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Producer Behaviour and Agri-Environmental Policies:

A Directional Distance based Matching Approach

Abstract

This empirical study investigates the effects ffiedent agri-environmental schemes on individual
producer behaviour. We consider the effects onumrtioh intensity, performance and structure for a
sample of UK cereal farms for the period 2000 td628and use the policy examples of the
Environmental Stewardship Scheme (ESS) and thatdiv¥ulnerable Zones (NVZ). The econometric
methodology is based on a directional distancetfoiméramework as well as the application of
propensity score analysis by the use of matchitijmators. We find that both schemes are effectively
influencing production behaviour at individual fatevel. However, agri-environmental schemes show
only very minor effects on the technical and altaeaefficiency of farms, hence, we can concluds th
farms enrolled in agri-environmental schemes dieiefitly adjusting their production decisions give
the constraints by the respective scheme. Farrastatf by these schemes indeed tend to become less
specialised and more diversified with respect &rtproduction structure. A voluntary type agri-
environmental scheme seems to signficantly inflegmroducer behaviour at a far higher scale than a
non-voluntary agri-environmental scheme. The mettagical novelty of this research lies in the uge o
a sound production theory based multi-output mnofiut approach to disentangle measures for
production performance and structure which are tlegd as indicators for the robust treatment effect
analyses.

Keywords Agri-Environmental Policy, PES, Distance FunctiBngpensity Score Matching
JEL Q15, Q18, Q57, C23

1) Introduction

Policies to encourage the provision of agri-envinental goods have been introduced and developed
since the 1980s as a consequence of rising conttexhagricultural support measures have led to a
threatening level of land use intensity. Followstgndard economic theory, such agri-environmental
goods (e.g. water quality or biodiversity) are kely to be provided through a market mechanism at
their socially optimal levels because of exteriegias well as the public good nature of the tadjet
goods. However, market based policy instrumentgeanerally considered as a more cost-effective way

to achieve environmental goals compared with conalvaard-control based policy instruments.

There is a considerable policy interest in thegrenfince of agri-environmental measures. This is

especially true with respect to voluntary agreentased agri-environmental schemes. Despite the



widespread application of such agri-environmertheses their cost-effectiveness and economic
efficiency is only poorly understood. Given poliagd fiscal needs (e.g. the current funding progam
the UK agri-environment schemes is due to be rehiis@013, see e.g. Natural England 2010) theaa is
increasing debate among academics and policy makdswhether schemes as currently implemented
actually deliver the expected outcomes (see FeaadidPattanayak 2006, Butler et al. 2009, Hodge and
Reader 2010, Sauer and Walsh 2010). This studytaimhsliver empirical evidence on the impact of
different agri-environment related regulatory ingstents on farmers’ production and investment
decisions. We investigate the command-and-conaséd) instrument of the Nitrate Vulnerable Zones
Scheme (NVZ) and the voluntary agreement basedumsnt of the Environmental Stewardship Scheme
(ESS). The analysis aims to disentangle the efféddtsose instruments on individual producer bebawi

by measures of input intensities, production stecand farm performance.

In a first step input intensity indicators are cddted for the different farm type samples. In eosel

step partial performance measures and the indivfduas’ efficiency is estimated using a multi-outp
multi-input directional distance function approashthe dual to the profit function. A third anadyii

step consists of estimating the average chandesetmeasures due to the effects of the policynsehe
This is done by using a matching estimator apprdasied on statistical propensity score analysis.
Propensity score analysis is useful for evalugpiolicy instrument/program related treatment effects
when using nonexperimental or observational dassfafm enterprises are economic phenomena defined
by a multitude of different characteristics oveasp and time such a matching approach is needed to
accurately determine the effect of agri-environragpblicy instruments on these farms in a statdiic

robust way.

The remaining paper is structured as follows: Téwet section outlines the policy instrument of agri-
environmental schemes. Section 3 introduces theegnal model of production behaviour including
potential effects of agri-environmental schemestiBe 4 covers a brief introduction of the policy
schemes considered whereas section 5 describdattsets. Section 6 discusses the estimationsesult

and finally section 7 concludes the study.



2) Agri-Environmental Schemes and Producer Behaviou

Considering instruments of economic policy at ayxggneral level, economic instruments can be
distinguished from traditional command-and-contnstruments (see Hepburn 2006). In the area of agri
environmental policy economic instruments for cowaon purposes (as e.g. market-based mechanisms
such as eco-certification) are usually subsumeeutine heading of payments for environmental

services (PES). Following Wunder (2005) and Pagroka. (2007), payment schemes for environmental
services generally have two common features: @y #re voluntary agreements, and (2) participation
involves a management contract (or agreement) legttvee conservation agent and the landowner. The
latter agrees to manage an ecosystem accordirggéedrupon rules (e.g. reducing fertiliser usage or
stocking rates, or providing a public good by fagcdio exclude stock from remnant bush) and receives
payment (in-kind or cash) conditional on compliamgth the contract. Such contractual relationstaiges

subject to asymmetric information between farmeid @nservation agents.

Information asymmetries in the design of such @t relate to hidden information and hidden action
Hidden information (leading to adverse selectiarges when the service contract is negotiated: Eesm
hide information about their opportunity cost stae with respect to supplying the environmental
service and, hence, are able to claim higher adgisovision and finally higher payments. Hidden
information has been the subject of numerous thieat@nalyses in the context of agri-environmental
payment schemes (see e.g. more recently Ozanh2@} Peterson and Boisvert 2004, Ozanne and
White 2008, Russell and Sauer 2011). Hidden agbomoral hazard) arises after the contract has bee
negotiated leading to costly monitoring and enforest in the case of non-compliance on the sidaef t
conservation agent. The agent might not be alpeti@ctly monitor and/or enforce compliance or righ
choose not to monitor and/or enforce compliancexddethe farmer has an incentive to avoid the
fulfillment of the contractual responsibilities atwdseek rent through non-compliance (see e.g. more
recently Ozanne and White 2008, Yano and Bland?0x@b, Zabel and Roe 2009, Russell and Sauer

2011).

Economists usually model the compliance decisioa fiim or farm as a choice under risk with
monitoring being essentially a random process ésgeHeyes 1998). Let us suppose that there exists

some regulation (e.g. the requirements by a coatiervcontract) requiring a farm or landowner to



execute actiom (e.g. to reduce the use of chemicals on a paati@iéce of land). If the cost to comply
with that regulation for farm i is,, the probability of non-compliance being detedged, and the

penalty for non-compliance s then a profit-maximising and risk neutral farmilwomply if and only

or
2 nmp—¢=0
Those farms that find

@ m-azt

wheret; denotes a farm specific treshold, will comply &xécute actioa. The rest will take the risk of
being caught and fined withp. However, what matters in environmental and hgrdiey terms is the
compliance rate across all farms taking part iretpe-environmental scheme j, sgyFarms differ with
respect ta; andt; reflecting differences in managerial skills, teclugy, location but also individual
attitudes and experiencesclis distributed according to some cumulative disttitn F(c;), then the
compliance rate across all farms taking part insttfeemey, can be expressed as a function of the

enforcement policy parameters
4 v =F@p)

By raisings - the probability that non-compliance will be paépadl - and/or raising - the size of the
penalty - compliance becomes more attractive tdatra and sgys increases. The magnitude of such an
increase (i.e. the effectiveness of a raisg amd/or p) will depend on the shapegofAssuming social
disutility as the sum of the unweighted sum of2#lS scheme costs and environmental damage,
compliance decisions will be firstbest if and oiilthe product;p happens to equal the marginal
expected environmental damage caused by non-camspli&or any given scheme population
compliance ratgy the distribution of compliance effort between faris efficient - as it is always those
farms with the lowest compliance casthat do comply (Heyes 1998). Hence, the consematgent

maximizes compliance (i.e. minimizing environmemtaimage) by setting botpandp as high as



possible. Full compliance is only ensuregjifexceeds the upper boundmin most cases, however,
this will not be possible because of budgetaryislative and other constraints. In a more realistic
setting, the compliance decision faced by each farontinuous in character, i.e. a farmer willicgtly
have to choose a level of compliance, i.e. a lef/aktiona (e.g. reducing the use of chemicethson a

particular piece of land) which is an inherentlytiouous variable.

Farmi is subject to a regulatory standard which forliidiom using inputch, beyond some leval
Assume that the expected penalty for exceedingethet s is an increasing functigo(ch — s)of the size
of the violation and compliance costs are increpaittording to a functioo(ch). Then the farm has to

choose a level of input to minimize

(5)  c(chy) +p(ch;—s)

The first-order condition provides the soluticis*
(6)  c'(ch;) = —p'(ch; —5)

The farm uses the detrimental input up to the patinthich the marginal cost (i.e. foregone pratit)
further decreasing inpeh equals the marginal saving in terms of expectedilties. The size of the
violation depends only on the marginal, not therage properties of the expected penalty function

which is the essential message of the ‘theory abmal deterrence’ (e.g. Shavell 1992, Stavins 1996

Pullin and Knight (2009) stress that the problefsnyironmental change and biodiversity loss have
entered the mainstream political agenda. It seémly lthat conservation biologists and environménta
managers will be asked about the effectivenessmdarvation interventions. Hence, managers and
policy actors require an interim product (an evicebase) to underpin their current decision-making.
Green accounting matrices or input-output accogrgistems (IOA) have been developed in countries
with intensive agricultural production to faciligatoluntary improvements in farm environmental
performance. These systems are to be used fossiessment of farm input use and efficiency in areas
with intensive agricultural production as a resgottsan increased interest in the environmental
performance of different farming systems. Halbergl¢2005) conclude that such systems need further
development and standardization. Only a few stusbefar have attempted to empirically measure the

actual impact of being subject to agri-environmesthemes on producer behaviour at individual farm



level using statistical or econometric tools. Bratlal (2009) assess the long-term effects of 832

CAP reform on farm structure, landscape mosaicémdiversity using a spatial agent-based modeafor
sample of EU countries. Mosnier et al (2009) emldyo-economic modelling approach to estimate the
effect of decoupled payments and cross-compliarezsares for typical farms in the Southwest of
France. Pufahl and Weiss (2009) find that agri+emvhental schemes significantly reduced the puechas
of fertiliser and pesticide of individual farms@ermany. Sauer and Walsh (2010 and 2011) most
recently attempt to measure the relative cost-gegess of agri-environmental schemes using a farm
level approach based on large panel data setsakimgjtinto account farms’ compliance behaviour. We
try to contribute to this evolving empirical liteéuae by providing a sound production theory based
analysis which satisfactorily addresses the proldémentification with respect to behavioural chaa

at farm level (see also Rosenzweig and Wolpin 2000)

3) Conceptual Model

We start our empirical investigation by modellingiadividual cereal farm i focusing on the prodanti
decisions at time t. As the typical cereal farmdor@es more than one output (e.g. arable output,
livestock output, other output) using more than iopeit (e.g. land, labor, fertilizer, chemicals) we

employ the conceptual framework of a multi-outpulitivinput distance function.
Directional Technology Distance Function

The set of all technologically possible input-outpambinations for cereal farm i can be describgd b

the following production technology:
(7) T = {(x,y): x can produce y}

wherex € RY is a vector of inputs ang € RY is a vector of outputs. Following Chambers etlabg)

we assume that:

(t1) T is closed
(t2) free disposabilityif (x,y) € T,x > x,andy' < y then (x,y') € T
(t3) no free lunchif (x,y) €T andx =0 then y =0

(t4) possibility of inaction(0,0) € T



(t5) T is convex.

The directional technology distance function (DTIPFYvides a complete functional representation of
the production technology and a measure for praolu¢in)efficiency (Chambers et al 1996 and 1998,
Faere and Grosskopf 2000). The DTDF representsi@ioa of the shortage function (Luenberger 1992)
and is related to the well known Shephard (1953)timnd output distance functions. It measures the
distance from a particular observation to the effitboundary of technology and its value depemda o
mapping rule (or a directional vector) by which theection is determined in which the inputs aré¢o

contracted and the outputs are to be expandeadlse&uarda et al 2011).
For a given directiog = (g,,g,) with g, € RY and g,, € RY the DTDF is given by

®)  Dr(%y; 90 9y) = suv{e: (x — 0gx,y + @g,) € T}

and takes values in the intery8) +«]. The directional distance function equals zeradghnically
efficient observations and takes a positive vatuerfefficient observations. The technology assuomst

(t1) to (t5) imply the following properties of tH@ETDF:
(d1) translation propertyﬁT(xk = A9x Yk + A9y G gy) = ﬁT(xk,yk; 9 gy) —Aforall L€R
(d2) g-homogeneity of degree minus onB; (x, yi; @gx, @gy) = @ *Dr(xk, Yi; Gxr Gy )r @ > 0
(d3) input monotonicity: x' > x — 5T(x’k,yk; 9 gy) > ﬁT(xk,yk; 9 gy)
(d4) output monotonicity:y’ >y = Dr(xk, ¥',; 9x» 9y) < Dr(Xk Yis G Iy)
(d5) concavity: BT (xk,yk; I gy) is concave in (x,y) .

For every observation k, k=1, ..., K

9  wr=Dr(%¥:9x9,) + &

wherew,~|N(0,02)| is a nonnegative error component representingigiance function value and
£.~N(0,02) is a conventional two-sided disturbance term aotiog for specification errors. The
translation property of the DTDF allows for its engal estimation (Chambers et al 1998, Faere and

Grosskopf 2000)



(10)  Dr(xk — A Yic + A9y; 9x 9y) = Dr(X1 Vi G Gy) — 2
with 4 € R and is the additive analog of the homogeneity @rypof the Shephard distance function.

This property implies that the translation of thput-output vector from (x, y) t@c — 19,y + /Lgy)

leads to a decrease in the distance function \Wafube scalah. Hence, by substituting (9) into (10) we

obtain

(11)  —2=Dr(xx — Aga Vi + Ay Gxr Gy) — Wi + &k

Assuming a simultaneous expansion of all outputisaacontraction of all inputs we sgt= (gx, gy) =
(1,1) which implies that the amount by which a farm coakcrease outputs and decrease inputs will be
BT(x, v;1,1) units of x and y. For a farm that is technicalljogent, the value of the directional distance
function would be zero whereas valueﬁtp(x, Y G gy) > 0 would indicate inefficiency in

production. If such a mapping rule is used witk x; we obtain

(12)  —x1x = Dr(0, X35, o) XNy Vikr - Vi) — Wp + €k

wherexyy = Xz — X1 ) XNk = XNk — X1k Y1k = Y1k + X100 Yk = Yk + X1k
Duality and Nerlovian Profit Efficiency

An essential property of the directional technoldgtance function is that it is dual to the profit
function. Profit maximisation requires the simultans adjustment of outputs and inputs, which is als
characteristic of the DTDF. Denote input priceswy € RY, ouput prices by,, € R¥ and technology

T, we can define the profit functiof/(p, w) as:
(13)  1(p,w) = max{py — wx: (x,y) € T}

which is homogeneous of degree 1 in prices, coaneixcontinuous in positive prices. The Luenberger
inequality can be used to derive the decomposdfqrofit efficiency giving the following duality

theorem (Faere and Grosskopf 2000)

(14)  II(p,w) = max{py — wx + Dr(xx, Vi; =9, 9y ) Gy + W)}

II(p,w) — (py — Wx)}

B ’ ;_ ) =
T(xk Yk —9x gy) max{ PGy + Wx



Rearranging (14) and adding an allocative inefficieterm (AE) closes the inequality and gives the

Nerlovian profit efficiency measure (Chambers €1398)

[Ipw)-(py-wx) _ 5 .
(15) B r—— Dr(xk, Yi; —9x, 9y) + AE

Hence, in addition to the technical efficiency meas provided by the DTDF, AE measures the residual
inefficiency due to failure to choose the profitximizing input-output bundle given relative prices.
Profit efficiency is the ratio of the differencetiveen maximal and observed profit normalized by the

value of the direction vectar.
Second Order Elasticities

The directional distance function allows for theamigrement of substitution or complementarity

relations between different inputs and outputsh@aMorishima shadow price output and input
elasticities of substitution (MES). The MES measthranges in relative output and input quantitiea as
consequence of changes in relative prices. MESeanterpreted as a measure of the percentage €hang
in relative factors/outputs for a percentage changeice (Stern 2011). Following Blackorby and

Russell (1989) and Fare et al (2005) the raticdhafiew output prices e.g. are derived from the DBBF

657(xk.yk:—gx.gy)

pé 9y2
16 —_ = —_-———
(16) 2 DT (X Yk:i—9x.9y)
0y1

and the Morishima elasticity is

32Dy (xpYi—9x.9y)  0*Dr(*kYii-9x.9y)

0y20y1 8%y,

17 M =y |—= -

a7) yay1 = N1 dDT (X Yk —~9x.9y) ODT (XY ii=9x.9y)
0y2 0y,

with y; = y; + 0Dr (%, Yi; = Gy )-

Hence, we approximate the production behaviourgamtbrmance of a cereal farmer i at time t by using
the concept of a directional distance function dedvable first and second-order measures. These
measures indicate in how far farms participating woluntary management agreement type agri-
environmental scheme and/or affected by a non-tafyrcommand-and-control type scheme alter their

production behaviour as a consequence of theseneshélowever, farms differ with respect to their

! Note that profit efficiency (and the directionatance function) depend on the direction vectarsei.
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characteristics and compliance behaviour refleddiffgrences in managerial skills, technology, toma
but also individual attitudes and experiences. fiéwd for a robust empirical identification of thaigy
instruments’ related treatment effects with respethe farms production behaviour, hence, leads to

crucial modelling implications.

4) Schemes and Data

For the modelling of the production technology vse individual farm data for the period 2000 to 2009
based on the UK Farm Business Survey (FBS) anncallgcted and released by Defra. We extract a
representative subsample of cereal farms (FBS tajgos 1) using stratified sampling techniques vaith
total sample size of more than 4,000 observatibhs.dataset includes information on outputs and
inputs as well as various farm and farmer charisties. Table Al in the appendix gives a descretiv

overview of the sample used for estimations.

For the agri-environmental schemes we use the dearopthe Environmental Stewardship Scheme
(ESS) and the Nitrate Vulnerable Zones (NVZ) inlthe Whereas the first scheme is a typical

agreement type instrument, the latter scheme itbhas a command-and-control structure.
The Environmental Stewardship Scheme (ESS)

The UK Environmental Stewardship Scheme (ESS) kas launched in mid 2005 and replaces the
previous UK agri-environment schemes. It consigancentry-level (ELS) and a higher-level (HLS)
scheme, whereas the entry-level scheme has al@anic strand (figure 1). The ESS is an example of
the ‘wide-and-shallow’ approach replacing the margeted schemes that were in place since the mid
eighties (Dobbs and Pretty 2004 and 2008, Defr&R00s part of the Environmental Stewardship
Scheme, agricultural producers agree to modify gr@duction activities to benefit the environmantd
are compensated for the costs they so incur. Mosifioations imply a reduction in the intensity of
production and the loss is usually conceived asrimecforegone by profit-maximizing producers. The
level of compensation offered must be sufficienpéosuade producers to forgo production options and

to replace the income they lose.
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Figure 1 - Geographical Variation in ELS Uptake (i§3A) in the UK

T Propartion of Agriculiural land under ELS in JCA&
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2z-31

5 3z2-37
e
R

(Based on Chaplin 2009 and Farm Business Surve§, Z@A: Joint Classification Area)

The Nitrate Vulnerable Zones (NVZ)

The Nitrate Pollution Prevention Regulations 20@8ehbeen introduced to implement the ECs Nitrates
Directive and to reduce nitrogen losses from adjticel to water. Areas where nitrate pollution is a
problem are designated - known as Nitrate Vulnerdoines (NVZs). Rules are set for certain farming
practices to be followed in these zones. In 20@6atjricultural area designated as NVZs has been
increased to about 68% (see figure 2). The ownecoupier of any land or holding within an NVZ is
responsible for complying with the rules whereasHEmvironment Agency is responsible for assessing
farmers’ compliance with these regulations, accahpd by random farm visits. Compliance with these
rules is a requirement for cross compliance unéS.Jlitrate Vulnerable Zones rules concerning e.g.
the storage of organic manures, the limiting of$tock manure, the planning of nitrogen use, the
limiting of N requirements with respect to crop getion, the management of spreading periods for
organic manures and manufactured fertiliser, ttr@gén impact on surface water, and different field

application techniques.
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Figure 2 - Nitrate Vulnerable Zones (NVZ) in the UK

Mew NYZs A
MWIs designated in 2002 w 'TL_._

(Based on ADAS 2007)

5) Empirical Identification and Econometric Modadi

Farm enterprises and their production behavioueaomomic phenomena defined by a multitude of
different characteristics over space and time. ldetie accurate determination of the behavioufattf
of agri-environmental policy instruments in a stétally robust way remains a methodological
challenge (Rosenzweig and Wolpin 2000 or Rubin 1987requent starting point for such analyses is
the availability of disaggregated panel data whschecessary to address problems of unobserved
heterogeneity and selectivity in policy programraetigipation. Different groups of observations are
compared by applying a simultaneous before/aftdveth/without perspective mainly by a “difference-

in-difference” estimation method.

With respect to agricultural policy analysis e.gvian (2009) used regression analysis to invesitja
effects of US federal farm programs on land reva#ies whereas Pufahl and Weiss (2009) applied
propensity score matching to evaluate the effefctiseoGerman agri-environmental programme on

production decisions. Petrick and Zier (2011) nmesently estimate the effects of various CAP messsur

13



on labor use in German agriculture. Different re@amtributions in the area of econometric policy
program evaluation point to the weak theoreticahfiation of these empirical studies highlightingtth
structural models of economic behaviour (i.e. dedrmamsupply structures) are missing (e.g. Heckman
and Vytlacil 2007 or Heckman 2010). However, lingkadgo such underlying structural models of
individual economic behaviour are crucial if agtiatal production patterns are to be empirically

modelled.

Beside simple partial indicators of production gy based on the green accounting approach, the
following empirical analysis is informed by sounaguction theory as well as takes into account
methodological issues of behaviour identificationl guantitative impact evaluation. We address
problems of latent heterogeneity and potential gedeity with respect to the observed farms by a two
stage estimation strategy to avoid the estimatf@porios policy effects (Imbens and Wooldridge 200
The general research set-up of our study is aswellIn a first step input intensity indicators are
calculated for the different observations in oweatfarm type sample. In a second step partial
performance measures and the individual farmsCiefficy is estimated using a multi-output multi-ibpu
directional distance function approach (see se@)oithis distance function is estimated as a feont
type function to obtain relative measures of indlisl farms’ efficiency. A third analytical step cists

of estimating the average change in these meaduest® location in a NVZ scheme relevant area and/o
participation in the ESS scheme. This is done liygua bias-corrected and robust variance based
matching estimator as an approach to apply stalgtropensity score analysis (see e.g. Guo argkeFra

2010, Abadie and Imbens 2002 and 2006, Abadie 20@d).
Econometric Estimation of Technology

We parameterize the DTDF in (12) via a flexiblengeendental-exponential functional form which we
linearize as initially suggested in Blackorby etld@l78 (see Blackorby et al 1978 and Chambers 1%98)
represents a second-order Taylor series approxamatich is linear in parameters and sufficiently
flexible to adequately approximate the true proiductechnology (Faere et al 2010). This functional
specification corresponds to a multi-output andtmput technology. The parameterized DTDF takes

the form

14



(18) exp[Dr(x,¥; gx. gy, 0)] =

ST agenp (2) exp (2) + Sly S0 Brerp (—22) exp (~2) +

Sy i () exp (= 26) + ¢
with 8 = (a, 8,7, ) as a vector of parameters to be estimatecas@ random error assumed to be
independendly and identically distributed with meano and variancg?. The output vector y consists

of cereal output and other (non-cereal) outputjiipet vector x includes labor, land, capital, ifexer,
chemicals, intermediate inputs whereas the lattased as the scalfollowing (11) above. To obtain
the dtdf specification we use the mapping r{de= Ag,,y + 1gy), i-e.(gx, gy) = (1,1). All monetary
values are deflated as is common practice. To measdividual farms’ efficiency we use a parametric
stochastic frontier approach in a panel data sjgatibn applying the Battese and Coelli (1995) @nd
effects estimator. The corresponding likelihoodction and efficiency derivations are given in Coeill

al. (2005).

To obtain measures of allocative efficiency via lerlovian profit efficiency formula (see equatidrb)
above) we estimate the dual profit function whiah parameterize also by a flexible transcendental-
exponential functional form corresponding to thedtional form chosen for the DTDF. The

parameterized profit function takes the form

(19)  expl/ip, w)] = ao + BiLy Ty ayjexp (%) exp (L) + ThL, DL Bruexp () exp () +

Iiv=1 Z¥=1 Yik€xp (%) exp (g) +¢€

with 8 = (a, 8,y) as a vector of parameters to be estimatedase random error assumed to be
independendly and identically distributed with meano and variancg?. This function is approximated
using also a random effects estimator with the witdpd input price vectors corresponding to the
quantities chosen for the DTDF specification aditved above using a common Toernquist price

formula where aggregated values are needed.

To measure finally changes in output and inputeel@roduction decisions at farm level we use the
second order dual Morishima Elasticities of Substh (MES) as outlined by equation (17). These
measures may be computed for each observationrasdrged as an average over a subset of

observations (such as for the full sample, a fartime period or a particular class), or may be mmated

15



for the average values of the data for a subsebsérvations. The latter approach is called thiadel
method; it evaluates the elasticities at one pibiait represents the average value of the elastanity
particular set of observations, allowing standardrs to be computed for inference even though the

elasticity computation involves a combination obeemetric estimates and data.

Unlike in the case of the quadratic function thgnestion of the parameters of the transcendental-
exponential function does not require the impositib additional parameter restrictions. The estiomat

of (18) using maximum-likelihood methods is, howewibject to the endogeneity problem (see Guarda
et al 2011, Faere et al 2005) as it will resulnitonsistent results, since all of its nonzerotAgénd side
variables are endogenous (see also Atkinson €i08)2nd hence, are correlated with the composite
error term. To ensure consistency in estimatiorigeregress all right-hand side variables in (@8)

their lagged values using all other regressorastsuments and then secondly use the so genertget! f

values in the maximum-likelihood estimation of (18)
Econometric Estimation of Treatment Effects

In a second step propensity score analysis is tasaccurately identify the treatment effects of plodicy
schemes on farms’ production behaviour. Farm eriggpare economic phenomena defined by a
multitude of different characteristics over spacd 8me, hence, a sophisticated matching appraach i
needed to accurately determine the effect of agrirenmental policy instruments on these farms in a
statistically robust way (Guo and Fraser 2010, Pliudad Weiss 2009). As we use survey based
nonexperimental data collected through the observaff farming systems as they operate in normal
practice (see Rubin 1997) this type of method altavreduce multi-dimensional covariates to a one-

dimensional score called a propensity score.

The underlying framewaork of analysis refers to Naynand Rubin’s counterfactual framework (Guo and
Fraser 2010) where farms selected into treatmahhantreatment groups have potential outcomgs (Y

Y1) in both states (W=0,1): the one in which the ontes are observed (E{[W=1], E[Y,|W=0]) and the

2 The “delta method” computes standard errors usiggneralization of the Central Limit Theorem, dediwising Taylor series
approximations, which is useful when one is inte@sn some function of a random variable rathantthe random variable
itself (Gallant and Holly, 1980, Oehlert, 1992)orur application, this method uses the paranestmates from our model
and the corresponding variance covariance matrgvéduate the elasticities at average values oftgements of the function.
3 An alternative solution is to estimate the DTDénfier using the generalized method of moments (GMpproach (see e.g.
Atkinson et al 2003). This approach would yield mefficient estimates, however, beside being coatfmrtal intense GMM
estimates are often sensitive to the choice ofunstnts and finally the finite sample propertieshaf estimator are unknown
(see O’Donnell 2003).
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one in which the outcomes are not observed {E{¥0], E[Y,W=1]). Unobserved potential outcomes
under either condition are missing data. A matclesigmator directly imputes the missing data at the
unit level by using a vector norm. Specificallgsdtimates the values of(®)W; = 1, i.e. the potential
outcome under the condition of control for the tngznt participant, and;{1)|wW,; = 0 as the potential

outcome under the condition of treatment for theticd participant.

The central challenge is the dimensionality of ¢c@tas or matching variables, as their number asxe
the difficulty of finding matches for treated farmngreases also. Matching estimators use the vector
norm to calculate distances on observed covaristtygeen treated case and each of its potentiaiaiont
cases (i.e. counterfactuals). However, the follgnassumptions are crucial (Abadie and Imbens 2011):
(1) The assignment to a specific treatment is ieddpnt of outcome's(2) There is sufficient overlap in

the distribution of observed covariates.
Let the unit-level treatment effect for farm obsgron i be
(20) 1, =Y;(1)—Y(0)

As one of the outcome is always missing, the matgkstimator (ME) imputes this missing value based

on the average outcome for farms with “similar’ued on observed covariates. A simple ME is

Y, ifW, =0

(21) 1?-(0):{ 1 . . ?-(1):{
' #]M(i)ZlE]M(i)Yl ifwy=1 g

1 .
WZIE]M(L')Y[ ifW;=0
Y; ifw;=1

where § (i) as the set of indices for the matches for falbmeervation i and #di) as the number of
elements of J(i). In the case of more than one observed coatis ME uses the vector norm to
calculate distances between treated case and edasmultiple possible control cases. Consequeily

matches are chosen using the vector norm basdwamwmhdition of nearest distances applying
22) Ju@={=1.. . NW, =1-W, X, — X;llv < dn (D)}

with dy(i) as the distance from the covariates for ung;jto the Mth nearest match with the opposite
treatment. Then point estimates for various treatraffects are obtained e.g. by the sample average

treatment effect (SATE)

“|f (systematic and non-random) adverse or bersfiglection would be the case (see e.g. Russelbandr 2011) then this
modeling assumption might not always hold.
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(23) tawerage = _yN (7,(1) - %(0)} = - T, 2W; — {1 + Ky (D}Y;
where Ky(i) are the number of times farm observation isedias a match, with M matches per unit i,

and W as the treatment condition for unit i. Abadie Ig2804) recommend using four matches for each
unit as the drawback of using only one match istthe&process uses too little information in matghi

As we use continuous covariates a bias-correctedhing estimator (Abadie and Imbens 2002) is
needed which uses a least square regression t&t &ufjypotential bias. Further, the assumption of a
constant treatment and homoscedasticity may neal for certain types of covariates. To also acto
for such potential heteroscedasticity we us& anatching procedure matching treated to treated and

control to control cases (see Abadie et al 2004).

Table 1 summarizes the different matching moddimagsed. Model 1 aims to measure the treatment
effects by the different agri-environmental schemih respect to production intensity using simple
partial indicators. Model 2 measures the schemeslugl treatment effects with respect to both
production intensity and performance/structure whemodel 3 finally estimates the treatment effects
with respect to production performance and strectyoproximated by the directional distance function

application outlined before.
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Table 1 - Matching Models

model w Y X N wm bc| rm
Wess- ESS fertilizer expenditure | crop output, utilised 4174 inverse | 4 10
15 o treatment per ha, agricultural area, annual variance
intensity (1-ESS hemical h working units,
participation chemicals exp p ha, depreciation, livestock
0 - non ESS) variable costs p ha | units, fertiliseror
chemical=or variable
costs, assets, agri-
Wz - NVZ environmental output
treatment (less ESS related), area
(1 - NVZ location, under NVZ,
0 - outside NVZ) county, altitude, less
favoured area, age of
Wy - ESS and ;armer, edugatlor; fof
NVZ treatment armer, gender ot tarmer,
organic production, year
(1-ESS part &
NVZ location,
0 - not both)
Wkeg - ESS gradual| fertilizer expenditure | crop output, utilised 4174 inverse | 4 10
) , treatment per ha, agricultural area, annual variance
2 dosage (categories: chemicals exp p ha working units,
>0<=5 000 GBP ESS . deprematpn, livestock
income, variable costs p ha | units, fertiliseror
>5,000<=10,000 GBF chemicalsor variable
ESS income, costs, assets, agri-
>10,000<=15,000 environmental output
GBP ESS income, (less ESS related), area
>15,000<=20,000 under NVZ,
GBP ESS income, ltitude. |
520,000 GBP ESS county, altitude, less
income) favoured area, age of
farmer, education of
farmer, gender of farmer,
Wie - NVZ organic production, year
gradual treatment
(categories:
>0<=25% of area in
NVZ located,
>25<=50% of area in
NVZ located,
>50<=75% of area in
NVZ located,
>75<=100% of area
in NVZ located)
Wess- ESS land productivity crop output, utilised 4174 inverse | 4 10
3 ‘ treatment (output per land) agricultural area, annual variance
‘performance’ . working units,
(1 't-E SS labor productivity depreciation, livestock
participation, (output per labor) its_ fertili
0 - non ESS) units, fertiliseror
capital productivity chemicalsor vanat_)le
Wiz - NVZ (output per capita)) COSFS, assets, agri-
treatment environmental output

(1 - NVZ location,
0 - outside NVZ)

Wey - ESS and
NVZ treatment

(1 - ESS part &
NVZ location,
0 - not both)

technical efficiency,
allocative efficiency,

Morishima
Elasticities of
Substitution (MES)

ouputs / inputs

(less ESS related), area
under NVZ,

county, altitude, less
favoured area, age of
farmer, education of
farmer, gender of farmer,
organic production, year

W;: treatment condition, Yindicator variable, N: number of observations,Cévariates; M: number of matches, wm: weightiregnix,
rm: number of robust matches.
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6) Results and Discussion

We have estimated more than 100 different disténocgier and matching models for our sample of
about 4,000 observations on cereal farms in thddygkthe period 2000 to 2009. Due to space limitaio
we do not report the individual model parameters henly those that are necessary for interpretatio

However, all estimates can be obtained from theasatupon request.
Production Intensity

Table 2 gives a descriptive overview of the différmtensity measures with respect to cereal preduc
in the period 2000 to 2009. Despite having remasigdificant outliers based on an exploratory data

analysis the individual figures considerably varguad their means:

Table 2 Farming Intensity Indicators at Sample Ages

measure| fertilizer per ha chemicals per ha | variable cost per ha
mean [min, max] mean [min, max] mean [min, max]
mean
expendituré 1()?5;1233;718 104f501%i7 816018.11.511 o
per ha(GBp/ha) | [0 1:438-18] [0:1,516.37] [1.081; 11,410.0]

1: all monetary figures are deflated with resgedhe base year 2000.

The matching estimation of model 1 (see table d)lted in the following treatment effects at sample

average:

Table 3 Sample Average Treatment Effect (SATE) dild

measure| fertilizer per ha | chemicals per ha | variable cost per ha

mean [min, max] mean [min, max] mean [min, max]

treatment effect at sample

mean in mean expenditure per

ha (GBP/ha)
-57.914 -72.683* -345.589*

ESS Scheme [-90.094; -25.733] | [-112.694; -32.673] | [-549.071; -142.107]
-58.10%+ -71.244 -419.06 1+

NVZ Scheme [-96.776; -19.425] | [-118.993; -23.495] | [-654.497; -183.624]
-58. 77 -74.56 1 -541.569*

ESS and NVZ Schemes [-91.424; -26.131] | [-118.989; -38.133] | [-803.236; -279.902]

* ok kkx_ gignificant at 10, 5, 1%-level.

This sample average treatment effect (SATE) allmyadge whether the particular instrument was

“successful” (in terms of the indicators used). €ldaring the statistical significance of the indival
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estimates we are able to judge if the sample aedmghe particular measure is significantly difet

from zero or not.

Given the particular modelling assumptions andhestidr used, these estimates suggest that the SATE i
significantly different from zero for all partiahtiensity indicators and all treatments considefée.
treatment effect for the usage of fertilizer is atotne same magnitude for all three treatments
investigated (i.e. a reduction in expenditure meohabout 45-50%). The sample average treatment
effect for the usage of chemicals shows to be hibiter for farms that participate in the ESS sathem
and are located in an NVZ designated area (i.edaation in expenditure per ha of about 49-51%j. Fo
the total variable costs of production the estimateggest again the highest reduction in production
intensity for farms that participate in the ESSesuk and are located in an NVZ designated areaa(i.e.
reduction in variable costs per ha of about 40-63f0jotal these results indicate that both schemes
management-agreement type as well as command-aniebickype — are effective in influencing
production behaviour at individual cereal farm lewéh respect to the environmental intensity of

production.
Production Intensity - Dosage

Table 4 reports the results of the matching estonaif model 2 for the ESS scheme.

Table 4 Sample Average Treatment Effect (SATE) dbl® ESS

measure

fertilizer per ha
mean [min, max]

chemicals per ha
mean [min, max]

variable cost per ha
mean [min, max]

ESS treatment effect

at sample mean in mean
expenditure per h&BP/ha)

>0 <=5,000

GBP ESS income p.a.
(= 3.2% of total income)

-50.112*
[-82.116; -18.109]

-58.063*
[-98.005; -18.121]

-288.109+
[-504.371; -71.848]

> 5,000 <= 10,000
GBP ESS income p.a.
(= 4.1% of total income)

-52.368*
[-84.619; -20.116]

-71.43 %
[-111.406; -31.454]

-344.178
[-542.542; -145.813]

> 10,000 <= 15,000
GBP ESS income p.a.
(= 5.2% of total income)

-66.082*
[-100.554; -31.611]

-79.803*
[-120.929; -38.676]

-349.175%+
[-555.026; -143.325]

> 15,000 <= 20,000
GBP ESS income p.a.
(= 8.4% of total income)

-106.840
[-143.684; -69.997]

-80.670*
[-124.443; -36.897]

-573.409*
[-807.667; -339.153]

> 20,000
GBP ESS income p.a.
(= 13.4% of total income)

-55.822+
[-89.857; -21.769]

-66.409*
[-106.585; -26.233]

-353.496
[-556.744; -150.247]

* ok kkx_ gignificant at 10, 5, 1%-level.
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The estimates for the dosage model suggest wigieceso the ESS scheme that the SATE is
significantly different from zero for all treatmetibsages and intensity indicators considered. The
highest average treatment effects are found fondahat generate about 15 to 20 TGBP per year which
amounts to about 8.4% of their total annual incormvever, it has to be noted that only 39
observations in our sample fall in this dosages;ladiereas the majority of farms (670) generate not
more than 5 TGBP income by their ESS scheme paation per year. In general it can be concluded
that a higher dosage of ESS participation (in tesmacome points which amount to GBP) results in a

higher effectiveness of the scheme.
Table 5 reports the results of the matching estonaif model 2 for the NVZ scheme:

Table 5 Sample Average Treatment Effect (SATE) d®l® NVZ

measure
NVZ treatment effect fertilizer per ha | chemicals per ha | variable cost per ha
at sample mean in mean mean [min, max] mean [min, max] mean [min, max]
expenditure per hgBP/ha)
>0 <= 25% of area -40.684* -90.625* -204.883
under NVZ [-73.385; -7.982] [-128.816; -52.433] [-427.449; 17.685]
> 25 <= 50% of area -54. 387 -74.68% -478.094*
under NVZ [-89.634; -19.141] [-116.333; -33.029] [-694.668; -261.521]
> 50 <= 75% of area -36.623+ -71.36% -436.859+
under NVZ [-75.641; 2.395] [-113.352; -29.381] [-667.149; -206.568]
> 75 <=100% of area -59.278* -72.38% -414.034*
under NVZ [-96.211; -22.345] [-118.004; -26.756] [-636.746; -191.322]

* ok kkx L gignificant at 10, 5, 1%-level.

The estimates for the dosage model suggest wigleceso the NVZ scheme that the SATE is the highest
with respect to fertlizer usage for those farms tzve more than 75% of their area in an NVZ scheme
However, with respect to chemicals the scheme séeims most effective for farms that have only aip t
25% of their area under the scheme. For the irtieimglicator variable cost it seems that farms waith

NVZ area of between 25-50% show the highest tre@tiéect. Apparently, the dosages of the NVZ
scheme significantly vary in their treatment efiedievertheless, farms with about 25 to 50% ot thei

area affected by the NVZ scheme seem to show tieeki treatment effects overall. However, these are
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only about 37 observations in our sample, wheteasnajority of farms has between 75 and 100% of

their agricultural area located in an NVZ area.

Production Performance and Structure

Table 6 gives a descriptive overview of the différpartial and total performance measures withaetsp

to cereal producers in the period 2000 to 200ufoal 2). These estimates are either simple estimated

productivity ratios or based on the estimationhef distance frontier outlined above. The matching

estimation of model 3 (see table 1) resulted infollewing treatment effects at sample averagdlier

two schemes (columns 3 to 5):

Table 6 Performance Indicators and Sample Averagatient Effect (SATE) - Model 3

measure

performance
measure at

sample mean

ESS Scheme
treatment effect
at sample mean

NVZ Scheme
treatment effect
at sample mean

ESS and NVZ
Schemes

treatment effect
at sample mean

land productivity
(output in GBP per land in ha)

1253.934
[15.313; 720941.6]

-392.04 3+
[-657.547; -126.540]

-538.297
[-848.586; -228.008]

-498.223
[-34.806; -261.64]

labor productivity
(output in GBP per labor in awu)

110682.4
[631.764; 1.02e+07]

30255.73~
[8991.682; 51519.78]

38130.55~
[13548.16; 62712.94]

103304.4~
[55219.94; 151388.9]

capital productivity

measure

sample mean

at sample mean

at sample mean

outputin GBP 0.236 -0.039+ -0.024+ -0.07

output in per . g . | g - : .

total assets in CBP) [0.007; 2.712] [-0.073; -0.006] [-0.039; -0.007] [-0.122; -0.019]
performance ESS Scheme NVZ Scheme gfhse?nnedstz
measure at treatment effect treatment effect

treatment effect
at sample mean

. .- ' 947 b+ 0.012* 0.001+ 0.004+
technical efficiencyin %) [81.17; 99.49] [0.011; 0.013] [-1.115e-04; 0.002] | [0.002; 0.006]
. .- ) 59.05* 8.82e-04 -4.85e-04 -0.009*
allocative efficiencyin %) [0.08; 0.65] [-0.001; 0.003] [0.002; 9.91e-04] [-0.013; -0.004]

*, *x %% significant at 10, 5, 1%-level; MES: Mrishima Elasticity of Substitution.

It gets clear from the estimates that both agriremmental schemes lead to significant effects on

productivity measured by partial productivity ratid he sample average treatment effect on land

productivity as well as capital productivity is feoth schemes significantly negative whereas th€ESA
for labor productivity is significantly positive fdoth schemes. The NVZ scheme has a higher impact
(i.e. leads to more pronounced changes) on paraluctivity for land and labor compared to the ESS
scheme. Farms that are affected by both agri-emviemtal schemes show, however, the highest

treatment effect for labor and capital productivity
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The estimation results consistently show that thelentary and/or mandatory — enrolment in agri-
environmental schemes leads to a significantly fquveductivity with respect to the usage of land an
capital. On the other hand, both schemes leadigteer productivity with respect to the input lablibiis
well known that extensive agronomic practices imgahore labor input, probably substituting for
machinery. A higher labor productivity could simplgint to the fact that these farms use their labor
input now more efficiently especially if their lab®upply is constrained. Furthermore, many of the
management options included in the ESS scheme telabmplementary type services as e.g. the
maintenance of buffer strips. Labor already workimgthe field could simply also do some extra salhem
related labor intensive work at the field boundari@hemical input on the NVZ related field is
substituted by labor leading also to a higher petigity of labor (see also table 7). The much lower
intensiveness of production on agri-environmerekdted areas inherently results in a lower land and

capital productivity which is compensated for bjiame related payments in the ESS scheme.

The estimated technical efficiency (about 95%kglatively high for the cereal farms in our sampid a
the estimated Nerlovian allocative efficiency meadabout 59%) indicates a relatively modest price
related efficiency of production decisions. WherdgesSATE related to both schemes is slightly paesit
for the technical efficiency component, it is nigirsficant for the allocative efficiency componeotly

in the case where the farm is affected by bothreelse Overall the treatment effects for technical an
allocative efficiency are rather small, hence, &g conclude that farms enrolled in agri-environraknt
schemes are efficiently adjusting their productiegisions given the requirements under the scheme.

Even very minor efficiency improvements are possés a result of entering such a scheme.
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Table 7 Structural Indicators and Sample Averagafiment Effect (SATE) - Model 3

measure

performance
measure at

sample mean

ESS Scheme
treatment effect
at sample mean

NVZ Scheme
treatment effect
at sample mean

ESS and NVZ
Schemes

treatment effect
at sample mean

MES1a(cereal output / -0.162+ 0.016* 0.002+ 0.004

other output) [-0.11e-11; -0.23] [0.014; 0.018] [1.49e-04; 0.003] [-3.28e-04; 0.007]
MES1b(other output / -0.319* -6.36e-04+ 8.76e-0%+ -2.61e-05

cereal output) [-0.45; -0.22e-11] [-7.41e-04; -5.31e-04] | [-2.34e-05; 1.98e-04] | [-2.42e-04; 1.91e-04]
MES2a(labor input / 0.578* -0.034 -0.003 -0.01 2

land input) [0.38e-11; 0.78] [-0.039; -0.029] [-0.007; 7.83e-04] [-0.021; -8.17e-04]
MES2b(land input / 0.589+ 0.004+ -4.98e-04+ 2.54e-04

labor input) [0.39e-11; 0.79] [0.003; 0.005] [-0.001; 2.93e-04] [-0.001; 0.002]
MES3a(labor input / 0.105 -0.006* -5.49¢-04 -0.002+

fertilizer input) [0.69e-12; 0.14] [-0.007; -0.005] [-0.001; 1.46e-04] [-0.004; -2.34e-04]
MES3b(fertilizer input / 0.064* -9.21e-04+ 1.05e-05 -3.87e-05

labor input) [0.42e-12; 0.08] [-0.001; -7.67e-04] [-5.65e-05; 2.67e-04] | [-3.59e-04; 2.82e-04]
MES4a(labor input / 0.112+ -0.006* 5.81e-04 -0.00%

capital input) [0.73e-12; 0.15] [-0.008; -0.005] [-0.001; 1.65e-04] [-0.004; -1.93e-04]
MES4b(capital input / 0.007+ -0.005 -0.00% 0.005

labor input) [0.42e-13; 0.88e-02] | [-0.001; 0.061] [-0.24; 0.04] [-0.225; 0.326]
MES5a(labor input / 0.087+ 0.005+ 4.75e-04 0.00%

chemicals input) [0.12; 0.61e-12] [0.004; 0.006] [-1.02e-04; 0.001] [8.21e-04; 0.003]
MESSb(chemicals input/ | 0,018 -0.007+ 9.69e-04 -3.63e-04

labor input) [0.02; 0.12e-12] [-0.009; -0.006] [-3.43e-04; 0.002] [-2.97e-03; 2.24e-03]
MES6a(land input / 0.105* -0.007+ -5.47e-04 -0.002~

fertilizer input) [0.69e-12; 0.14] [-0.008; -0.005] [-1.24e-04; 1.49e-04] | [-0.003; -2.45e-04]
MES6b(fertilizer input / 0.129+ 0.00 -1.16e-04+ 4.17e05

land input) [0.85e-12; 0.18] [8.49e-04; 0.001] [-2.94e04; 6.21€05] | [-3.12e04; 3.96]
MES7a(land input / -0.014+ -7.91e-04~ 0.72e-04 -2.68e-04

capital input)

[-0.02; -0.93e-13]

[-9.23e-04; -6.57e-04]

[-1.64e-04; 2.03e-05]

[-5.13e-04; -2.21e-05]

MES7b(capital input /
land input)

0.23e-04+
[0.15e-15; 0.31e-04]

-1.32e-06~
[-1.55€-06; -1.09e-06]

1.57e-07
[-8.12e-08; 3.96e-07]

-7.82e-08
[-5.54e-07; 3.97e-07]

MES8a(land input / 0.117 -0.006* -6.39e-04 -0.002~

chemicals input) [0.79e-12; 0.16] [-0.008; -0.006] [-0.001; 0.001] [-0.004; -9.04e-05]
MES8b(chemicals input/ | 0,016+ -0.004* 4.83e-04 -1.61e-04

land input) [0.11e-12; 0.02] [-0.004; -0.003] [-1.66e-04; 0.001] [-0.002; 0.001]
MES9a(capital input / 0.019* 0.00% 0.002 3.72e-04

fertilizer input) [0.12e-12; 0.03] [8.45e-04; 0.001] [-5.14e-04; 0.004] [4.23e-05; 7.01e-04]
MES9b(fertilizer input / 0.013* 3.79e-04+ 4.47e-05 -1.96e-0%

capital input) [0.88e-10; 0.19] [4.42e-04; 3.15e-04] | [-2.23e-05; 1.12e-04] | [-1.54e-04; 1.45e-04]
MES10a(capital input / 0.362 0.019* -5.47-04 0.007*

chemicals input) [0.14e-11; 0.49] [0.016; 0.022] [-0.001; 1.49e-04] [6.07e-04; 0.013]
MES10b(chemicals input/ | 0,078+ 0.026* -3.38e-03 -0.003

capital input) [0.51e-12; 0.11] [0.022;,0.029] [-7.33e-03; 5.81e-04] | [-0.011; 0.005]
MES11a(fertilizer input/ | 0,102 -0.005* -5.36e-04 -0.00%=

chemicals input) [0.68e-12; 0.14] [-0.007; -0.004] [-0.001; 1.25e-04] [-0.004; -2.13e-04]
MES11b(chemicals input/ | g1 f+ -0.038* 0.003 -0.004+

fertlizer input)

[0.75e-13; 0.02]

[-0.044; -0.032]

[-0.003; 0.009]

[-0.017; 0.008]

*, *x %% _ significant at 10, 5, 1%-level; MES: Mrishima Elasticity of Substitution.
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The estimated dual Morishima elasticities of stibstin (MESla to MES11b in table 7, column 2)
indicate the magnitude and direction of substitubetween the different outputs and inputs used for
production. The MES measures changes in relatitfguband input quantities as a consequence of
changes in relative prices and is asymmetric byntdiein. The estimates for MES1a and 1b indicatd th
cereal and other outputs (e.qg. livestock related;agricultural etc.) are substitutes i.e. as tieedor
cereal increases more inputs are devoted to tltiption of cereal at the expense of the produaifon
other outputs and vice versa. However, the valodisate that the shift to the production of moresats
(i.e. as the price for cereals increaes by 1%pthduction of other output decreases by about 0)32%
twice as pronounced as the shift from the produaatiocereals (i.e. as the price for other output(s)
increaes by 1%, the production of cereals decrdasabout 0.16%). This indicates the high degree of
specialisation of the farms in the sample as thegimal cost of producing one more unit cereals are

much lower than the marginal cost of producing maee unit non-cereal output.

The estimated sample average treatment effectsEpAeported in columns 3 to 5 of table 7 summarize
the treatment effects by the respective agri-enwirental schemes. The SATEs for MES1a and 1b
suggest the following: the voluntary ESS schemddéda a lower substitutional effect as the prige fo
non-cereal output(s) changes and only a very mimwwease in the substitutional effect as the piace
cereal changes. The treatment effect by the namtaty NVZ scheme is much lower but positive for
both measures. In total, we find that farms sulijgtteatment by agri-environmental schemes respond
to output price changes by less specialisationrérdoversification compared to farms that are not

subject to such a treatment.

Table 8 shows the individual input-input relatioipshand estimated treatment effects:
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Table 8 Estimated Input-Input Relationships andaliment Effects

es“g‘ ated ESS Scheme NVZ Scheme ESS and NvZ
Input / Input ferlc;til:)ilt;%?pl’ 8 treatment effect® | treatment effect® Schemes
treatment effect®
Labor / Land s c+ c+ ct
Land / Labor s s+ c+ s+
Labor / Fertilizer S c+ c+ c+
Fertilizer / Labor S c+ s+ c+
Labor / Capital s c+ s+ c+
Capital / Labor s c+ c+ c+
Labor / Chemicals s s+ s+ s+
Chemicals / Labor s c+ s+ c+
Land / Fertilizer S c+ c+ c+
Fertilizer / Land S s+ ct+ s+
Land / Capital c c+ s+ c+
Capital / Land s c+ s+ c+
Land / Chemicals s c+ c+ c+
Chemicals / Land s c+ s+ c+
Capital / Fertilizer s s+ s+ s+
Fertilizer / Capital S s+ s+ c+
Capital / Chemicals S s+ c+ S+
Chemicals / Capital S s+ c+ c+
Fertilizer / Chemicals S c+ c+ c+
Chemicals / Fertilizer s c+ s+ c+

1 - s: substitutional, c: complementary; 2 - s-hsditution increasing, c+: substitution decreasing;
3 - bold: statistically significant at 5% level.

Table 8 highlights that nearly all estimated injygut relationships are of substitutional nature, that
as the price for one input increases the farmeguoreds by an increase in the use of the other itgput
substitute for the more expensive input. The highdsS were found for the input pair relationships
between labor and land (a 0.58 to 0.59% increaslediin price increases) followed by the relatiopshi
between capital and chemicals (a 0.36% increasapital use to substitute for more expensive chpita
and the relationship between fertilizer and lan@.(8% increase in the use of land to substitutenfore
expensive fertilizer). Only the relationship betwekee inputs land and capital has been found @ be
complementary one, i.e. a 0.01% decrease in theflaad as a response to a 1% increase in capital
prices. The latter could be a consequence of thawely fixed nature of the input land and thetfemat

capital remains a key input to a more productiveaeproduction.

With regard to the various treatment effects bydifierent agri-environmental schemes the following

findings have to be noted: (i) The voluntary tygg@SEscheme seems to signficantly influence producer
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behaviour at a far higher scale than the non-valyrttype NVZ scheme (for 19 out of 20 versus 4ajut
20 input-input relationships, see table 8, columrir8e ESS related treatment effect has been faund
weaken substitutional relationships between infartd 1 cases (see “c+"), to enforce substitutional
relationships between inputs for 7 cases (see ‘artf)to enforce complementary relationships between
inputs for 1 case (relationship land/capital). Tije non-voluntary type NVZ scheme seems to infleen
producer behaviour at a much lower scale than ohentary based agri-environmental scheme (see table
8, column 4). The related treatment effect has lhe@md to work significantly enforcing for only one
case (fertilizer/labor relationship) but signifitignveakening for 3 cases (land/labor, fertilizandl,
land/chemicals). (iii) For farms that are subjecboth schemes’ treatment effects the findings are
following those for the ESS scheme for 11 inputditnglationships (see table 8, column 5). Onlydioe
case the findings for the NVZ scheme were alsoddonthe joint treatment perspective. Hence, it
might be the case that the effects on producent@inaby voluntary agri-environmental schemes are

much more significant than those by non-voluntayy-anvironmental schemes.

The empirical analysis suggests that the volurtigyg agri-environmental scheme indeed significantly
influences individual producer behaviour with restde crucial structural decisions. Most importgntl
the ESS treatment for the farms in our sample leaddower use of fertilizer and chemicals (iesd
substitution of labor by fertilizer and/or chemigdess substitution of land by chemicals, and less
substitution of chemicals by fertilizer and vicasa). It further seems to result in higher laba (&s per
substituting more labor for chemicals) and mixdeas with respect to capital intensity (substiigti
less of it for more expensive land but more obitfertilizer and/or chemicals). On the other hahé,
finding of substituting less land for fertilizerdfor chemicals may reflect the compensation paysnent

received for agreeing to certain management optiodgr the ESS scheme.

The empirical analysis suggests further that threvauntary type NVZ scheme influences individual
producer behaviour far less significantly with resipto structural production decisions. Most
importantly the NVZ treatment for the farms in @ample leads to a lower substitution of land foota
and of fertilizer for land. These effects are cantrto those observed for the ESS treatment anjbithie
effects for farms enrolled in both schemes arayimiicant. For the substitutional relationship beém

fertilizer and capital we even find that a subsititn enforcing ESS treatment effect turns into a
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substitution weakening effect for the joint ESS &hdZ treatments. Hence, these findings might sugges
that the joint treatment by both agri-environmestdiemes could lead to counterproductive production
effects at individual farm level. On the other hawe also observe mutually enforcing treatmentots$fe
both schemes show a lowering substitution effe¢amd for chemicals which is significantly higher f

the joint case.

The estimation results for the production structasmsures are in line with the findings for thated
farms’ productivity: A lower capital productivityf those farms affected by agri-environmental sagem
corresponds to a lower substitutional relationgffipapital for labor and for land. A lower land
productivity for those farms corresponds to a losusstitutional relationship of land for fertilizand of
land for chemicals. Finally, a higher labor prodiitt corresponds to a higher substitutional reliaship

of labor for chemicals.

7) Conclusions

This empirical analysis aims to estimate the effectdifferent agri-environmental schemes on
individual producer behaviour. We consider a vamtversus a non-voluntary scheme operated in the
UK and the effects on production intensity, perfante and structure for a sample of cereal farntisein
period 2000 to 2009. Based on a directional digdrantier framework linked to a statistically radbu
matching estimation we are able to draw the folimwinajor conclusions:

Both schemes are effectively influencing productiehaviour at individual farm level with respect to
intensity, productivity and the structure of protloic. However, agri-environmental schemes show only
very minor effects on the technical and allocaéfficiency of farms, hence, we can conclude thahfa
enrolled in agri-environmental schemes are effityesdjusting their production decisions given the
constraints by the respective scheme. Farms affést¢hese schemes indeed tend to become less
specialised and more diversified with respect &rtproduction structure. A voluntary type agri-
environmental scheme seems to signficantly inflegmoducer behaviour at a far higher scale than a
non-voluntary agri-environmental scheme. The jeiféct of both agri-environmental schemes on
structural production decisions at individual fdewvel is, however, not clear: the analysis suggests

mutually enforcing but also conflicting effects.
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The major contribution of this research projectyvbeer, is its methodological approach: We employ a
propensity score analytical approach in the forra cdbust matching estimation technique to idenhgy
marginal effects of agri-environmental schemesnalividual producer behaviour. The novelty lieshie t
use of a theoretically developed multi-output mudput approach based on sound production theory to
disentangle measures for production performancestindture which are then used as indicators fr th
analyses of policy treatment effects. Hence, tlygasted framework of empirical analysis can beilyad
applied on other types of farms and/or policy sob®to generate useful policy measures as it iddbase

on sound economic and statistical tools.
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Appendix

Table Al Descriptive Summary Statistics

Variable Mean Standard Deviationl  Minimum  Maximum
total output{GBP) 1639119 189698.8 0 2073248
cereal related output (GBP) 107174.8 141351.6 0 1864
other non-cereal related output (GBP) 61993.5 7%B36. 0 200682
land (ha) 236.9 240.6 1 2674.9
labor (average working units) 2.337 2.256 0.015 52.205
capital(GBP) 21412.9 25518.4 0 259727
fertilizer (GBP) 14428.9 15944.0 0.155 202714
crop protectio(GBP) 16361.2 20592.5 0.122 28322%
total variable cost (GBP) 98606.8 110268 200.989 9320
area under NVZ schengea) 42.708 48.928 0 100
payments received from ESS sche@BP) 2043.1 7149.7 0 186826
total agri-environmental payments (less ESS) 21,9 8545.1 0 153742.3
age(years) 54.39 10.77 22 91
gender(1-male, 0-female) 0.781 0.439 0 1
livestock units (n) 38.08 63.19 0 712.94
assets (GBP) 1225030 1458130 9012.81 161639D0
county 37.99 33.92 1 220
(county indicators: please see DEFRA FBS infornmgtio

education | 2.354 | 1.837 | 0 7

(0 - school only, 1 - GCSE, 2 - A-level, 3 - Califgjploma, 4 - Degree, 5 - PG, 6 - Apprenticesfipother)

organic production (1-yes, 0-no) | 0.027 0.163 0] 1
altitude

altitude ‘below 300m{0 or 1) 0.995 0.069 0 1
altitude ‘between 300m and 600(0’or 1) 0.005 0.069 0 1
LFA - less favoured area 1.151 0.858 1 7
(1 - LFA: ‘all land outside Ifa’ (0 or 1), 2 - LFAall land inside SDA’ (0 or 1), 3 - LFA: ‘all lanthside DA’ (O or 1), 4 - LFA:
‘60%-+ in Ifa of which 50%+ in SDA’ (0 or 1), 5 - L& ‘50%+ in Ifa of which 50%+ in DA’ (0 or 1), 61-FA: ‘<50% in Ifa of
which 50%+ in SDA’ (0 or 1), 7 - LFA: '<50% in Ifaf which 50%-+ in DA’ (0 or 1))

year

year 200Q0 or 1) 0.114 0.318 0 1
year 20010 or 1) 0.116 0.319 0 1
year 20020 or 1) 0.119 0.323 0 1
year 20030 or 1) 0.115 0.319 0 1
year 20040 or 1) 0.093 0.290 0 1
year 20050 or 1) 0.088 0.284 0 1
year 20060 or 1) 0.088 0.283 0 1
year 20070 or 1) 0.087 0.282 0 1
year 20080 or 1) 0.091 0.288 0 1
year 20090 or 1) 0.090 0.286 0 1

(4174 observations; financial variables deflatedse year 2000; FBS — farm business survey, NWi#rate vulnerable scheme,
HFA — hill farm allowance, LFA — less favoured ar&®A — severely disadvanteged area, DA — disadgeuat area).
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