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Abstract-Backward and forward linkages are often cited as both determinants of plant 
location and as desirable factors in targeting potential firms. This paper models 
manufacturing investment decisions within a state economy. We use a conditional 
multinomial logit model and fmd that both types of linkages are significant We further 
note that per capita income and the number of workers employed in manufacturing within 
the region are also significant in the location decision. 

I. INTRODUCTION 

Linkages continue to be on the list of factors that determine the desirability 
of a site. Studies that target industries for industrial recruitment often include 
linkages as one of the criteria. The Midwest Research Institute and Battelle both 
use linkages in their screening process to determine which industries regional 
planners should target (see Minshall and Wright 1990; Morton 1990). Anderson 
and Johnston (1992), for example, presume that linkages provide a good measure 
for determining prospects for industrial location in _Alabama. In this note, we in­
vestigate whether linkages are statistically relevant in the site location decision. 
As Blair and Premus (1987) note, the literature is already voluminous. Our con­

tribution to this literature is to reevaluate the relevancy of linkages in a substate 

model of industrial location. 
Linkages have been categorized into two types: backward and forward. 

Backward linkages refer to the demand-side connections a firm has with other ex­
isting firms in the region. Anderson and Johnston (1992) review the previous re­
search on linkages and apply interindustry data to calculate the size of these 
linkages for Alabama. From an input-output approach, these linkages are the in­
termediate demands that a firm makes on other firms within the region. 1bese 
demand-related connections are important both from the planning point of view 
and from the firm's perspective. From the planner's point of view, the impact of a 
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new finn on the local economy depends on the size of its backward linkages. 

From the finn's point of view, the size of the existing backward linkage indicates 
the availability of suppliers for inputs into its production process.1 Transportation 

costs are potentially reduced by locally supplied inputs. Proximity to suppliers 
also potentially reduces the need for inventories as just-in-time controls may be 

used. 
Forward linkages refer to the supply-side connections a finn has with other 

existing finns in the region and provide a measure of the size of the potential 
market for an entrant into the region. For example, many manufacturing finns 

produce for interindustry demand rather than for fmal consumption. 
A number of researchers have utilized varying measures of linkages to inves­

tigate their contribution to the location decision. Okansen and Williams (1984) 
looked at the linkage connection in plant location in Canada. McAleese and 

McDonald (1978) and O'Farrell and O'Loughlin (1981) found that local linkages 
are relevant to finns using perishable inputs. Latham (1976) noted that linkages 

were significant for finns using raw materials. Those finns that have unique input 
requirements would be expected to require strong links in the local economy. 
Anderson and Johnston (1992) provide a recent review of the literature, citing 
evidence that the interindustry connections among industries are relevant to the 
site location decision. 

In this note, we investigate the detenninants of the choice to locate within a 

state. In a sense, this appro~ch lends itself to a nested decision method. On the 
first level, the decision maker decides on the state. In this case, the research of 

Carlton (1983), Wayslenko and McGuire (1985), Bartik (1985), Woodward 
(1992), and others provides evidence of the detenninants of this decision. At this 
level, tax considerations, differing state development incentives, union bias, ener­
gy costs, and other factors that may have significant interstate variation, but 

would be similar almost everywhere within a state, must be taken into account.2 

In our paper, we consider the second level decision. The state has been chosen, 

and now the finn must choose which area within the state to locate. Within the 
same state, development initiatives, union bias, energy costs, and the whole host 
of state-specific variables that must be controlled for in the decision to pick the 
state are no longer relevant. Thus, we focus more explicitly on the effect of the 

linkages? 
Our model investigates the location decision within the state of South 

Carolina. The South Carolina State Development Board has provided data on 
capital investments by county by SIC code. These investments represent both new 
and existing plant expansions. Following the research methodology of Bartik 
(1985), Carlton (1983), and Woodward (1992), we employ a conditional multi-
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nomiallogit model that incorporates backward and forward linkages in addition to 
a set of other region-specific variables. 

IT. MODEL 

Once a firm decides to invest in South Carolina, it has a limited number of 

well-defined locations from which to choose. We adopt the standard classical as­
sumption that finns are profit maximizers, and thus the decision to locate an in­
vestment project is determined by the profitability of that project associated with a 
particular location. The conditional multinomiallogit model is the procedure best 
suited for estimating location probabilities. 4 We assume that, associated with each 
location, there is a profit, 1t . . , which is a sole function of the characteristics of that 

lJ 
location and is composed of a systematic and a stochastic component defined as 
follows: 

1t .. = ~X .. + A.X. + e .. 
l} l) 1 l) 

where 1tij = the profit of firm i located in region j, 
Xij = a vector of both choice and individual specific variables, 
Xj = a vector of choice-specific variables, 
Eij = stochastic component, 
~. A. = vector of coefficients. 
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The backward and forward multipliers are examples of the types of variables that 
comprise the vector Xij: that is, these variables are specific to the firm for each 
specific region. Variables that are location specific but common to all firms, such 
as the labor force characteristics within each region, make up the vector Xj. 

A firm i will choose to locate in region j if 1t.. > 1tik. We let Y. . be a random 
lJ lJ 

variable indicating a choice has been made. If 7t .. > 7tik' then Y .. = 1 and Yik = 0 
5 ~ ~ 

for j.ck. 

Following McFadden (1974), if we assume that the stochastic terms of the 

profit function are independently and identically distributed according to a 

Weibull distribution, then the probability that a firm i will locate in region j, i.e., 
P .. = Prob (Y .. = 1), is given by 

lJ lJ 

P .. = 
l) 

e J.Ut .. ,, 
n 

where Jl is a constant These probabilities are really conditional probabilities; 
namely, they are conditional on the decision to undergo new investment. 

An advantage of the conditional multinomiallogit model over the standard 
logit model is that the model allows for the selection probabilities to depend upon 

the available alternatives and the individual decision makers. Bartik (1985) notes 

that one of the problems in applications of the conditionallogit model to business 

location decisions is that it is generally impossible to use the true alternatives. In 
our case, however, the finn has decided to locate in South Carolina, and the set of 

alternatives within the state is finite.6 Thus, we may completely specify the alter­

natives. 

ill. VARIABLES AND DATA 

The 46 counties of South Carolina have been aggregated into eight economic 
regions. Each of these regions contains a principal node, mostly in the form of an 

MSA. The regions were determined by examination of commuting patterns to as­

sess employment linkages. 7 The break up of the state is depicted in Figure 2. 

Thus, the index j ranges from 1 to 8. These regions constitute the limited set 
of choices in the location decision in our analysis. The model then determines the 

probability of location within one of the eight regions. 
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FIGURE2 

SCUTH CAR:Jl I NA 

The linkage concept is intimately related to input-output analysis. 8 If we con­
sider the standard transactions matrix from an 1-0 table, Z, we may derive a 
measure of the backward and forward linkages. 

Let Z be the matrix of input-output transactions: 

Zn Zln 

Z= 

Zn1 Znn 

where Zij =the amount of good i delivered to sector j. 
Let X = a vector of outputs. 

Then the technical coefficients matrix, A, is formed by the following procedure: 

ZmiXn an am 

A= = 

Zn.IIXl ani 
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n 

The sum, L,aij , would represent the total direct intennediate demand, or 
i=l 

direct backward links for an industry j. This measure may be used to identify the 
potential availability of suppliers within the region. 

Economic planners, such as development agencies, are often interested in the 
total impact on the region of a new finn. Many of these planners use some 
measure of the total impact as part of their criteria to detennine which industries 
should be targeted. In order to account for all of the ripple effects within the 
economy, a preferred measure of the backward linkage is the column sum of the 
(I - Ar1 matrix, which is the vector of output multipliers (e.g., see Miller and 
Blair 1985). These multipliers measure the total direct and indirect backward 
linkages. 

A supply version of the A matrix may be fonned by perfonning the follow-
ing operation: 

Zulxt ZJniXi au aJn 

A= = 

ZnlfXn Znn/Xn - -an1 ... ann 

-
The a .. represent the amount of good i supplied to sector j for each dollar of 

l) 

output produced by sector i. The direct forward linkage of sector i is defined as 
the row sum of matrix A. A measure of the total direct and indirect forward 

linkages is given by row sums of the matrix o-:4 r 1. 1n the supply-side approach 
to I-0 models, these forward multipliers are called input multipliers (see Miller 
and Blair 1985). If the matrix includes a row for households and corresponding 
column for consumption, then this measure will capture the induced final 
demands also. 

Ideally one would have available a regional A matrix for each of the eight 
substate regions under consideration. Typically, most researchers use the national 
1-0 table to detennine the interindustry linkages and then regionalize these 
measures to the local economy.9 We chose to utilize the multipliers from RIMS II 

to detennine the backward and forward linkages. RIMS II is a well known and 
easily accessible I-0 model.10 The technical coefficients, the A matrix, are not 
provided by RIMS. Rather, a table of multipliers are provided. These multipliers 
are regionalized for the county aggregation scheme used in our research. The mul­
tipliers include the total direct, indirect, and induced impacts. It should be noted 
that although the finn may not be particularly interested in the total backward 



Backward and Forward Linkages in Manufacturing Location 235 

linkage, an economic planner would be. Further, planners often use these 
measures as part of the criteria for targeting an industry. Our choice to use multi­
pliers as our measure of linkages was determined by the convenience and acces­
sibility of the multipliers and the fact that they are used in some targeting 
schemes.11 

The South Carolina State Development Board monitors announced capital 
investment within the state. These announcements include both new and existing 
plants. Our data, covering the years 1985-1988, were aggregated by two-digit SIC 
code and by region. Within the three years we investigated, there were a total of 
831 usable announcements12 (see Table 1). 

The size of the current industry already located in the region may act as a 

"pull factor," attracting new plants to locate within the region. The fact that other 
firms have located within the region may be a signal to the potential entrant that 
the region is in fact a profitable one. This signal thus reduces search costs for the 
firm. We measure this attractor by the relative size of employment in the 
manufacturing sector located within the region. The variable, percentage employ­
ment, is defined as follows: 

8 

EijfLEij 
j=l 

where Eij =the amount of employment in industry i in region j. 

i = I, ... , 19. 

The educational and skill level of the potential labor force is measured by the 
percentage of the region's population that is more than 25 years of age and has 
completed high school. Another characteristic of the potential labor force is the 
total number of workers engaged in the manufacturing process. This variable, 
manufacturing employment, captures three phenomena: (I) agglomeration 
economies; (2) labor resources; and (3) size of the region. The presence of a large 
number of manufacturing employees indicates potential agglomeration economies 
through the large concentration of manufacturing activities (captured in the num­

ber of employees). The number of manufacturing employees also indicates the 
potential labor pool upon which a new finn may draw. Many studies include some 
variable measuring size of the region to capture the effects due to size, or the 
dartboard theory. Banik (1985), for example, used land area as a measure. Any 
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TABLE 1 
Sector Definitions and Number of Announced Investments 

Code and Name Number of Announced Investments (1985-1988) 

SIC20: Food products 
SIC21: Tobacco products 
SIC22: Textiles 
SIC23: Apparel 
SIC24: Lumber products 
SIC25: Furniture 
SIC26: Paper products 
SIC27: Printing and publishing 
SIC28: Chemical products 
SIC29: Petroleum and coal products 
SIC30: Rubber and miscellaneous 

plastics products 
SIC 31: Leather and leather products 
SIC32: Stone, clay, and glass products 
SIC 33: Primary metal industries 
SIC34: Fabricated metal products 
SIC35: Machinery, except electrical 
SIC36: Electrical machinery 
SIC37: Transportation equipment 
SIC38: Scientific instruments 

Investments by Region 

Region 1: Low Country 
Region 2: Charleston 
Region 3: Grand Strand 
Region4: Pee Dee 
Region 5: Charlotte-Rockhill 
Region 6: Upstate 
Region 7: Augusta-Aiken 
Region 8: Midlands 

Total number of observations 

33 
1 

148 
32 
32 
8 

40 
25 

117 
4 

70 
0 

37 
41 
47 
91 
54 
34 
17 

14 
52 
21 

111 
77 

.335 
51 

170 

831 
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measure that captures size would seiVe as a means for controlling for the 

dartboard effect. 
The effective property tax rate is proxied by the total property taxes collected 

in the region divided by the land area of the region. Potential labor costs were 
measured by the per capita income of the region. Transportation linkages within 
the region were measured by the total highway mileage in the region.16 

IV. RESULTS AND DISCUSSION 

The results of the conditional multinomial regression are presented in 
Table 2. Both linkages, forward and backward, are significant. The backward 
linkage, measured by the backward multiplier, is significant at the I percent level. 
The presence of supply linkages increases the probability of a firm locating within 
the region. Thus, the inclusion of backward linkages in target industry studies, 
such as MRI, Battelle, and Anderson and Johnston (1992), is confirmed. Possible 
explanations for the significance of this variable are provided by just-in-time in­
ventory procedures and potential transportation cost reduction. The demand 
linkage, measured by the forward multiplier, is significant at the 5 percent level. 

Many of the manufacturing firms located within the state do not produce for local 
final demand (or consumer demand). The size of their local market is then deter­
mined by the demands for intermediate goods generated by local industry. 

The presence of existing firms within own SIC code, which is measured by 
the percentage of the state's employment within that code located within the par­
ticular region, is highly significant Previous research has indicated that the exist­

ence of manufacturing firms within a region is a determinant of the location 
decision. There are several theoretical justifications for this obseiVation. The 
presence of potential agglomeration economies is often cited. Another explanation 
is that the presence of existing firms confirms that the location is a desirable one. 
Thus, search cost is reduced by simply considering locations that have already 
proven to be desirable by other firms. 

Total manufacturing employment within the region is significant and cap­
tures two concepts. The size of an appropriate labor pool is an important con­
sideration in the location decision. Firms contemplating locating within an area 
are interested in the availability of a labor force. Further, by using the size of the 
labor force, we have also captured the relevance of the size of the region, the 
dartboard theory. 

Per capita income is very significant and negative. This implies that, ceteris 
paribus, firms will locate in lower income areas. Given an adequate transportation 

system, sufficient linkages, and a potential work force, the region with the lower 
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Variable 

Backward multiplier 

Forward multiplier 

Percentage employment 

Manufacturing employment 

Highway mileage 

Per capita income 

TABLE2 
Regression Results 

Percentage high school 

Property tax 

Maximum likelihood estimates 
Log-likelihood 

Restricted (slopes =0) 
Log-likelihood 

Chi-squared (8 df) 
Notes: t-ratios are shown in parentheses. 
*** Significant at the 1 percent level. 

** Significant at the 5 percent level. 
*Significant at the 10 percent level. 

Coefficient 

0.9976 *** 
(3.866) 

0.0243 ** 
(2.313) 

0.01753 *** 
(5.839) 

0.000003** 
(2.344) 

0.000053** 
(2.332) 

-0.2052*** 
(-3.655) 

0.0056 
(0.356) 

0.0047 
(0.507) 

-1379.7 

-1728.0 

696.72*** 

income level will be a more probable location. 1bis would indicate that the firm is 

searching for the lower labor costs within the state. 
Both the education attainment variable and the property tax variable are not 

statistically significant We tried another specification for the property tax vari­
able. When the tax rate was measured as the percent of total personal income paid 

in property taxes, we obtained the expected sign, i.e., negative; however, the vari­
able was still insignificant 1bis result coincides with findings by Carlton (1983) 
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Elasticities: 

Backward multiplier 

Forward multiplier 

Percentage employment 

Manufacturing employment 

Highway mileage 

Per capita income 

Percentage high school 

Property tax 

Incremental Change: 

Backward multiplier 

Forward multiplier 

Percentage employment 

Manufacturing employment 

Highway mileage 

Per capita income 

Percentage high school 

Property tax 

TABLE3 

% ~Pjl% ~ Xj 

1.4650 

0.2204 

0.1792 

0.1152 

0.2195 

1.9996 

0.6683 

0.0777 

Pjl% Ll Xj 

0.172 

0.036 

0.036 

0.258 

0.037 

-0.219 

0.073 

0.012 
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and McConnell and Schwab (1990), who found that the county property tax vari­
able was either the wrong sign or insignificant. One would generally expect that 

educational attainment would be significant We speculate that given the kind of 
manufacturing activities that generally take place in South Carolina, i.e., on the 
lower end of the technical skill scale, the availability of an experienced work 
force is more relevant to the location decision than the educational level of that 

work force. This accounts for the significance of the level of manufacturing 
employment within the region, while the educational attainment level is not sig­
nificant. 

The availability of adequate transportation is measured by the highway 

mileage within the region and is significant. 
Table 3 presents the calculations of the elasticities and the incremental chan­

ges in probabilities. These values are the average values across the eight regions. 
The elasticity is calculated in the normal fashion. The backward multiplier and the 
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per capita income variables are the most elastic; that is, the change in probability 
is more responsive to the change in one of these variables. Often a percent of a 
percent is difficult to interpret intuitively, so we also include the incremental 
change. We note that a 1 percent change in the size of the backward multiplier in­
creases the probability of location by 17.2 percent, while a 1 percent increase in 
the size of the forward multiplier only increases the probability of location by 
3.6 percent A 1 percent change in per capita income reduces the probability of 

location by 21.9 percent. 

V. CONCLUSION 

The primary emphasis of this paper was to determine whether backward and 

forward linkages are relevant determinants in the location decision of manufactur­
ing firms. Using a conditional multinomial logit model, we investigated this 

hypothesis at the substate level. We found that both types of linkages are sig­
nificant, although the backward linkage was statistically more significant and also 
exerted a larger impact on the probability of locating within a particular region. 
Two variables representing labor force characteristics were also relevant: the per 
capita income within a region, which proxies labor costs, and the number of 
workers employed in manufacturing, which represents the size of the labor pool. 
The percentage of total employment in a given industry located within the region 

was also very significant. 
We find that firms do consider linkages when deciding on plant location. As 

a policy tool, we find that the use of linkages as part of the targeting criteria is 

probably statistically valid. These conclusions may be limited to substate 
decisions, i.e., our research does not point to the significance of linkages in deter­

mining the choice of state. 

ENDNOTES 

1. Availability implies a notion of sufficient capacity. Backward linkages 
measures by an 1-0 table capture existing relationships among industries. Ander­
son and Johnston (1992) attempted to address the capacity constraint notion by 
evaluating how much of a supplier's output is exported compared to how much is 
sold within the region. 

2. There may be some intrastate variation in some of these variables, par­
ticularly in energy costs. Property tax differentials we account for with a tax rate 
proxy. Local development incentives were not accounted for explicitly. However, 
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following the suggestion of one referee, the model was respecified to incorporate 
unobserved (or omitted) region effects. Our measure of linkages remained a sig­
nificant determinant of the location decision. 

3. Blair and Premus (1987) note that the decision process is often a sequen­
tial one. On the macro level, the state or region is chosen. At the second level, 
micro factors become relevant. Our innovation is to consider the relevancy of 

linkages at the micro level. 
4. McFadden (1974) pioneered this procedure. It has since become a stand­

ard took in the site location literature. For example, see Bartik (1985) and Carlton 
(1983). Haynes and Fotheringham (1991) provide a recent review of discrete 
choice models in regional analysis. 

5. We have 831 observations. Using this specification, we have 8x831left­
hand side entries. Each successful location receives a value of 1 that corresponds 
with the locational characteristics of that region and a 0 for the other 7 regions. 

6. Aggregating counties into regions can be somewhat of an ad hoc proce­
dure. We based our aggregation scheme on commuting patterns, which provides a 
means of linking these counties into a region. We believe that the set of alterna­
tives, besides being finite, is also well defmed. 

7. See Martin et al. (1991) for further detail on the characteristics of these 
regions. Previous research conducted in South Carolina has utilized this particular 
aggregation scheme. 

8. Earlier research, such as Oksanen and William (1984), Goode (1986), 
Hastings and Goode (1982), and Anderson and Johnston (1992), use 1-0 tables in 
the construction of their linkage measure. 

9. Hastings and Goode (1982), for example, use employment and sales data 
in a variant of the location quotient concept to determine their linkage measure. 
Anderson and Johnston (1992) used sales data from American Business Direc­
tories to regionalize the 1-0 data from the national 1-0 table.l 

10. RIMS II is a well known 1-0 model provided by the Bureau of 
Economic Analysis of the U.S. Department of Commerce."The output from RIMS 
II consists of the total sectoral impacts from 531 sectors distributed across 39 sec­
tors. The column sums of the matrix are the traditional output multipliers, which 
in our case represent the backward linkages. We used the row sums of the 39x531 
multipliers as a proxy for the forward linkage. 

11. By using this measure in our specification, we also are testing the 
validity of this linkage measure as a criterion in targeting industries. 

12. For the purposes of this research, the actual size of the announced ex­
pansion is not relevant. Rather, the fact that a decision was made to locate in a 
particular region is what matters. The data for this project were acquired from the 
South Carolina State Development Board for the purposes of another project (see 
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Martin et al. 1991) and were not coded as to whether the expansion was a new 

plant or an existing one. Thus, the data set includes both new and existing plant 
expansions. As Schemenner (1982) observes, finns have the choice to expand by 
either an on-site expansion or a relocation. At some point in the size of the expan­
sion, the same decision criteria enter into the process of deciding where to ex­

pand. We only considered data for plant expansions of $1 million or more. 

13. The above data, which describe the characteristics of the regions, are 

found in the South Carolina Statistical Abstract (1990). Employment data, per 
capita income, highway mileage, and property taxes are 1986 data. Educational 
attainment data are from the 1980 Census. 
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