|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

Meta-regression analysis of the impact of agriculttal subsidies on farm
technical efficiency

Jean Joseph MINVIEL Laure LATRUFFE

' INRA, UMR 1302 SMART, F-35000 Rennes, FRANCE

Paper prepared for presentation at the EAAE 2014 Cagress
‘Agri-Food and Rural Innovations for Healthier Societies’

August 26 to 29, 2014
Ljubljana, Slovenia

Copyright 2014 by Minviel J.J. and Latruffe L. Aights reserved. Readers may make
verbatim copies of this document for non-commerngiaposes by any means, provided that
this copyright notice appears on all such copies.



Abstract

Predicting and investigating the impact of subsitis on farm technical efficiency are
becoming critical issues in applied policy analydifis paper presents a meta-regression
analysis of empirical results on this issue, basedogistic regressions and data gathered
from a systematic literature review from 1972 td20The review reveals that subsidisation
is commonly negatively associated with farm tecahefficiency. Estimation results show
that the direction (negative, positive or null)tbé observed effects is sensitive to the way
subsidies are modelled in the empirical studied, fobbust to farming systems studied,
estimation methods used, and geographical areasdevead.
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1. Introduction

This paper aims to shed light on the relationshepveen public subsidies and farm
technical efficiency by meta-analysing results froetated empirical studies. It questions
whether there is unambiguous evidence in the egistimpirical literature on the subsidy-
farm efficiency link. One of the main goals of agidtural policies is to support farms’
productive efficiency through subsidisation (Kleamif® et al., 2007; OECD, 2012; European
Council, 2013). From this regard and given suceesseforms of agricultural policies,
predicting and investigating the subsidy-farm e#incy link arebecoming central research
questions in production economics. Notwithstanditiggoretical results on this issue are
ambiguous (see for example, Martin and Page, 1$&3ra et al., 2008; Zhu and Oude
Lansink, 2010). Consequently, Serra et al. (20B8mbhakar and Lien (2010), and Zhu and
Oude Lansink (2010) argue that investigating tesue is essentially empirical. However,
findings from empirical studies on this issue asem inconclusive (Zhu et al., 2011; Rizov
et al., 2013). In such cases, it is widespreaddtaranalyse empirical studies in order to reach
sound conclusions (Cooper and Hegdes, 1994; CuchoQv).

The meta-analytical framework consists in a sestafistical and econometric methods
which allows synthesising outcomes from empiricaldges carried out on a particular
research question and investigating their heteriger(Glass, 1976; Stanley and Jarrell,
1989). The basic meta-analytical metric, namelydfiect size, indicates the magnitude and
the direction of the relationship between two Jalea. However, the issue of the non
equivalence of the effect sizes may arise (Bechkdr\&u, 2007), resulting from disparities in
empirical specifications. Due to this, and in orttekeep a large number of observations for
our analysis, in the present paper we do not censice magnitude of the effect in the meta-
analysis, but only its direction. In the economierhture, such meta-analytical approach
based on qualitative effect instead of quantitagffect, has been recently used for example
by Schlapfer (2006), Kiel and Williams (2007), Jasen and Hanley (2008), and Choumert et
al. (2013). Given that the observed effect of thbsgly-efficiency link may be positive,
negative, or null, the present study explores taterogeneity of empirical studies using
firstly a multinomial probit (MNP) meta-regressitamework.



In the next section, we underline some theoreticgments and prior evidences on the
relationship between public subsidies and farmshneal efficiency. The third section
presents the meta-analytical process. In the faagthion, we describe and discuss the main
results. The last section draws some concludingriesn

2. Theoretical arguments and prior evidence of the sudidy-efficiency link in
agriculture

Theoretical arguments support that subsidisatiory mither positively or negatively
impact farms’ technical efficiency (Zhu and Oudensiak, 2010; Kumbhakar and Lien,
2010). Positive relationship may be explained tglounvestment decisions triggered by
subsidisation. That is, public subsidies may impréschnical efficiency if they are used to
update the farm’s productive capacity through regiaent investment or net investment in
advanced technologies. Public subsidies may erfabieers to keep on or to achieve scale
economies through investments. A negative impacutisidisation on technical efficiency
may result from a non-stochastic wealth (incomégaf(Zhu et al.,, 2012). Subsidies may
result in income stabilisation and thus distortnfars’ incentive to produce efficiently.
Farmers’ effort in farming activities may be reddcé a larger part of their income is
guaranteed by subsidisation. In order words, sigaidn may enable farmers to smooth their
wealth without adopting efficient production stigites.

In the existing literature the general finding isegative influence of subsidisation. This
may be due to the fact that investment decisioasedated to the replacement of capital stock
rather than to implementing more efficient techgas. This means that wealth and
insurance effects prevail on investment effectsweler, agricultural policies rely on
different support programs, and the effect on &fficy may vary across subsidies. Total farm
subsidies can be divided into six categories: @upted production subsidies, made of
coupled subsidies including crop and livestock panyts, and of set-aside premiums; (ii)
input subsidies, namely coupled subsidies on irgdiate consumption; (iii) environmental
subsidies provided when implementing environmefitahdly practices; (iv) subsidies
received by farms located in less favoured are®JLFv) decoupled subsidies, that is Single
Farm Payment which decouples direct payments fraodyction; and (vi) investment
subsidies. Hence, the impact of public subsidiedasms’ technical efficiency should be
discussed in light of the objective and modalit@sthe support program. For instance,
environmental payments may lead to negative infteesn technical efficiency, because they
aim at producing environmental goods and servideigtware not taken into account in the
traditional efficiency calculation.

Given the theoretical ambiguity of the impact obsidisation on technical efficiency,
empirical choices should be carefully made in miaatglsubsidies to avoid spurious results.
As pointed out by McCloud and Kumbhakar (2008), admall empirical studies model
subsidiesad hoc In the literature, subsidies are modelled as t&p(McCloud and
Kumbhakar, 2008), as facilitating inputs (McClouddaKumbhakar, 2008), as outputs
(Kleinhan(3 et al., 2007; Rasmussen, 2010), asaleagntextual drivers (Bojnec and Latruffe,
2013), or as non-neutral contextual drivers (Ld¢ret al., 2012; Kumbhakar and Lien, 2010).
Furthermore, many empirical studies also suffemfrsimultaneity bias, as some subsidy
payments are potentially endogenous (KumbhakarLss 2010). Hence, in the stochastic
frontier analysis (SFA) framework, Kumbhakar andr.{2010) advocate a triangular system
to model subsidies. That is, to include subsidrethe production function as well as in the
inefficiency function, and to consider subsidieseaslogenous if it is believed that farmers
can manipulate the amount they receive. This esalslecounting for the fact that
subsidisation may influence production decisions. (productivity) as well as technical
efficiency, and for the consideration of simultapebetween production and subsidy
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payments. In the case of non-parametric efficiecalgulation, the conditional efficiency
measurement (Daraio and Simar, 2007; De Witte aortiekainen, 2012) seems to correspond
to the same intuitions.

3. Meta-analytical process: data and methodology

3.1Data collection

The data used in the subsequent analysis congidtf8500bservations (i.e. 195 distinct
results about effect of subsidies), extracted firset of 68 studies carried out on periods
from 1972 to 2014. The studies are collected frorsystematic review of the existing
empirical literature on the links between publibsidies and farm technical efficiency. The
search of papers on this issue was conducted thrthegmain scientific databases such as
Econlit, Web of Science (WoS), Web of Knowledge ), 0JSTOR, Econpapers, Science
Direct, RepEc (IDEAS) and Google Scholar, combiningseveral search formulae the
following keywords: on the one hand ‘subsidies’ ‘support’, alone or with ‘public’,
‘government’, ‘CAP’ for Common Agricultural PolicySingle Farm Payment’, ‘pillar 1’,
‘pillar 2, ‘agricultural’, ‘EU’ for European Union ‘farm bill’, and on the other hand
‘efficiency’, technical efficiency’, ‘economic effiency’, ‘farm efficiency’, ‘productive
efficiency’, ‘farm performance’ or ‘economic perfoance’. This literature search was
completed by exploring the reference lists of tlagpgys obtained through the databases’
search. To avoid publication bias (Sterne et @083, unpublished studies are also included
in the meta-analysis if they provide sufficientamhation on the data used, the estimated
effect, and their analytical method. For a givenpeital study, the estimated models are
assumed to be independent if they consist of esbmafor different countries, or different
regions or different farming systems. The papectuded in the meta-analysis are indicated
with two stars (**) in the reference list.

3.2Empirical models and moderator variables

We use a logistic meta-regression framework to arptonsistently empirical results
found on the relationship between public subsidied farm technical efficiency. First, we
consider the negative and positive effects wittpees to the null effect by estimating a
multinomial probit model (MNP)using the simulated maximum likelihood method. rélo
precisely, for the three observed effects, we $pdieiee binary variableg;;,, with k = 1,2,3
which stand for positive, negative, and null effeesspectively. These binary variables are
associated with latent variablgs, such ag/), = X + & with y;, = 1if y;5, > 0,and 0
otherwise. X;;, is al x p vector of moderator variables explaining the obséreffects;f are
parameters to be estimated; gnek (&4, 52, €i3)~MNV (0, Q).The probability of alternative
k for thei-th observation is given by:

—Xi —Xi
Prob|yi. = kX, B Qao ] = J__, o I 2P Nao (€ix; 0, Qo)) dEi 1)

whereNyo (€ 0, Qg ) is the density of &variate Gaussian distribution.

The MNP model allows the separation in more thaa tategories but often leads to
convergence problems when the number of moderatonahles increases. For this reason,
assuming that only negative effects of subsidiesfasms’ technical efficiency are not
desirable by policy-makers, and thus grouping pasind null effects together, we estimate
in addition to the MNP a binary probit model, whéne dependant variable is equal to 1 for
positive or null effects and O for (undesirablegaiive effects:

1 The MNP model is used with multivariate dependeaiables which do not have natural ordering. Imtcast to the
multinomial logit and conditional logit models, tMNP model does not impose the restrictive propeftthe independence
of irrelevant alternatives (I1A).



Probly; = 11X, 8,91 = [ ¢(2)dz 2
whereg(z) denotes the standard normal density.

The definition and descriptive statistics for thederator variables are presented in Table
1, revealing three interesting features. Firsthe tmost common finding on the subsidy-
efficiency link is that public subsidies are negely related to farms’ technical efficiency.
Secondly, empirical studies commonly model subsides contextual drivers. That is,
subsidies are usually assumed to influence onlyligteibution of the efficiency scores, while
there is strong theoretical evidence that subsigiay influence the input marginal product
(Hennessy, 1998; Serra al., 2008). Finally, thesteng literature on the subsidy-efficiency
association relies broadly on the impact of totddssdy received by farmers. This suggests
that research on this issue is usually focusedhemiealth effect of subsidies. In order words,
few studies have explored the impact of differgpes of subsidies on farms’ efficiency.

4. Results and discussion

Estimation results for the MNP specified in equat{t) and for the binary probit model
specified in equation (2) are presented in Tablea2.the MNP model the omitted alternative
is the null effect and for the binary model the tted alternative is the negative effect.
Results from both models are quite similar. Thelihood ratio (LR) statistics indicate that
both models have a high goodness-of-fit. In addjtithe LR statistic for the correlation
matrix () for the MNP estimation and the percentages afectlly predicted observations for
the binary probit estimation suggest that both nsdee well behaved.

The estimates of the meta-regression analysisiglghhree findings from the empirical
literature on the relationship between public sdiesi and farms’ technical efficiency. Firstly,
when subsidies are modelled as output they decri@s@robability to obtain a negative
effect of subsidies on efficiency, and increaseptabability of obtaining of a positive effect.
This is an expected result because modelling sigssas output tends to virtually inflate the
output value, while there is no associated increasmput use. This result is likely one
explanation for many contrasted findings reportedhie literature. For instance, using the
classical SFA framework and modelling subsidiesatput, Hadley (2006) found a positive
impact of subsidies on technical efficiency for foi@ems in England and Wales, while using
the same framework and considering subsidies atexioial variables only, Iraizoz et al.
(2005) found a negative impact for Spanish beeh$aiSimilar explanations are plausible for
the contrasted results reported by Areal et all22@nd Mamardashvili and Schmid (2013)
for environmental subsidies.

Secondly, aggregating all subsidies received byéas into total subsidies increases the
probability of a negative effect of subsidies omfa’ technical efficiency. Such negative
effect may be explained by the non-stochastic \Weg@alt income stability) effect of subsidies
(Zhu et al., 2012). This implies that under sulssition, as argued in Karagiannis and Sarris
(2005), farmers usually tend to substitute subsidgme with production income, and to put
less effort into farming activities. In contrast this, modelling each type of subsidy
separately appears to be an appealing way to ésthlatr effect. For example, Table 2 shows
clearly that investment subsidy is positively rethto farms’ technical efficiency.

Finally, results in Table 2 show that farming sysée estimation methods (parametric,
semi-parametric) and geographical area do notenfte the direction of the effect of public
subsidies on farms’ technical efficiency. This sesjg that the direction of the effect is robust
to these drivers. In addition, our probit resulppear to be robust against publication bias,



indicating that the file-drawer problem highlightegt Duval and Tweedie (2000jnay be
ignored. Indeed, results in Table 2 show that ther@o systematic difference between
published and unpublished studies in terms of doe®f the observed effects.

Table 1. Meta-analysis variables and descriptive atics

Variable Description Mean Standard
deviation

Dependent variable of the multinomial probit model

Positive =1 if positive effect, 0 otherwise 0.25 0.43

Negative =1 if negative effect, O otherwise 0.54 .490

Null =1 if null effect, O otherwise 0.21 0.41

Dependent variable of the binomial probit model

Positive =1 if positive or null effect, O otherwis 0.46 0.49

Moderator variables
Subsidy modelling

As output =1 if subsidies are modelled as outputtherwise 0.23 0.42

As contextual = 1 if subsidies are modelled agexdnal variables, 0 0.63 0.48
otherwise

As non-neutral = 1 if subsidies are modelled afuémcing input 0.18 0.38
productivity or output, O otherwise

Subsidy type

Total subsidy received =1 for total subsidy reedi 0 otherwise 0.44 0.49

Coupled subsidy =1 for coupled output subsidgti@rwise 0.13 0.34

Input subsidy =1 for input subsidy, 0 otherwise 040. 0.18

Environmental subsidy = 1 for environmental subs@gtherwise 0.12 0.33

LFA subsidy =1 for LFA subsidy, 0 otherwise 0.05 .2

Investment subsidy =1 for investment subsidy,i&ntise 0.06 0.24

Farming system

Crop farming =1 for crop farms, 0 otherwise 0.38 .48

Dairy farming =1 for dairy farms, 0 otherwise 0.38 0.48

Livestock farming =1 for livestock farms (excludidairy), O otherwise 0.18 0.39

Mixed farming = 1 for mixed farms, 0 otherwise 0.08 0.28

Estimation strategy

Parametric estimation = 1 for parametric estimatibatherwise 0.76 0.43

Semi-parametric estimation =1 for two-stage DE#nastion, O otherwise 0.18 0.38

Balanced panel =1 for balanced panel data, O wibe 0.08 0.28

Time varying = 1 for time varying efficiency spécation, 0 0.82 0.39
otherwise

Heterosc. frontier = 1 for time heteroscedastmnfier specification, 0 0.17 0.38
otherwise

Bayesian estimator = 1 for Bayesian estimatiooth@rwise 0.05 0.21

Quantile regression =1 for quantile estimationfiterwise 0.03 0.16

Tobit regression = 1 for Tobit estimation in thecsnd stage, 0 0.06 0.24
otherwise

Output orientation =1 for output-oriented technieiiciency, 0 otherwise  0.11 0.31

Geographical area

EU-area =1 for EU member countries, 0 otherwise .820 0.38

North America = 1 for north American countriegtberwise 0.03 0.17

Control variable

Varsize Ratio of the number of regressors on theber of 0.02 0.03
observations in the primary studies used.

Publication status = 1 for published papers, @utise 0.51 0.50

2 The file drawer-problentefers to the fact that studies with significantd ainteresting results are more likely to be
submitted, published and cited.



Table 2. Multinomial Probit and binary Probit estimates for the meta-regressions

Multinomial Probit (MNP)

Binary Probit

Negative effect

Positive effect

Positive of refflect

Intercept 0.23 (0.53) -0.26 (0.48) -0.410.94)

As output -1.03 (0.37) *** 0.94 (0.39)* 1.37 (0 .67) **
As contextual / / 0.23 (0.72)
As non-neutral -0.08 (0.31) 0.20 (0.35) 72. (0.60)
Total subsidy received 0.64 (0.24) *** -0.340.28) -0.75  (0.28) ***
Coupled subsidy / -0.38  (032)
Input subsidy -0.23 (0.51) 0.46 (0.60) 40.1 (0.58)
Environmental subsidy 0.31 (0.35) 0.07 &p.3 -0.44  (0.41)
LFA subsidy 0.11 (0.41) -0.09 (0.59) 0.04 (0.49)
Investment subsidy -0.99 (0.47)** 0.58 (0.47 1.22 (0.51) **
Crop farming / / 0.49 (0.42)
Dairy farming / / 0.49 (0.46)
Livestock farming / / 0.58 (0.50)
Mixed farming 0.62 (0.47) -0.65 (0.60) /

Parametric estimation -0.44 (0.40) -0.30 1.4 0.52 (0.65)
Semi-parametric estimation  / / -0.35 (0.74)
Balanced panel 0.46 (0.53) -0.10 (0.45) 0.24 (0.48)
Time varying / / -0.43  (0.46)
Heterosc. frontier 0.77 (0.39) ** -1.09 §B)** -0.73  (0.43)*
Bayesian estimator -0.95 (0.51)* 1.55 570.*** 0.79 (0.57)
Quantile regression 0.56 (0.87) 0.14 (P.89 -0.68  (0.92)
Tobit regression 0.06 (0.66) -0.40 (0.57) 0.26 (0.65)
Output orientation -0.22 (0.43) 0.10 (0.43) 0.55 (0.45)
EU-area 0.23 (0.35) -0.50 (0.35) -0.390.32)
North America -0.34 (0.65) 0.01 (0.63) 8.2 (0.69)
Varsize -8.59 (3.56) ** 2.20 (2.68) 7.50 (4.32)*
Publication status 0.14 (0.28) -0.04 (0.31) -0.32  (0.32)
LR statistic 121.1%** 69.04 ***

LR statistic for Q 48.3***

% correctly predicted 73.85

Pseudo R-squared 0.23

Number of observations 195 195

Note: Robust standard errors are in parenthes&§<9.01, ** p<0.05, * p<0.1

5. Concluding remarks

Predicting and investigating the impact of publibsidies on farms’ technical efficiency
are becoming critical issues in applied policy gsial With respect to the fact that theoretical
results on this issue are quite ambiguous andetingirical findings in the literature are likely
inconclusive, the objective of this paper was tentify factors that could explain the
heterogeneity of the observed empirical results.

Results from a multinomial probit model and a bynarobit model reveal several
interesting features. First, when subsidies areathed as output in efficiency calculation,
their effect on technical efficiency is commonlyfa to be positive. Using such modelling
approach may provide an erroneous view of theirinlaence on efficiency since there is no
input increase associated. Second, empirical Sugeng total subsidies received by farms
and not specific types of subsidies, usually findegative effect of subsidisation on farms’
technical efficiency. By contrast, investment sdies are positively related to farms’
technical efficiency. These results provide stramgpirical evidence that each type of
subsidies have to be treated separately in empiaicalysis. Lastly, the direction of the
observed effects on the subsidy-efficiency assotias robust to farming systems, estimation
methods, and geographical areas. It should ald@pein mind that, even though modelling
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subsidies as non-neutral drivers does not showsgsigmatic effect in our probit results, this
approach is theoretically consistent (Sipildined Enmbhakar, 2010).

In conclusion, our meta-analysis results suggestitivestigating the effect of subsidies
on farms’ technical efficiency should rely on aefat modelling of subsidies.
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