Influence of Contextual Variables: An ApplicatiamAgricultural
Research Evaluation in Brazil

Geraldo da Silva e Souza!
Eliane Goncalves Gomes 2
Roberta Blass Staub 3

1 geraldo.souza@embrapa.b, 2 eliane.gomes@embrnapa.b
Brazilian Agricultural Research Corporation (EmkagpParque Estacao Bioldgica, Av. W3 Norte findtFC
70770-901, Brasilia, DF, Brazil

3 roberta.blass@bcb.gov.br
Central Bank of Brazil, Setor Bancario Sul, Quaglr&loco B, Ed. Sede do BACEN, CEP 70074-900, Heasi
DF, Brazil

Abstract

In a research institution it is important to idéntivhich management practices have influence on the
production efficiency. In this paper we assess dtatistical significance of contextual variablepey size,
financial resources acquisition, intensity of parghips, processes improvements and managemergecliEme
analysis is carried out for the Brazilian Agricufil Research Corporation over the period 1999-200%
statistical analysis uses a balanced dynamic pdatl model. We conclude that only financial resesirc
acquisition is statistically significant. The assdion with the production process is positive. \lso found
statistically significant the two lag inertial cooment of the ratio conditional FDH to unconditiorfédDH
indicating a two year effort to improve efficiency.
Key-words: FDH, Contextual Variables, Agricultural Research.

1. Introduction

The Brazilian Agricultural Research Corporation (iapa) uses a production model
to monitor its research production. Embrapa hase3@arch centers, spread throughout the
country.

The model has multiple objectives. Firstly it allwhe measurement of outputs and
inputs in a systematic way. Proper qualificationngfuts and outputs provides a quantitative
basis that easier the understanding of the compapgrations. Secondly it provides a sound
basis for decision making and strategic planninghat administration level. Thirdly the
computation of measures like productivity, econosfitciency and total factor productivity
allows the identification of benchmarks and besicpdures intended to increase overall
performance and reduce differences within the aegaion. Finally, measures of variability
in efficiency through time serve the purpose teeasshe performance of the administration.
In this context, the Embrapa’s performance evabumatnodel is a decision support system.

This article is concerned with the identificatiohcontextual variables external to the
production process that may be affecting or causifigiency. Typically these variables are
in control of the institution. The assessment @irtleffect is of importance, since they may
serve as a tuning device to promote efficiency.

The use of technical efficiency as a performanakaraluation measure raises some
guestions within the organization. An important anevhether or not the process generates
unwanted competition among the research centetgpiBal criticism is that the evaluation
system may inhibit partnerships.

The identification of causal factors of efficienckemands appropriate statistical
modeling. In Embrapa, Data Envelopment Analysis ADEechnical efficiencies are
computed, since 1996, under constant returns tsdale. Recently, Souza (2006) and Souza
et al. (2007) assessed the influence of covarmtethe DEA efficiency measurements using



analysis of variance, dynamic panel data and maxintikelihood methods. A potential
problem arises in this approach: the contextualabées used may affect the production
frontier. This problem is pointed out in Simar & Mén (2007), and may affect the nature of
the statistical results.

In search for an appropriate data generating mesmmafor efficiency measurements
and for frontier assessment, from the point of vawhe influence of contextual variables,
we turn to the FDH measure of Deprins et al. (1984 the extension of Daraio & Simar
(2007). FDH has a probabilistic interpretation tHatilitates the interpretation of the
production frontier, when covariates are presaatthe notion of conditional probability.

The article proceeds as follows. In Section 2 wé&oduce the concepts of
unconditional and conditional FDH following Dara& Simar (2007), and define the
dynamic econometric model used to assess the ndéuef contextual variables. Section 3
introduces Embrapa’s research production systewtidded is on statistical results. Finally
in Section 5 we present conclusions and a sumnfaheanain statistical results.

2. FDH Unconditional and Conditional Measures of Tehnical Efficiency

The FDH measure of technical efficiency propose®éprins et al. (1984) does not
impose convexity on the technology set and hasit@ndsting probabilistic interpretation that
allows the definition of a proper data generatirgcpss in the presence of contextual
variables affecting the production process. Onge fdisposability of inputs is imposed. A
recent discussion on the issue may be found ini@&e&imar (2007). If the technology is
convex both FDH and DEA are consistent estimatdrthe same population parameter,
although the DEA convergence is faster. The conisegietfined as follows.

Consider production observatio(usj, yj), j=1..n, of N producing units. The input
vector x; is a vector inR” with nonnegative components with at least onetitrpositive.
The output vectory; is a vector in R with nonnegative components with, at least, one

strictly positive. The technical efficiency FDH pfoducing unitz is taken relative to the
frontier of free disposability (Free Disposal Huwl)the set (1).

w:{(x,y)D R ysiyj Y. )Qi:yj x,iyj =1y 0{0} F 1r} (1)

The input oriented FDH is given by (2) and the otifpriented is given by (3).
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One can show the relations in (4).

B(x,y,)= Min., . { Max., . {ZH A y)= M%{ Min, {H} @
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A very interesting interpretation of FDH arises whthe production process is
described by a probability measure, defined onptleeluct spaceR’"' by random variables

(X,Y) . For efficiency purposes, one is interested inpifuability of dominance (5).
H(x y)=Prob( X< x Y= y=Pr O() X [x¥ )yPr b ). (5)

Let F(x| y)=Prob( X< *Yz })f The input oriented measure of technical efficienc
is defined by Daraio & Simar (2007), as (6).

6(x y)=int{g: H(6% y)>0} =int{6; F(6 %) >0). (6)
The empirical version is given by (7).

(X sxY 2y

6(xy)= (7)

Where | ([)] denotes an indicator function. For each produainig in the sample this

guantity is precisely the input oriented FDH measafrtechnical efficiency.

A similar development may be considered for outmgntation, leading likewise to
the output oriented FDH measure of technical efficy.

Consider now a vectoZ of covariates, with values iR*, affecting the production
process. The production observations are now vieagdealizations of the conditional
distribution of(X,Y) given thatZ = z. In this case the conditional probability distriion

generates the observations. The input oriented uneasf technical efficiency FDH
conditional toZ = z is defined by (8) and the corresponding samplenast is (9).

qxﬁ4=mQ9n{9xy3>Q=mQ9;ﬁekyy>q 8)
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Here we assume Z to be absolutely continuos. Thetifun K([)]is a non-normal

é(x, y| z) = 9)

symmetric kernel concentrated Eﬁl,l]k. The quantity h is the corresponding bandwidth for
nonparametric density estimation.
In our application we use as a kernel the prolghii [—1,1]kdefined by the product

of one-dimensional independent Epanechnikov keri&lgerman, 1986).
One can show the relation in (10).

é(x, Y| z): Miqjyjzyyq_#%{ Magglmp{ X/ ><}} (10)



We see that the computation of the conditional measf technical efficiency only
depends on the kernel function only throdgh

For the assessment of the influence &fin efficiency, Daraio & Simar (2007)
suggested a nonparametric statistical analysigubmratio (11) as the response variable.

&(x.%z)

x 11
H(Xj,yj) (D

q(XJ’yi’q):

Here we propose a variant of this approach. Foemisions on a balanced panel
(xjt,yjt,qt), j=1..n, t= 1..Tof n producing units over T time periods we pogtilél?2),
following Arellano & Bond (1991), Arellano & Bovéi995), Blundell & Bond (1998).

R(d % ¥ 7)) ea B B w42))+v K (9% %3
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The transformationR([)] denotes rank of the argument in period t. The tiies
c, @, y and S; are unknown parameters, are specific random effects of the panel.ghe

iid errors with common variance??. The panel level effects may be correlated with th

covariates. The statistical analysis is carriedumimg GMM methods (Greene, 2007) and is
robust to the presence of serial correlation @it farder in the residual structure. The use of
ranks lends nonparametric properties to the ara(@nover, 1998).

3. Embrapa’s Production Model
The set of production variables monitored by Emarepmprises an output and a

three dimensional input vecto(xl, X, x3) The output is a weighted average of 28

production indicators. The input vector is formeg labor expenses, capital expenses and
other operational expenses. For the period 1996 208 have balanced information on the

vector(xl, X2, X, y) for all 37 Embrapa’s research centers.

The output combines variables that may be roughéssified as of scientific
production, production of technical publicationsydlopment of technologies, products and
processes, technology transference and image pimm&ach variable is firstly transformed
into a dimensionless index. The system of weiglstsdus complex. Weights should reflect
the administration’s perception of the relative ortance of each variable. Defining weights
is a hard and questionable task. Embrapa followsapproach based on the Law of
Categorical Judgment. See Torgerson (1958), Sal@@3], Kotz & Johnson (1989). The
model is competitive with the AHP method of Sadt994) and is well suited when several
judges are involved in the evaluation process. ddlyi the company sent out about 500
questionnaires to researchers and administratarasied them to rank in importance — scale
from 1 to 5 — each production category and eachdumtion variable within the
corresponding production category. A set of weigh#s determined under the assumption
that the psychological continuum of the responsegpts onto a normal distribution. More
details on Embrapa’s production system can be se$ouza et al. (1999, 2007).

Embrapa’s production system is being monitoredesit®96. Measures of efficiency
and productivity are calculated and used for sévaeemagerial objectives. One of the most



important is the negotiation of production goalshwthe individual research units. A proper
management of the production system as a wholaresgihne identification of good practices
and the implementation of actions with a view t@iove overall performance and reduce
variability in efficiency among research units. &bl to this endeavor is the identification of
non-production variables that may affect positively negatively the system. It is of
managerial interest to detect controllable attesutausing the observed best practices.

Several attempts are in course in Embrapa to etealtree effects of contextual
variables in production efficiency. It is worth toention Souza (2006) and Souza et al.
(1999, 2007). These studies are based in DEA and btudied, for distinct periods, the
effects of rationalization of costs, processes owpment, intensity of partnerships, type and
size. We now combine information for the period 22906 and analyze the effect of these
variables on the conditional FDH through (11).

In this context we consider a vector of covariales, z, 2, 2 2z & Z o

Components(zl, z, %) correspond to process improvement (mproc), firdn@sources

acquisition (rec), and partnership (par). Thesecargsidered continuos covariates. Process
improvement and intensity of partnerships are iedexAll continuos covariates are
normalized by the maximum for each time. The d&éni of these scores can be seen in
Embrapa (2006). The sub vect()z, Z, %, 2, g) is formed by indicator variables and

corresponds to management change (adm), type aadIsvo dummies are used to describe
three levels for size and three levels for typspeetively. The vector of categorical variables
is assumed to be exogenous to the production woaed it was not included in the

computations of (11). Not enough replications ar&ilable for this purpose within each year
of analysis.

4. Statistical Analysis

Table 1 shows the statistical results derived f(d@2). The test for the presence of
second autocorrelation is not significant with avghde of 45%. The Sargan test for
overidentifying restrictions does not reject thedmloeither with a p-value of 76%.

Table 1: Dynamic Panel Statistical Model. Responss rank of q(xi,yj , ;) , the ratio of
conditional to unconditional FDH measures of techraal efficiency.

Variable | Coefficient Standard z P>|z| [95% Confidence
Error Interval]

Lagl 0.0377 0.2152 0.18 0.861 -0.3841 0.4595
Lag2 -0.2694 0.0905 -2.98 0.003 -0.4468 -0.0920
z1 (mproc) -0.0108 0.0418 -0.26 0.796 -0.0928 @071
z2 (rec) -0.2011 0.0977 -2.06 0.040 -0.3929 -0.0096
z3 (par) 0.0025 0.0453 0.05 0.956 -0.0863 0.0913
z4 (adm) -0.5931 1.4980 -0.4( 0.692 -3.5292 2.3429
z5 (type?2) 31.7611 102.2497| 0.31 0.756 -168.6446 2.1568
z6 (type3) -83.7362 153.0349 -0.5b 0.584 -383.679P16.2067
z7 (medium) 23.7291 75.5381 0.31 0.753 -124.3228 1.7B10
z8 (large) 46.7976 94.9387 0.49 0.622 -139.2788 .83
Intercept 32.3361 46.9948 0.69 0.491 -59.77119 1P 4

The instruments used in the analysis are first sexbnd order differences of the
response, first order differences of ranks of psees improvements, financial resources



acquisitions, partnerships, the two type indicatdh®e two size indicators, management
change indicator, and a constant term.

The effects size and type are not statisticallyificant with joint p-values of 84%
and 86% respectively. Processes improvements, dialarresources acquisition and
management change have negative signs. But onandial acquisition of resources is
statistically significant. Therefore the responseai decreasing function of these factors.
Following the interpretation of Daraio & Simar (200Qthis is a case of favourable (to the
production process) covariates. The intensity ofngaiships is detrimental to the production
process but it is not statistically significant.eTtag 2 negative and statistically significant
component of the response provides indication céféort for improvement. Two periods are
necessary for that to be achieved. These res@taarin agreement with the analysis carried
out by Souza et al. (2007), notably with respectfitmncial resource acquisition and
management change. The differences are due mamne tesponse used than to the statistical
methods employed. The DEA BCC frontier at Embrapaimilar to the FDH, suggesting
convexity of the technology.

5. Final Considerations

The statistical assessment of the effects of coumdéxvariables on Embrapa’s
production system is carried out when the respafsenterest is the conditional FDH
measure of technical efficiency with input orierdat The conditional FDH has an
interesting probabilistic interpretation when orsswmes the production model generated by
a joint probability measure defined by outputs, uitsp and the contextual variables.
Conditioning on the absolutely continuos contextualiables, one obtains the conditional
FDH. The ratio of the conditional to the unconditaé FDH produces a response that can be
investigated as a function of the continuous c@atas and other indicator variables strictly
exogenous to the production process. In this comtexuse a dynamic panel data model and
GMM (Generalized Method of Moments) to assess ffexcts of contextual variables. The
analysis is nonparametric. The contextual variabdésinterest are improvements of
processes, acquisition of financial resources, gpama&nt change, type and size.

We conclude that that the production process hssoag inertial component. The
research centers try to improve from negative teswlth a two years time lag. The
contextual variables processes improvements, dtiqnisof financial resources and
management change are favorable to the productmregs, but only acquisition of financial
resources is statistically significant. Intensitly partnerships, size and type do not show
statistical significant effects.

The statistical results differ markedly from theabses carried out with DEA
measures elsewhere and the differences observedendye to fact that CCR was used as
the response variable.

6. Acknowledgements

To the National Council for Scientific and Techmgittal Development (CNPq), for
the financial support.

7. References

Arellano, M. & Bond, S. (1991). Some tests of speaiion for panel data: Monte Carlo evidence and
an application to employment equatioRgview of Economic Studjés8(2), 277-297.

Arellano, M. & Bover 0.(1995). Another look at thestrumental variable estimation of the error-
components modeldournal of Econometric$8, 29-51.

Blundell, R. & Bond, S. (1998). Initial conditiorend moment restrictions in dynamic panel-data
models.Journal of Econometric87, 115-143.

Conover, W.J. (1998practical nonparametric statistictNew York: Wiley.



Daraio, C. & Simar, L. (2007Advanced Robust and Nonparametric Methods in Effyr Analysis
New York: Springer.

Deprins, D., Simar, L. & Tulkens, H. (1984). Measgr labor inefficiency in post offices. In:
Marchand, M., Pestieau, P., Tulkens, H. (Eds.), Pedormance of Public Enterprises: concepts
and measurements. North-Holland, Amsterdam, pp-2843

Embrapa (2006). Manual dos indicadores de avaliagdo de desempenias dnidades
descentralizadas da Embrapa: Metas quantitativa¥ersdo para ano base 200Brasilia:
Superintendéncia de Pesquisa e Desenvolvimentobrapia.

Greene, W.H. (2007Econometric AnalysidNew Jersey: Prentice Hall.

Kotz, N. & Johnson, L. (1989). Thurstone’s theorfy conmparative judgmentEncyclopedia of
Statistical Science®, 237-239.

Saaty, T.L. (1994)The Fundamentals of Decision Making and Priorityedity with the Analytic
Hierarchy ProcessPittsburgh: RWS Publication.

Silverman, B.W. (1986)Density Estimation for Statistics and Data Analytisndon: Chapman and
Hall.

Simar, L. & Wilson, P.W. (2007). Estimation andeargnce in two-stage, semi-parametric models of
production processedournal of Econometri¢sl36 (1), 31-64.

Souza, G.S. (2006). Significancia de efeitos t@sima eficiéncia de producdo da pesquisa
agropecuaria brasileir®evista Brasileira de Economié0O (1), 91-117.

Souza, G.S., Alves, E. & Avila, AF.D. (1999). Teatal efficiency in agricultural research.
Scientometrics46, 141-160.

Souza, G.S., Gomes, E.G., Magalhdes, M.C. & AvAd&:.D. (2007). Economic efficiency of
Embrapa’s research centers and the influence dextral variablesPesquisa Operacional7,
15-26.

Souza, J. (1988Métodos de Escalagem Psicossadiisilia: Thesaurus.

Torgerson, W.S. (1958T.heory and methods of scalindew York: Wiley.



