Estimating the Potential Gainsfrom Mergers

May 1999
Peter Bogetoft and Dexiang Wang

Department of Economics,
The Royd Agriculturd Universty,
Rolighedsveg 23, DK-1958 Frederiksberg C, Denmark.
E-mall: pb@kvl.dk.

Abstract: We introduce ssimple production economic models to estimate the potentia
gains from mergers. We decompose the gains into technica efficiency, sze (scae) and
harmony (scope) gains, and we discuss aternative ways to capture these gains. We
propose to approximate the production processes using the non-parametric Data
Envelopment Analysis (DEA) approach, and we use the resulting operational approach to
edimate the potentid gains from merging agricultura extension officesin Denmark.

Contents. 1. Introduction, 2. Literature, 3. Production Models, 4. Measures of Merger

Gains, 5. Decomposing Merger Gains, 6. The Danish Agricultural Extenson Services, 7.
Find Remarks, References.

Keywords: Data Envelopment Andys's, Management, Organizetion, Mergers

1. Introduction

There are frequent reports of mergers and takeovers in the business press. It seems that
mergers play an important role in the restructuring of many sectors. There is dso a
considerable theoretica literature on the pros and cons of mergers, and a number of sudies
trying to evduate the effects of actua mergers ex post.

There are many reasons to merge. The internd or organizationd reasons include the
possbility to exploit economies of scde, economies of scope, risk sharing, scarce
managerid sKills etc. The externd or market oriented reasons include the possibility to gain
market power via 9ze or scope or the facilitation of collusive behavior. There are dso many



obgtacles to mergers, including the possible conflicts between different business cultures and
public policies directed against the exercise of market power.

The am of this paper isto focus on the potential production economic effects of mergers
and in particular to discuss ways of quantifying these. We deviate from previous papers by
esimating the potential gains a priori rather than the redlized gains ex post. We deviate dso
by usng a multiple inputs multiple outputs production modd as opposed to a more
aggregate cost model. Lastly, we deviate by developing a framework where the potential
gains can be decomposed and related to different strategic possbilities, viz. improvement of
efficiency in individud firms, exchange of inputs and outputs via inter-firm markets, and
genuine full scae merger.

We modd the multiple inputs multiple outputs production process usng an activity andyss
or so-cdled Data Envelopment Analysis (DEA) approach. This gpproach is easy to use
and it has proved to be aflexible and powerful tool in alarge number of empiricd studies. A
particular advantage is that it does not require prices on inputs or outputs. Our specific
methodologicd contribution is to show how the effects of mergers can be captured and
decomposed by DEA models.

In the application, we use our gpproach to evauate the potentid gains from mergers of
agricultural extension offices in Denmark.

The outline of the paper is asfollows. In Section 2, we relate our gpproach to some existing
literature. In Section 3, we introduce a class of production models and we review how they
can be estimated using DEA. In Section 4, we purpose aggregate measures of the potential
gains from amerger, and in Section 5 we discuss how these measures can be decomposed
into technicd efficiency, Sze and harmony effects. The application is discussed in Section 6,
and find remarks are given in Section 7.

2. Literature

The generd economic literature emphasizes how mergers may affect costs and competition,
cf. eg. Perry and Porter(85) and Farrell and Shapiro(90). A recent issue is the drategic
vaue of an early merger, cf. Nilssen and Sergaard(1998).

The production economic effects of mergers are related to the cost aspect. Thisincludesthe
efficiency of production, the economies of scale and the economies of scope. The efficiency
of dternative production plans and the economies of scale has receved consderable
atention in the Data Envelopment Andyss (DEA) literature, cf. the references below. Less
focus has been given to the economies of scope, an exception being Fare, Grosskopf and
Lovel (1994, Sec.10.4). Economies of scope prevail if joint production is cheaper than
separate production. With two products, this means that C(yi,y2) < C(y1, 0)+C(0, ),
where C(y1, Y») isthe minima costs of producing products 1 and 2 in the amounts y; and
y2. A key feature of most examples is the use of some sharable or quas-public input in
production, say a technologica improvement which can be used in one area without
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affecting its use in another area. In this paper, we use the scope idea somewhat broader.
We do not require the merged units to initidly produce different types of products, just
different product mixes. To emphasize this, we shdl talk about economy of harmony or mix.

A rdated line of literature is concerned with estimating the potentia gains from resource
redlocations. An early paper combining this question with DEA modds is Lewin and
Morey (1981). They discuss the decomposition of inefficiency in a hierarchica organization
into what can be atributed to inefficiencies in the production units with given resources and
the misdlocation of resources among the units a different levels of the organization. A
recent contribution is Bannlund, Chung, Fare and Grosskopf(1998). They estimate the
potentid gains from dlowing certain inputs (pollution permits) to be traded among the firms
of an industry. This is done by comparing the profit under an existing digtribution of the
permits to the profit that is possible when pollution permits can be redlocated. Our
gpproach is related to this gpproach except that we do not have a single relevant output like
profit (and therefore use Farrdl type proportional changes to capture gains). Additionaly,
we digtinguish the gains associated with redlocation among smilarly szed firms, caled the
harmony effect below, and the gains that are available by changing the scde of the firms,
cdled the Sze effect below.

Kao and Yang(1989) use a DEA mode to analyze the reorganization of the nationa forest
digricts in Tawan. The need for fewer and larger didtricts give rise to four dterndive
digtrict-plans. The new digtricts are merged from old ones, and the expected performance
of the new didtricts are evauated by comparing the aggregation of the congtituent digtrictsto
adigrict production model based on the origind ones. This is smilar to the approach we
use here to measure the overal potentid gain from a merger. The am is different, however,
since Kao and Yang(1989) seek didricts that are smilar in terms of efficiency. They do so
to provide a far bass for subsequent competition and comparison, and they do not
consder dternative ways of accomplishing this. (See Bogetoft(1997) for some smilar
design condgderations in aforma agency setting involving DEA.) We seek a reorganization
that maximizes the potential gains and we consder dterndive ways to accomplish this
ranging from learning from peer units to genuine mergers.

Our approach is dso related to the notion of the structurd efficiency of an indudtry.
According to Farrd!(1957,p.262) sructura efficiency is "the extent to which an industry
keeps up with the performance of its own best firms' and it can be measured by comparing
the horizonta aggregetion of the industry's firms with the frontier congtructed from its
individud firms. Thisis Smilar to the way we measure the aggregate gain from a merger. A
related approach is the average unit gpproach suggested by Forsund and
Hjamarsson(1979). In this gpproach the structurd efficiency is estimated by taking the
average of each type of input and each type of output and by measuring the associated
average unit's distance to the frontier. This is Smilar to our concept of harmony used to
capture the mix effects of amerger except that we correct for individud inefficienciesfird.

It is relevant to observe - as does Farrdl(1957,p.261) - that the structurd efficiency
generdly fdls short of the average individud efficiency. The reason is the "curvature' of the
frontier or more precisdly the convexity of the production posshility set. We shdl



emphasize this below. Here, we just note this is not a problem in our estimation of the
potential gains from a merger. In fact, it is precisdy the ability of an average unit to save
more inputs or produce more outputs that we consider to be an important source of gains
from a merger and which we cal the harmony effect. Caution is cdled for, however, in ex
post studies. Often the cost aspects of a merger is evaluated by comparing the average pre-
merger efficiency with the post-merger efficiency of the new unit, cf. eg. Akhaven, Berger
and Humphrey(1997), Chapin and Schmidt(1999) and the references herein. In this case
the pogtive effects of a merger may well be underestimated smply because the target for
the merged unit is more demanding than the targets for it congtituent parts. Put differently,
even though this measure indicates increased dack, the merger may be advantageous from
the point of view of production economics. Our harmony index emphasze this.

Lastly, we note that there are technical resemblances between the merger issue and the role
of aggregation in production theory. There is a large literature on the aggregetion of
variables and the separability of production processes. There are dso a few papers
explicitly linking these issues to the efficiency measurement problem, cf. Fare and
Lovel(1988). Such studies may give conditions on the technology under which the different
merger effects can be excluded, see dso Bogetoft(1998b). We hope to pursues thisissuein
later research.

It is clear that one cannot predict or prescribe mergers based solely on the potentia market
economic or production economic gains. Mergers involve severd issues that are hard to
capture in a formd modd, including the amilarity of the business cultures in the merged
units. Subsequent to the application described below, severd managers contacted us to
discuss ther merger possibilities. They congstently emphasized the importance of such
additiond factors.

3. Production M odels

Consider the case where each of n Decison Making Units ©OMUs), il 1={1, 2 ..., n},
transforms p inputs to g outputs. Let x' = (x;,...,x;)| A? be the inputs consumed and
y' =(yi...y;)T Ag the outputs produced in DMU', il I. Also, let T be the production
possibility set

T={(xy)] AB| xcan producey}

and le x®P(x) and y® L(y) be the associated production and consumption
correspondences

PO) ={ylxy)l T} L) ={xI (xy) T}

Some regularity assumption are usualy imposed on T. Classcd assumptions are that for
dlx¢x2T AP andygy2T A 2 wehave



A1 disposability: (x¢ydl T and 23 x¢and y2£y¢b (@ y2)I T
A2 convexity. T convex
A3sreturntoscale: (X, y)T T P k(x,y)l T forki K(s)

where s = ‘trs", ‘trs*, Vrs', or irs' corresponding to congtant, decreasing, varying or
increasing return to scale, and where K(crs) = A, K(drs) = [0,1], K(vrs) = {1}, and
K(irs) = [1, H4) respectivdy. An less common but very rdevant assumption here is the
replicability or (super) additivity assumption thet for all x¢ x2T A P and y¢ y2T A g

A4 additivity: (xGydl Tand (02, y2) TP (x¢-2,yery2)I T

From an gpplied point of view, we believe that the additivity assumption has advantages
over the scding and the convexity assumptions typicaly adhered to in microeconomic
textbooks. The appeal of the additivity assumption is draghtforward. If one DMU
produces y' usng X' and another produces y" usng X", a unit with inputs x'+x" should be
able to produce at least y'+y", snce it can just operate as two independent divisons
imitating the origind ones. The convexity assumption lacks this "peer group” or "proved by
way of examples' rationde. A convex combination is an addition of potentialy artificia units
derived by down-scding feasible ones.

Given a technology, efficiency has to do with the ability to reduce inputs without affecting
outputs or to increase outputs without requiring more inputs. In the case of multiple inputs
and outputs, the efficiency of a DMU, say DMU, is often messured by the so-called
Farrell(1957) measures

E=Min{E A &EX,y)I T} or F=Max{Fl Aji(X,Fy)l T}

where E' is the maxima contraction of dl inputs and F is the maxima expansion of &l
outputs that are feesiblein T.

In many applications, the underlying production possbility set T is unknown. The Daa
Envelopment Andysis (DEA) gpproach can be used to model and evaluate productive units
Is such cases. For a text-book introduction to DEA, see Charnes, Cooper, Lewin ad
Seiford (1994). Assuming that X' = (x;,...,x;)T A% are the inputs actually consumed and
y' =(y...y;)T A¢ aretheoutputs actually produced in DMU', il 1, the DEA approaches
estimate T from the observed data points and evauate the observed productions relative to
the estimated technology.

The estimate of T, the empirical reference technology T* with correspondences P*(.) and
L*(.), is constructed according to the minimal extrapolation principle: T* is the smdlest
subset of A P*9 that contains the actual production plans (,y), il 1, and satisfies certain
technological assumptions specific to the given approach.



The (relative) efficiency of DMU' may then be messured in input or output space by using
the Farrell-measures above with T* subgtituted for T.

Different DEA modds invoke different assumptions about the technology. The origind
congant returns to scale (crs) DEA modd proposed by Charnes, Cooper and Rhodes
(1978, 1979) assumes A1, A2 and A3(crs) while the decreasing returns to scale (drs) and
(locdl) variable returns to scale (vrs) models developed by Banker (1984) and Banker,
Charnes and Cooper (1984) apped to Al, A2 and A3(drs) and Al, A2 and A3(vrs),
respectively. It iseasy to see, cf. e.g. the references above, that A1, A2 and A3(s) lead to
the empirica reference technology

59 ={(x, y)T A9[SI T Alx3 & 1'%, yE£4&;1'Y,1TL(E©}
whereL (cre) = A2, L(drs)={IT A2|& I"£1} andL(vre)={IT AJ|&;1'=1}.

The assumptions A1-A3 have been relaxed in the free disposability hull (fdh) model used by
Deprins, Smar and Tulkens (1984), and the free replicability hul (frh) modd briefly
proposed in Tulkens(1993). The fdh modd invokes only Al and T*(fdh) therefore has the
structure abovewith L (fah) ={I T AD|&;1'=1,1'T{0, 1} " i}. The frh modd presumes
Al and the additivity assumption A4 such that T*(frh) has the structure above with
L(fr)={ IT AJ|l"integer " i}. DEA modds partidly rdaxing the convexity assumptions
are suggested in Bogetoft (1996) and Petersen (1990).

We note that DEA provides an inner gpproximation of the underlying production possibility
. The efficiency edimates are therefore optimistic and the potentias input savings and
output expansons are underestimated. This gpplies dso to the merger gains we shdl
esimate below. They arein generd downwards biased. When we decompose the gains to
identify dternative ways to cgpture the gans, the bias persst, but since it affects dl
edimates, the rdative attractiveness of the different organizationa remedies are not
sysematicaly affected - except perhaps for a particular underestimation of the size effect
dueto relative few large units, cf the discussion in section 6.

4. Measures of Merger Gains

Let us assume that it makes "organizetional sense” to merge the FDMUS, i.e. the DMUs
withindexesj T Ji {1, 2, ..., n}. In our application we merge DMUSs that are close in a
geographic sense since here proximity to customers are crucia. In other cases, it may be
more important to have the same owners or to have smilar organizationa cultures in order
for amerger to be meaningful.

The merged unit is denoted DMU’. Direct pooling of the inputs and outputs gives a unit
which has used &1 ; X to produce a;; ¥Y. This corresponds to having a completely
decentraized organization with the decentralized units corresponding the J-units.



A radia input based measure of the potential overall gains from merging the DMUs is
therefore

(PY) E=Min{H A, & E[&;,X], &;,¥)1 T}

E’ is the maxima proportiona reduction in the aggregated inputs &5 X tha dlows the
production of the aggregated output profile &;i ; . If E <1, we can save by merging. If B
>1, the merger is codtly.

Smilaly, an output based measure of the potentid overal gains from merging the JDMUs
could be

(Py) F'=Max {FI A1 (&%, F[&;i,¥]) T*}

F is the maxima proportiona expansion of the aggregete output aji Y thet isfeasblein a
(merged) unit with aggregate input 8;i 5 X. If F >1, we can gain by merging. If P <1, the
merger is codly.

If we insart a DEA edimate of the production posshbility sst we get the following
operaiond measures of the potentid merger gains

Min E
(P3) =
St EJ[éji J)(J] 3 é.ﬁ | | iXi
[éiia)”] £ anl'y
1T L(K)

Max F’
(Ps) F, I
s.t. [éjiJ)(j] 3 éi“l iXi
FJ[éAjTJyJ] £ éiﬂl Iyl
17 LK)

We observe that neither of these programs may have feasble solutions. In such cases we
define B = +p and P = -, respectively. Intuitively, the programs may be infeasible for
two reasons. Firg, the merged unit may be large and the return to scale properties may not
favor large units. This may be the case in the drs, vrs and fdh modd. Second, the merged
unit may involve an input mix that is not very "powerful” or an output mix thet is "hard” to
produce. This may be the case in the fdh modd. We shdl return to the scaling and mixture
effects of mergersin more details below.

A generd sufficient condition for the merger to be (weskly) advantageous is that the



technology stisfies the J-additivity condition
éji JT i T

In such cases it is possible to produce &j; )y usng &;i X given that it was possible to
producey usng ¥, ji J. Thisleads to the following smple observation

Lemma 1 A aufficient condition for (P;) and (P,) to have feasble solutions is the additivity
assumption A4. In particular, the crs and frh technologies lead to feasble (Ps) and (Py)
programs.

Proof: By induction, the additivity assumption A4 implies the J-additivity assumption a7 ; T
[ T whichin turn implies the existence of solutionsto (Py) and (P») as observed above. The
crs modd satisfies A4 snce it satisfies A2 and A3(crs) which implies A4. (Indeed, the crs

modd can dternatively be defines by A1, A3(crs) and A4). The frh is defined by Al and
A4 and hence satisfies A4 as desired. Q.E.D.

We note that the J-additivity condition &5 T I T is equivadent to the ether of the
conditions

a7 L) T LGy
aj PO P(éjTJXIj)

for arbitrary (¢',y")I T, jl J. A sufficient condition for the merger of the JDMUSs to be
weekly advantageous is of course that either of these conditions hold for the given vaues of

), 1 Jd.
Since merger advantages are often expressed in cost terms, we further note that the first of
these conditions implies subadditivity of the cost function C(y,w) = Min{wx | X L(y)} for
al possbleinput priceswi A ?

a;1:C(y",w) 2 C@&j 1y’ w)

and that the latter implies superadditivity of the revenue function R(x,p) = Max{py |
yl P(x)} for al possible output pricespl A d

&;1 R(X,p) £ R@ji X',p)

Under convexity assumptions, we have by dudity theory thet the latter conditions are in fact
equivalent to the former, c.f. aso Fére, Grosskopf and Lovell(1994,ch.10.4.)

5. Decomposing Merger Gains



Our measures of the potential overall merger gains, E and F, encompass severd effects. In
this section, we decompose the overdl effect into technicd efficiency, scale and scope
effects and we discuss the organizationa relevance of this decomposition.

Someor dl of the unitsin Jmay be technicaly inefficient and this may be captured in E and
F. Although amerger may bring in new management which may fadilitate the dimination of
such inefficiencies, it is dso possible to reduce technica inefficiencies through other means,
eg. by imitating the better performers, sometimes referred to as the peer units. To avoid
compounding the effects, therefore, it is useful to adjust the overdl merger gains for the
technical efficiency effect. To do so, we can project the origina units to the production
possihility frontier and use the projected plans as the basis for evauating the remaining gains
from the merger.

Thus, for example, we may project X,y) into €X.y) for al ji J, where E =E” is the
standard efficiency score for the single DMU' , and use the projected plans (EX,Y), ji J, as
the basisfor cdculating the adjusted overall gains from the merger

(P)  E’=Min{El Ao & E[a;,EX],4;,¥)T T}

The output based measure F can be adjusted in a smilar manner, but we shall restrict
oursalves to input based measures from hereon.

If we insert a DEA edimate of the production possbility st we get the following
operational measure of the adjusted overall gainsE

Min E

El

s.t. E[éjiJE)é]s éiill iXi
[3j.¥] £ ail'y
T L(Kk)

Letting T = EVE ” we get
E=T*E’

where T1 [0,1] indicates what can be saved by individua adjustments in the different units
inJ.

Since the individud units can be projected to the frontier in many ways, there are many
possibilities to congtruct merger measures that are adjusted for technica inefficiencies a the
individud leve. In the E” program (Ps), we could for example use output based projections
of the individud units ingdead of the input based projections, we could supplement the
proportiona reductions with non-proportionad dack adjustments, or we could introduce
non-radia projections.



Assuming that individud technicd inefficiencies has been dedlt with, we are left with the two
most interesting production economic effects of amerger.

Oreisthe scaling or size effect. A merger leads to a unit that operates at a large scale.
This may or may not be advantageous depending on the scale properties of the underlying
technology. Figure 1 below illugtrates a case with pogtive Size effect.

Anirstechnology:
y Input saving = (1-E)(x'+x) irs frontier
Output gain = (1-F)(y*+y?)
Fy'+y%)
yl+y2 .

Y 2
== ]
X

X B dHd) X+¢ X

Figure 1. The Size Effect of Merging
The other main effect of a merger isthat it leads to other input and output mixes. This may
be advantageous by taking us into more "productive" directions of the product space. We
shdl refer to this as the harmony, scope or mixture effects Figure 2 illustrates a case with
positive harmony effect.

. A crstechnology:
input 2

P Input saving = (1-E)(x%)
Output gain = (F-1)(y+Y)

X4

\ L(F+2
— (F2y)
\ L(2y)
E* (X9
T W)
@ input 1
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Figure 2. The Harmony Effect of Merging

Without further assumptions about the technology, we cannot put Sgns on the size and the
harmony effects. We have dready illustrated cases where they are podtive. Negative Sze
and harmony effects are illugtrated in Figure 3. A case of opposing effects will be is
illugtrated in Figure 4 below.

A drstechnology: A crstechnology:
y Input cost = (E-1)(x+x) inout 2 Input cost = (E-1)( x+X)
Output loss = (1-F)( y*+y?) P Output loss = (1-F)(y+y)
| E* (X4x)
1+ 2
e ‘ e
X
y? — L)
y1 ¥ L(F*2y)
L(y)
O & 2 B x O input 1
3a Size Effect 3b. Harmony Effect

Figure 3. Negative Size and Harmony Effects

We note that both the size and harmony effects are reflected in the additivity condition &
T1 T, or equivdently the conditions & ,P(X) I P@&; X) or &5.L() I LA ).
Postive gze effects correspond to drict inclusons with proportiona input (or output)
profiles while positive mixture effects corresponds to drict inclusons with input (or output)
profiles pointing in different directions.

In Figures 1-3, it was easy to digtinguish the Sze and harmony effects snce we assumed
congtant return to scae (leaving no room for Sze effects) when we illugtrated the harmony
effect and we assumed a single input Sngle output technology (leaving no room for harmony
effects) when we illugtrated the size effects. In generd, however, it is less obvious how to
diginguish the two effects. We shdl return to some of the ambiguities beow. Frg,
however, we outline a decomposition which we find natural and useful.
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We propose to capture the harmony gains by examining how much of the average input
could have been saved in the production of the average output, i.e. by the measure H’

(Pe) H? = Min{HT A, & H[|9"&; BX], 1981 ¥ )T T}

where |J is the number of dementsin J We look at the average input and average output
since we do not want the expangon of Size to come into play yet. Using the average is most
relevant if the units in J are not too different in Sze to begin with. If the Szes differs
consderably, we may be picking up scde effects, eg. if some units are larger than and
some are smaler than the "optimal scale size' as defined by Banker(1984). Note that H'<1
indicates a savings potentiad due to improved harmony while H? >1 indicates a cost of
harmonizing the inputs and outputs.

As previoudy, we may insart a DEA estimate of the production possibility set and hereby
get an operationd linear programming measure of the potentia harmony gains

Min H

H, I

s.t. H[l\]lléol]i JEXJ] 3 é.iﬂ' iXi
[ y] £ &'y
T L(Kk)

Next, we capture the size gains by asking how much could have been saved by operating
a the full scale rather than the average scale, i.e. by the measure S’

(P;) S'= Min{SI Ao & JH’ ;1 .BX], ;i ¥ )T T}

The re-scaling is advantageous, S’ <1, if we have economies of scae, and codtly, S >1, if
the return to scale properties do not favor larger units.

The corresponding DEA based operationd measure of the Sze gainsis

Min S
S| N N
St SHJ éji JE)(J] 3 é.ﬁ | | .IXlI
Eoljl JyJ £ éiT | | |y
1T L(k)
Usng these definitions, we have
E’=H* &

and by E' = T’ * E " we get our basic decomposition



E=T*H* S

This corresponds to a decomposition of the basic merger index E’ into a technical efficiency
index T, a hamony index H’ and a size index S. The technica efficiency measure T
captures what can be ganed by making the individud units efficent. The remaning
potentials to save, E 7, are created by the harmony effect, H’ , and the Size effect, S,

Figure 4 below illugtrates the decomposition in a case with positive harmony effect and
negetive sze effect.

input 2 A drstechnology:

Harmony saving = (1-H)(x"+x) >0
Scale saving = (H-H* S)(x+¢) < 0
Net saving = (1-E)(x4+x) = (1-H* S) (x'+X)

x5

* (XX) = H* S* (X+X)
L(2y)

2L(y)

input 1

Figure 4. Pogtive Harmony and Negeative Size Effects

The decomposition of the potentia gains from merging DMUSs into a technicd efficiency
measure, a harmony measure and a Size measure is important because full scale mergers are
typicdly not the only organizationd option avalable and it may be that dternative
organizational changes may be easier to implement. In particular, we suggest tha the
following may guide the organizational restructuring:

Low technical efficiency measure T*:

One could let the inefficient DMUSs learn from the practices and procedures of the more
efficient ones. If the problem is not alack of skills but rather motivation, one could improve
the incentives, eg. by usng rdative performance evauaion and yardstick compstition

13



based on the technica efficiency measures, cf. Bogetoft(1994,95,97). Of course, if the
problem is scarcity of management tdent, it may ill be necessary to make a genuine
merger to trandfer control to the more efficient adminigtrative teams and hereby improve the

managerid efficiency (X-efficency).

Low harmony measure H”:

One could consder redlocating the inputs and outputs among the DMUSs to create more
"powerful” input mixes and more easly produced output mixes. The can be done insde a
hierarchy, by long term contracts or perhaps by creating a market for key inputs and
outputs, cf. dso Brannlund, Chung, Fare and Grosskopf(1998).

Low size measure S

In this case, full scde mergers may be the only dternative. If we need large amount of fixed
capitd, highly specidized gaff, long run-lengths or smply a critical mass to obtain sufficient
returns from scae, it may be relevant to merge. Also, and perhgps most importantly, this
may be relevant if the redlocation through contracts or a market are associated with too
many transaction cods to make it atractive, cf. the generd discusson of the size of the firm
in the indudtrid organization literature, eg. Tirole(1988).

The decomposition developed above is only one (naturad we believe) possihbility to define
and diginguish between technicd efficiency, the sze and the harmony effects. A amilar
decompodgtion is possble in the output space, but it will not in generd lead to the same
quantitative measures of the different effects. Also, there is typicaly some posshility to
ubgtitute between the harmony and sze effects.

To emphasize the subdtitution possibility, consder the following modified definition of the
harmony effect

(P;) H.' = Min{HI A, & H[a&;i EX], ad;iy )1 T}

wherea T [0,1] isascdar that defines the activity level a which we caculate the harmony
gains. Above, we used a=|J*, i.e. we used a smple mean size to determine the harmony
gains. We could il define the Size effects as in (Ps) except that we should use H.” instead
of H. Now, by varying a we get different vaues for the harmony and size effects. It is
sraightforward to prove the following Smple lemma.

Lemma 2 H.’ is independent of, weskly incressing in, weskly decressing in or non-
monotonicina T [0,1] when T is a constant return to scale (crs), decreasing return to scale
(drs), increasing return to scae (irs) or varying return to scae (vrs) technology.

Proof: Assume firgt that &l programs have feasible solutions. Now, since (Ha” [a i EX],
ad; )1 T,0is(Ha [a'4; EX],a'd; )1 Tfora'T Aywhen T isacrs technology,
fordl a' 1 [0, a] when T is drs technology, and for dl a'1 [a,+u) when T is a irs
technology, respectively. This implies that H,’ decreases when a reduces in a drs
technology and that H,” decreases when a increases in a irs technology. In the crs case, it
shows that H,” weakly decreases when a varies and since this holds for arbitrary a, it
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implies that H,” is constant. In a vrs technology, we get a non-monotonic H,’ . For small
value, it decreases, then it is constant and than it incresses in a 1 [0,1]. The constancy
occurswhen (a&jl JEjxj, adjl Jyj ) is projected into amost productive scale size plan, cf.
Banker(1984). Caseswhere the program may not be feasible followssmilarly.  Q.E.D.

Lemma 2 emphasizes the possibility to make dternative decompodtions. If we choose a
low vdueof a in adrs technology, we assign some size effect to the harmony component.
Intheirscase, alow vaue of a would lead us to assgn some of the harmony effect to the
size component. We leave it to future research to determine more generd technologica
properties that are necessary for the decomposition to be independent of a.

The introduction of amodified harmony index is only one way to vary the decomposition. A
more fundamentd dteration would be to cdculate harmony and scding effects without
presuming technica efficiency. Organizationdly, this may be very rdevant since it may be
eader to redlocate resources than to change the internd culture, tradition and routines and
hereby the technica efficiency. The difficulty of such a reversed decompostion is that the
rates of subgtitution needed to eva uate the Size and harmony gains are only well defined on
the frontier. Still, by making proper assumptions about the technology, methodologicaly
sound " off-the-frontier-redlocation-gains' may be caculated. Some initid work adong these
lines are Bogetoft and Fare(1999).

6. The Danish Agricultural Extension Services

In Denmark, agriculturd advisory services are provided by 71 extension offices. (Two of
these offices, numbered 52 and 47, actualy share advisors, and they are therefore treated
as one, numbered office 47, in this study.) These offices serve different geographical
regions. The offices are co-operatives owned by the farmers in the corresponding regions.
The regions have a long tradition of cooperation. The regiona organizations are part of a
nationa organization which operates a supra-advisory office, The Nationd Agricultura
Advisory Centre at Skejby, from which the local offices can buy standardized computer-
programs, expert-help etc.

In this section, we are going to evauate these offices. We expect to find high relative
efficiency levels because of the dmilaity of the technologies and the widespread
cooperation of the offices. At the same time we expect potentid gains from mergers, in
particular from the harmony effect. The reason is that the farmers demand for extenson
sarvices may change redively fast due to new market conditions and environmenta
regulations while the qudifications and sructures of the extenson offices may adopt dower
due to union regtrictions, recruitment difficulties etc.

The data for this study includes a rather detailed description of dl the activities in the
economic sections of the 71 offices in the year Oct. 1994-Sept. 1995. Due to
confidentidity clauses, we cannot reved the names or location of these offices. For the
purpose of this anadyss, we have aggregated the information into a description of the
production processin terms of 4 inputs and 4 outputs, namely
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Inputs:

HELABOR: Number of employees with higher education (academics)
LELABOR:Number of employees with less education (technicians etc)
EDB: Computation costs

BUILDCOST:  Officerent and other costs

Outputs:

ECOACC: Number of externd accounts (financid statements) produced
PRODACC: Number of internal accounts produced

BUDGETACC: Number of budgets produced

TOTOACC: Number of other services produced, e.g. subsidy applications

We note that the data do not capture the ultimate extension output, namely improved farm
performance. The Nationd Agriculturd Advisory Centre is presently developing qudity
measurement techniques that could improve the output description used here.

Summary datistics for the 4 inputs and 4 outputs are provided in Table 1 below. 1 US$ is

approximate 6.5 DKr.

Table 1. Summary satistics of the 70 advisory offices

Laborsize No. econacc prodacc budgacc totoacc helabor lelabor EDB Buildcost
(acc. No.) (acc.No.) (acc.No.) (acc.No.) (full-time) (full-time) (200 kr) (100 kr)
averagesin groups
<10,00 7 18843 75,57 3243 78,71 2,09 437 1947,82 357717
10,00-19,99 27 431,70 24033 67,85 165,63 5,75 9,73 4089,98 923944
20,00-29,99 16 66044  362%4 107,13 266,31 10,28 14,08 663151 1481325
30,00-39,99 10 807,20 45650 128,90 364,00 12,40 19,98 830937 1722783
40,00-49,99 2 106450 576,00 165,50 437,00 13,80 28,66 743158  17822,79
50,00-59,99 6 123567 52033 166,83 576,83 17,60 39,42 961838  28314,19
>60,00 2 163550 836,50 314,50 1182,00 27,75 4455 1958524  41861,53
Total 70 4442800 2333700 702300 1962300 646,79 1101,24 42500593 973049,17
Average 634,69 33339 100,33 280,33 9,24 15,73 607151  13900,70
Min 76,00 19,00 19,00 10,00 1,00 250 1189,85 1200,73
Max 176000 923,00 401,00 1216,00 31,00 49,60 20707,88  48189,33
STDEV 35166 190,95 61,91 23457 584 10,83 3560,40 905347

To investigate the efficiency of the individud offices, we initialy calculated input based DEA
scores for each of them. The efficiency distributions in both the crs and the vrs technologies
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arereported in Figure 5 below.
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We see that if the technology is modeled using a constant return to scale DEA modd, the
estimated average saving is 8.75%. In the varying return to scale model, the average saving
potentid is 5.02%. Informa comparison with other DEA based productivity studies show
that these numbers are in no way extreme - given the number of DMUs and the number of
inputs and outputs.

Many of the offices are located close to each other and a lot of the services are ddlivered
via phone and computers. For the purpose of consdering potentid mergers, we have
therefore examined what potentially could be saved by merging offices located within a
driving distance of 50 kilometers (gpproximate 30 miles) from each others. Thisleads to a
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total of 458 possble mergers involving two or three offices. We have tested the merger
gains from al of these combinaions usng both crs and vrs DEA-modes as the basic
production mode. The didribution of the merger gains are reported in Table 2 below,
where we have |eft out the cases with no potentia gains.

Table 2 shows that there are consderable potentia gains from merging. Assuming a crs
technology and assuming that we have first corrected for individud inefficiencies, we see
that 409 of the possible 458 E” scores was less than 1. Furthermore, about 100 of these
mergers generate a saving which are of gpproximately the same sze, 8-10 %, as the
average gains from individua improvements reported above. Under a vrs technology, the
gans from merging (as the gains from individud improvements) are consderably less snce
the scale effects generdly works againgt mergers.

Table 2. Digribution of merger efficiency measures (<100%) under CRS and VRS

Efficiency CRS technology VRS technology

interval in % E B’ = B+’
55,00-59,99 2 0 0 0
60,00-64,99 2 0 0 0
65,00-69,99 1 0 0 0
70,00-74,99 19 0 2 0
75,00-79,99 50 4 0 0
80,00-84,99 112 14 13 1
85,00-89,99 118 23 15 3
90,00-94,99 83 9% 29 12
95,00-99,99 36 272 25
Total 423 409 11

To further examine the mogt promising mergers, Table 3 ligt the 25 mergers leading to the
lowest E’ scores under the crs assumption. Again, this illustrates that there are non-trivia
potentid gains from mergers in the Danish extension sector.

Findly, we lig the 25 mogt promisng mergers in a vrs technology in Table 4. In this case,

the decompositions of the tota gains aso show that there are generdly quite a bit to be
ganed in terms of the harmony effects. The Sze effect, however, generdly works againg the
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mergers. Only in the merger of the rather smdl offices 56 and 65, code A10, do we get a
positive Size effect.

We note that the negative Size effect may be caused by the estimation procedure more than
the production economic redities. Since we have reatively few large units the production
norms for large units - and hereby the estimated potentid gains from creating such units via
mergers - will be relative smdl due to a less precise estimate. In generd, a smdler sample
gze - or asmdl sample Sze in a given region - leads to smdler production estimates when
we use aminima extrgpolation estimation technique, cf. aso Zhang and Bertel §(1998).

Agan, however, these numbersiilludrate that the gains from mergers can be sgnificant. The
A13 merger, for example, suggest a potentia gain of 15.88% from a merger even though
the individud units cannot be improved. This gan is the result of a potentid harmony
improvement of 17.30% and a potential Sizeloss of 1.72%.

Table 3. Merger efficiencies of the top 25 must promising mergers under CRS, in %

Code Merger E T Ex(=H’)
Al Office 46 and 49 58,20 68,61 84,83
A2 Office 46, 49 and 53 59,77 76,09 78,55
A3 Office 46, 49 and 50 62,03 75,95 81,67
A4 Office 46 and 53 62,87 79,44 79,14
A5 Office 33,34 and 35 68,32 82,93 82,38
A6 Office 46, 49 and 51 70,05 79,87 87,71
A7 Office 02 and 06 70,34 74,74 94,11
A8 Office 46 and 47 71,37 84,13 84,83
A9 Office 46, 47 and 50 71,73 84,66 84,73
Al10 Office 33,37 and 39 71,84 88,75 80,95
All Office49 and 53 72,28 76,36 94,66
Al12 Office68 and 71 72,30 7345 98,43
Al3 Office33and 34 72,32 81,22 89,04
Al4 Office 46, 51 and 53 72,64 85,27 85,19
Al15 Office 46 and 50 72,93 81,50 89,48
Al6 Office33 and 37 73,20 9043 80,95
Al7 Office 33,37 and 40 7345 89,67 8191
Al18 Office33and 35 73,49 91,16 80,62
Al19 Office 34, 35 and 44 7358 84,08 87,51
A20 Office 33, 37 and 44 74,09 91,20 81,24
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A21
A22
A23
A24
A25

Office03 and 06
Office 04 and 06
Office 02, 03 and 06
Office34 and 44
Office 33,39 and 40

74,45
74,76
74,93
74,95
75,07

81,25
77,14
80,91
84,60
91,90

91,63
96,92
92,61
88,59
81,69

Table 4. Merger efficiencies of the top 25 must promisng mergers under VRS, in

%

Code Merger combination E T Ex’ H’ S
Al Office 46 and 49 73,88 8441 87,53 83,29 105,09
A2 Office68 and 71 74,59 7542 98,90 97,72 101,21
A3 Office 56 and 57 80,38 85,62 93,88 93,39 100,52
A4 Office57and 71 81,07 76,87 105,46 99,58 105,90
A5 Office28 and 32 81,68 81,95 99,67 94,08 1054
A6 Office57 and 68 82,13 83,35 98,54 96,73 101,87
A7 Office 64 and 67 82,52 84,19 98,02 90,44 108,38
A8 Office 12 and 31 82,61 91,97 89,82 87,27 102,92
A9 Office 56 and 64 8331 85,99 96,88 89,23 108,57
A10 Office 56 and 65 83,38 96,04 86,82 89,61 96,39
All Office 12 and 32 83,95 88,52 94,84 94,55 100,31
Al12 Office 12 and 28 84,09 81,03 103,77 97,67 106,25
Al13 Office 47 and 48 84,13 100,00 84,12 82,70 101,72
Al4 Office 12, 31 and 32 84,35 92,99 90,71 87,10 104,14
A15 Office28 and 29 8443 80,76 1044 96,89 107,90
Al6 Office28 and 31 85,00 87,26 9741 91,86 106,04
Al7 Office 57,68 and 71 85,10 78,48 108,43 97,54 111,16
Al18 Office 17 and 22 85,18 86,61 98,35 98,35 100,00
Al19 Office59 and 64 8534 8244 104,13 96,60 107,80
A20 Office 13 and 32 85,87 89,53 95,91 94,04 101,99
A2l Office 46 and 53 86,33 R, 77 93,06 78,92 117,92
A22 Office 28, 31 and 32 86,39 88,90 97,18 88,74 109,51



A23 Office 17 and 19 86,77 86,18 100,68 94,01 107,09
A24 Office 22 and 23 8742 93,16 93,84 89,18 105,23
A25 Office 12 and 17 87,54 82,93 105,56 94,03 112,26

Prior to the study period, there had been some re-organization of the advisory offices.
Offices in severd regions had in fact been merged. Subsequently, more offices have
merged, including some of the combinations identified above. Since we cannat indicate the
Identity of the offices, we can dso not reved which offices have subsequently merged.

7. Final Remarks

In this paper, we introduced smple non-parametric production models to compute the
potentid gains from merging Decison Making Units. We decomposed the gains into
technica efficiency, 9ze and harmony effects. A merger may force the units to perform
more efficiently on an individua bass. It aso affects the scae of operation which may or
may not be advantageous depending on the return to scale properties. Findly, it affects the
mix of inputs avalable and outputs demanded. A merged unit faces a more balanced or
harmonic input and output profiles which istypicaly advantageous.

The decompogtion dlows us to identify dternative means of improving performance. If the
technical efficiency is low, gains are possible by learning the practices of peer units and by
introducing incentive schemes to motivate efficency. If the hamony index is low,
improvements are possible by re-alocating resources, ether within a hierarchy or through
an inter-unit market for inputs and outputs. If the Sze index is low, a genuine merger may be
cdled for to enable the optima specidization, run-lengths etc.

The methodology was illustrated by computing gains from merging neighboring advisory
officesin Denmark. We showed that considerable production economic gains from mergers
can be expected. In many cases, the gains from individua improvements and from improved
harmony effects were of the same order of magnitude.

There are numerous relevant extensions of the research reported here.

On the theoretica Sde, it is relevant to condder dternative decompaositions and to identify
technologica regularities that suffices to make the decompositions unique. More generdly, it
Isimportant to study what organizationa changes to introduce in a post-productivity anadysis
and to discuss how the andlysis could be tailored in the first place to support such changes,
cf. dso Bogetoft(1998a).

On the agpplied dde, our framework is particulaly reevant in those cases where it is
important to keep a multiple inputs multiple output description of the production process.
This may be the case quite generdly snce a merger probably requires the units to maich
and complement each othersin severa dimensions.
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More specificdly, we suggest that the framework is relevant in naturd resource planning
and regulation. Farms and forests are subject to an increasing number of environmental
redrictions in most countries. In Scandinavia, such condraints are often refereed to as
harmony condtraints since they concern the balance or harmony between different uses of
the environments. The gpproach of this paper can be used to evauate dternative designs of
such redrictions, including the use of farm specific or tradable requirements. Also, it can be
used to predict likely responses to such regulations. One way to meet the increasing number
of congraints is to balance what one has in excess with what another lacks through a
merger.
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