
Table 4. Optimum /ocations using León Coa/o 

Coal Coordinates Transport Total 
León X Y Cost Distance Location 
tons million Ptas thous. kms 

Ore Biscay 4 3.9 10.1 41.4 32.88 La Robla 
3.5 5.3 10.3 40.7 31.67 

3 6.6 10.9 38.4 33.29 
2.5 6.7 11.0 35.1 33.83 

2 6.8 11.0 31.8 33.83 
1.5 6.8 11.0 28.5 33.83 Bilbao 

Ore Teruel 4 3.9 10.1 53.2 32.90 La Robla 
3.5 4.8 9.7 52.9 30.13 

3 5.7 9.2 51.2 27.99 
2.5 6.4 8.7 48.4 26.89 

2 7.2 8.0 44.7 26.46 
1.5 8.2 7.2 39.7 27.33 Setiles 

Ore Almería 4 3.9 10.1 71.2 32.90 La Robla 
3.5 4.0 10.1 71.2 32.54 

3 4.7 9.1 70.4 28.62 
2.5 5.4 8.0 68.3 26.23 

2 6.1 6.6 64.5 24.97 
1.5 6.1 6.2 59.9 25.14 Aranjuez 

Ore Ponferrada 4 3.9 10.1 30.3 32.90 La Robla 
3.5 3.9 10.1 30.3 32.90 

3 3.9 10.1 30.3 32.90 
2.5 3.9 10.1 30.3 32.90 

2 3.9 10.1 30.3 32.90 
1.5 3.8 10.1 30.3 32.89 La Robla 

OreRiff 4 3.9 10.1 67.0 32.90 La Robla 
3.5 3.9 10.1 67.0 32.90 

3 4.1 9.8 66.9 31.60 
2.5 5.0 8.8 65.8 27.86 

2 5.6 7.7 63.4 25.71 
1.5 6.1 6.6 59.2 24.97 Madrid 

Discussion ofresults. 

The first important variable to be reexamined in order to contrast the relevance of 

these results is the fonnalization of transportation costo We have asswned that transport 

cost is tmifonn, Le. equivalent in any direction and that the transport distance paid will be 

the shortest distance between two points, a straight line. The transport system used well up 

to the Civil War was a combination of coastal shipping and mil transportation. The 
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geography of Spain, especially its topography, shows that Iand transport is highly 

disfavored by the aseent and fa1l ofthe sierras which surround the two central mesetas. Sea 

transport to a point ofeasy access was many times preferable to Iand transport. 

We have readapted the previous parameters for a seaboard model All inIand steel 

demands have been allocated in the following way: 

a) the dominant criterion has been to choose the ports which provide the minimum 

nurnber of railway transshipments on its way to the final destination; ideally one­

haul routes were chosen. 

b) as a secondary criterion, if equivalent transshipment hauls existed, we chose the 

port which minimized the distance to the final destination 

We maintained the freight differentials between coa!, ores and final products as those used above, given 

that we assurne the same added value differentials and elasticities. We establish the per-ton and 

kilometer sea freight for coal at 0.015 pesetas, less than a third ofrail fare31. Sixteen major ports were 

chosen given their importance as a final conswnption point or as a transshipment points to inland 

demando 1bey were ordered in one dimension according to the distance between them 

Almost all the non-port conswnption points had unique optimalland routes, with the exception of 

Madrid with alternative routes. The islands and foreign locations·posed additional problerns. 1be 

conswnption ofthe Balear Islands was included with Valencia, that ofthe Canary Islancls was added to 

Cádiz. Madrid and foreign sales were finally assigned to Barcelona as a strong bias against Cantabrian 

ports which is where coal was located. As we can assume that the decision rule taken for assigning the 

31 We have used freights for Asturian coal to Barcelona and Bilbao to regress the fixed component of freight, 

between 4 and 5 pesetas, and the variable component which depends on distance, between 0.015 and 0.022 pesetas. 

These calculations are for 1890 and 1895. As 1890 was a year of exceptionally high English coal prices in Spain 

which may have biased Spanish coal freights we chose the second benchmark. Our rail·fare benchmark was for 

1894 so this is quite coherent. 
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inland transport minimizes its cost, this would allow us to abstraet the transport cost minirnization 

problem to that ofreducing sea transporto Table 5 below shows the resuhs. 

Table 5. Optimum /ocationsJor coasta/ transporto 

Coal Coordinate Transport Total 
Asturias Y Cost Distance Location 

tons million Ptas thous. kms 

. 
Ore Vizcaya 4 4,5 34,69 36,35 Gijón 

3,5 4,5 34,69 36,35 
3 4,5 34,69 36,35 

2,5 4,4 34,69 36,35 
2 1,1 34,20 41,27 

1,5 1,1 32,95 41,28 Bilbao 

Ore Teruel 4 4,5 81,60 36,35 Gijón 
3,5 4,5 81,60 36,35 

3 4,5 81,60 36,35 
2,5 4,5 81,60 36,35 

2 22,8 78,11 26,93 Seville 
1,5 34,9 67,85 34,86 Valencia 

Ore Almería 4 4,5 72,30 36,35 Gijón 
3,5 4,5 72,30 36,35 

3 4,5 72,30 36,35 
2,5 4,5 72,30 36,35 

2 23,5 67,91 26,93 Cádiz 
1,5 28,9 58,87 28,47 Almería 

Ore Ponferrada 4 4,5 28,17 36,35 Gijón 
3,5 4,5 28,17 36,35 

3 4,5 28,17 36,35 
2,5 4,5 28,17 36,35 

2 4,5 28,17 36,35 
1,5 4,5 28,17 36,35 Gijón 

OreRiff 4 4,5 65,33 36,35 Gijón 
3,5 4,5 65,33 36,35 

3 4,5 65,33 36,35 
2,5 4,5 65,33 36,35 

2 8,8 65,17 32,91 La Corufla 
1,5 28,9 58,87 28,47 Almería 

A first resuh to be underlined, is that Gijón comes out much stronger than in the previous 

exercises. The coa! coefficient has to drop below 2.5 tons per ton ofsteel product to break Gijón's grip 

on minimwn transport costs for any of the iron ores used. The absolute minimwn of 28.17 million 
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pesetas, for Ponferrada ores and 1.5 tons ofcoal in Gijón, tends to reaffirm the adequate location ofthe 

Spanish public-owned integrated milI, Ensidesa, in the late fifties. 

Our seaboard model strengthens the view ofBilbao as a mislocation and question its status as 

the overall optimum location. The depletion ofBiscay's ores reserves and its fiilling ore grades reinforee 

this conclusion. The transport savings which could have been attained by locating steel production in 

Gijón, were around 5 million pesetas a year or 14.5 pereent ofsea transportation cost, for a production 

of ha1f a million tons of finished products. At the same time it is important to remember that once 

Biscayan filetones Tan out of borne ores they would lose considerable pu1l on the optimum site. 

Locations move along the coast to the west and then to the south when we consider using southem 

reserves while and coal inputs below 2 tons. 

We must be eautious about jwnping to wrong judgments. An important premise for 

conclusions are the significant scope economies provided by the iron ore mining sector in the Bilbao 

area. Harbor fileilities and the line and tramp shipping gave Bilbao clear advantages over Gijón. 

According to Frax (1981) the volume of coasting trade docking at Bilbao and Gijón are similar. 

Between 1878 and 1920 theyaverage 347,200 tons for Bilbao and 385,000 tons for Gijón32 
• In the 

case ofGijón practically all ofits maritime trade was limited to other Spanish ports. For Bilbao this was 

fur from true, the volume being shipped to and from Spanish ports was only 8 % of its total shipping 

volume33 
• The potential for commercial expansion in Bilbao was backed by a modem barbor. Gijón's 

limited barbor fileilities had been a serious impediment for expanding coal production in Asturias 

already at the turn of the een~4. Gijón admitted a gross tonnage of around 300 t, one fifth of 

average British tonnage towards the end of the 19th eentury and the water line dropped below 

navigation limits twiee a day when the tide went out. Bilbao had not only modernized its installation to 

32 Frax (1981), pp. 93 and 102. Standard deviations are 275,000 and 260,800 respectively, due mainly to a 

significant increase in coastal shipping volume during World War 1. 

33 Churraca·{195 1), table 8. These figures have been contrasted with data obtained from the Spanish Foreign 

Cornmerce data presented by Puerta (1994), table 13, p. 127. for decades and similar results for those reference 

points are obtained. 

34 Ojeda (1985), p. 229. 
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admit higher tonnages but its lighting and signaling services allowed boats to navigate day and night 

and it had an extensive Ría for docking and loading filcilities. 

A second scope economy can be found in the availability of capitals and potential investors. 

González Portilla (1974) tries to quantifY the benefits obtained from iron ore mining and how these 

capitals were available for reinvestment in the iron and steel industry. Although Valdaliso (1988) has 

questioned the amount reinvested by mine owners and mining companies in major iron and steel 

processing enterprises, bis figure is still considerable (25% of iron and steel capital proceeds from 

mining capitals). The infrastructures and economic activity created with its mining boom attracted 

investors to Bilbao. This was important as the dimension ofsteel mill investments introduce important 

liquidity constraints when important investments were necessary. Strong capital injections from outside 

their industry were needed to overcome the initialliquidity constraints blocking long-run economies. 

The availability of capitals was crucial for including such investments in firm strategies. Over two 

billion pesetas were invested in incorporated companies in Bilbao between 1900 and 193635
, that is 

eleven times as much as the leading Basque company, Altos Hornos de Vizcaya, invested over the 

same time periodo 

But the extractive activity had even further externalities, it had created its own transportation 

infrastructure for bringing ore into the port36 as 80% of the mineral was exported. This lowered ore 

transport costs of ores for river side locations considerabty37. Iron ore extraction also attracted work 

force to the mining district; the estimated work force for the area surrounding the Ría grew from 

35 Churraca (1951), pp. 108-110. 

36 The port·of Bilbao had been improved to allow for a more fluent export of iron ore for which there was a 

high demand in Great Britain, but at the same time this provided import facilities and the possibility of applying 

backhauJ rates for returning ships. 

37 The five majoc oce railways had their loading bays in direct neighborhood oftheA/tos Hornos de VIZCaya factories. 
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26,700 to 72,200 workers between 1877 and 190038
• While ore mining attracted unqualified workers, 

it was an intermediate step to a disciplined working class and in the medium run, other activities were 

sure to offer better op¡x>rtunities. In 1896 around 4,000 workers were being employed in Bilbao's steel 

mills39
• By 1909 that number had increased to 5,620 and by 1924 to 6,982 alone for the Allos Hornos 

de VIZcaya mctories40
• 

Two ofthese mctories, Baracaldo and Sestao were the original sites oftwo ofthe finns which 

merged to create Allos Hornos de Vizcaya in 1901. The riverside location ofboth sites together with 

the company towns constructed around them seriously limited the area lefi for expansiono While 

elseWhere plants were doubling and tripling size and extension41 
, the Sestao and Baracaldo plants' 

expansion were restricted in this sense. But the same can be said for the more important Asturian 

fiK:tories, La Fábrica de Mieres and Duro-Felguera, both were situated in narrow valleys with little 

space for expansion42 
• 

These numerica1 exercises have been conclusive for determining the optimum site on coal fields 

in terms ofdomestic transport of products and inputs. But we have seen that there were a number of 

important criteria that tipped the balance in favor ofBilbao, which was an optimum site for processing 

its own ores and when reducing total coal consumption below 2 tons of coal. The nature of 

mislocation, ifit ever existed, was of such nature that it was gradua11y corrected through the reduction 

38 Shaw (1977), p. 95. Iron ore production rose from 432,418 mt in 1876 to 4,691,000 mt in 1887 and to 

5,361,796 in 1900. Population in the mining areas grew from 40,159 persons in 1857 to 105,728 in 1887 and 

167,680 in 1900. Gonzalez Portilla (1974), pp. 53, 81 and 82. 

39 Shaw (1977), p. 98. 

40 Monografia de la Sociedad Altos Hornos de Vizcaya de Bilbao (1909), Barcelona: Thomas, p. 55. and 

Monografia de las industrias siderúrgicas propiedad de la Sociedad Altos Hornos de Vizcaya (1924), p. 34. 

41 Chandler (1977) describes how US p1ants for iron and steel processing were being built bigger and more 

extensively for the late nineteenth and earlier twentieth century. The same can be seen in the Krupp and Thyssen 

works in Gennany or the Bulckow works in Great Britain. 

42 State technicians discarded either of the sites for locating the second integrated iron and stee1 complex after 

the Spanish Civil War for this and other reasons. 
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ofcoal consumption, and in that sense as long as Biscay used it own ores, it could remain an efficient 

site. Once its ores were replaced by others, its seaboard location, the accwnulated linkages to 

surrounding industries and the rent-seeking stategy it had adopted would be what perrnitted Altos 

Hornos de Vizcaya to persist as a prime site in time. 

~ ~.~~--~~_. __.. _----------------------~------------
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A = {O, 1* coal Asturias *1 
1.5, 1* coal León *1 
O, 1* 2.05 iron ore Vizcaya *1 
O, 1* 1.85 iron ore Teruel *1 
O, 1* 1.9 iron ore Almería *1 
O, 1* 2.1 iron ore Wagner-Vivaldi *1 
1.6, 1* 1.6 ¡ron ore Riff *1 

.24508, 1* Vizcaya *1 1* Demanda Siderúrgica - Pedidos cursados *1 

.14103, 1* Barcelona *1 1* por Central Siderúrgica *1 

.10609, 1* Madrid *1 

.09787, 1* Guipuzcoa *1 

.05954, 1* Oviedo *1 

.03265, 1* Valencia *1 

.02894, 1* Seville *1 

.02046, 1* La Coruña *1 

.01739, 1* Zaragoza *1 

.01635, 1* Valladolid *1 

.01473, 1* Santander *1 

.01376, 1* Cádiz *1 

.01205, 1* Málaga *1 

.01186, 1* Murcia *1 

.0114, 1* Pontevedra *1 

.00975, 1* León *1 

.00882, 1* Navarra *1 

.00778, 1* Burgos *1 

.0075, 1* Ciudad Real *1 

.00682, 1* Alava *1 

.00432, 1* Alicante *1 

.00363, 1* Tarragona *1 

.00345, 1* Córdoba *1 

.00307, 1* Lérida *1 

.00301, 1* Huelva *1 

.00286, 1* Salamanca *1 

.00265, 1* Zamora *1 

.00259, 1* Orense *1 

.00258, 1* Palma *1 

.00248, 1* Logroño *1 

.00197, 1* Almería *1 

.00 145, 1* Jaén *1 

.00143, 1* Castellón *1 

.00135, 1* Teruel *1 

.00127, 1* Badajoz *1 

.00121, 1* Huesca *1 

.00112, 1* Palencia *1 

.00108, 1* Lugo *1 

.00087, I*-Toledo *1 

.00073, 1* Guadalajara *1 

.00058, 1* Cáceres *1 

.00049, 1* Granada *1 

.00047, 1* Gerona *1 

.00036, 1* Segovia *1 

.00012, 1* Albacete *1 

 OO8, 1* Cuenca *1סס.

.00008, 1* Soria *1 

 OO4, 1* Ávila *1סס.

.00089, 1* Tenerife *1 

.00070, 1* Gran Canaria *1 

.00017, 1* Marruecos *1 

.00017, 1* Guinea *1 

.08189}; 1* Extranjero *1 
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x = {3.85 11, t* Asturias coal *t 
3.9 10.125, t* La Robla coal *t 
6.75 11, t* Vizcaya coal *t 
8.5 7, t* Teruel iron ore *t 
6.875 1.875, t* Almería iron ore *t 
2.9 9.875, t* Wagner iron ore *t 
6.9 1.125, t* Riff ores *t
 
6.87511, t* Vizcaya *t
 
12.758.125, t* Barcelona *t
 
6.06 6.625, t* Madrid *t 
7.95 11, t* Guipuzcoa *t 
3.875 11.125, t* Oviedo *t
 
9.8755.125, t* Valencia *t
 
3.562.125, t* Seville *t
 
0.9 11.1, t* La Coruña *t
 
9.0625 8.375, t* Zaragoza *t
 
5 8.75, t* Valladolid *t
 
6 11.2, t* Santander *t
 
3.3 0.85, t* Cádiz *t 
5.375 1.05, t* Málaga *t 
9.05 2.875, t* Murcia *t 
0.375 9.375, t* Pontevedra *t
 
3.99.875, t* León *t
 
8.3 10.125, t* Navarra *t 
6.1 9.625, t* Burgos *t
 
5.754.375, t* Ciudad Real *t
 
7.2 10.375, t* Alava *t 
9.8 3.625, t* Alicante *t 
11.65 7.625, t* Tarragona *t 
5.01 2.875, t* Córdoba *t 
10.95 8.375, t* Lérida *t 
2.375 1.85, t* Huelva *t
 
3.857.375, t* Salamanca *t
 
3.958.375, t* Zamora *t
 
1.3 9.625, t* Orense *t 
9.875 5.125, t* Palma *t
 
7.69.612, t* Logroño *t
 
7.625 1.3, t* Almería *t
 
6.082.625, t* Jaén *t
 
10.2 5.875, t* Castellón *t 
9.03 6.625, t* Teruel *t
 
2.54.375, t* Badajoz *t
 
9.89.125, t* Huesca *t
 
5 9.125, t* Palencia *t
 
1.625 10.625, t* Lugo *t
 
5.755.875;- t* Toledo *t
 
6.825 6.875, t* Guadalajara *t 
3.1 5.125, t* Cáceres *t 
6.05 1.875, t* Granada *t 
13.55 8.875, t* Gerona *t
 
5.757.375, t* Segovia *t
 
7.954.375, t* Albacete *t
 
7.95 6.126, t* Cuenca *t 
7.61 8.625, t* Soria *t
 
5 6.875, t* Ávila *t
 
3.3 0.85, t* Tenerife *t 
3.3 0.85, t* Gran Canaria *t 33 
3.3 0.85, t* Marruecos *t 
3.3 0.85, t* Guinea *t
 
6 6}; t* Extranjero *t
 



T = {0.0442, /* Coal Asturias */ 
0.0442, /* Coal León */ 
0.0564, /* Ore Vicaya */ 
0.0564, /* Ore Teruel */ 
0.0564, /* Ore Almería */ 
0.0564, /* Ore Wagner */ 
0.0564, /* Ore Riff */ 
0.1, /* products */ 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 
0.1, 34 
0.1, 
0.1 }; 



1 = Ones (60,1); 1'" weighted average of the known coordinates xi & yi "'1 
ya = 500000"'1; 
Ab = A .'" ya; 
xa = T .'" Ab; 
xe = X[.,I]; 
ye = X[.,2]; 
xc = xe''''xa; 
yc = ye''''xa; 
s = T''''Ab; 
xl = xc/s; 
yl = yc/s; 

1'" Calculate distances from weighted averages "'1 
x2 = xl "'1; 
y2=yl"'l; 
cl = (xe - X2)A2; 
c2 = (ye - y2)A2; 
c = cl + c2; 
d = sqrt(c); 

b = 1; 1'" open loop "'1 
do while b < 2; 

x4 = xl; 1'" calculate coordinates for new distances "'1 
y4 = yl; 
xa = T .'" Ab; 
xO = xa .1 d; 
xe = X[.,l]; 
ye = X[.,2]; 
xc = xe''''xO; 
yc = ye''''xO; 
s = (T .1 d)''''Ab; 
xl = xc/s; 
yl = yc/s; 

1 = ONES (60,1); 1'" calculate new distances for new coordinates "'1 
x2=xl"'l; 
y2 = yl"'l; 
el = (xe - X2)A2; 
c2 = (ye - y2)A2; 
c = cl + c2; 
d = sqrt(c);
 

ql = (xl - X4)A2; 1'" convergence criteria "'1
 
wl = sqrt(ql);
 
zl = wl .<= 0-:0001;
 
q2 = (yl - y4)A2;
 
w2 = sqrt(q2);
 
z2 = w2 . < = 0.0001;
 
b = zl + z2;
 

continue: 1'" condition loop "'1
 
endo;
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print "the optimal site is"; /* results */ 
print xl -yl; 
print "the total transpon cost is"; 
Ih = 1*100; 
di =d.*lh; 
x5 = xa .* di; 
x6 = 1'* x5; 
print x6; 
x7 = l' * di; 
print "the total distance is"; 
print x7; 

36 
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Appendix G. Map with simulation coordinates. 
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