtain adequatc supplics,
because of the limited physical capacity of the resources or
becausc the production of the materials concernced is becom-
ing more costly. One possible solution is fér them to turn
to altcrnative domestic sources, which will be poorer or
more distant from the market; another is to import thercqui-
site materials, Either policy is likely to involve additio-
nal expense, and conscquently to thrcaten the competitive
position of the industries concerned. The usc of materials
from new sourccs may also affect the material index and lead
to locational re-orientation, since there can be considerable

variations in the weight of a matcerial drawn from different

places,

A change in the locational orientation of an industry
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can also be broughtadow y technological advance or the imp-
rovement of transportation facilities. While it is unlikely
that elther of thesce factors could convert a market-~oricented
industry into one tied to the source of a raw material, it
is quite possible that onc or the other could result in lab-
our or agglomeration economies becoming the dominant locat-
ional attraction. In practice, however, little or no change
in an industryt!s distribution would occur if this took place,
Apart from the matter of industrial inertia to consider,.
there is also the point that labour and agglomeration CCONO=
mies tend to be greatest at the market, especially when the

market is the regional capital,

Growth and Industries Oriented to
Labour and Kgglomoration Economies,

Industries bclonging to these two separatc categories |
may conveniently be considerod together, since they are gen-
erally attracted to urban-industrial locations, Transport,
and rclated, costs are only of marginal significance in boph
cases, One group is primarily concerncd with the rost sav-
ings, direct and indirect, to be obtained from locating in
a complex and sophisticated industrial environment, with ex;
tensive commercial facilities, The other group is most inf-
luenced by the opportunitics for drawing upon a large pool
of specialised and highly efficient labour, and these are |
concentrated in large wrban centres. Economic growth and |
industrial expansion will mercly confirm the city's advante
ages for both groups. It is probable, however, that thoey

will also result in some marginal adjustments to the various
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industrial distributions., In particular, industries with
relatively large land requircments will tend to shift towards
the urban periphery, as land at the centre becomecs more ex-

pensive,

Manufacturing Industrlies in
the Teesside Region,

The industries which have been selected for empirical_
study do not include all the types of manufacturing establ-
ished on Teesside in the nineteenth century, but collecti-
vely they constituted the major part of the manufacturing
sector, Most of thcem were basic industriés, in the sensc
that they were essentially export oriented, so far as thc
region was conccerncd., Most werce also either involved with
iron making or used iron as a material, Conseaquently, few
had antecedents in the pre-l850 era. In general, the study
secks to reconcile the actual distributions of these indus-
trics with the theoretical patterns suggested by Weber's
model and the foregoing discussion of locational change dwr-

ing rapid economic growth,

The Iron-Smelting Industry.

It was the iron-smelting industry which was primarilf
responsible for the transformation of the Teesside economy |
that took place in the third quarter of the nineteenth cen-
tury. Other industrics were soon involved, some to pla&
important parts once development was under way, but the in-
lative came from the pig-iron makers., For many years the

smelting industry remained the keystonc of the r cgional
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econory, the number of furnaces in or out cf blast providing

as important an index of economic activity as unemployment

figﬁrcs do today,

A necessary pre-gondition to the establishment of the
smelting industry was that therc should be adequatce supplies
of raw materials, particularly iron ore and coking coal,
available, The Durham coalfield could supply all the fuel
needed for smelting, but prior to 1850 there secmed to be
little prospect of local ironstone resources proving suffi-
cient, The Eston discovery,which was made by a firm of

iron manufacturers and not a mining company, changed that
situation and ushered in:a new era, Large amounts of new
capital were subsequently invested in the mining, smelting
and finishing industries, dramatically raising the region's
employment capacity and leading to the establishment of a
great variety of other industries, as well as to economic
growth, Nationally, it was in the field of pig-iron Prod-
uction that Teessidg first came to notice as an iron dist-

rict.l;

Less prosaically, iron smelting quickly developed a
social promincence to match its role as econcomic leader. The
process by which stone from the Cleveland Hills was conver-
ted into iron, and through which sompch else became poss-

ible, grasped the popular imagination and fired the enthus-
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l. 3. IsKennathWarren has pointed out, one reason why
Teesside concentrated on pig iron production in the
early years was that it waw more difficult for new
districts to break into the finishing trades, since
they were handicapped by a shortage of the necessary
skills. See his The British Iron and Steel Sheet
Industry since 1840 : An Economic Geograr

London, 1970, pp.li=15,
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iasm of writers to whom Teesside had previously meant little.
As Briggs has expressed it, ... the 'magic'of industryt! fas-
cinated the Victorians,&L; and contemporaries found much to
marvel at in the blast furnaces which sprouted along the

banks of the Tecs.

National Developments,

At the national level, the iron-smelting industry was
one of the most dynamic parts of the economy for much of the
nineteenth century. There were fluctuations, sometimes wild
ones, in the production of pig iron but the general trend was
upwards at a high rate until the 1R70's, when expanwion was
checked % Subsequently, the upward course was resumed, but
it became morc erratic., Deane and Cole examined the pattern
of expansion, using five-year averages in order to smooth
out short-run variations, They found that the United King-
dom's output of pig iron trebled, at least, every twenty
yeafs between the early 1820!'s and the early 1860!'s, Peak
growth ratecs were attained between 1830-'34 and 1850-154,
when production quadrupled, Moderate expansion, entailing
at lcast a doubling of output cvery two decades, was sustai-
ned throughout the first threce-quarters of the century. Later,
growth slowed; production rose by only 50 per cent between

1870 and 1900,

(3 L bl L] B

1. Asa Briggs, Victorian Cities, Harmondsworth, 1968, p.242
2 Sece P, Deane and W,A., Cole, British Economic Growth,

1688-1959, 2nd. ed.,, London, 1967, p.”<L4. Unless

otherwise stated, this work has been drawn upon in
the subsequent discussion.

S NS 2 S5 S SHID PR Belre e B0 ¢ SO IpS $I00E o b DA SR A S A0F PETREFPE S5 55 S5 ¢ SRR FPRIRE 408 408 1 90 540 L0 HHMAS LS4 5 008 B 54 ETREOEAE BT Bt el £ 4 0 SO MEIRROE § Sl ¥ 8 30 SR e Sl b S 8 B0 S PR BB SO F A2 00 M in Sgebe.



FARRI AR TR RN M b2 s SR RO PR A IR AN A S hur P ipy 2 o s e e ke RPP & 10 TP ANE 8§ VR F 5 PR A P e RES B F 0D RS R R0

- 290 -

During the first half of the nineteenth century it was
primarily the upsurge of home demand that gave the national

1. A growing famil-

industry its oppattunities for expansion,
iarity with the properties of iron, which meant that it was
increasingly accepted for more and more uses,z- combined
with cost reductions to boost demand, Part of the output
was converted into machinery, and part int6 building struc-
tures, but the largecst element destinced for the home market
was made into railway iron.3* It has been calculated that

156 tons of iron were used in building one mile of single-
track railway about lSLl.h; In the hcecady days of 1845,

during the railway boom, some 25000 miles of new track were

e

projected,”” which gives an indication of the level the dem-

and for railway iron could rcach,

In 1850, it has been estimated, 44 per cent of the Uni-

ted Kingdom's output of pig iron was destined for cxport, in

O,

one form or anothecr, The proportion rosc to 50 per cent

in 1856, declined slightly from then ' until 1861, and subsc-
quently increcased again to reach 60 per cent by 1870.7' From

mid-century, exports of iron and iron products grew faster
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le Ibid., p.225.

2. Seec Alan Birch, The Economic History of the British Iron
and Steel Industr (8L4=187G, London, 1907, chap.ll.:

3. Ibid., p.222,

Lo Loc,cit,
5e Loc.cit.

6e J.C. Carr and W. Taplin, History of the British Stcel
Industry, Oxford, 1962, p.7. %ﬁe proportions given
are estimates, with exports of the various types of
iron product converted into their pig-iron equivalents.,

7- LOC.Cit.
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than home consumption, and the export trad¢ provided the
main base for the cxpansicn of the smelting industry. .
The United States was thc most important foreign market
for British iron in this period, taking 30 per cent of the
exports in 1840 and more than 50 per cent in.1853.2; As at
home, the main demand in America was for railway iron, but
there was also a substantial demand for pig iron suitable

3.

for castings. A financial crisis in the United States in

1857 and subsequently the American Civil War disrupted trade
until the late 1860!'s, There was then a recovery of the de-
mand for railway iron which gave a fillip to British exportg,
but by that time the American iron industry was growing rap-
idly and the country was becoming less dependent on.imports&'
The United States &£ill purchased 30 per cent of British exp-

orts?‘ but the proportion was declining steadily,

During the 1860's, despite the disruption of the Amer-
ican trade, the United Kingdom'!s output of pig iron rose,
and the cxport trade in iron products continued to provide
the main stimulus, Thec European countries were becoming in}
creasingly important buyers of British iron, Railway conste

ruction was the main source of their rising+demand,6' but

P & @R RS § e -l D &8

there was also a growing market for crude pig iron, especi-
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l, Deane and Cole, op.cit., p.225.

2, Carr and Taplin, op.cit., p.7 and p.36.
3. Birch, op.cit., p.227. |

L. Carr and Taplin, op.cit., pp.36-37.

5. D,L, Burn, The Economic History of Steelmaking, 1867~
—2123 Cam rlge! ll', Pe J e

6. Ibid., pp.19-21,
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ally in Germany, which bencfited producers in North East
England and Scotland in particular;l;

After a long period of virtually continuous OXpaﬁsion,
pig iron production in the United Kingdom reached a new peak
of 6% million tons in 1872.2: Exports of pig iron, alone,
totalled 1,331,000 tons - which would have accounted for the
entire output in 1840 -, and the pig-iron equivalent of all.
iron exported represented 60 per cent of the national outpaﬁ;
The country produced half of the world output of pig iron T

at that time.h'

Subsequently, the fortunes of the British iron industre
ies changed abruptly and substantially., A scries of monetai
ry crises extending across Europe in 1872 and 1873, and |
later rcaching further afield, shook business confidence aﬁdl
resulted in the suspension of investment programmes, which '
in turn cut the demand for keymaterials]such as railway
iron;S; Many overseas railway projects were in any case
unsound, and financial difficulties coupled with operating
problems further encouraged a period of retrenchment., A
severe trade depression began to appear; the prices of most
categories of ifon.began to fall from the inflated levels
they had reached during the peak of the boom, and production

started to slacken,
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l, Carr and Taplin, op.cit., p.37.
2 Ibid., p.36.

30 Ibid.’ p0370
Ls Deane and Cole, op.cit,, p.227.

>+ See Burns, op,cit., chap.2; and Carr and Taplin,
OE.Clt’.’ ppt - 9.
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For the British iron trade, the fall of demard in over-
seas markets was particularly serious, since it was the exX-
port soctor which had previously provided so much of the
buoyancy. The wrought iron industry, which was so dependent
on the demand for railway iron, suffcered most severecly., Ex-
ports of -railway iron fell by half between 1872 and 1879;
those to the United States drépped from 500,000 tons in 1871
to zero in.1876;1'

Exports of crude pig iron also fell, from 1,331,000
tons in 1872 to 776,000 tons in 1874.°° Subscquently, they
recovered, however, and in 1879 they werc only slightly be-
low the level of 1872, On the whole, the smelting industry
was affected less severely than the finishing trades. Pro-
duction of pig iron dropped below 6 million tons for a bri-
ef period in 1874, but by 1880 it stood at 7% million tons,

3

which was higher than ever before, Neverthecless, the dep-

ression marked the end of a long period of rapid expansion
for the smelting industry., Although output recovered and
resumed its upward trend, expansion was slower and more irr-
egular, Moreover, the British share of the world production

of pig iron had declined to 42 per cent by 1880, and it was

Lo

to grow steadily smaller in subsequent years. This was'a

relative decling, of course, but it was indicative of the

R
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l., Burns, op.cit., pp.27-28.
2. loc,.cit.

3. Annual statistics for the national output of pig iron
from 1870 are conveniently given in T.H. Burnham and

G.0, Hoskins, Iron and Steel in Britain, 1870-1930,
London, 1943, Appendix 1,

Le Ibid., p.28.
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speed with which foreign industries were developing, and a
sign that British producers could expect growing competition

in overseas markets.,

- Another important change occurred during the 1870!s,
This was the emergence of mild steel as a serious rival to
wrought iron . After a slow and rather disappointing begin-
ning, many oftthe technical problcems associated with the
Bessemer method of producing steel had been overcome by 1870,
and in that year steel rails were not much more expensive
than rails made of wrought iron.l' The price differential
subsequently narrowed still further and parity was achieva@
in 1878.2' This gave a final blow to the wrought iron ind-
ustry, which was heavily dependent on the rail trade,>*

These deyelonments affected the smelting industry quite
fundamentally; for pig iron made from British iron are'wﬁs
generally unsuitable, then, for use in the Bessemer conver-
ter. Phosphorous-free iron was required for that purpose,
and the only substantial British deposits of ore which could
yield suitébie pig iron were those in Cumberland and northe-
west Lancashire. Their output was consequently increased,

but insufficiently to keep pace with the growth of demand,
In 1873 Cumberland and Lancashire haematite had a market
value of 33s,6d. per ton, which was morc than twice as high

as sixiyears earlier.h
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l. Carr and Taplin, og.cit., p.29.
2. Loc.cit.
3. Burns, op.cit., p.<28,

ke MW, Flinn, "Scandinavian Iron Ore Mining and the Brit-
ish Steecl industry 1870-1914", Scandinavian Eronomic
History Review, 1 (1951,),, p.32
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Therc was a nced for larger supplics of phosphorous=frec
ore, 1if prices wcre to return to a more normal level, The
best alternative source of haematite known at the time was in

northern Spain, wherc highly concentrated ore occurred near -

the coast;l' A small traffic in Spanish ore had begun in the

1860t's, but the price inflation of the carly 1870's sent a

wave of British prospectors to the Bilbao area, and a number

of companies were floated in Britain to develop its resowrcces,
By 1882, one million tons of Spanish ore were being imported
into the United Kingdom annually, A quantity of haematite
was also imported from.Sweden,z' but Spain supplied 90 per

cent of British imports, and about 5 per cent of all the iron
3e

ore used in Britain,

Development on Teesside,

The rapidity with which the iron-smelting industry grew
on Tecsside is emphasised by the fact that there were no bl-
ast furnaces at all in the region in 1850.h; Indeed, the
North East as a whole had rcmarkably few at that date, cons-
idering the long history of iron working in thc arca and the
immense wealth of its coal resources.5' This was largecly due

to the North East coalfields deficiency of the clayband and
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l, Idem,, "British Stecel and Spanlsh Ore, 1871-1914",

Economic History Review, Vol.8 (1955), pp.84=90.

2, Idem,, "Scandinavian Iron Ore Mining ... ." Op.cit.,
pp.§l-46 2

3. Idem., "British Stcel and Spanish Ore...", op.cit.,p.89;
and Burnham and Hoskins, op.cit., p.ll6.

Lo Sce Isaac Lowthian Bell,'On the Manufacture of Iron in
Connection with the Nbrthumberland and Durham Coalfield"
Iransactions of the North of England Institute of Minin

nginecrs, Vol,l1l3 50301 y PPel09~ .

2« The North East was the third most important area in the
country for finished iron in 1800, according to : A.G.
Kenwood, "Capital Investment in North Lastern England,
1800-1913", un published Ph.,D, thesis, University of
London, 19&2, DL,
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blackband iron ores which had providcd the material for
smelting in other British coalfields.l' There were seams
of ironstone associated with thc Coal Measures and the Cara-
bonifcrous Limestone in the North East, but they were all

comparatively mecagre, Certainly, they were poorer than
their equivalents in Central Scotland and South Stafford-
shire, In the latter district, for example, the Coal Meas-
ures yielded 12 to 2 million tons of ore annually betwcen

1850 and 1880.3'

Despite the handicap of a chronic shortage of local
ore, the smelting industry was continuously represented in
the North East from the mid-eighteenth century, and on an
occasional basis it was older still, I. dooksonbuilt the
first coke-fired blast furnace the area had known at his
Whitehill Works, near Chester-~le-~Street, in l7h5.h'- The
furnace was small, capable of producing a mere 25 tons of
pig iron per week, but even so the local resourcecs of ore
soon proved . insufficient, Supplies were supplemented with
stone drawn from the beaches of the Cleveland coasc, an
expedlient adopted by most of the North Eastt!s ironmasters
prior to 1850,
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1, Bell O .cit. .109, and L R. Janes, “A Geographical
Study of Locai*sation and Migratlon of Iron and Steel
Manufacture in the North East of England (Northumber.-
land, Durham and the North Riding)® unpublished Ph,D.

thcsis, University of London, 1925, PPe31=33,
2. Bell, op.cit., passim,
3. Jones, Op.cite., p.32,

L Bell, op.cit., p.l120,
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The industry thus had a difficult infancy - it would
almost be more accurate to say gestation, for its existence
was alwgys precarious before the middle of the nineteenth
century, It was expensive to usec other than local ores,
because of the high transportation costs, especially when
the areas to be served or tapped were inland and remote from .
railways, On the other hand, there was generally little
alternative; local resources were almost invariably found to
be inadequate or near exhaustion within a short time. The
North East was conscquently a marginal district for iron
smelting, A great deal depended on the price of pig iron,
and this was decided by cvents elsewhere. When the price
‘was high, new furnaces were built and old ones restored;
when it was low, furnaées were left to stand idle, perhaps
to be demolished eventually., For long periods, the produce-
tion of pig iron in the North East was probably barecly
worthwhile, but occasional shortages and high prices kept

an intercest in it alive,

Prices rosesteeply during the Napoleonic Wares and the

Tyne Iron Company was onc firm to take advantage of this.,

The company built two blast furnaces at Lemington, on Tyne-

l.

side, about 1800, In 1812, pig iron was being made therec

at a cost of £5,5s.6d. per ton, which was well below the

current markect price of £8, even though much of the ore had

2.

to come from the Cleveland coast, The 1840's were a per-

1od of exceptlonal deve10pment for the smelting industry in
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the North East, largely because of the greatly increased de-
mand for railway'iron.l' Of the thirty-eight blast furnaces
working in Durham and Northumberland in 1850, the majority
had been built during the previous decade. The largest gr-
oup of furnaces belonged to the Derwent Iron Company, which
had.seven at Consett and another seven nearby at Crook Hall%‘
Coal-Mecasyres ore was unusually plentiful in that locality,
but it was still necessary to supplcment it with ironstone
from Stanhope in Weardale, It has been argued that both
works would have been obliged to close shortly afterwards

if the Derwent Iron Company had becn unable to secure a

stake in the Cleveland orefield in 185i;3'

Lowthian Bell estimated that the North East!s annual

output of pig iron did not exceed 150,000 tons prior to
1850.4' Until the late 1840's, however, production must

have been well below that ceiling. Birch has examined the
various statistical series pertaining to the period before
1854, when official rcturns first became avaﬁléble, and he
suggests the following estimates for production in Durham
and Northumberland”e

1806 - 2,500 tons.,
1823 - 2,379 "
1830 - 5,327 "
1839 - 13,000
18,0 -~ 11,000

il B § 5 i

l. See Kenwood, op.cit,, chap.5.
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2., Bell, op.cit., p.124.

3. dJones, Op.cit., p.42,
L. Bell, op.cit., p.l124,

5 e BirCh, OE.Cito’ p0135¢
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18,3 « 25,750 tons,
18[4'7 - 99 ) 81-1-0 .
18,8 - OL,380 ™
1852 - 145,000

In 1848, the national output was 2,093,736 tons, Just be-
fore the discovery of iron ore in Cleveland, therefore, the

North East was responsible for making about 4.5 per cent of

the country!s pig iron,

Following the decision to tegin working ironstone at
Eston, the first blast furnaces to be built on Teesside were
put into operation in 1852, Two years later, in 1854, there
were already 9 separate works, with a total of 29 furnaces,

< By 1861, the number of works liad risen to

in the region,
14, and the number of furnaces to 49, of which 37 were in
blast and the remainder either still under construction or

undergoing repairs.

In 1861, the 26 working furnaces in the North Riding,
all of which lay within the Teesside region, produced
231,656 tons of pig iron. Since returns were published only
on a county basis, it is not possible to obtain an official

figure for the output of those Teesside furnaces in Durham,

[
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l. Ibid., p.l24. The figures given for national output
in later years have been taken from this source, from
Burnham and Hoskins, op.cit., Appendix l., and from
B,R. Mitchell, Abstract of Historical Statistics,
Combridge, 1962,

2, Unlecss otherwise stated, the figures given for numbers
of works and furnaces and for county outputs have bcen
taken from :  Robert Hunt, Mincral Statistics, Mining
Records, Memoirs of the Geological Survey of Great -
Britain and the Museum of Practical Geology, London.
This publication appeared annually,
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However, a useful esfimate of their contribution can be for-
med by multiplying their number by the average output of
Cleveland furnaces in that year., There can be little objecw
tion to this procedure as the furnaces and general working
conditions werc the same on the north as on the south bank

of the Tees. ., The estimate arrived at by this means is

99,240 tons,

The combined output of the Tcesside furnaces in11861
was thus approximately 334,000 tons of pig iron. This was
equivalent to more than half the North East!s total of
620,000 tons, and to 1l per cent of the United Kingdom's
total, If Hunt's figurc of £2,17s.0d, per ton is accepted
as the mean market price for Cleveland pig iron in 1861,1:
then Tecssidel!s production was worth more than £950,000 in

that year. It is important to note that this position had

been built up in a mere ten yecars.

The North East had traditionally retained the great
bulk of its output of pig iron for local use. Even in 1854,
only 6,383 tons were exported or sent to other parts of thé
country, while 91,666 tons went to local foundries and '
183,334 tons to local forges.z' With the discovery of (Cle-
veland ore, however, ironmasters in the North East, particﬁ-

larly those on Teesside, acquired a comparative advantage

l. Ibid., (for 1862)0

2, Ibid., (1855). Subsequent references to shipments for
various years are also from Hunt's publication.
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1855, 17,611 tons of pig iron were exported from the Tees-
side ports. In the following ycar, the figure was necrly
50,000 tons, with 21,000 tons going to Germany alone. Midds
lesbrough was the principal port for exporting iron from the
region., Hartlepool was much less important and Stockton
played a role of negligible significance, Exports continued .
rising, and in 1861 93,662 tons of pig iron werc shipped aad
- most of it from Middlesbrough -, which was almost as much

as the amount used by the Teesside wrought iron industry.l'

Unlike some earlier periods, the years in which the
Teesside smelting industry was established were not marked
by high prices for pig iron, even though the demand for that
material was rising on .all fronts by the middle of the nine=
teenth century. During the first quarter of the century,
the price of English pig iron usually varied between £5,10s,
and £6,10s. per ton, although it rose higher for short per-

iods and even touched £25 in 1825. In‘Wales the price
ranged between £4.10s. and £9 in the 1830'3.3' The expansion
of the Scottish smelting industry forced the level down some-
what and the Glasgdw price was £3.12s.6d, in 1840, but the
railway boom took it up again to £5.10s. in 1845.,% 1In 1850,

however, the Scottish price was only £2 53.5‘, and it was
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1. See section below on wrought iron production,

2e Isaac Lowthian Bell, Principles of the Manufacture of
Iron and Steel, London, Ly Do

3. Idem., "On the Manufacture of Iron...!, op.cit., p.1l22,

Lo Loc.cite; and idem,, The Iron Trade of the United

giggggg, London 1 85 Pe7e
5. Carr and Taplin, op.cit., p.l1l0.
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then, when the price was perhaps as low as it had ever been,

that the Teesside industry had its origin,

Between 1850 and 1870, pig iron prices remained compar..
atively low and stable. Cleveland pig- which was iron made
from Cleveland ore - fluctuated in price between £2.10s, and
£3 per ton;l' One reason for the stability and the low leva

el of prices was that the cxpansion of the Teesside industry

helped the national output to keep pace with the growth of

demand.z' Inflation no longer occurred quite so readily as

it had done during the notorious railway booms of the first

half of Tthe century..

The main factor to stress in accounting for the rapid.
expansion of the smelting industry on Teesside is the relaw
tively low cost of production, which was due mainly to the
cheapness of Cleveland ore. However, this point requires
qualification, The comparatively low costs incurred by
Toesside producers did not cnsurc them access to all markets,
Many of the traditional British markets must have rcemained
beyond reach, because the cost of transporting the finished
product would have outweighed the savings on working costs,

Again, areas such as the Black Country had reserves of skill

and experience which must have stood them in good stead for

producing higher quality iron,
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l. See Hunt, op,cit., for various years.
2, Carr and Taplin, op.cit., p.38.
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As a result of these and other factors, South Wales
produced as much pig iron in 1880 as it had done twenty years
earlier, even though local deposits of ore had become exhau-
sted in the meantime.l' In South Staffordshire, where both
coal and ore resources had dwindled, output did fall in this
period, but neither steadily nor substantially, Scotland,
too, produced no less in 1880 than in the late 1850!'s, It
is improbable, therefore, that Teesside captured a signifi-
cant part of the older districts! domestic markets. Apart
from the North East itself, the natural outlets for Teessids
pig iron lay overseas and in the coastal districts of Brit-
ain, where the region's produccrs were able to consolidate
their advantages becaﬁse they had immediate access uo*waéer
transport. In this context, it seems significant that the
emergence of Teesside as an iron producing region coincided
with the displaccment of home demand by exports as the main
driving force behind the smelting ihdustry's growth at the

national level,

Teesside quickly developed a thriving trade in pig iron

with various European countries, and with Germany in partic-

ular.z'

The demand for crude iron in Germany was running at
a higher level than the domestic smelting industry could
satisfy., A tariff was levied on pig iron imports, and this
and the cost of tranSportation.meant that Teesside pig sold

for £h per ton inw1860 Even SO, Germany still provided a

P TR iy sy

l. Birch, E.cit., chap.7, has output series for the var-
jous distrlcts.

2 See Burns, op,cit., p.<0.

3 ell Principles of the Manufacture of Iron ard Steel,
op.clts, Ppebblats, — o A S0
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large and growing market for Teesside producers.,

Expansion continued unabated during the 1860!'s. In
1871 the region had 23 smelting plants, which together had
95 working furnaces plus some not in blast. The number of
furnaces in production was thus three times as large as in

1861, and, at 1,270,545 tons}’ the output was four times as

large, 1In 1871, too, Teessidec was responsible for 70 per

cent of the North East'!s output of pig iron, and 19 per cent
of that of the United Kingdom, The North East as a whole

was the foremost of the iron producing districts usually

given separate recognition,

In 1871, according to Lowthian Bell, the average market

price of Cleveland pig iron in the Middlesbrough district

2o

was £2,9s.,3d, per ton, On the basis of this figure, Tecs-~

side's output in that year was worth approximately
£3,124,000, This is almost certainly an under-cstimate,
however; for a small and unknown proportion of the iron pro-

duced in the region was made from Cumberland haematite , ani

had a market value of £4,9s,6d, per ton.3‘

Ihere is insufficient statistical information to permit
a detailed description of the marketing arrangements made

for Teesside pig iron, It may be noted, however, that in

0 P PR S E &8 T4 &5 GRS SR S ik & 5 A e § B a0l 3 5 3 50 SRS F T 80 e a0 AR SR pR AR R v R IR R F 0 'ﬂ“mH“‘M*iﬂhmﬁ.“.“‘. .

i This figure is an estimate which has been made on the
basis outlined carlier for 1861, An additional step
required for 1871 was the elimination of four blast
furnaces in the Goathland area,

<s Bell, The Iron Trade of the United Kingdom, op.cit.p.l7.

3. Loc.cit,
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1871 about 269,000 tons were exported from Middlesbrough.,
This quantity constituted a quarter of the United Kingdom!s
exports of that commodity, and it indicates the importance
of overseas trade to the region. A further 21,000 tons

were sent by sca from Middlesbrough to other parts of the

country. The total tonnage of pig iron shipped from Midde

lesbrough was thus equivalent to 38 per cent of the Teesside

output, It may have included the produce of one or two works
outside the region, but, on the other hand, no mention has

been made of shipments from the Hartlepools,

The smelting industry?!s high rate of growth, at both
national and regional level, was checked in 1873, As demand
had overtaken supply, the price of Cleveland pig at Middles-
brough had risen from £2,9s.8d. per ton in 1871 to £4,17s,.1d,
in 1872 and £5.9s.2d. in the early part of 1873.3' The on- |

set of the depression in 1873 caused a sudden fall in prices,
}
and they continued falling for the remainder of the decade,

The lowest point came in 1879, when Cleveland pig sold for
£l.17s.4d., per ton at Middlesbrough,

¢

Despite the troubled nature of the 1870's, however, the

Tecsside pig iron makers managed to hold their own, One or

two firms were forced into liquidatione‘ but that was due to
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l, Data from the Quarterl Reports of the Middleésbrough:

Chamber of Commerce given in Kenwood, op.cit., Append-
ix L.

2 e Joc.cit,

3 Prices for the 1870's are given by Bell in The Iron
- Trade of the United Kingdom, op.cit., p.l7. |

Le Ege. Thomas Vaughan and Swan-Coates, See William Lillie,
The History of Middlesbrough, Middlesbrough, 1968,p,101,
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their interests in the wrought iron trade.l; Most were able
to survive until the market recovered. In 1881 there were

actually four morc smelting works in the region than there

had been a decade earlier, Altogether, there were 27 smcl-
ting plants in 1881, with a total of 122 blast furnaces, 99
of which were at work, However, there were only 4 furnaces
more in production then than in 1871, The increase in capa-

city dui'ing the 1870's was due to the buoyancy of the early

part of the decade, when most of the new furnaces were built.

Using the methods described carlier, the output of pig
iron in the Teesside region was estimated to have becen
2,190,557 tons in 1881, This was nearly a milljon tons
higher than in 1871, and indicates an expansion in ocutput
of about 72 per cent during the intervening decade., By 1881,
Tcesside contributed 83 per cent of the production of the
North East, and 27 per cent of that of the United Kingdom.
These statistics place the 1870's in a more recalistic pers-
pective than many contemporary reports did, Relatively and
absolutely, the Tcesside smelting industry was far stronger

in 1881 than in 1871, despite the difficulties experienced

during the ycars between those two dates,

The figures for pig iron shipments from Middiesbrough
suggest that duriygg the 1870's, the Teesside smelting indu-
stry owed its expansion more to the growth of external than

internal demand, and more to an incrcase in coastwise
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l. See Burns, og,cit., Pp.28-29,
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than export trade, Exports of pig iron from Middlesbrough
rose from 269,000 tons in 1871 to 430,000tms in1881+* Coastal

shipments, in the same period, increased from 214,000 to

501,000 tons.~

The total shipments from Middlesbrough in
1881 were equivalent to L3 per cent of the region's output
in that ycar, which was a higher proportion than a decade
earlier, The total shipments from the region may well haye
constituted an even larger proportion of the rcgional out-
put, but data for the other Teesside ports are not available,
Germany and the United Statecs, in.thatlorder,*woro the most
important overseas customers, togéther taking about half the
3e

cxports, Scotland received the great bulk of the coast-

wise shipments.h'

Teesside was affected quite as severely by the shift
from wrought iron to stecl in the 1870's as most districts.
As elsewhere, the rail trade, long a staple source of demand
for pig iron, was transformed by the development of mild '
steel, So far as the Teesslide ironmasters were concerned,
an important obstacle to the speedy adoption of mild steecl
was that Cleveland pig was unsuitable for conversion by the
Bessemer process, This meant that they would have had to
resort to imported phosphorous-frce ore, . and abandon the
advantages oonferred by the regionts own orefield, had they
switched from wrought iron to mild'steel immediately., So

.1ong as i1t secmed possible that the‘wrought iron trade might
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l. Kenwood Op.Cit,, Appendix L.
2; Loc,cit,
3. Richard Meade, The Coal and Iron Industries of the

United Kinggom, ondon, , Pe«398.
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recover, most firms preferred to postponc the decision that
would have committed them to that step. A few companies,
however, correctly forecast the future and prepared to meet
the challenge of stecl. Bolckow and Vaughan began construce
ting a steclworks with its own special blast furnaces as

early as l87h;1'

A certain amount of Cumberland haematite had long been
used on Teesside, largely as an admixture, and little more
was demanded with the growing interest in steel production,
Although 500,000tons of Bessemer pig werc made in the region
in 1880?' only 58,000 tons of Cumberland and Lancashire ore
were used, and that was little more than in 1872.3' Most of
the ironstone consumed in the Bessemer furnaces came from
Spain, where Teesside firms were active in opening mines,
building railways and developing port facilities,

The Location of Smelting Plants
on Tecesside in the 1850's,

John Vaughan, of the firm of Bolckow and Vaughan, was
the first to appreciate something of the commercial signif-
icance of the Cleveland orefield, and he was instrumental in
establishing thesmelting industry on Tcesside., As was true
of many contemporary firms, Bolckow'!s and Vaughants partne?—

ship exemplificd the union of merchant capital and technical
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l, Burns, op.cit., p.23.

2., Meade, op.cit., p.396.
3. Ibhid., p.403.

L. See Burns, op,cit.
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experience so important to the iron industry in the nine-

teenth century, The carly years of the partnership provie

dec an interesting picture of the foundation of smelting on
Teesside.z’

Henry Bolckow was from Mecklenburg, and had been train-
ed to fellow a commercial carcer - at first in Rostock and -
later in Newcastle upon Tyne, where he Jjoined a firm owned
by family friends and compatriots that was engaged in the
corn trade. It was while he was living in Newcastle that
Bolckow met John Vaughan, who was thara manager at Walker
Ironworks but had learned his trade at Dowlais in South
Wales, Vaughan interested Bolckow in the iron industry, and
the two decided to go into business together, the former to

supply the technical knowledge and the latter the capital

and commercial experience,

Initially, however, the partners! interests lay in the
finishing trades rather than smelting. Vaughan had the task
of selecting a suitable location for a works, and he eventue
ally chose a site at Middlesbrough which consisted of six
acres of land fronting on the river. The rcasons for this
choice are not known but they do not appear to have been |
overwhelmingly strong: for an earlier and unsuccessful att-

empt had becn made to buy land at Stockton.B' Joseph Pease's
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l. Sece Birch, op.cit., p.8.

2« Unless otherwise indicated, the information relating
to Bolckow and Vaughan has becn drawn largely from:
JeS. Jeans, Pioneers of the Cleveland Iron Trade,
Middlesbrough, 18753 and R, Gott, Henry Bolckow
Founder of Teesside, Middlesbrough, 104 pp.

3. That was in 1839, See Gott, op,cit., D«%4.
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influence, resulting from his dual role as a director of
the Stockton and Darlington Railway and one of the Owners
of the Middlesbrough Estate, may well have been the most
important factor which steered the partners towards Middlese

brough o

Pease was anxzxious to persuade industrialists to estabe
lish themselves in Middlesbrough., The town was still only
a coal-shipping port, without an industrial base, and a de=
cline in the coal trade could have led to it disappearing
almost as quickly as it had grown., Such an cvent would have
been disastrous for the Stockton and Darlington Railway, ° I
which was already in difficulty as a result of losing traff-
ic and revenue to the railway company promoting Hartlepool.
as a port. Whatever his motives, and they may have amounted
to little more than a paternal interest in the town he had
been so largely responsible for creating, Pease was ready
and able to support new ventures in,Middlesbrough.l' Bolckow
and Vaughan were sold the land they required at a low price,
and Pease gave them letters of introduction to businessmen
with whom they were likely to deal. He was also quick to |
extol the virtues of Middlesbrough, pointing to the advante-
ages conferred by its railway and shipping facilities in
particular,

Bolckow and Vaughan opened their first works in Vulcan

Street, Middlesbrough, in 1841, Shortly afterwards, the

T e G“TE{ET””hp;iEEIZE”“Sﬁd”SEEEiée-ﬁbﬁéF;
ial of thec Railway S stém, London,'1875, PPe231=45,
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high and fluctuating price of Scottish pig iron persuaded
them to consider smelting their own metal., On the strengtp
of an assurance of adequate local supplies of iron ore, bl-
ast furnaces were built at Witton Park in 1845. It was soén
found, however, that the local reserves of ore were insuff
icient, and had to be augmentcd with stone from Whitby., This
was not a satisfactory solution to the problem., Iron ore
had to be shipped to Middlesbrough and then forwarded by
rail to Witton Park, and pig iron and coal had to be sent

to Middlesbrough, The transport costs thus incurred were

1,

high enough to place the firm in jeopardy,™® and it was this

factor which made the search for alternative sources of iron

ore a matter of great urgency.

Fortunately, the Main Seam was discovered at Eston in

1850, In the following year Bolckow and Vaughan began cone

structing three blast furnaces at the Vulcan Streetworks%‘

These were the first to be built in the Tcesside region,
and they were blown in during 1852.3' Six more furnaces

were put to work at Bolckow and Vaughan's new Estou Irone

works in 1853.h' Other firms werc quick to follow this lead,

acquiring mineral royalties in the neighbouring hills
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l. Gott, op.cit., p.28.

<+ dJohn Gjers, "A Description of the Ayresome Ironworks,
Middlesbrough, with Remarks upon the Gradual Increase
in Size of the Cleveland Blast Furnaces", Journal of
the Iron and Steel Institute (1870-71), No.,2, p.202,

3 John Marley, "Cleveland Ironstone : Outline of the Main
or Thick Stratificd Bed : Its Discovery, Applicetion
and Results in Connection with the Iron-Works in the
North of England™, Transactions of the North of England

Institute of Mining Engineers, Vol, 500=27), Pe
Lo Loc.cit,
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and purchasing land for works. As early as 1854, there were
already nine<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>