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ALGORITHMS FOR VERTICAL 

INTEGRATION INDICES 

Thomas L.j;!._orleder* 

. Vertical relationships among firms have been recognized @!§· an 

'· important phenooenon in marketing for years. . Most economists agree that 

the extent of vertical integration within a marketing channel can 

influence the normative performance of that channel. Despite the 

recognized importance of vertical integration as an aspect of structure, 

the preponderance of industrial organization effort has been directed to 

measurement of horizontal relationships among firms. This effort is 

manifest in measures such as concentration ratios, the Herfindahl index, 

Tall-Tideman index, and others. Systematic quantitative comparisons of 

vertical . integration would be facilitated by an acceptable index, tnuch 

like horizontal measures facilitate comparison of concentration. 

The purpose of this manuscript is to suggest two algorithms for a 

vertical integration index. Before elucidation of algorithm specifics 

however, some perspective is necessary on the definition of vertical. 

integration and unit of ~nalysis. 

Definitions 

Vertical Integration 

The concept of vertical integration can be complex. Although 

·consensus exists that the concept involves combining stages or levels of 

produc:tion, differences exist on what constitutes a stage or level. 
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Gort addressed this problem (Gort, pp~ 11-12): 

''Within every establishment, the same productive functions . 

_may be conceived. of as a c~ntinuous process or, alternatively,.· 

subdivided'into a vast number of separate operations, each'., 
. . - . . . 

of which may be identified as a separate. stage in production. II .• 

~ .· - . , . 
. . · . . 

Along. a sim:f,.lar· vein, Mighell and Jones offered a definition of stage··· 

(Mighell and· Jones, P·•· 7): 

"As a working definition, we shall consider that an economic 
·. . . . . . . .. ... . .. . 

stage in production is any.operating process.capable of ·producing 

a salable product or service under appropriate.circunistances. 

Such a process may be part of a larger production sequence within 

a firm so that no sale of the intermediate products occurs. 11 

Trifon offers a review o·f the historical changes in conceptualization of 

integration and the definition of ve-r:tical integration- which is adopted 

in this manuscript (Trifon, pp •. · 734-736): 
. . : . . . -

. ·. ·. 
n-.. • . the ownership or contror by one company of enterprises in · 

. different stages of production or distribution, where each stage 

yields a salable COlll!Ilodity'' (Trifon, P• 736). 

With· both the definitions of Mighell-Jones and · Trifon the concept· · ·bf 
.· . . . . . . . .. . . 

vertical integretion becomes one of ownership -integration,· as contrasted · ·· 
. . ·. ' 

.to·contractual integration.sometimes referred to by other writers (Roy, 

pp. 1.-6; Schneidau}.:' 

Throughout this manuscript, vertical integration is defined. in terms . 

of ·ownership .or control of establishments .at two·or more levels in a 

marketing channel. Thus, integration means a -particular state of firm 
. . . 

organization within. a marketing channel rather than the process or aet 
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of integrating. Also, .a .. dichotomy exists between interindustry and · 

_intraindustry vertical integration.' .rf horizontally a.rrayed firms at·. a . 

.. particul~r level within a marketi~g channel define an industry, then 

·. intraindustry vertic~l. integration measuremeiit involves ··. the extent to 
•, ·. . . . , " ·. ·, 

which .- establisments at a; parti~ular· level· are related through ownership 
. . . . . 

or control t~-. fir:ms;-~t: a different level in the same marketing ··· channel. · 

Interindustry ~erticai integrat~n measurement would-involve aggregation . 

.. -over industries within_ a marketing channel. 

Unit- of Analysis 

In practical appiication of· any measurement· device - the unit of 

analysis· chosen has important consequences for the interpretation and 

comparability of nieasurement. ·At least three units of analysis could ae 

·. appropriate for .vertical - integration measurement-industry,_ marketing 

· .. _ channel segment~·• and . subsector •. · 
- -

Each unit represents -· - increasing· 

aggregation~ 

As previously tnentioned; the notion of . industry. is .· a · horizontal 

array of firms at a. parti~ular level in a. ma:rketing channel. Th.us, at1 · -

--indus.try is composed of·. firms only on one side of a_ -market or pricing 

point _- .within a channeL1l . Several studies .- have fo~used .- on --the 

- · . _ mea~urement_ of vertical. ~integration for an industry}/ __ Such - measures 

may - provide ·. · u:sefttl - informatiotl in .·-regard to evaluating--· industry 
.. ·. : . <. . . . '. . 

performanc~ but cidd: little_ to knowledge concerning - market - - perfonnance 

for au entire marketing channel _or subsector. 

Shaffer provides the de'finition of subsector as "the vertical set of 

activities in ~he production and distribution of a clo~ely related set 

of commodities" (Shaffer, p.3). For example, the cattle-beef Sllbsector 
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would include all firms from those·engaged in cattle production (cow­

calf producer) on through to those engaged in final sale of meat to 

consumers (be it at a restaurant table or meat counter of a retail . 

store). 

A marketing channel segment is composed of two.or more vertically 

related ind.us.tries within a subsector. ·· The notion of segment is fluid,, 

depending on the purpose of a particular analysis •. Thus, for purposes 

of measuring vertical integration in the cattle-beef subsector, three 

channel· segments might be defined. One segment could be for cattle: 

from cow~calf.producer through to processor. Another could be the HR.I 

meat segment from · processor to HRI consumer.· The third then would oe 

the retail meat segment from processor to retail customer (at-home 

consumption) • Each segment could be a: meaningful analytic unit. for the 

investigation of vertical integration and the evaluation· of market 

performance •. 

I 

For. some commodities little may be gained from attempting to measure 

the extent of vertical integration of an . entire sub.sector oecause 

interpretation difficulties · may render such an aggregated measure 

meaningless. For example~ consider the cotton-fiber subsector. The raw-

cotton segment is clearly from the cotton farmer through. · the textile 

milling industry. However, from this level to ultimate consumer a· 

myriad of marketing channel segments for fiber (i.e. both cellulosic and 

non-'cellulosic fibers) exist, each with unique end products. In this. 

instance, it may be that the greatest level of meaningful·· aggregation. 

which can be achieved is segment. 
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By definition, interindustry vertical integration measures would 

involve an aggregate analytic unit--either a marketing channel segment 

or a subsector. Normative performance implications for a marketing 

channel concerning vertical integration can flow only from aggregate 

·measures. The two algorithms outlined in this manuscript presume a unit 

of analysis ,- of either channel segment or subsector. The .most 

.appropriate of these analytic units depends upon the particular 

circumstances of application. 

A Pricing Point Index 

Definition 

. A naive temporal vertical integration index could lie· tiased on 

vertical pricing points within a marketing channel. Such an index would 

.reflect the fact thatas total vertical integration occurs over time in 

a particular channel pricing points disappear. That is, if a particular 

channel at time t has P pricing points and at time t+l the entire 

channel has become totally integrated, then only one pricing point would 

rema:in. (at the final consumption level). The change over time in numoer 

of pricing points may be formalized into an index by: 

. (1) 1/Jt = 4P/Pt-L 

where O~i/Jt< 1 since ll.P = Pt - Pt+l' Pt~ Pt+l ~ 1 and P represents the 

integer number of vertical pricing points in a particular marketing 

channel. at a particular . . 3/. time.- 1/1~ becomes an index measure of 

integration which has occurred between the base time period t and t+l. 

For example, suppose at time ta marketing channel has six generally 

recognized pricing points and at time t+l two pricing points within the 
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channel have become completely integrated (Pt+l = 4}. Thus, t/Jt = 0.4. 

At some later period, t+2, suppose only three pricing points exist, so 

ipt = 0.6 ,using t as the base. The limits of t/Jt occur when no change in 

pricing points occurs between time periods (i.e. 6.P = O, = O} and 

when a11· pricing points but one have·disappeared between.time peri.ods 
,_ 

(i.e. P t+l = 1, ipt 0=-L 0) .. 

In some instances,_ parallel marketing channel segments may exist for 

the same commodity and could be considered simultaneously by computing a 

pricing point index weighted by the volume importance of each parallel 

segment .. Suppose M parallel segments exist, each with V volume. Then, 

(2) llit 

. < < . 
where 0-V -1.0 and r.v =1.0 · m m Thus, Vm could simply represent'.: the 

percent of .total volume which moves through:_segm~~t- m •. 

Fo~ illustrative purposes, suppose there are two parallel segements 

for a commodity (M=2) with. the first segment representing 7O%-of the: 

total volume.· If the first segment from time t to t+l diminishes oy one 

pricing point from a base of six while the second segment diminishes liy 

two from a base of six, then t/Jt =0 .26. Alternatively, suppose the more 

important segment diminished by two while the other diminished by only 

one. Then, i/Jt=0.34... This simply illustrates the effect of weighting 

and the possibility for simultaneous consideration of parallel marketing 

channel segments. 
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Properties 

An index based on pricing points is an obviously naive and crude 

measure since it is sensitive only to changes occurring in'total 

integration among stages, given a base time. A preferable property for 

an index would be sensitivity to changes in the degree of integration 

between stageso 

Th.e usefulness of the index is limited to temporal measurement of 

integration. It should not be used for cross-sectional comparisons .• -

Also, since the _index is based solely on changes in number of vertical 

pricing points, it is appropriate only for approximating .change in 

integration relative to a base time. The index cannot detect absolute 

levels of integration existing within a channel at a particular point in 

time since it is a time-relative index. 

Estimation 
. ,.. . · __ ' : ·.: .:~·< 

An ' obvious ad~antage of a -pricing 'point index is -its 

of estimation. The index could be readily and inexpensively estimated 

by .Delphi.techniques: ·compared\~. qther:poa.sible--_-in:dices;::<·Also/b~ca.use~-,,.i_:,,\,=:r, 

of its simplicity and amenability to Delphi estimation, the index would 

be tractable for historical periods. This is in contradistinction to an 

index based on primary or secondary individual firm data which may be 

impossible to obtain for significant· historical periods. 

A Vee tor Index 

Definition 

A second vertical integration index could be based on the extent of 

integration which exists at each stage or level within a marketing 
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channel. A necessary assumption is that the marketing channel. for which 

the index is.computed exhibit the ordering restrictions for a· vertical 

marketin~ 
' 4/ 

system.- · Given this, an interindustry index may be defined 

as: 

(3) e = r'r/K 

where 0_::8~1, K is the number of stages or levels in a particular 

· marketing . channel. prior to the final consumption · stage (i.e. k.;.l, 

••• ,K), r represents a. vector.whose elements, Ak' are the fraction of 

output: at 
th ·. · . · 

the k level that is transferred.to plants of the same•firm. 

at·a succeeding level, and whereT' is r transpose. The elements of r 

would be defined as: 

Yi.< X f h · i or eac 1 

where X. is the ammmt 
l. 

(either dollar value or quantity) of product 

produced by the i th firm at the k th level and Y. is 
l. ' 

the amount of 

product 
sr·· which is an intrafirm interindustry (or interplant} transfer .. -

The elements of r thus represent the weighted ratio · of intrafirm 

interindustry trans.fer to total output· for each level within a marketing 

channel • 

. As an exampl.e of the index, suppose· a marketing channel consists of · 

three stages prior to ·the final consumption stage (K=3), · where· exactly 

one-half of all output (EYiO::Xi= 0.?) at each stage is integrated with 

firms at a succeeding stage. Thus, Ak = 0.5 for each k, r'r = 0.75, and 

e = 0.2s. 
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The limits of 0 occur when A '=O for all k(0=O) 
k and A =l for all k 

k(S=l). The index is essentially composed of the percent output which 

is integrl,lted divided by the maximum value of r'r. Th.e maxi.mum value of 

r'r may be shown to be K by: 

(5) =?· 

· ·W'nen an · individual \. ·. is formulated as the ratio of. interplant 

transfer to total output as in _ equation (4) above, equal weight is 

attached to units of output with no consideration or weight given to the 

number of firms at a particular level (in an industry) within the 

marketing channel. For some applications, a different algorithm for ~k 

which simultaneously reflects the amount of integration· and inequality 

of market share among firms within an industry may be desiraoleo To · 

reflect both, an individualAk could be formulated as: 

(6) 

where Y. and X. are defined as in equation (4) and t:here are N firms at 
l. . l. 

the k th level • 

. With this formuiation, if all N firms within an industry are 

completely integrated and have equal market share then Ak=l/N. That is, 

if all N firms. have equal market shares and are completely integrated 

then. \ is simply the reciprocal of the number· of firms in that 

industrye Also, if one firm becomes the industry . (i.e. N=l) the 

expression reduces to 
l,.,: 

(Y/X) 2 , meaning that Ak depends solely· on' the 

inter plan~ transfer ratio for that·one firm. The limit of ;\kis 1.0, as 
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before, but is reached if and only if there is but one firm at the kth 

level and that firm is totally integrated. 

It is not clear that a formulation for "k as in equation (6) would 

be superior to a formulation as in equation (4) in all applications. In 

actual •application,· simple correlation analysis between the formulation. 

in equation (4Y and some horizontal concentration measure (such.· as the 

Herfindahl index) may·yieldmore insight into structure than sole use of 

the equation (6) formulation. 

Properties 

The index, a, is similar in concept to· the Herfindahl index, a well-

known horizontal concentration measure (Grossack, Vernon). Two 

properties considered·desirable for a horizontal concentration index 

are: 

1. · The index increases (decreases) with increasing (decreasing} 

inequality of market share among a given number of· firms. 

2. The index decreases (increases) with an increase (decrease) · 

in the number of firms. 

The vector index e exhibits the analogous first _ property, but not 

the second. That is, e increases (decreases) with an increasing 

(decreasing) amount of vertical integration between levels, for a given 

number of levels. The· second analogous property would b.e that·a 

· vertical integration. index decreases (increases) with. an 

· increase (decrease) in · the · number of levels. ·.· However, for· a vertical 

integration index this analogous property would not be desiraole. A· 

preferrable property for a vertical integration index would be that the 
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index had the same value, given the same integration, regardless of the 

number of levels. Thus, a channel of K levels compared with a channel 

of K+c levels, where C is an arbitrary positive integer, would have the 

same index if Ak were equal for all k. This is true of the measure e. 

However, · once a base of K levels was established for a particular 

marketing channel,, all K levels would need to be included from that time 

forward· in order to secure time comparable measurement. 

Unlike the pricing point index, the vector index is sensitive to the 

. degree. of integration between levels in a marketing channel. Also, the 

vector index is suitable for both temporal· and cross-sectional 

comparisons. Cross-sectional suitability arises since marketing 

channels of varying number of levels produce the same 0, given that 

between ·1evel integration is identical. 

One additional substantial difference between the pricing pOint 

index and vector index is that the former is based solely on change in 

number of pricing points · over time. This renders it incapable of 

measuring the "absolute level" of integration at a particular point in 

time. The vector index, however, is sensitive to bothalisolute and time 

relative integration, once a base of K levels· for a marketing channel 

has been established. 

Estimation 

Appreciation for ·quantification of either an individual. ,\k or. 0 . may 

be obtained by examining primary limitations of other proposed measures 

of integration_. A general indictment of· a majority of vertical 

integration measurement techniques based on conventional data sources is 
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that vertical integration tends to be· defined by the measurement 

technique. This is in contrast to first defining vertical integration 

and. then des.igning an acceptable measurement technique. Some 

' elaboration of this and· other difficulties become more apparent by 

reference to specific measurement techniques. 

There are,at.least three alternative ratios which could he utilized 

as estimators of A, besides· the interplant transfer approach suggested 
K 

above9 These ratios include: (1) income to sales, (2) inventory to 

sales, and (3) · value added to sales. All three ratios have similar 

limitations. Since in each the denominator reflects sales, the 

magnitude of the ratio is confounded with the level (k) for which the 

ratio is computed. For example, suppose K=3, then suppose value added 

is exactly one dollar at each level with the value of output at the 

primary level at one dollar. Then, the value added to sales ratio is 

LO for k=l 3 0.67 for k=2, and 0.33 for k=3. Yet, each level may oe 

"equally" integrated (Adelman, p. 282). · Obviously, the ratio reflects· 

the level within the marketing channel rather than the degree of 

integration. Other limitations specific to each ratio 

reviewed here (see Adelman and Barnes for elaboration). 

will not lie 

The interplant transferapproach is not without limitation •. Income, 

inventory, value added, ·. and sales are conventionally collected data, 

while interplant transfer is available for only a limited number of 

products for a. limited number of +evels with.in a ·marketing channel. 

Quant-+fication using interplant transfer as the estimation method for. Ak 

would, in most instances, require primary data collection. Also, if 

interplant transfers are measured in dollar units then different firms 
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may value the -same transfer differently. ·This limitation could be • 

mitigated however by calculation of·the _interplant. transfer' ratio in 

physical units~ 

App1ication 

. . 
. . . 

· · Interest in · vertical integration from a policy perspective is_ 

primarily at-tributable to its potential influence on market performance • 

. No ind.ex or other measurement device by itself will explain either the 

extent ' of vertical ·. integration or its relationship to Iila.rket 
I· .. 

performance.·· However, requisite · to quantitatively testing hypotheses 

concerning vertical integration is design of·an acceptable quantitat:f:,ve 

·. vertical integrati9n measure. An acceptable index can provide a means 

of empirically testing hypotheses; in a structural equations context, 

concerning both what causal factors· explain ·on.served degrees of 

integration and what impact integration has on m.arket performance. 

Of .course, measurement difficulty is the perpetual Nemesis of 

hypothesis verification. · An acceptable index would . facilitate . testing . 

leading hypotheses concerning impetus .. for integration, such as risk_·· 

aversion, economies of size;. technology. adoption, ·a.nd/~r high·_ market 

transaction costs (for · others.·. see .Arrow. and . Williamson). A. major 

barrier to empi.rically testing· such hypotheses .. now is lack· ·· of 

appropriate seco:<iary data for va~ious agricultural marketing channels. ·· .. 

Design of an acceptable · index represents the ·. initial step .• toward. 

identi.£:ication of data for quantification of vertical integration. ·· 
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· .· Sutmnary and Conclusions 

.. Two algorithms have been · suggested for an interindustry vertical 
. . . 

integration index. The first algorithm involves integration measurement .·· 

. based on change .· in ·. number · of pricing . :points . Qver time •. ··. Although, ··· 

admittedly a crude measure, the advantage of thi~ -lcmg term •temporal 

measure is the simplicity with .which· it co·uld be estimated •.. The Delphi 

· technique would •serve as· a relatively inexpensive means for estimation. 

of a pricing point index. However, such an index is not of· sufficient· 

sophistication to piay a role in most structural analyses. 

: The seeond · algorithm · measures interindustry vertical integration 

based upon aggregation of vertical integration·· · at each. level. -- The 
1, 

index is basically a vector whose elements are estilliates of the degree 

of vertical integration at each of K levels . in a marketing channel. 

Individual elements ·of the vector can be formulated in different ways, 

depending ·on whether or not inequality of market shares: is to he 

. considered simultaneously with the degree of vertical integration. 

Also, ·• individual. elements can be estima. ted by several alternative· -ratios 

which · serve at · estimates of vertical integration at a particular· level 

(intraindustry vertical integration). The index is appropriate for both. 

temporal and cross-sectional comparisons of vertical integration •... 
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Footnotes 

*Farmer Cooperative Service, U. S. Department of Agriculture, 

Washington, D. C. on leave from Texas A&M University. This paper 

was presented at the American Agricultural Economics Association 

meetings, The Ohio State University, August, 1975. Helpful comments 

from Marshall Godwin, Gerald Grinnell, Preston LaFerney,, Bruce 

Marion, and Carl Shafer aregratefully acknowledged. 

1. Some writers have referred to industry and· market as being 

conceptually identical. In this manuscript, differentiation between 

industry and market is useful. As Olson states "Marketi11g and 

· industries are not the same and it promotes clarity to distinguish 

between them and the performance of each. The transaction is th..e 

key difference between market and industry, ••• Moreover, two or 

more industries are involved in transactions except in consumer 

markets and intro-industry transactions such as those for hedging, 

arbitrage, and balancing supplies among firms" (Olson, p.10}. Also 

for purposes of this manuscript, horizontally arrayed markets (i.e. 

geographically disparate submarkets for the same commodity} are 

considered as a pricing point within a marketing channel. 

2. Other studies have measured vertical integration and/or 

diversification for firms at a particular level in a marketing 

channel by· using Standard Industrial Classification (SIC} code 

definitions of levels. Gort designed a measure of intraindustry 

vertical integration based on the ratio of employment in all 

"auxiliary activities" to aggregate employment for the firm (Gort). 
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A study of diversification and merger of grain firms utilized a 

diversification index defined from the number of SIC industries in 

which .1il firm was engaged (Cobia and Farris).. 

Some other divergent vertical integration measurement techniques 

have been designed reflecting various levels of aggregation •. Laffer 

utilized·the ratio of sales to gross corporate product by broad 

industry classifications (Laffer). Another approach by Rogers was 

to weight the rows and columns of a conceptual matrix on integration 

(owner, contract and cooperative) which defined an index (Rogers}. 

Bucklin provides a second interesting conceptualization of market 

channel flows which has implication for vertical integration 

measurement (Bucklin). 

3. Only in the limiting case where P t+l = 1 will ij,t = CX> • . If 

P t+l > 1 then ijlt < 1. For practical purposes, when Pt+l = 1 then ij,t. 

may be regarded as 1. 0 or complete integration. Also, a case of 

vertical disintegration (where Pt < Pt+l) would not ·. produce a 

meaningful index~ however· this is not considered a severe limitation 

since examples where pricing points have increased over time within 

an agricultural corrnnodity marketing channel are difficult to 

conceive. 

4. Ordering restrictions on a vertical marketing system simply 

imply that stage.R or levels within the. channel are sufficiently 

well-d~fined .so as to allow ordering the K levels. For example, at 

· th· · . · 
an arbitrarily chosen k level, the product sold at that level is 

as near to its final completion in all dimensions and nearer on some 

than at. the k-1 level (Richartz, pp. 185-188). 
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5. : The --- Y · variable could be defined differently for types of vertical 

integration other than ownership. For example, _- Y could -be. the 
. . . : 

amount of product which is ·either an.interplant transfer or the 
' 

' .. '· 
amount of· output under interindustry· contract. · . Thus> • Y . could 

reflect. -either· or both·· ownership and contractual integration. 
. . . 

However, ,.if Y were us ed. as a proxy--_ for both contractual - arid _-_- . ----
ownership integration, temporal and cross-sectional interpretation 

difficulties _ would .arise from mixing - . varying degrees ·- of 

· entrepreneurial control gained or lost through.· integration into the 

same measu:i:-e. From this standpoint, Y is perhaps best conceived as -

· e_ither an estimate of ownership or contractual integration. 
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