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SPATIAL EQUILIBRIUM WITH 
MOBILE RESOURCES 

We have observed how site-rent surfaces can be used to determine the 
spatial arrangement of a wide range of forms of economic activity under 
the assumption that all inputs, except land with its related unique charac
teristics, are either ubiquitous or available in unlimited quantities at 
specified prices. Optimum product zones are defined by the site-rent 
surface that dominates all others at each point in the region. To relax this 
assumption, we limit our discussion to a single product that requires 
multiple inputs, one or more of which are available only at specified 
locations. Although they are mobile, they can be moved from place to 
place only at a cost that is specified by an appropriate transfer cost 
function. These localized factors, therefore, have price surfaces that are 
not perfectly flat throughout the region, as we assumed in Chapter 17. 

Beginning with a single localized raw product, the analysis rapidly 
becomes more complex as more inputs are considered, requiring the 
abandonment of graphic analysis in favor of strictly mathematical 
formulations for complex real-world situations. But this must be deferred 
until a later chapter. 

353 
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354 ARRANGEMENT OF ECONOMIC ACTIVITY 

18.1 SPATIAL DISTRIBUTION OF RAW MATERIALS 

Natural resources are termed localized if they exist at only a few con
centrated locations; they are called ubiquitous if widely scattered and 
generally available at all locations. Deposits of coal, gas, and minerals 
are usually localized. Air is ubiquitous; climate exists everywhere and 
thus might be called ubiquitous, but differences in temperatures, rainfall, 
and other aspects are qualitatively important. Within any region, land and 
water are usually ubiquitous, but with important quantitative and qualita
tive differences. Certain types of agricultural land, together with the 
associated climatic conditions, may well be treated as a localized resource 
or, at least, may be restricted to subareas of any region. Similarly, water 
is localized at an oasis in the middle of a desert, but water is ubiquitous 
in much of Europe and the United States. 

18.2 PRODUCTION LOCATION: SINGLE, LOCALIZED RAW 
MATERIAL 

In our first model we explore the conditions governing the location of 
production of a particular commodity that involves a single raw material 
input, with this raw material localized at some point A while the market 
for the product is localized some distance away at point B. Assume that 
the process is weight losing. The use of l i tons of raw material, for 
example, results in 1 ton of the finished product. Let us further assume 
that transfer costs per ton are the same for raw material and for finished 
product and that these transfer costs increase with distance but at a 
decreasing rate. Under these conditions we inquire as to the most 
economical location for production —at the raw-material site, at the 
market, or at some other location. 

Least-Cost Site. The analysis of this simple problem is indicated in 
Figure 18.1. In the cross-section view at the top of this figure, we have 
located points A and B on the straight line RS; and above this base we 
have plotted transfer costs. Above B, for example, we show the structure 
of transfer costs for 1 ton of product and have indicated both terminal 
costs /8 and costs related to distance. Above A, on the other hand, we 
have plotted the costs of transferring the equivalent li tons of raw 
material that include terminal costs a plus costs related to distance. 
These two sets of transfer costs are added together to show the combined 
total transfer costs that would characterize each possible location for 
production along the line RS. Thus, if production were located at the 
raw-material site, the costs of transferring the finished product to the 
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Combined transfer 
costs 

Raw material 
l i tons 

Raw material 
isocost contours 

( l | tons) 

Product isocost 
contours (1 ton) 

Isodapanes' 

FIGURE 18.1 The cross-section view of the raw material and product transfer costs, 
and the plan view of isocost contours and isodapanes (raw material source at A and 
market at B). 

market are represented by point a' If production were to be located at 
the market, on the other hand, only the raw material would have to be 
transported, and its transfer cost is indicated by point b' At any other 
location along the line RS, both product and raw material would have to 
be moved. The combined costs appropriate for any location along the 
straight line through A and B are indicated by the solid curves in the 
cross-section view. 

By inspection, we can determine that the lowest possible combined 
transfer costs will be incurred when production is carried on at the raw 
material site ^4. For a plant at any other location on the line RS, combined 
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transfer costs would be greater. As a general rule, then, we may conclude 
that weight-losing processes tend to be material rather than market-
oriented, provided that only one raw material is involved and that transfer 
costs are the same per unit weight for product and raw material. If transfer 
costs are higher for the finished product, as is frequently true, then 
production will be market oriented in the event that product transfer 
costs exceed material transfer costs per ton by more than the ratio of 
material weight to product weight. 

Weight-Equivalent Relationships. In common language, we are merely 
stating the obvious proposition that it costs less to ship product than 
material in weight-losing processes because there is less weight to trans
port (1 ton as compared to l i tons in our example) but that this weight 
advantage can be offset in part or completely if transfer costs per unit 
are higher for finished products than for raw materials. These relationships 
can be simply expressed algebraically as follows. 

If the weight-equivalent Then the process will be 
relationship is: located at: 

Wvt„ > Wmtm Market center 

Wvtv = Wmtm Any point on line between raw 
material and market center 

rVpt,, < Wmtm Raw material source 

where Wv = weight per unit of product 
Wm — weight of raw material used per unit of raw product 
t„, tm = constant unit transfer costs. 

In our example, Wv is 1 tonandH^mis litons. 

Expressed as ratios, these relationships may be written as 

tphm > WJWP Market oriented. 
tjtm = WmlWp Any point on line A B. 
tjtm < WJWV Raw material oriented. 

Finally, it is a simple matter to substitute nonlinear transfer cost 
functions for the constant unit cost terms in these equations. 

Location-Cost Relationships. The lower section of Figure 18.1 shows 
these transfer costs in plan view for all locations throughout the area 
surrounding A and B as well as along their straight-line connector RS. 
The structure of increasing transfer costs for the product is represented 
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by the set of concentric circles centered on the market location at B. 
These circles are contour lines on the cost surface, each showing the 
locus of points with equal product transfer costs. Thus, successive circles 
centered at B correspond to transfer costs of $3, $4, $ 5 , . . . per ton of 
product. The circles centered on A, on the other hand, represent equal 
transfer cost contours for the equivalent weight (ljtons) of raw material 
to produce 1 ton of product. 

Notice that these cost contours are perfect circles as a result of our 
assumption that transfer costs are uniformly related to airline distances; 
if topography, road and rail networks, and traffic volumes distort and 
modify the relationship between cost and airline distance, then equal 
transfer cost contours will be correspondingly distorted and irregular. 
Notice also that the radii of these circles increase at an increasing rate: 
that the added distances corresponding to equal increments in cost 
become larger as we move away from the market. This reflects the 
assumption that transfer costs increase at a decreasing rate with distance. 

Isodapanes. We have sketched in a few of the product and material 
transfer cost contours to show the method of generating the combined 
material-plus-product transfer cost surface. If production were located 
at C, for example, it would cost $12 to move H tons of raw material 
from A, $7 to transport the resulting ton of finished product to the 
market at B, or a combined transfer cost of $19. In this way, we can 
construct a system of equal combined cost contours called isodapanes. 
They are represented by the heavy, more or less oval curves in Figure 
18.1. An examination of these isodapanes will reveal that the combined 
cost surface somewhat resembles a trough with low points falling along 
the line connecting A and B. The cost "elevation" along the line AB, of 
course, is indicated by the solid curves at the top of the upper diagram. 
Finally, at A and at B this surface is "punched out" with costs dropping 
below the general level of the cost surface by amounts representing the 
fixed or terminal costs of transfer. 

Some Generalizations. It may be observed that the optimum location 
for production will usually be at either the material site or the market 
and not at an intermediate location. If costs are a linear function of 
distance but with zero terminal costs (a straight line passing through the 
origin), then the optimum location will be at either the material site, if 
weight'losing, or the market site if the process is weight gaining. Transfer 
costs will be identical at all points on the line that connects the material 
site and the market if the process is weight constant and the unit transfer 
costs for product and raw material are identical. If transfer costs increase 
with distance at a decreasing rate, as assumed above, or if they are a 
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linear function of distance but with positive terminal costs, the transfer-
cost that minimizes location will always be at either the material site or 
the market. If transfer costs increase with distance at an increasing 
rate —an improbable situation —then the optimum location will be at some 
point between the raw material site and the market, unless weight gains 
or losses are relatively very large. Again, restatement of the problem in 
terms of equivalent weights is needed. 

18.3 PRODUCTION LOCATION: ONE LOCALIZED AND ONE 
UBIQUITOUS RAW MATERIAL 

Let us complicate our model by assuming that there are two raw materials 
used in the process. To produce 2 tons of product now requires I i tons of 
a raw material localized at A plus I ton of a second but ubiquitous raw 
material. Wherever production is located, the second material will be 
available without transfer cost, but its addition influences total transfer 
costs through the added weight of the finished product. This new situation 
is represented in Figure 18.2. In essence, the addition of the ubiquitous 
material has changed our case from a weight-losing to a weight-gaining 
process —comparing the weight of the finished product to the weight of 
the localized raw material —and, as a consequence, the optimum location 
will now be at the market B. Since optimum location must be at A or B or 
on the line connecting them, as in the previous case, we dispense with the 
cross-section view and the construction of isodapanes. 
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FIGURE 18.2 The effect of the increase in product weight as a result of the addition 
of 1 ton of a ubiquitous material to the process illustrated in Figure 18.1. 
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18.4 PRODUCTION LOCATION: TWO LOCALIZED RAW MATERIALS 

As a further modification, consider the situation where the second raw 
material is not ubiquitous but localized at some point C. Here, we have 
the basic problem discussed by the earliest writers on industrial location. 
In view of its historical significance, as well as its current usefulness, we 
give below the essential features of the "classical'' three-point solution 
as first developed by Launhardt in 1882 and then, independently, by 
Weber and his mathematical associate Pick in 1909.' 

Consider, as in section 18.3, an industrial process with a localized 
market at some point B, a localized raw material at some point A, and a 
second raw material now assumed to be localized at some point C. The 
process requires U tons of raw material from A plus I ton of raw material 
from C to produce 2 tons of the finished product to be delivered to the 
market at B. As in the classical treatment, we assume that transfer costs 
per ton-mile are equal and constant in all directions, for all distances, and 
for all materials and products; the transfer cost function is uniform and 
linear through the origin. Under these circumstances, the locational 
"pull" of any material or market site will be proportional to the weight of 
the material or product involved, and this force will act in the direc
tion of the straight line connecting any selected site with the location of 
the market or the raw material. Where these forces exactly balance off 
or are in equilibrium, total transfer costs will be at a minimum. 

Weight Triangle. Geometric representation of these forces for our 
assumed situation is developed in Figure 18.3. Part I of this figure shows 
the "weight triangle," with sides proportional to the specified raw material 
and product weights: the line directed toward a represents the 1| tons of 
raw material A; the line toward c represents the 1 ton of raw material 
C; but the line directed toward b represents the resulting 2 tons of finished 
product to be delivered to the market B. By this construction, the three 
forces are brought into equilibrium, as illustrated by the locational force 
vectors in Part II. Notice that the two raw material vectors da and dc 
resolve into the component db' and that this is equal to but opposite in 
direction to the product vector db. Apparently, then, the determination 
of the cost-minimizing location for this activity amounts to selecting 
some point d so that the vectors as given in Part II will point directly 
to the appropriate market and material locations at A, B, and C. 

Before moving on to the determination of this cost-minimizing 

'This and the following ihree sections draw heavily on R. O. Been. "A Reconstruction 
of the Classical Theory of Location" (unpublished Ph.D. dissertation. Department of 
Agricultural Economics. University ofCalifornia. Berkeley. 19651. 
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Raw material 2 
c 

Raw material 1 

Part (I) 

Raw material 1 
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FIGURE 18.3 The optimum plant locat ion- the three-point solution. (Part I) Weight 
triangle. {Part II) Locational force vectors. {Part III) Minimum cost location (point D). 

location, we must point out that the given weights will always establish a 
unique weight triangle (and so the conditions for the equilibrium resolu
tion of force vectors) unless one of the weights exceeds the total of the 
others. In these cases it will be impossible to construct the weight tri
angle, and the cost-minimizing solution will coincide with the location 
of the weight-dominant material or product. In the above illustration, if 
the process had required 4 tons of the raw material at A, this would have 
exceeded the combined weights of raw material C and product B; and, 
hence, the optimum location would have been at point ,4. 

Location Triangle. Part III illustrates the final determination for 
specific locations at designated points A, B, and C, defining the "location 
triangle" ABC. We seek that point d within this triangle that will give 
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force directions similar to the ones in the diagram of vectors in Part II. 
Although this may be determined by superimposing the vector diagram 
on the location triangle and by adjusting until the vectors extend exactly 
through the A, B, and C locations, the point can be obtained geometrically 
as follows: Lay off line AE through A in an arbitrary direction "northeast" 
of point A. Construct a line through B to a line through A so that at 
E the angle AEB is equal to angle adb in the Part II vector diagram.2 

Drop perpendicular bisectors of AE and EB to intersect at F With this 
as center, circumscribe circle through A, E, and B. We know that, in 
equilibrium, the forces operating through A and B must form an angle 
equal to AEB; we also know that every inscribed angle through A and 
B and any selected point on arc AEB will be equal and equal to angle 
AEB. Therefore, the equilibrium solution must fall somewhere on arc 
AEB. The construction of a similar circumscribed circle on leg AC or 
CB of the location triangle will determine the locus for central angles 
bdc or adc, and the intersection of these circles will determine the cost-
minimizing location at D. 

Polar Point. An alternative construction of considerable interest 
is to find the "polar point" to point C of the location triangle. This is 
accomplished by constructing line BP with angle ABP equal to angle cab 
in the weight triangle (Part I) and line AP with angle BAP equal to angle 
bca. Their intersection determines polar point P; the circle circumscribed 
through A, B, and P is the same as the previously described circle through 
A, E, and B. Now draw the line connecting P with C; this will intersect 
arc AEB at the cost-minimizing point D.3 

A valuable characteristic of this polar point is that it is determined 
completely by the three weights and by the specific locations of A and 
B; point P, in short, is the polar point for any C location. In Figure 18.3, 
Part III, any location for C above line AB that falls within the angle 
APB will give a cost-minimizing solution, such as point D where the line 
connecting C and P cuts the arc AEB, thus, giving solutions within the 
location triangle. C locations to the right of line BP and above AB indi
cate a "corner" solution at B. the process should be located at market 
B. Points to the left of line AP and above AB give optimum solutions at 
raw material site A. If C is located below AB, the whole construction 
is inverted. 

2If the selected angle BAE is too large, it may prove to be impossible to construct angle 
AEB; in this case, select a smaller angle BAE. 

:iIf point D has already been determined, of course, an alternative construction is to 
extend line CD until it intersects the circumscribed circle at polar point P. 
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18.5 UNEQUAL AND NONPROPORTIONAL TRANSFER COSTS 

In the previous section, we treated the localizing forces or vectors as 
proportional to the respective weights of product and raw materials. In 
fact, these forces are transfer costs-more precisely, they are marginal 
transfer costs. If we consider any possible site D, the forces attracting 
this location to market and material are the weights multiplied by appro
priate marginal transfer costs per ton-mile. When we assume that transfer 
costs are direct linear functions of distance and are the same for product 
and all raw materials, the weights are multiplied by a uniform cost per 
ton-mile —the slope of the transfer cost function. In the more general 
case where costs are not the same for all products and materials or where 
functions are nonlinear, the localizing forces will not be proportional to 
the weights. 

Under the assumption that transfer cost functions are linear and pass 
through the origin but that rates differ for products and/or materials, the 
modification to the foregoing analysis is slight. Suppose that we continue 
our example of \i tons of material A, 1 ton of material C, and 2 tons of 
product B: but now assume that transfer rates on A and B equal 10 cents 
per ton-mile, but for C the rate is 20 cents, perhaps because the material 
is perishable, difficult to handle, bulky, or requires special handling and 
shipping equipment. The locational forces will then be as follows: for 
material A, li tons X 10 cents per ton-mile or 15 cents per mile; for 
material C, 1 ton X 20 cents per ton-mile or 20 cents per mile; and for 
product B, 2 tons X 10 cents per ton-mile or 20 cents per mile. These 
transfer costs are used to construct the transfer cost triangle in Figure 
18.4. With this triangle substituted for the weight triangle in Figure 18.3, 
the determination of the optimum location proceeds as before. 

Under the assumption that transfer costs are equal for all products 

1 x 20 cents / \ 2 x 10 cents 

1 J x 20cents 

FIGURE 18.4 The transfer-cost triangle with rates of 10 cents per ton-mile for 
Material A and Product B and 20 cents per ton-mile for Material C. {Note. Compare with 
Figure 18.3, Parti.) 
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and materials and in all directions but are not directly proportional to 
distance, two general cases can be distinguished: (1) constant transport 
cost per ton-mile with a fixed terminal cost, and (2) transport costs that 
increase with distance but (normally) at a decreasing rate with or without 
terminal charges. Such nonproportional rate structures were discussed 
earlier. The straight line od through the origin in Figure 18.5 illustrates 
the directly proportional cost functions used in the previous sections. 
Straight line ae has the same "marginal" cost per ton-mile, but differs from 
od by the fixed terminal charge (loading, unloading, etc.) of oa per ton. 
Finally, the curve obc shows transfer costs per ton increasing with length 
of haul but at a decreasing rate, the marginal cost decreasing as we move 
from nearby points, such as b, to more distant points, such as c. 

If transfer cost functions are linear but include terminal costs, the 
previous analysis will still determine the minimum cost location for any 
point within the location triangle; at any such internal point, the transport 
costs will simply be increased by a constant representing the aggregate 
terminal charges. If terminal charges of $ 1.00 per ton for all products and 
materials were involved, the previous example would simply have all 
costs increased by $4.50, corresponding to the 1.5 tons of material A, 
2.0 tons of product B, and 1.0 tons of material C. This will not be true, 
however, for plant locations at any corner of the triangle since these 
locations will avoid both transport and terminal costs for one material or 
for the finished product.4 

4Although such a corner location will avoid the terminal transfer costs for the material 
localized at that point, there may be some partially offsetting local handling costs. These 
costs have been ignored in the above, treatment. 

Distance -

FIGURE 18.5 Examples of proportional and nonproportional transportation cost-

distance relationships. 
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It will be necessary, therefore, to check the combined transport plus 
terminal costs for point D with the corresponding costs at each of the 
corner locations. This procedure is suggested in Table 18.1, where dis
tances in miles have been scaled from Figure 18.3 and where the transfer 
cost function is assumed to involve terminal costs of $ 1.00 per ton and 
transport costs of 10 cents per ton-mile. These calculations indicate a 
total transport cost at D of $17.85. This is lower than for any other point 
within the location triangle. The addition of terminal costs, however, 
increases this to $22.35 as compared to $22.70 for plant location at ,4, 

TABLE 18.1 Total Transfer Costs for Plant Locations3 

Origins 

Tons shipped from 
A 
B 
C 

Miles from 
A 
B 
C 

Transport costsb 

A 
B 
C 

Subtotal 

Terminal charges0 

A 
B 
C 
Subtotal 

Total transfer costs 

D 

1.5 
2.0 
1.0 

37 
35 
53 

$ 5.55 
7.00 
5.30 

$17.85 

$ 1.50 
2.00 
1.00 

$ 4.50 

$22.35 

Plant Location 

A 

0.0 
2.0 
1.0 

0 
70 
57 

$ 0.00 
14.00 
5.70 

$19.70 

$ 0.00 
2.00 
1.00 

$ 3.00 

$22.70 

B 

1.5 
0.0 
1.0 

70 
0 

82 

$10.50 
0.00 
8.20 

$18.70 

$ 1.50 
0.00 
1.00 

$ 2.50 

$21.20 

C 

1.5 
2.0 
0.0 

57 
82 
0 

$ 8.55 
16.40 
0.00 

$24.95 

$ 1.50 
2.00 
0.00 

$ 3.50 

$28.45 

aAt points A, B, C, and£> in Figure 18.3, supra, p. 360. 
b 10 cents per ton-mile. 
'$1.00 per ton. 
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$21.20 at B, and $28.45 at C. Thus, the inclusion of terminal costs has 
changed the cost-minimizing location from point D to point B, and, 
hence, the optimum plant location would be at the market. 

We have already pointed out that the locational forces acting at any 
point are not the material-product weights, but these weights multiplied 
by the appropriate marginal transfer costs. The assumption of linear but 
unequal cost-distance functions for the several products and materials 
requires a relatively simple adjustment, since the marginal transfer costs 
per ton-mile for any single product or material would be constant overall 
distances. With curvilinear cost functions, however, marginal transfer 
costs (the slope of the total cost-distance function) will change continu
ously with distance changes. This means that every possible location 
will be characterized by a particular set of distances to raw materials and 
to market and, hence, by a unique set of marginal transfer costs. Conse
quently, the force vectors will differ in magnitude with every change in 
location. Although there is no way to determine the optimum location 
directly, it can be discovered through a process of successive approxima
tion. Since the locational problem with more than three points must also 
be approached by such an iterative process, the treatment will be suggested 
in the following section. 

18.6 OPTIMUM LOCATION WITH MORE THAN THREE POINTS 

We have observed that, with linear transfer cost functions, three fixed 
points and the associated material-product weights permit the construc
tion of a unique weight triangle or transfer cost triangle and the equivalent 
equilibrium force vector diagram. From this we can move directly to the 
determination of the optimum plant location. With four or more fixed sites 
and corresponding weights, however, no unique force polygon or vector 
diagram can be obtained and, therefore, it is necessary to find the opti
mum location through a trial-and-error or successive approximation 
approach. Suppose that we illustrate this by adding to our earlier example 
of one market and two raw materials a third raw material localized at 
some point D which contributes 1 ton of material to the process; we 
retain the assumption of equal and constant transfer costs per ton-mile. 

Vector Analysis. Such a configuration is shown in Figure 18.6 where 
A, B, and C locations and.weights are the same as in Figure 18.3 but 
where we have added the new raw material at point D. ABDC is then 
the locational polygon and, since the figure is not concave, we expect 
to find the optimum plant location within this polygon or at one of its 
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2 tons 

FIGURE 18.6 The successive approximations to determine optimum plant location 
for the four-point case with linear and equal transfer cost function. 

corners. A consideration of the several weights involved suggests that 
this optimum location probably is in the "southeast region" of the poly
gon, and we might well select a point in that region to start our iterative 
process. To clarify the procedure, however, we deliberately select point 
£, as our initial position. At this point, construct the vector diagram with 
each vector (the broken lines) acting in the direction from E, to the appro
priate corner and scaled in proportion to the weights (marginal transfer 
costs). By the usual methods, we determine that this is a nonequilibrium 
situation and that the resultant vector sum is represented by the solid 
arrow extending from Ex in an easterly direction. Notice that this repre
sents the net force acting at £,, that its length represents the magnitude 
of this force (scaled as are the other vectors), and that it points in the 
"general" direction of the optimum location. 

We might well select a second point to the east of E, and, by following 
this procedure, gradually converge on the desired point of minimum 
transfer cost. As an alternative, however, we have selected E., with the 
full realization that this will not be a close approximation to the optimum 
location. Plotting vectors again reveals a nonequilibrium situation (see 
the solid arrow extending to the southeast of E.,). To select our third 
approximation, we take £:i at the intersection of the vector sums from 
f i and E2. This will not normally represent the exact optimum location 
because the vector sums will change directions somewhat as we move 
from £, or E-, toward E:s, but it should be a fairly close approximation and, 
thus, permit us to converge rapidly on the desired location. Construction 
of the vector diagram at E:, confirms that this is not an equilibrium posi
tion but also that the disequilibrium, as represented by the vector sum, is 
quite small. Further trials, although not carried out here, will permit us 
to locate the optimum site with any desired degree of precision. 
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Mechanical Analogs. The use of line vectors to analyze this and the 
previous three-point example, where transfer costs are linear functions 
of distance, may well remind the reader of the mechanical device used to 
illustrate the equilibrium of forces in elementary physics classes. Suppose 
that we mount a map of our region on the top of a table and that at each 
material or market site we bore a hole through the table. If we suspended 
weights on strings passed through each hole and tie all strings to a ring 
at the table surface, the system would come into equilibrium (disregarding 
friction) with the location of the ring indicating the cost-minimizing plant 
location. The weights used, of course, must be proportional to the 
locational forces —to the product or material weights if transfer cost 
functions are linear through the origin and equal for all materials or to 
these weights multiplied by the appropriate transfer costs per ton-mile 
if they are linear but unequal. Notice that this crude mechanical analog 
computer will work for any number of localized market and material 
sites. This is a fact that might make its construction a practical considera
tion as an alternative to the tedious work involved in the geometry of 
multiple vectors for a number of successive approximations! Notice that 
physiographic barriers can be introduced easily in these models. 

Isodapanes with Multiple Inputs. With curvilinear transfer cost 
functions the vector approach follows the procedures just outlined but 
with the serious complication that the magnitude of each vector must be 
recalculated for every new location. Distances to the material sources 
and market must be determined for each location and used to determine 
the appropriate marginal transfer costs (the slopes of the cost function). 
Given these marginal rates per ton-mile, the appropriate locational forces 
are calculated by multiplying by the corresponding material or product 
weights. Vector diagrams are then constructed, the vector sum deter
mined, and a new location selected as suggested by the direction and 
magnitude of this vector sum. Needless to say, the work involved is 
greater and the rapidity of convergence on the optimum solution slower 
than with linear cost functions. 

Perhaps, for this reason the solution to these problems with either 
linear or curvilinear cost functions is often reached through the use of 
isodapanes. It will be recalled that they are contours that connect points 
of equal total transfer costs. Figure 18.7 suggests the method of construc
tion of isodapanes for our "three-point" example. Again, we represent 
the location triangle ABC. For any of the three locations, constant trans
fer costs for the material in question will be represented by a set of 
concentric circles, spaced to reflect the material weight and the cost 
function. We illustrate the linear cost case, but the procedure is identical 
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12 13 t< 15 16 17 

FIGURE 18.7 The construction of constant transfer cost isodapanes for the three-
point problem with linear transfer cost functions. [Note. Circled values identify isocost 
contours around point C, values in squares the isocost contours around A, and triangles 
the contours around market B. The heavy contours are isodapanes (compare with 
Table 18.1).] 

for curvilinear functions. A few of these individual transfer cost circles 
for points A and C are shown near the top of the diagram. From them, 
isodapanes of constant A plus C transfer costs have been constructed 
(see the broken lines in the diagram). Now we draw concentric circles 
representing product transfer costs centered on B and add them to the A -C 
isodapanes to obtain the A-B-C isodapanes shown by the heavy solid 
lines; they are labeled to show costs in dollars per ton under distance and 
rate assumptions as specified in Table 18.1, excluding all terminal charges. 

Examination of this diagram indicates that total transport costs would 
"be relatively high (approaching $25) for plant locations near point C, 
that they would be reduced to $ 19 to $20 near point A, and that they 
would be less than $19 near the market at B. In fact, costs would be less 
than $18 somewhere west of B, and we observe that this $18 contour 
surrounds the optimum location at point D as determined previously. 
Table 18.1 shows that at D the combined cost is $17.85. It should be 
clear that, with sufficient patience and drafting skill, it would be possible 
to add other contours to define more exactly the optimum position — 
$17.95, $17.90, $17.88, $17.87, and so on. But it is also clear that the 
process is not only tedious but that it is unusually sensitive to very minor 
drafting errors in the region immediately adjacent to the optimum position. 
Actually, in this and in many other cases, the cost surface has a relatively 
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shallow "depression," and there is a substantial area where it is nearly 
flat. The entire area within the $ 18 isodapane, for example, has combined 
transfer costs within one percent of the true minimum at point D. 

In summary, mechanical problems make it difficult to determine opti
mum location with the precision suggested by the theoretical concepts — 
a practical defect perhaps offset by the fact that resulting errors in 
estimated costs will be very minor. We emphasize again that, when func
tions are curvilinear or involve fixed terminal charges, it is always neces
sary to compare the combined costs for any location, for instance at 
point D, with the costs for locations at market or material sites. In fact, 
gains or losses in weight coupled with terminal charges and nonlinear 
transfer cost-distance functions will usually result in optimum locations 
at some corner position on the.location polygon. 

An early study of the competitive position of eastern poultry farmers 
illustrates the potential uses of isodapanes as an analytical device. Prices 
for first-grade eggs of comparable quality in Chicago, New York, and 
Boston during the years from 1935 to 1939 indicated a pronounced 
tendency to move together and to be interrelated through transport costs; 
correlation coefficients ranged from 0.90 to 0.98. At the same time, 
prices for standard poultry feeds in these markets also closely approxi
mated perfect market location patterns: correlations for corn, middlings, 
bran, and soybean meal gave coefficients ranging from 0.90 to 0.99. 
These findings were combined to indicate the effects of feed and egg 
transportation costs in a weight-losing process that involved 390 pounds 
of feed for every 100 pounds (gross) of eggs. The resulting isodapanes are 

FIGURE 18.8 The isodapanes showing differences in aggregate transfer costs for 390 
pounds of feed and 54 dozen eggs, (100 pounds gross). [Source. S. K. Seaver, 
"Location Factors Affecting the Competitive Position of Connecticut Egg Producers" 
(unpublished thesis, University of Connecticut, 1942), p. 60.] 
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shown in Figure 18.8. Feed transport costs and prices increase with 
distance from Chicago, and egg prices decrease with distance from New 
York City. The combined effect is a transport disadvantage of about 50 
cents (roughly 1 cent per dozen) for southern New England as compared 
with the Midwest. Of course, this is only a partial analysis of locational 
advantages or disadvantages, but it well illustrates the general approach. 

18.7 ALTERNATIVE RAW MATERIAL SOURCES AND 
NONTRANSFER COSTS 

If alternative sources of a particular raw material are available, the 
selection of the source to be used simply involves a comparison of total 
transfer costs for each alternative source. In the case discussed previously 
(Figure 18.3), we discovered that transfer cost minimization would 
involve locating production at point D, transporting two raw materials 
from points B and C and the finished product to market at B. Now let 
us suppose that alternative sources for raw material C were available. 
Clearly, the alternative source would be used in preference to C if it were 
located closer to D and, thus, involved lower transfer cost, but the source 
at point C would be more favorable if new localized deposits were located 
farther from D. 

With alternative sources, however, it will usually be true that the cost 
of the raw material at the site will differ from source to source. We may 
be considering coal mines, and the minehead cost of a ton of coal will 
vary from mine to mine as a result of factors such as size and depth of 
coal seams. If this is true, then a new mine located farther from the 
market than point C may still be the most economical source, since lower 
costs at the mine may more than offset the higher transfer costs. The 
optimum selection of material sources and of production location, there
fore, depends on differences in production costs as well as on transfer 
"costs. 

As a market increases in size, its coal requirements may exceed the 
supply available from the most economical mine. It will then be forced to 
obtain part of its supply from the next most economical source, consider
ing both production and transfer cost. But under competitive conditions, 
coal will command a single price at the market, and this price apparently 
will be just high enough to pay production costs and transfer costs from 
the "marginal" mine. Market price less transfer cost will now yield a 
return higher than production cost at the most economical mine, and this 
excess will represent abnormal profits. These profits are attributable 
either to advantageous location or to advantageous production conditions 
and, in any event, give rise to economic rent. In brief, operators become 
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aware of the abnormal profits available from mine 1 and through competi
tive bidding the rent (or royalty) at this mine is bid up until it approximates 
the unusual profit possibilities. These rents and royalties, in turn, would 
be capitalized into a superior price for the mine if it were to be sold. We 
shall return to this subject later and shall discuss in greater detail the 
relation between location and rents. 

18.8 LABOR AS A MOBILE RESOURCE 

Labor is an important element in most productive processes, and wages 
vary from place to place and from region to region. This will be true even 
for labor of comparable quality, and these wage differences will have an 
important influence on production costs and, thus, on economical location. 
These locational differences in wages, however, will usually fail to exhibit 
any simple and regular space pattern. It is true that transfer costs have 
an influence on wages, but this is indirect through the impact on general 
industrial location and the transportation of materials entering into living 
costs. Certainly, climatic differences modify the cost of living and, hence, 
affect wages. In any short-run analysis, however, labor may be considered 
as a localized resource available at the going wage at any particular loca
tion. In long-run situations, like the ones that will be discussed later, 
industries that are drawn to particular locations because of plentiful and 
cheap labor will find wages increasing. Two factors are involved in this 
tendency for wages to equalize among regions: (I) the migration of 
industry in response to low wages increases the local demands for labor, 
and (2) the local supply of labor is decreased in low wage areas through 
slow but persistent human migration. 

A brief mention must be made of the effect of low wages in localizing 
certain types of secondary or "parasitic" industry. In the early days of 
the textile industry in New England, firms depended mainly on workers 
from farm families-on the proverbial farmer's daughter. Even today 
there are many situations where employment opportunities for men 
attract families to particular locations and, as a result, a pool of potential 
workers-wives and children-builds up. These family workers are not 
qualified for employment in the primary industry, so their labor is avail
able for "light" industry at low wages. The wage situation may be further 
complicated by the fact that family workers are willing to be employed 
at lower wages, since by so doing they add to the total family income. 
Secondary industries move to the location of these primary industries, 
therefore, to exploit the available and cheap labor supply. Of course, one 
aspect of this is the combination of farming and industry where part-
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time farmers, and some family members are occupied only partially in 
agriculture and are available for supplementary employment in industrial 
plants. The movement of the cotton textile industry from New England to 
the cotton South following the Civil War was dictated in part by transfer 
costs on raw cotton and finished products and, also, by the availability of 
lower cost labor. The continuing industrialization of the South Atlantic 
States is based on similar considerations and may be expected to continue 
as long as substantial wage differentials persist. 

18.9 SOME UNRESOLVED ISSUES 

Even with comparable resource costs and wages, differences in costs may 
occur that are important localizing forces. Let us suppose that we had 
complicated our previous analysis by including two market locations. 
Suppose also that production is subject to important economies of scale: 
that production costs per unit decrease rapidly with increases in volume. 
These economies may well outweigh transfer cost considerations so that 
the optimum organization might involve a single large plant serving both 
markets instead of two smaller plants. 

Related in effect to economies of scale are external or agglomerating 
economies. Economies of scale refer to efficiencies internal to individual 
plants or firms. External economies, on the other hand, are advantages 
that accrue to all producers and industries at a particular location and that 
have their origins in the aggregate size of the city or producing district. 
As many firms locate at one site, it becomes economical to develop 
specialized service industries. Construction and repair services are 
readily available and at lower cost. Transportation services improve to 
accomodate the growing metropolis, often with favorable rates. A large, 
dependable, and diversified labor force becomes available. These exter
nal economies may be offset after a point by diseconomies, for example, 
the higher costs involved in obtaining food supplies and the generally 
higher costs of living and of within-city transportation. But, until they are 
offset, they represent economic forces that lead to agglomeration or to 
the concentration of economic activities at particular points. These 
agglomerizing forces, coupled with favorable transfer sites on waterways 
at good harbors, or at the junction of major elements in the transportation 
network, explain in large measure the development of super cities, of 
secondary cities, and of local centers in the complex of economic 
geography. 
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