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Abstract

In this paper, we develop a price advantage meashtained as the difference between
efficiency scores computed with quantity-based eaadde-based data. This measure is interpreted
as an increase in the firm’s profit rate due t@weofirable input and output price environment.
Compared to traditional allocative efficiency maasuwhich uses only the evaluated firm’'s
prices, price advantage measure considers pricgeeas$ in the market. Our main contribution is
to show that total-price advantage decomposestirdasum of output- and input-specific price
advantages. The application of the measure to achréarm’s dataset in the context of the
successive common agricultural policy reforms —iagmat the liberalization of agricultural
prices (1992-2013) — illustrates our theoreticatiglo

Keywords Data analysis envelopment, Price advantage, Teahefficiency, Value efficiency,
allocative efficiency, European agricultural poli€AP reforms

1. Introduction

Traditional technical efficiency gives indication the ability of a decision-making unit (DMU)
to increase its outputs (reduce its inputs) forweemy level of inputs (outputs). This measure is
based on physical quantities recorded at the DMAII& he introduction of the price dimension
in this setting can be traced back to Farrell (398fo introduced cost (overall) and allocative
efficiencies as a measure of the producers’ altiditgptimally allocate their resources according
to their own respective prices. Fare et al. (1994ended the initial approach, based on cost
minimization, to revenue and/or profit maximizatonn this framework, the (input) allocative
efficiency for example is usually computed indihgcs a residue of cost and technical input
efficiencies (Coelli et al., 2002). An exception Begetoft et al. (2006) who aim at a direct
measure of allocative efficiency.

To date, a few undesirable characteristics of s and allocative efficiencies have been pointed
out in the literature. Recall that since the mairective of these efficiencies is the identificatio
of the optimal allocation of output and/or inputt@rms of physical quantities for a given (known
and fixed) system of relative pricéshere is no prices comparison among producerse Ton
(2002) noted that in the case of price differenetwken DMUSs, the cost and allocative
efficiency measures present some limitations. B@ample, an equiproportional increase (or
decrease) in the magnitude of inputs prices dods affect the estimated cost efficiency
coefficient. To overcome this “strange” behaviobe suggests the use of an enhanced radial
efficiency measure that uses the levels of spendimgach input instead of input quantities. In
other words, Tone (2002) introduced a new form llafcative and cost efficiencies based on a
“value” production technology. Fukuyama and Wel#004) and Fare and Grosskopf (2006)

2 Note that Camanho and Dyson (2005) extended theretical Farrell cost efficiency framework (theguires
complete information on inputs prices) and addressenarios of incomplete price information.



extended and generalized this approach to nontradiings, using the directional distance
function of Chambers et al. (1996). Sahoo et @142 pursued in this direction. Specifically,
they dropped the assumption that DMUs are pricersaland proposed a “value” directional
distance function on the basis of a technologytisat includes all feasible (input) costs and
(output) revenues. Note also that the cost effoyanodel developed in Tone (2002) served as a
basis in Sahoo et al. (2012) for the estimatiomedfirns to growth. This idea was also at the
origin of Tone and Sahoo (2006) for the developnm@na new scheme for measuring scale
elasticity of production. Finally, Sahoo and To@613) contrast the “value” based cost model to
a “quantity” based one, which allows them to discgsale and scope economies in a non-
competitive market characterized by heterogeneioms fand price uncertainty.

The question of the meaning of efficiency measwigtsained with value-based data instead of
guantity data has also been investigated. Stafitong the observation that when DMUs face the
same prices, quantity-based efficiency scores ahgevbased ones are identical and that when
the prices faced by the DMUs are different, theswes differ as well, Cross and Féare (2008)
showed that input-oriented radial value-based iefficy score can be multiplicatively
decomposed as a purely technical efficiency s@technology effect and a firm effect. On their
side, Portela and Thanassoulis (2014) analysedefbisiency by considering both prices and
input quantities as decision variables. An inputgicost saving component was then integrated
into the decomposition of this cost efficiency mgasusing a Bennet-type indicator. Although
these measures clearly improve standard allocatfii@ency, they still assume physical resource
reallocation at the firm level for a given systefmalative prices.

Camanho and Dyson (2008) criticized the assumptibrixed prices in the cost efficiency
assessment. They pointed out that the cost eftigieneasure reflects only inputs efficiencies
(technical and /or allocative efficiency) but notgrket) price inefficiencies (deviation from fully
competitive setting leading to price differencestwaen firms), and then suggest a
comprehensive framework that accounts for bothtsipand market (price) inefficiencies and that
circumvent the problems mentioned in Tone (200@gc8ically, they enhance the method of the
measure of cost efficiencies to account for siabratwhere the inputs prices can depend on
negotiations or tend to qualitatively differentiéibe resource available at each DMU. Some other
approaches have dealt with the possibility that BMprices are not identical, either from the
perspective of imperfect markets (Kuosmanen et24110, Fang and Li, 2015) or from the
perspective of price endogeneity, often complentehteprice uncertainty (Cherchye et al. 2002,
Ray and al. 2008, and Johnson and Ruggiero, 2011).

We introduce in this paper the concept of “pricgaadage”. Rather than decomposing the value
technology further as in Cross and Fare (2008),mdicator is based on the difference between
two inefficiency scores estimated with i) physigalantities of inputs and outputs, and ii) their
respective values (costs and revenues). Our iradi¢catgiven an economic interpretation as the
percentage increase in the profit rate due to auiable price environment. In this sense, price
advantage measure completes the picture providethéwllocative efficiency by emphasising

producers’ abilities to seize favourable market@environments for a given input and/or output
mix. Our main contribution in this paper is to posp a decomposition of this difference into
output- and input-specific price advantages. Tlnasn a practitioner’s point of view, we aim at
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providing a means for identifying those inputs andputs, which are the main sources for price
performance.

Our price impact measure is distinct from the “nedirkg efficiency” concept introduced in
Singbo et al. (2014) where a price index is intaetlas an additional constraint in the technical
efficiency model. In the same spirit, it is alsdfetient from the concept of “market efficiency”
proposed by Camanho and Dyson (2008). Indeed,eiin Work, each DMU is evaluated with a
price vector chosen among other DMUSs, be it theimmim price observed for each input (first
measure for economic efficiency) or a DMU’s prietor leading to the minimum cost (second
measure for economic efficiency). One could quatifig approach as “normative” since optimal
prices from other DMUs are applied to each evatl&®U. Conversely, in our setting, a DMU
is always evaluated with its own observed pricetared=rom a practitioner point of view, it is
somewhat difficult to disentangle prices from thgput physical quantities used. Thus, our
measure adopts a more “positive” approach and sedan less restrictive assumptions.
Moreover, our indicator is more general as it asoounts for output prices (profit setting) and
proposes a decomposition of total price advantagesutput- and input-specific price effects.

We take advantage from the context of prices libexaon and reinforcement of farmers’
incentives to consider price signals in their decis (from common agricultural policy, CAP
hereafter, reforms) to show the relevance of owgepadvantage measure. Additionally, through
the decomposition of total price advantages, we adnle to characterize the origin of price
advantages for each produce. This information isiakde for both practitioners and public
authorities in markets ongoing a deregulation ppec&pecifically, we used a dataset of 11,967
observations from 1,186 farms located in the Freshgbartment of Meuse for the period 1992—
2013. After showing that price advantage measurenigse informative about the state of
producers’ efficiency than the allocative efficignmeasure, we show that subsequent to the
adoption of the 2003 Mid-Term Reform (MTR hereaftecrops-specific price advantages
decreased while milk-specific price advantages eased and bovine-meat specific-price
advantages remained relatively constant.

The remaining of this paper is organized as followsSection 2, we present our methodology to
estimate price advantage and introduce its decoitigrosnto input- and output-specific price
effects. Section 3 describes its empirical applecain the French department of Meuse, and
Section 4 presents a discussion of our methodolgy results while Section 5 gives the
conclusive remarks.

2. Methodology

Let N be the total number of producers, denoted as DMId8)g a common technology to

transformM input quantities(Q) into S observed output quantitie(QO). If the technologyl®

satisfies properties such as: no positive outp@s be produced from zero inputs, free
disposability, and convexity, we can define itsadahvelopment analysis (DEA) representation
under constant return to scale according to Baekat (1984) as:



N N

T°={(Q,Q0)| QI = > A"Ql¢,[k=1...M,QQ< D A"QJ OF 1..84"> GIw 1..N(1).
n=1 n=1

Let Pl and PO be the vector prices for thd inputs and theS outputs, respectively. For an

observed DML (a=1...N), VI{ denotes the cost incurred for the infk=1,...,M). This cost

is obtained as the product between physical quyaaid its price:

VI2=QIZPI2 (2).

In the same way, DMW@’s revenue from the outpjn(j =l...,S) is defined as:

VO =Qq Pg o

Therefore, its observed total cost and total reeeame respectively given by:

S

M
VI* =3 VI andVO* =) VO
k=1 =1

j
DMU a’s observed profit is given by the difference betwé¢otal revenue and total cost:

T =VO -VI° (4).

a

Its observed profit rate is the ratio between ol iprofit and total revenue\z/%.

Based on the idea introduced by Cross and Farej2@90nultiplicatively decomposing the value
efficiency score into a quantity-based efficiencgre, a technology effect and a firm effect, we
define in what follows the value technolo@y based on the output values vecd® and the
input costs vectoM .

N N
T ={(M,VO) |V}, 2 D> AVI, k=1...M,VQ< Y A"VJ OF 1..SA"2 @ = L..N (5).
n=1 n=1

The gap between a given production plan and thlentdogy (T © for example) boundary is
measured using the concept of the directional nitgtdunction. The usual directional distance

function proposed by Chambers et al. (1996) isngefias:DQ° : (R'x R)x( R'x R)— F

DQCCF (QI,QO;gQ',gQO) = sgp{ BOR :(QI -A% ,Q0 + Sg*° )D TQ} (6).

where gQ :(gQ' ,QDO ) is a strictly positive vector defining the diresti of projection on the

CCF

frontier, andCCF in DQ™" stands for Chambers, Chung, Fére.



The technology T ? can be characterized by the directional distancaectfon, since

(Q,QO)M° = [xfCF((l(ngq,gQO) >0, properties of directional distance functions can

be found in Chambers et al. (1996). In this tradiél frameworkf3 is a common scalar for all
inputs and outputs defining a unique efficiencyredor the DMU under evaluation.

The standard measures for technical efficiency atker Shephard or directional distance
functions. In the vein of Ritchie and Rowcroft (B99Aparicio et al. (2013; 2015) who extended
the analysis framework to account for slacks, aitireg introduces a Féare-Lovell directional

distance function wher@=(p® 8% Je R x R is a vector with specific components for each

input and output (Fare and Lovell, 1978). The madwantage of this approach is to exhaust all
input and output slacks to obtain a full Paretoeeghcy measure. Since costs and revenues are
known in our setting, we naturally use them in orideweight each component of the vedgor
The resulting directional distance function (in the quantity space)

DQ:(R"xB)x( R'x R) -~ Fis defined as:

.4 Ql ~QOY _ B'VI +B°°VO | QI 0 QO
DQ(Q1,Q0 g% ,g° )—s;m{ ovo QB .QO+prd )DTQ} ).

where€® 0 R*® is a row vector with all elements being equal to 1

This new directional distance function has an titaieconomic interpretation. The denominator
of the objective function is the observed reven&(é\(O) while the numerator is the profit
increase due to cost reductions and revenue ireseagasured by reaching the frontier in the

direction defined bng. Therefore,DQ can be interpreted as an increase in the profé. ra
Clearly, whenever economic information on pricesn@ available, the distance function as

defined by Chambers et al. (1996) is useful by gisimadial contraction and extension of g?e

vector. All input and output components are implyciveighted equally. However, when prices
are known, we use the individual value shares tightalistinctly inputs and outputs and a Fare-
Lovell directional distance function seems morecadge.

Likewise, let the directional distance functiortlm value space be defined as:

DV (VIvO g*' ") = S”p{ BEVIABVO vy —puigh v+ g° )DTV} ®).
B

e’ VO

This distance function is interpreted as the improent in the profit rate as a result of the output
revenue increase and/or the input cost reductidmléihis is the most general case treating both
inputs and outputs, one can restrict the analgsither a revenue or a cost approach. For this,
one should consider null components in either tipeiti or the output direction respectively on the
corresponding output- or input-value technology. \W&e the output-oriented model for the
empirical application.






2.1. Total price advantage and its decomposition into dput- and input-specific
price advantages

We estimate the distance functions defined abova iimear programming framework. We
choose the observed production plan of the evaluBtdU as the directiong® =(QI,Q0) in

the quantity space ang@’ =(VI,VO) in the value space. For a given DM the directional
distance function in the quantity space becomes:

DQ(QI*Q0*Q!I *QO *) = sup (¢ -p QI i€ +p* )QOa)DTQ}

BQ'VI a4 BQOVOa
B p°
(9).

e°VOo?
withe' 0 R" s a row vector with all elements being equal to 1

This directional distance function can be compdtenh the following linear program (LP1):

[Zvom@o . ZV'fﬁkQ'j
=M K

J

ax -
2, g2 VO

DQ(QI*,Q0%QI °Q0 7

> Q02(1+4°)Qq Di=1..8

y (LP1)
YAQ<(1-82)QlIE  Tk=1..M

n=1

A"=0 On= 1N,

B° =0 Oj=1..S

Q>0 Ok= 1,M,

Recall that normalisation by revenw&? is useful for providing an economic interpretation
the inefficiency as a profit rate growth, which quetes the work of Cross and Fare (2008).
Besides, it allows to obtain a relative measure thofit growth rate is in percentage) which
allows for inter-DMU and inter-annual comparisons.

In the same way, directional distance function ki in the value space is obtained from the
following linear program (LP2):



(Zvo;‘/g’jvo + w;,eg'}
DV (VI*VO *VI VO )= Ma = o

im\/op >(1+8°)VQ* 0j=1,...8
n=1

y (LP2).
YAV (-0 )VIg Ok=1,.M

n=1

A"=0 On= 1,N,

B°=0 0j=1,..,S

V>0 Ok= 1,M,

DMU a'’s technical efficient profi(n@Q) if it adopted optimal production decisions is defi as:

R =Y (1+827)vOr-> (1= B2 ) Vie (10).
j k
Value-based maximum prof(tzf‘"’) that a DMUa can get from an optimal choice of “price-
guantity couples” for each productipand each inpukt is defined by:
Y =3 (1+ 8 IVO -3 (1- B ) W (1),
j k
We define a technical inefficiency meaSL(FEa)Which highlights the percentage increase in a
DMU a profit rate by adopting optimal quantity decisions:

L TPO-1

Tl
VO

(12).
and a value inefficiencx(VAIa)Which gives the percentage increase in a DMprofit rate by
adopting optimal price and quantity decisions:

Y-

VA= &
Vol (13).

According to the two above indicators (equatid2sand13), DMU a is considered as technical
and respectively value efficient when the corresjog measure is null. If the measure is strictly
positive the DMU is said to be technical ineffidi@md respectively value inefficient.

We define a price advantage for the DM(PA®) as:



= DQ(QI*,Q0*QI *Q0 *)- DV(vI O VI YO 9 (14).

When the price advantage measure is strictly p@sitive interpret this situation as a favourable
price environment since the DMU's technical ina#fitcy (distance to its physical quantity
benchmark) is greater than its value inefficiendistance to the value benchmark). When the
price advantage measure is negative we interpnst ghuation as an unfavourable price
environment since the DMU’s distance to the physgeeaantities benchmark is lower than its
distance to the value benchmark. When the pricarmdge measure is null, then we consider that
the DMU's price environment is neutral in the setis# its price system does not have an effect
on its performances.

The total price advantage defined above (see emuat) can also be written as the residual
between technical and value inefficiencies, or les gap between technically efficient profit

() and value-efficient profit 1) as a percentage of the observed revei@®).

Q _ \
PA® = TI""—VAI"":% (15).

Indeed, we have that:

o =Y 0"\ /2 VIT Vo a Vi oy /12
o T L S aeve- s v s o va-sat v
:DQ(Q|aQo QI2QO0 a)—DV(VI VO NI VO a)

The interpretation of the price advantage measthedway is equivalent to the one we gave
above®

Given the use of input- and output-specific direes in our linear programs LP1 and LP2, we are
able to propose specific price advantages for eathut (PAO?) and respectively, for each

input (PAIE) .

0 — B9 )vOo?
pA0f=(ﬂ‘ ﬂ'a) = (A7 -8 )i =12,
Ve,

wherea" is the share of the revenue obtained from oytputhe total revenuetirf1 _ﬁ

% For example, when this measure is negative, inséaat the profit rate obtained with the priceitg couple of
the benchmark is lower than the profit rate obtdimeth technical benchmark input and output quagit

(na‘v IVO? > ﬂaQ/VOa) . Consequently, this DMU is in an unfavourable @emvironment.

10



QI _ pVI* a
k K )Vlk

PAI? _ oo

=(B" - B )80k =1, 2,..M an

a

: L VI
wheredfl is the share of the cost spent on irlpirt the total revenued; :VOka A

If the output- or input-specific price advantagepasitive, then we infer that DM@ enjoys a
favourable price environment for that output/inputich can lead to an improvement in the
DMU’s profit rate. If the output/input-specific ge advantage is negative then DMUhas
suffered from an unfavourable price environmenttf@t output/input and the measure gives the
reduction in its profit rate due to the output praisadvantage. Obviously, this measure can also
be null, meaning that the price environment hasbesutral for that output/input and with no
effect on the profit rate. For the same DMLUts specific-output price advantages can be pesit
for some outputs/inputs, negative for some othedsreeutral for the rest.

Our main result is that the total price advantage loe algebraically decomposed into the sum of
output- and input-specific price effects.

Proposition. Given our notations and the two linear programs L&l LP2 above we have that:

PA*=» PAG+)» PAF,0j=1,2,...,.Sandl k 1,2,..M 18).
(18)
i K

2B =B NVOT X (B - Vi

a — | k
Zj: PAC +Zk: PA[ = Yol + VG
ZIBJQO*VOja_'_Zﬁ(QF Vlka ZIBJVG VO,a"'Z,@W VLa
— k _ k
- VO? VO
=DQ(QI*,.Q0*QI*Q0 *)-DV(VI YO VI YO 9
=pA'S

Our measure of price advantage is comparable with recent publications dealing with
allocative efficiency (Sahoo et al. 2014) as a wagake into account the effect of prices on the
DMU’s performances. However, there are severalmtisbns between the two measures. The
following paragraph seeks to discuss them.

* Note that this cost-share gives a measure ofrtip®itance of one input compared to the others.ofe tevenue
can be different from the total cost, the sum ekthcost-shares is not always equal to 1.
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2.2 Total price advantage and allocative efficiencyiwo complementary measures

Allocative efficiency allows identifying the optirhallocation of output and/or input in terms of
physical quantities for a given set of relativecps. It is defined here as a residue between profit
and technical inefficiencies. Consistent with tlisfinition, we introduce below the profit

inefficiency measure which represents the rationakimum profit(na'*) to observed revenue.

The maximum profit a DMU could get, given its owhserved prices, is obtained through the
following linear program (LP3):

S ~ M ~
7= Max =Y PQ* QF-Y PP QF
oMex. Jle g* Qg kzll & QA

(LP3).

A"=0 Un= 1.N .

This linear program (LP3) gives the optimal outpnd input quantities yielding maximum profit,
for the DMU’s system of relative output/input precérofit inefficiency(PROIa) highlights the
percentage increase in a DMU’s observed profit wébards to observed reven(l‘eoa) for
given relative prices. Therefore, profit inefficagnis defined as:

s
VO
Allocative inefficiency (Al*) defined above as the residue between profit iriefiicy PROF)

PROP = (19).

and technical inefficiencyT(®) represents the gap between optimal prdﬂ?*o and technically

efficiently profit (77*) as a percentage of the actual (observed) re\afark) .

-t ' -nt o -m®t
\Y/ei vO' \/e)
Therefore, DMUa is allocative efficient if the optimal profit fots given output- and input-price
system is identical to the optimal profit when tB&1U is technical efficient. In this profit

framework, the gap betweeR™ and 77" highlights the additional profit the DM can get
from an appropriate reaction to its own observetpuiuand input prices.

Al? =PROI* - TI* = (20).

However, as pointed out by Tone (2002) allocatiefficiency measure is limited as it is based
on the concept of relative prices. For a DMU pradgcseveral outputs with a given level of
inputs, an equiproportionate increase in the prafethese outputs would not alter the DMU’s
allocative inefficiency. While a rich body of resela seeks to improve this characteristic (Fare

12



and Grosskopf 2006, Sahoo et al. 2014, etc.), tb@nmon feature is that they all assume
resource reallocation at the firm level. In thisys® our work completes existing picture by
emphasising producers’ abilities to seize favowgabarket price environments for a given input
and/or output mix. This justifies the wording chdeethis measure as a price advantage as only
price effects are measured while resource realtmtas not considered. While both allocative
efficiency and price advantage measures can bénebtas residues, their definitions differ from
one another. In this sense, no direct relationsaipbe established between them.

The next section is dedicated to an illustratiorihef price advantage measure and a comparison
with the traditional allocative efficiency measure.

3. Empirical Application: Data and Results

This section presents an operational implementaifahe price advantageoncept. We start by
describing the conditions under which France hadiegh CAP reforms in 2003 and 2009 and we
show that our concept of performance is appropiratibe context of strong incentives to adapt
to market signals. We further adapt our estimasimategy for this specific case. We then present
our data, followed by the main results.

3.1 General context of the CAP reforms and estimain strategy

To comply with the World Trade Organization reqoments, the European Union has
progressively and structurally reformed its agtigrdl policy since the beginning of the 1990s.
The first major revision of the CAP — the MacShareform (1992) — replaced farmers’
protection policies through guaranteed prices withystem of direct farm payments based on
farming areas and livestock. The mid-term reviewl &1 2003) decoupled aid from production
volumes to encourage farms to become market-odeatal reduce distortions in agricultural
production and trade. Formally, European aid ingd\single Payment (SP), the level of which
was based on either the historical farm individlalel, regional premium amounts, or a
combination of both. Therefore, the European Comimmsexpected farmers to respond better to
market signals, orienting their practices towardarkat prices. The 2009 “health check”
reinforced this move through gradual eliminationtloé remaining production-related payments
by shifting to the SP scheme.

In France, the 2003 MTR of the CAP was applied f2006 with a partial decoupling of aid for
cereals, sheep, and cattle. To calculate thiskaihch authorities used the individual-historical
base (i.e. the average amount of subsidies recdiyethe farm between 2000 and 2002).
Regarding arable crops — for which the interventwite remained unchanged — the level of
decoupling was 75% while the remaining aid was o the surface. The 2009 health check
reform specified that the remaining coupled aidsafable crops should disappear by 2010.

For cattle, 100% of suckler-cow and calf-slaughpeemiums and 40% of adult-slaughter
premiums remained coupled.

Regarding milk production in 2004—-2007, interventiarices decreased by 25% for butter and
15% for milk powder. Milk production quotas werepexted to increase by 2% in 2008 and by
1% every year until 2015. However, France froze thieasure after the 2009 collapse of milk
prices. To compensate for the price decrease, aarelgndecoupled dairy premium per ton of

13



guota was created in 2004. The 2009 health chechtanm@ed the individual-historical base to
calculate payments but specified that all coupled ahould disappear by 2010 for arable crops
and by 2012 for any remainders (except suckler cdarswhich 75% of the aids remained
coupled).

In this frame of gradual liberalization of agriautal prices, we believe that our measure of
output-oriented price advantage can be useful &yaa farmers’ decisions.

3.2 Meuse sample

Agricultural activity in the Meuse department predoantly involves both crop farming and
animal husbandryEcoscopie de la Meusz000; 2010; 2012). The main contributors to thalto
agricultural revenue by share are: crops (excegddo, milk and dairy, and cattle and calves.
Moreover, over the last 40 years, the number op-sqecialized farms increased while those
specializing in both crops and animal husbandryg, #wse specializing in bovines (milk, meat,
or both) and sheep decreased. Further, the sitedérms increased steadily, consistent with the
general trend in France.

Our dataset of farms observed in Meuse reflectedettthanges. Panel data from 1,186 farms,
with 11,967 observations were available for theiquerl992—-2013. The unbalanced panel
comprises farms with an average age of 10 yealdeTlashows the number of farms in our panel
from 1992 —-2013, indicating its representativenasterms of the Meuse department’s dataset.
According to the general agricultural census, tivegee 1,983 farms with these specializations in
2000 (31%) and 1,448 in 2010 (32%).

Table 1. Number of farms per year used to deterithiedoenchmark frontier

Before 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
2003
MTR 600 632 644 660 642 644 631 639 621 614 581 588 25851

After 2006 2007 2008 2009 2010 2011 2012 2013
2003
MTR 515 521 521 481 465 433 376 351

For our empirical model we used an output-oriemtextiel which is an adjustment of the global
model. This choice is justified, firstly by the st CAP reforms that were aiming at the
liberalization of (agricultural) output prices; saxdly, this model has a practical justification
related to the unavailability of individual pricés our inputs, as it will be mentioned more in
detail below.

In this specific setting, we derive an output pramvantage which indicates the effect of the
output price environment on the farm’s revenue. Hus, we defined an output-oriented

directional distance function in the output-que}nﬁpaceDOQ(Ql ,00%0Q0 "") for which we

consider null input components in the direct@% In the same way, output-oriented directional
distance in the output-value spaB®V (QI*,VO *;0V0 *) was defined by assuming null input

® Our observations are from ti@entre d’Economie Rurale de La Meushich audits farmers’ accounts. Note that
the dataset was financed as a part of an agreemitbrinstitut national de la recherche agronomigisRA).
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components in the directiov. Note that in this restricted framework corresgogdto the

output-value technology, only outputs are obserwedvalue terms while inputs are (still)
expressed in quantity or volume terms. Thisa necessary condition in order to emphasize
specific output-price advantages by keeping idahtire input side.

The interpretation of the output-oriented price attage is similar to the one presented in the
general case. When the obtained measure for D negative, the DMU’s output price-
guantity couple is suboptimal with regards to iti&ce environment. In other words, the gap
between observed revenue and “technically efficteménue” obtained with optimal quantities is
greater than the gap between revenue and “valimesff revenue” obtained with optimal output
price and quantity couples. In this context, thsasure is interpreted as the potential decrease in
the revenue measured in percentage due to an wmédile output price environment.

Conversely, when price advantage of a DMU is pasitthe DMU would operate in a favourable
price environment and the measure indicates thengiat increase in the revenue in percentage
due to the favourable output-price environmentafyn when price impact is null, the evaluated
DMU acts in a neutral price environment (value andrimet efficiency are the same).

LP 1-3 were adapted in order to estimate outpwrdeid distance function in the output-quantity
space and in the output-value space respectivey rgsulting programs are presented in the
Appendix LP 4-6).

The technology includes 3 outputS € 3 in LP 4-6 related to: crops (containing several
produces, namely, wheat, barley, corn, peas, rapesed sunflower), bovine meat (containing
beef, young bulls, and cows), and bovine milk. Tdaaset provides necessary information
regarding physical production and revenue obtaibgdhe farm for each produce. First, to
estimate technical efficiency, we used volumes atheoutput, which required that several
produces needed to be aggregated. For example,d &bps volume is an aggregate of wheat,
barley, corn, peas, rapeseed, and sunflower giemtiEor that, we computed a price index
common to all DMUs given by the average weightetiviidual prices. By using the same price
index for all farms within the same year, all difaces between farmers’ output volumes
reflected a quantity effect. Therefore, technidékency measures based on volumes are
equivalent to quantity estimationkR 1) in our theoretical model. Second, to estimataieal
efficiency, we used observed farm’s revenues farheproduce based on individual prices.
Consequently, our estimated price advantage isfgpereach farm.

Besides these three main outputs, farms in oursda&ngaged in other activities (pig, sheep,
and/or poultry production, market gardening, anodculture). We need to control for these
side activities in order to reduce farm heterogigni@i our sample. Therefore, we introduced an
additional constraint iLP 4-6 related to this control variab®in LP 4-6(cf. appendix), which

is defined as farm revenue from these side aasiitSinceZ is a control variable, no efficiency
score is associated and Z does not appear in feetive function.

In terms of inputsNI = 4 inLP 4-6 we used total cultivated area, labour (full-tiegiivalent, be

it family and/or non-family), intermediate inputsciuding operating costs (e.g. fertilizers, seeds,
and pesticides) and other intermediate inputs (watkectricity, fuel, etc.) and capital cost
including capital-expenditures aggregate depramaequipment, buildings), and agricultural
contractors. The first two inputs are measuredhysjral quantities and the last two inputs are
measured in volumes expressed in constant 2018spric
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Table 2 presents the mean values and trends obulmuts (constant 2010 prices=100) and
inputs. As one can notice, the main source formaedor an average farm in our dataset is crops,
followed by milk and bovine meat. While the trema €ach of these productions is positive, it is
strongest for bovine meat revenue. At the same,tome notices that the time trend has been
positive for all inputs except labour. The fas@gsiwing trend is for intermediate inputs.

Table 2. Period means and trend for the revenudiseofthree main aggregate outputs (in constant 28ri€es) and
the four inputs

Crop Bovine meat Milk Utilised agricultural Full-time Intermediate Fixed

revenue revenue revenue area (ha) equivalent inputs capital
Period mean 121 177 19 399 74 295 188 2.2 113573 75519
Trend (%), 1.82 3.43 1.98 1.33 -0.4 1.57 0.61

sig. < 5%

Note. Trends were estimated using a linear regredstween the variable expressed in log and time.

technical, value and revenue inefficiency. Basedhase estimations, we compute a yearly price
advantage and allocative inefficiency for each DMCbnsequently, our estimators are not
affected by technical change since any potenti#t & the frontier between two years is
included in both quantity and value technologies.aresult, the price advantage defined as the
difference between two yearly scores is free frenhhical change.

3.3 Allocative inefficiency and price advantages: pint analysis

Figure 1 shows that allocative inefficiency for Diih our dataset ranges 3 —6®ased on this
indicator, one is tempted to say that farms indataset are particularly efficient with regards to
their relative price system. Furthermore, the propo of allocative efficient farms varies from
38.9% (in 1994) to 59.3% (in 2013) and was 47.4%He whole period (1992-2013). However,
allocative inefficiency is computed given the olveer set of prices for each DMU and does not
include any inter-DMU comparison of prices. On dteer hand, price advantage is calculated by
comparing the set of prices and outputs between BMWbreover, our findings on allocative
inefficiency seem to contrast the graph for prickwamtage. Figure 1 shows the variability of
price impact is much wider, with successive situaiof favourable price environments (positive
values) and of unfavourable price environments dtieg values). Further, a net deterioration
starting in 2003 can be observed.

® Given allocative inefficiency definition ir2Q), a DMU is considered as efficient when the meassiequal to 0.
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Figure 1. Evolution of the per year mean allocatiwefficiency and price advantage

Based on a very low, insignificant correlation dméént between allocative inefficiency and
price advantage measures, we can infer that theyiratependent. Table 3 shows that all
combinations between the two measures are possibiss the study period. Moreover, a large
share of farms (approximately 45%) had either aodiaable price environment but were
allocative inefficient or had an unfavourable prezevironment and were allocative efficient. At
the same time, we notice that, on average, a velgtiow proportion of farms (16.38%) had a
favourable price environment and were allocatifeieht.

Table 3. Period means for the share of farms adogrtb their price environment and allocative ing#ncy scores

Allocative efficient Allocative inefficient
Positive price environment 16.38% 20.68%
Neutral price environment 6.97% 4.14%
Unfavourable price environment ‘ 24.08% 27.75 %

During the analysis period, two distinct evolutionay be noted:

i) There was an improvement in the proportion of ative-efficient farms. However, two
opposing effects occurred. The proportion of aliveaefficient but suffering from an
unfavourable price environment increased, whilegtaportion of allocative-efficient farms
enjoying a favourable price environment decreaséd.first evolution was stronger than the
latter.

i) There was a decrease in the proportion of farmeyeny a positive price advantage,
regardless of whether they were allocative effic@rinefficient®

If we consider that farms need to optimize thegdurction decisions with respect to their own set
of prices (allocative efficiency), the results saggthat the farms in our dataset performed well.

"The correlation coefficient of 0.03 was not sigrafit at <5%.
®The proportion of farms that are neutral from thice impact perspective is constant over time.
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However, if we compare prices across farms, resuksmore mitigated since some performed
very well, while others performed very poorly. Mover, allocative inefficiency assumes that
farms modify their input/output mixes, which is aoceptable assumption for mid-to long-run
analysis. However, one can expect that for shortanalysis, farms operate with a given mix
and thus, our measure of price advantage (or pmegronment), makes sense. The rest of this
article is dedicated to an analysis of the priceaathges for farms in our dataset.

These findings are reinforced by the period trgmrésented in table 4 below. As one can notice,
the share of allocative efficient farms has hadsitpve trend (0.66%, sig. at <5%) during the
whole period of study. In contrast, the share afmfa benefiting from a positive price
environment has had a negative trend (-0.94%). Mare while the share of allocative efficient
farms enjoying a price advantage has registeregcknihg trend (-1.19%) throughout the period
of study the share of farms of allocative efficidatms but suffering from a negative price
environment has had a positive trend (0.93%).

Table 4. Period trends (sig. at <5%) for the shafdarms according to their price environment anid@ative inefficiency scores

Allocative efficient Allocative inefficient
(trend 0.66) (trend -0.67)
Paositive price advantage (trend -0.94) -1.19 -0.59
Neutral price environment (trend ns) ns ns
Unfavourable price environment (trend 0.78) | 0.93 ns

ns= non significant

3.4 Output-oriented price advantage

Total output-oriented price advantage measure gavefdication of the price environment of

farms which can be favourable, unfavourable, ottna&ti Figure 2 shows the proportion of farms

in each category during the analysis period. We&cadhat the share of farms with a neutral price
impact is relatively constant. While the share afris that have enjoyed a favourable price
environment was comparable (with some exceptionsthbse with an unfavourable price

environment before the application of the reforra92—2005), a larger share of farms perform in
negative price environment after the reforms.

°A neutral price environment is obtained in two aftons; either the farm obtains the same inefficyescores with
the quantity-based and “value™based technologieshe farm is “efficient” according to the two awres. In our
case, all instances of “neutral” price environmemigespond to situations in which the farms wéfieient.
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Figure 2. The evolution of the structure of farnes@ding to the type of price advantage
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This is confirmed in Table 5 which shows a dradtigp in the mean for the share of farms with a
favourable price environment after the introductadrthe reform and a simultaneous increase in
the mean for the share of farms with a negativeepeinvironment. Moreover, farms obtaining

negative price impacts were preponderant after 2006

Table 5. Sub-period means of farms pre-and posrmehccording to the valence of their total-priagvantage

Positive price advantage Negative price advantage Neutral price advantage
Pre-reform (1992-2005) 42.31 46.69 11

Post-reform (2006—2013) 27.87 60.82 113

The analysis of the evolution of total-price adwem® may conceal some contrasting evolutions
according to the type of output and its marketditme. Indeed, the intended targets for the 2003
MTR differed according to the type of productione\pursued a decomposition of this effect into
the three output-specific price impacts.

3.5 Decomposition of the total-price advantage intoutput-specific price advantages

Table 6 presents the percentage of farms produgisgecific output and the valence of their
price advantages as per the algebraic decompasiuar the analysis period, two contrasted
effects can be emphasized: the increase in theopiop of farms evolving in positive milk-
specific price environments and the decrease irptbportion of the farms performing in crop-
specific positive price environments.
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Table 6. Percentage (and trends) of farms produeisgecific output and producing a specific outptording to valence of
the output- specific price advantage (1992-2013)

Positive price advantage  Neutral price advantage  @gative price advantage

Crops ‘ 28.9 (trend1,2) 25.7 9 45.4 (trendl,l)
Bovine meat 25.9 g9 49.4 f9 24.7 9
Milk 38.1 (trendL,2) 23.0 9 38.9 (trend-1,3)

Figure 3 shows the effect of the 2003 reform onriative distribution of farms, taking into
account that this reform attempted to decouple a&t®ived for the crop production. Our
indicator shows that while farms in our datasetdugeextract their price advantages from crop

production before the reform, they used milk prdoiucto obtain their price advantages post-
reform.

Figure 3. Sub-period means for the shares of fasbtaining either a favourable or an unfavourablemu-specific
price advantage.
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Whether it is from a practitioner point of view @ policy evaluation perspective, the
decomposition proposed here has a certain appgaladitioner could use it in order to identify
precisely the main sources for price advantagesigadvantages). Also, within a larger strategy
of policy evaluation, our proposed decompositiom dze helpful for measuring whether,

generally speaking, farmers respond adequatelyhéoptroposed incentives compared to the
previous period.

4. Discussion

Our price advantage indicator is in the vein of therk initiated by Cross and Fare (2008).
However, the indicator proposed here is distinairftheirs in several regards. Firstly, we do not
deal with the multiplicative decomposition of thalwe-efficiency score, but construct our

20



indicator as a difference between two efficiencgtiéators. This allows us to give meaningful
economic interpretation to our indicator as a peta@ge increase in the profit rate due to a
favourable output and/or input price environmerd@c@dly, for our estimations, we use a Fare-
Lovell directional distance function type which peats the advantage of eliminating slacks for
each output and/or input used and which leadsdecamposition of the total price advantage as
the sum of output- and/or input-specific price efée

At the same time, our price advantage measurese d@iktinct from the “marketing efficiency”
concept introduced in Singbo et al. (2014) or tharket efficiency” proposed in Camanho and
Dyson (2008). In the former, additional constraimtsmarketing outputs are added to a technical
efficiency model. In the latter, each DMU is evatdwith a price vector chosen among other
DMUs whereas in our approach a DMU is evaluatedh wg own values computed with their
individual prices. Moreover, our indicator is mageneral as it includes both input and output
dimensions and proposes a decomposition of totak padvantages into output- and input-
specific price effects. This main methodologicahtribution of our paper is likely to rouse
practitioners’ interest who would be able to idBnprecisely those components of their mix,
which contribute to their firm’s price advantages disadvantages).

The theoretical model developed was then applieal data set based on a collection of farms in
the context of recent CAP reforms. The adaptatibthe general model had to consider the
specificities of both the political context and taeailability of data. For this, an output-value
technology had to be introduced. Consequently, tdstnology differs from the original value
technology. While in the latter both outputs anguts are in value terms and jointly determine
the price advantage, in the output-value technglogyy outputs are expressed in value terms.
Since inputs are measured in quantity terms, thienated price advantage can be attributed to
the output dimension only.

Our results indicated that the share of farms engypositive price advantages drops
considerably after the 2003 MTR. While some farmeadithe benefits of new price opportunities,
most did not and suffered from price disadvantagbs could imply that due to the Reform, the
latter lost the price rents they used to have eir iroduces. However, if we base our analysis on
the concept of allocative efficiency only, we wolld tempted to conclude that for the farms in
our dataset, their efficiency slightly increasedhwime. Thus, one cannot conclude in favour of a
possible association between this observed evoludiod the 2003 MTR. Finally, given the
decomposition of the total price advantage as thm ®f output-specific price effects we
observed a decrease in the crop price advantagesthé adoption of the 2003 MTR. This
phenomenon was accompanied by an increase in theprite advantage and a stable level for
the bovine-meat price effects.

This is, of course, a first empirical attempt tghlight the operationality of our concept of price
advantages developed, from a theoretical pointiefvyin section 2. While we have paid
attention to the selection of our sample and cldahe data for potential outliers, the empirical
analysis could be further improved by using robestimators, such as the ones discussed in
Daraio and Simar (2007) or more recently in Feareiral. (2018°

19 \We thank one of our anonymous reviewers for hayioigited us into this direction for possible impeawents in
our empirical application.
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5. Conclusion

This paper is premised on the observations thaicaive-efficiency measure, based on the
DMU’s own relative price system, assumes that oealion of physical resources is possible at
the DMU level. To complete the picture of the imiptwat prices have on the DMU efficiency,
we develop the concept of “price advantage” whiglcomputed at the observed input/output
mix. Price advantage indicator is defined as tHtemdince between technical efficiency scores
measured with quantity-based data and value-basted d

This methodology was used to observe farms’ ecoaosfiiciency evolution in the French
department of Meuse over the period 1992-2013 duwhich successive CAP reforms were
adopted. We observed that farms’ price advantagesedsed over time and mainly after the
application of the 2003 MTR. According to the oljees of the Reform, farmers’ price rents
decreased on average. This conclusion could na& baen drawn from the traditional analysis of
allocative efficiency.

In subsequent studies we intend to identify exogenexplanatory factors for different price
advantages. For example, the amount of aids retdiyea farm; the structure of aids, whether
coupled or decoupled; and the degree of short/teng-indebtedness are all possible explanatory
factors to the performance of farms in terms of fireces obtained, and deserve further
investigation.
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Appendix. Linear programs used for our estimations

Output-oriented distance function in the outputgitg space was estimated withP 4 below.
Note that in this program, we considered a contamiable, Z corresponding to revenue obtained
by the farm from other secondary produces.

DOQ(QI*.Q0*0Q0 %)= Mﬂaxz a?BR°
2,pR° T

ZN: A"QO! 2 (1+8°°)Q0* 1j=1,2,3
n=1

N (LP4).
YAzhzz®

n=1

N

> A"QI < QI Ok=1,..,4

n=1

A"=20 On= 1,..N

B3° =20 Oj= 1,2,3

VO
where a’ja :V_O{"‘ is the share of the revenue of output the total revenue of DM@

The following program was used to obtain outputerded distance function in the output-value
space.
DOV (QI*,VO *;0V0 *)= Max3: a ;"

- i
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Finally, optimal revenue was estimated wifh 6.
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