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Abgtract. There is a growing public and political interest éffects of agricultural policy on income distrilmn in
the agricultural sector. However, tools for an exeaanalysis of impacts of sectoral or macroeconopaiicies on
the individual farm income level can hardly be fduor the agricultural sector. Most of the literaturegarding
redistributive effects of agricultural policy is-@ost and static in naturdgainst this background, the main objective
of this paper is to develop a tool that is ablectmsistently assess impacts of sectoral policynaolividual farm
incomes, thereby building up on existing approaaifesiodel coupling and taking behavioural effeat® iaccount.
For illustrative purposes redistributive effectsdifferent liberalization scenarios of European iagitural policy on
the West German agricultural sector are analyselge &nalysis of inequality effects based on indiidiata is
compared to an analysis based on more aggregate fapups. It is revealed that the amount of ineifpahay be
seriously underestimated when only taking groupeth dato account. Redistributive effects of libezalion
scenarios differ slighty in absolute terms and miareelative terms.
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1. Introduction

Recent reforms of the Common Agricultural PolicyAE) of the European Union (EU) were
characterized by constantly replacing classicalketaprice support measures by budgetary payments.
Moreddu (2011) argues that due to this shift, adfical support becomes more visible and consetyent
the distribution of support among farmers has ghingre public attention. Fittingly, the European
Commission (2012, p.8) states in its annual “Repaortthe distribution of direct aid to farmers” that
“...direct payments have lost their compensatory atigr over time and have increasingly become a
support ensuring a certain farm income stability..ldcreasing public interest in the distribution of
agricultural support and the question ‘who getstivisareflected by media coverage (e.g. tagessciequ.
2009) and in the specialized press (e.g. Agra-Eayr@p13, p.3). Thus, equity issues in the agricaltu
sector also increasingly become an area of pdliticacern, even on a national or sub-national bdsis
European Commission (2012, p.8) e.g. claims thathe. proposals for the CAP after 2013 ... aim to
reduce the discrepancies between the levels of patghobtained after full implementation of the eutr
legislation, between farmers, regions and MembeteSt...”. Besides growing public and political
interest, there are also good reasons to analgseftécts of agricultural policy on income disttiiowm in

the agricultural sector from an economic point w For instance, Mishra et al. (2009) refer tké
between farm income inequality and technology adapproductivity, sector growth, and further sdcia
issues as family health.

In other scientific areas, e.g. poverty analysigaarreform analysis, it is quite common to condesxt
ante assessments of macroeconomic shocks on indhiltcome distributions on a national level. T th
end, methods were developed to commonly assessisnpimacroeconomic shocks on an aggregate and
individual level by combining outputs of macro mtdeith individual data, mostly large population or
household surveys. In most of the cases macro madelof the CGE type. To review all approaches is
beyond the scope of this work. A compilation of thest important approaches can be found e.g. in
Bourguignon et al. (2008).

Similar tools for the measurement of impacts oft@@t or macroeconomic policies on the individual
farm income level can hardly be found for the agtical sector. In principle, the LEI model funnel



presented by van Tongeren (2000) and Woltjers et (2011) would enable the analysis of
macroeconomic impacts on individual farm incomea the Financial-Economic Simulation model
(FES), which is an FADN-based, non-behavioural antiog model on the single farm level. However,
the analysis of redistributive effects among indidal farms on a supra-regional level has not been
conducted so far, to the best knowledge of theaasathrurther tools worth mentioning are e.g. theP@A
model (Britz and Witzke, 2012) which depicts farimisregional and farm type level, and a model
presented in Valdivia et al. (2012). The latter bames bio-physical process models and economic
decision models representing a statistically remrtive sample of farms. It facilitates the meament

of impacts on the single farm level taking markete effects into account endogenously, howevera on
regional scale.

Most of the literature regarding redistributiveesffs of agricultural policy is ex-post and statimature.
Several studies focus on the distribution of dineayments (e.g. Keeney, 2000; El Benni and Finger,
2012). Fewer studies also take effects of markétepsupport into account and aim to assess
redistributive effects of the whole system of agitigral support (e.g. Allanson, 2006; 2008; Moreddu
2011). Severini and Tantari (2013) evaluate theaictp of a recent reform proposal of EU direct
payments in an ex-ante way, however without taking behavioural effects into account.

However, ex-ante policy impact analysis in the agtural sector has a long tradition. The combuorati
of models to mutually assess effects at differentls of aggregation, taking behavioural effects in
account, is very common (see among many otherJeageren, 2000; Jansson et al., 2009).

Simulation models account for behavioural effeBist the measurement of inequality is highly sewsiti

to the aggregation of individual data and the tiadal approach of applying few representative gsou
within a simulation model turned out to be inadedqudue to unobservable changes in inner-group
inequality (Bourguignon et al., 2005; Savard, 200Bhe impact of the information loss due to
aggregation becomes most obvious in the extreme when there is only one aggregate group used for
simulation. Without any information on the distrilmn of income an inequality measurement is
impossible. Consider a population being divided iktmutually exclusive groups anif representing

an additively decomposabléncome inequality index of the form! ' = [Vihin * [beween g within
representing a (weighted) sum of income inequatiside the k groups an&®§***"the inequality between
subpopulation means (Deutsch and Silber, 199%hdrextreme case of just one representative grtbup a
the desired information would be hidden "' whereas only°f™**"would be measurable, but without
any meaning in this case. Obviously, inequalitydesof aggregated groups is not observable and thus
the loss on information generates a downward biathé measurement of overall inequality by only
incorporating grouped income data.

The share of inequality that is accounted for by bietween-groups component is expected to increase
with the number of subgroups of a population, ofaetors being equal (Shorrocks and Wan, 2005, Sti
as Elbers et al. (2005) empirically find, even latreely high number of subgroups may coincide vath
high within-group inequality component.

Against this background, the main objective of féger is to develop a tool that is able to coesttf
assess impacts of sectoral policy on individuahfamcomes, thereby building up on existing appreach

of model coupling and taking behavioural effect®s iaccount. Finally, distributional changes of eliéfnt
liberalization scenarios of European agriculturaliqy on the West German agricultural sector are
analysed.

The structure of the paper is as follows: in Sect®bowe present the modelling system with which
individual income changes are calculated; in SecBothe methodology of measuring distributional
effects is described; in Section 4 scenarios am®doced; in Section 5 results are presented; and i
Section 6 a summary and conclusions are provided.

! The term ‘additively decomposable’ refers to theparty of an inequality index, to be subgroup degosable into
exactly two terms: the between-groups inequalitpgonent which is gained by replacing all individirdomes by
subgroup means and the within-group component,twikia weighted average of inequality within sulbgs The
Gini coefficient e.g. is not additively decomposal this sense (Deutsch and Silber, 1999).



2. Modelling chain

2.1. Description of the overall model chain

Measuring redistributive effects of agriculturalipp reforms requires a simultaneous analysis gfdots

at different levels of aggregation. Effects at feetoral level need to be taken into account arttieat
same time information on individual production andome changes at the micro level is necessary to
catch the full impact on income distribution.

In this study, a modelling system consisting ofeéhdifferent single models depicting three différen
levels of aggregation is developed to consistemtfasure changes in individual incomes among West
German farms resulting from agricultural policyaehs. A schematic overview of the model chain is
presented in Figure 1.

Agricultural Sector Model
ESIM
(EU27 member states in a global
context)
AP (EU27) Loop until A AREA (crops)
A Yield [AP.-AP,[<001 A Q (livestock)
(Germany) (Germany)

Agricultural Supply Model
FARMIS
(628 farm groups representing the
German agricultural sector)

| Farm Group Results (2020)

Micro-accounting Model

Single Farm Income Single Farm Income
(Baseline, 2020) (Scenarios, 2020)

Analysis of redistributive effects

LEGEND:

A: % change 2020 to baseyear
P: Price vector

Q: Supply vector
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YIELD: Yield vector

t: Iteration step

Figure 1. Methodological framework for an ex-ante measunaoé redistributive effects of
agricultural policies on farm incomes

Source: Own composition on the basis of MussardSaard (2010).

The model with the highest level of aggregatiorars agricultural sector model depicting European
agricultural markets in detail and the agricultwsattor of rest of the world in a more aggregatenea

It is a partial model in the sense that it exgljcihodels the agricultural sector and takes aleogectors

as exogenously given. Thus, most of the core maoraemic variables such as inflation rates and GDP
growth rates are exogenous to the model. At theodeagl, a model which depicts the supply sidehef t
German agricultural sector in great detail is aggplio measure impacts of agricultural policy change
628 heterogeneous farm groups. Both simulation isaate two already pre-existing large scale models,



the European Simulation Model (ESIM; Grethe, 20H?)the sectoral and the Farm Modelling
Information System (FARMIS; Osterburg et al., 20B&rtelsmeier, 2005; Offermann et al., 2005) at the
farm group level. They both have been combined@vipus studies to measure the impact of agricailtur
policy on income distribution, however, on the kasf farm groups rather than individual farm inceme
(Deppermann et al., 2011). The models are coupledhiiterative way until they converge on exchanged
variables in the analysis of a joint scenario (D&pmann et al., 2010).

After convergence between ESIM and FARMIS is aohikvarm group results are passed in a top-down
manner to the newly developed micro model to assehgidual farm incomes for the year 2020, the
final year of the simulation period. The micro mbidean accounting model in the sense of Bourguigno
et al. (2008), i.e. without own behavioural compunét further disaggregates the results of thenfar
groups commonly calculated by ESIM and FARMIS. Th&ro model serves as an add-on to the
FARMIS model, since it relies on its structureisibased on the German farm accountancy data networ
(FADN).

With this modelling system, different ex-ante ewadlons of policy scenarios are conducted. Based on
simulation results for the year 2020 income disttitm indices are calculated. Results for the R&#0

are utilized in an ex-post manner for the calcalatf different inequality indices to evaluate #tate of
income inequality in the agricultural sector and ttegree of progressivity of different reform paggs

To this end, inequality indices of different polisgenarios are compared to a reference scenario.

All models are coded in the GAMS (The General Algéb Modeling System) programming language,
which facilitates an automatized coupling of thedeliing system. Furthermore, the calculation of
inequality indices also was translated into GAMS$leoThe ESIM-FARMIS linking is managed by a

steering file, which was developed to run the systeithout manually exchanging results between the
single elements.

2.2. From the sectoral to the meso-level: an iterae approach

The modelling system covering the sectoral andribeo-level is described in more detail in Deppemman
et al. (2010). The linkage of the two models allowss to quantify adjustment processes both at the
sectoral level and at the farm group level for Berman agricultural sector. Below, the two modeid a
their interface are briefly presented.

ESIM (Grethe, 2012) is a comparative-static, naté; partial equilibrium model of the European
agricultural sector. It depicts the EU-27 at themer state level with a strong focus on the CAP. In
addition, ESIM also models the rest of the worlthugh in greatly varying degrees of disaggregation.
Altogether ESIM contains 31 regions and 47 prodastsvell as a high degree of detail for EU policy
including specific and ad valorem tariffs, tarifite quotas, intervention and threshold prices, #xpo
subsidies, coupled and decoupled direct paymerdduption quotas, and set-aside regulations.

All behavioural functions (except for sugar supply)ESIM are isoelastic. Supply at the farm level i
defined for 15 crops, 6 animal products, pastund, wluntary set-aside. Human demand is defined for
processed products and each of the farm productpésfor rapeseed, fodder, pasture, set-asideraand
milk. Some of these products enter only the prangssdustry (e.g. rapeseed) and others are uskd on
in feed consumption (e.g. fodder or grass from p@ent pasture). Processing demand is defined ¥or ra
milk (which is divided into its components, i.eatfand protein), oilseeds, and inputs for biofuel
production. ESIM has a very detailed depiction led tomplex system of substitution of land among
different products and the relationship betweenimamt production and agricultural area. The price
formation mechanism in ESIM assumes an EU poinkatdor all products except for non-tradables, for
which the price results from a domestic supply aetmnand market clearing equilibrium at the EU
member state level (raw milk, potatoes, foddeagglmaize, and grass).

FARMIS is a comparative-static process-analyticabpamming model for farm groups (Osterburg et al.,
2001; Bertelsmeier, 2005; Offermann et al., 200%)pduction is differentiated for 27 crop and 15
livestock activities. The matrix restrictions covbe areas of feeding (energy and nutrient requeres;
calibrated feed rations), intermediate use of yolivestock, fertilizer use (organic and mineragbour
(seasonally differentiated), crop rotations andtjgal instruments (e.g., set-aside and quotasg. mbdel
specification is based on information from the Gannfarm accountancy data network, supplemented by
data from farm management manuals. Data from ttwaeecutive accounting years is averaged to reduce
the influence of yearly variations common in agitiere (e.g., due to weather conditions) on model



specification and income levels. Key charactessttFARMIS are: 1) the use of aggregation factbas
allow for representation of the sectors’ productamd income indicators; 2) input-output coefficient
which are consistent with information from farm agnots; and 3) the use of a positive mathematical
programming procedure to calibrate the model todhserved base year levels. Prices are generally
exogenous and are provided by market models. Arpian to this applies to specific agricultural
production factors, such as the milk quota, lamd] soung livestock, where (simplified) markets are
modelled endogenously, allowing the derivation epective equilibrium prices under different policy
scenarios. FARMIS uses farm groups rather thanlesifegms not only to ensure the confidentiality of
individual farm data, but also to increase manaifjgaland the robustness of the model system when
dealing with data errors that may exist in indivatloases. Homogenous farm groups are generatdeeby t
aggregation of single farm data. For this studgmBawere stratified by region, type, and size, ltaxgyin

628 farm groups which represent the German agulltsector, of which 467 are located in West
Germany.

ESIM and FARMIS were linked through the exchangesalfition variables (vectors of price and yield
changes from ESIM to FARMIS and vectors of quanthanges from FARMIS to ESIM) until both
models converged on these variables in the anatfsjeint scenarios. Convergence is defined to be
reached when the difference in price and area (gupp livestock) changes less than 1% between two
iteration steps. Before this final and rather meata procedure was pursued, considerable prepgrato
work was undertaken. Policy parameters and assangpts well as a wide range of further parameters
exogenous to both models were harmonized, includfifigtion rates, technical progress and changes of
factor costs. Consistent product interfaces wefrfinel@ and for a first stand-alone baseline scenario
vectors of price and yield changes were createBE®I and implemented (as exogenous variables) into
FARMIS. Afterwards, a detailed comparison and asialpf the reaction of both models to the same
vector of price changes concerning the area allmtdbr crops as well as the supply of livestock
products were conducted. If necessary and possitdanodels were adjusted to achieve a high degree
analogous model behaviour. Finally, the iterationcpss was carried out. As a final result, the Germ
supply component in ESIM was replaced by FARMIS.

The above described modelling system is calibritea base period (average of the years 2006-2008).
The baseline (the reference scenario) and refoemas®s are conducted for the year 2020. Scenar@®s
evaluated in comparison to the baseline scenar@ thnos provide a comparative-static analysis of
exogenous policy changes.

2.3. From the meso to the micro-level: a top-downpgroach with micro accounting

After ESIM and FARMIS converged in the first steptioe modelling chain, detailed results regarding
production patterns, factor demand and income ssuiar 628 farm groups are obtained representiag th
whole German agricultural sector. This informatisnnecessary to further be disaggregated for an
analysis of inequality effects. For this reasoniarasimulation model is developed and integrated in
the modelling system (Figure 1). In the followingcBons at first the choice of the methodology, the
income variable under consideration, and the choidhe study area are explained before the madel i
introduced in detail.

FARMIS applies farm groups instead of individuainfg due to better manageability and an increased
robustness of the model. Especially potential éatars in individual cases could result in highalugon
instability. Furthermore, the application of indlval data would lead to high variations among the
calculated input-output coefficients between fari@sterburg et al. 2001). Thus, the aggregation bias
which occurs from aggregation over individualsdsepted in favour of stability and manageabilitythod
model. This certainly is a justifiable choice, esply when taking into account that over- and unde
predictions of individual production patterns tetw equal each other out in the aggregate level.
Furthermore, the time needed to set up the modblav updated database (which would likely be longe
with the implementation of individual farms) hast® taken into account. However, for the measurémen
of inequality, which so far has not been a tradaidfield of analysis for the FARMIS model, thisoite

is rather unfortunate because a certain part afuakty will be hidden inside the groups and thw]|

not be observable.

For this study it was decided that the two largalesenodels at the top of the modelling chain shell
kept exercisable as stand-alone models. This laadiantage that updated versions of the singleetsod
can easily be implemented in the modelling chalris Tather practical choice relates to the “insitial



challenge” of “sustainable maintenance of linkeddelosystems”, which is a matter of “sufficient
financial and/or human resources” (Offermann, 2q1861). Hence, to make use of synergy effects in
model development it was decided to run the FARKN&Iel based on farm groups and develop an add-
on model that allows a further disaggregation efdghouped results instead of directly running FABMI
with individual farms. The microsimulation modesétf can easily be switched to an updated model
database.

The indicator applied for the measurement of incameguality among farms in the German agricultural
sector is family farm income (FFI). FFI providegammation on the return to land, labour, and capita
resources owned by the farm family, as well asrémsuneration of entrepreneurial risk. Hencefortie, t
terms income and FFI will be used synonymously. Buehe dominance of corporate farms in East
Germany all successional analyses related to tlzsunement of inequality in this study are restddte
467 West German farm groups representing 8034 iohaiv farms, because no comparability between
different farm structures could be ensured whengiBiFl as an indicator.

For the base period both individual and groupedh dzn be observed and thus, the information on
inequality which is lost due to data grouping amafking with average values instead of micro data ca
be calculated. For the current base data of theeliiog system, a comparison of the relative Gini
coefficient reveals some differences in inequaldy the base period: the relative Gini coefficianit
single farm income data is 0.55 and the relativai Goefficient of farm group income data is 0.40.

The objective of the microsimulation model is thsagigregation of farm group results of the last yda

the simulation period. Individual FFI data are geted by tracing back farm group results to the
individual farms which were used for the generattbfarm groups in the base year. The basic ideheof
model is to calculate base year values of the shaezh single production activity contributes to
individual farm gross margin and resource requir@sieand then adapt these proportionally accortting
the changes of respective farm group activity lgvgross margins and factor prices between the base
year and 2020.

Figure 2 sketches the mode of operation of the asiotulation model. Thérst step(steps are indicated
by Roman numerals in dashed circles) refers tg#meration of farm groups based on individual FADN
data in the base period for utilization in the FARMmModel. For the study at hand the micromodelgake
467 farm groups into account, which are generateddgregation of 8034 West German farms that are
included in the FADN data for the base year. Groggimplies the calculation of average production
quantities, factor costs, gross margins and inceahges as well as the generation of aggregaticiofac

to represent the respective proportion of the basipulation for each farm group. These values are
subsequently applied in the FARMIS model to runudations.

Gross margins for single production activities rafe market revenues less attributable productmstsc

for a specific activity and are not directly apparen FADN datd However, since this information is
crucial for running simulations with FARMIS, seveessumptions and additional calculations are made
to generate activity specific gross margins, whefinthg the farm group programming models (for
details see Offermann at al., 2005 and Osterbuad),62001).

In step two base year income of individual farms is brokemwdnto several components which reflect

the shares that single production activities cbaote to the individual farm income. For that pumpos

activity levels from FADN data are combined withspective average gross margins which were
calculated for FARMIS groups in step one. Furtheemdndividual costs for hired labour, capital, and
rented land, are as well separately calculated tilizing average group prices and individual input
quantities.

Since not all commodities, income sources and dodisated in the German FADN are also allocated to
activities and included in FARMIS (e.g., forestrgdaagri-tourism are not explicitly covered in the
model), a part of the original FFI is not changgdie model and is assumed to be fixed. In stepthgo
‘variable part’ of the income (the part depictedlie FARMIS model, i.e. the core agricultural protion
activities) is calculated for all individual farnisy summing up all income components of the single
production activities and all (negative) factortsos

Step thredndicates a simulation run of the ESIM-FARMIS mbhidg chain. In this process, farm group
results for the year 2020 are generated. The gemkecdanges of activity levels between the base yea

2 For example, variable input costs are not direatisibuted to production activities in the GernfekDN.



and the year 2020 are applied to individual base yevels instep four That is, all individual farms
covered by a specific farm group have the sameeptage changes in production for all commodities.
The same approach is used for capital costs. Thatiiy of rented land is calculated according tavne
farm specific crop activity levels less the farmmmad share of land. Labour requirements are catilat
regarding new production quantities, and hired lsbmosts are derived taking into account individual
farm resources of family workers. Adjusted activigyels and resource requirements then are meitipli
by respective gross margins and factor prices bk by the modelling system for the year 2020.
Adding up the single gross margins and cost compmisngenerates the variable part of each individual
farm income for 2020.

In step five the difference of the variable part of the incoméhe base year and the variable part of the
income in 2020 (which can be positive or negatigeddded to the original base year FADN values of
farm income. That way, also the fixed part of theoime is considered.

In a last step the generated individual data ageesgted and compared to original group resultsdst
cases group results are perfectly met. In casenafl glivergences, individual incomes are scalethéet

group results exactly.
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Figure 2: Microsimulation model in connection with FARMIS
Source: own compilation.

The micromodel in principle is of the micro accdogttype in the sense of Bourguignon et al. (2008)
since the model is static which means there is eftabiour depicted in the model itself. Adaptions of
production patterns are taken into considerati@wdver, only as exogenous information. The fact tha
all farmers in one group react in the same propoali way when adapting their production patterns to
new price incentives, is certainly a strong assionpiStill, heterogeneity among production patteshs
farms in the same group is taken into consideratiecause different commodities might face different
price changes. Furthermore, taking into accourttdhaaverage group represents 17.2 FADN farms and
that stratification was undertaken according toetymegion, and size, an assumed similar behavibur o
individual farms belonging to the same group seeghiable. It can be argued that behavioural adaptio
processes are to a great extend already covertiet IARMIS model.

However, one caveat which appears in almost allyaea of distributional effects on the national or
comparable level remains. The overall farm popotatif West Germany consist of more than 160,000
farms. This in turn means that 8,034 FADN farmk aticount for only a fraction of all farms and keao

be weighted by an aggregation factor to repredeit tespective proportion of the overall populatio



Thus, an implicit assumption is that one singlanfatepicted in the modelling system (or in the FADN
data) on average represents more than 20 farntge afverall population. This assumption is common to
virtually all analyses of distributional effectsixsé only observed units can be modelled and complet
population surveys on the national level practiceth not exist.

Summing up, the model is applied to account foetwgteneity of farms inside a group to overcome the
problem of measuring inside-group inequality. Ressake disaggregated in a static, top-down manner,
after the ESIM-FARMIS model chain is solved. Inngiple, the approach is comparable to other stahdar
micro accounting approaches utilizing represengatiroups. However, this analysis refers to 467
representative farm groups from a behavioural moddlich in comparison is an outstanding high
number. As Lofgren et al. (2003, p.334) argue,distinction between the microsimulation approach of
modelling a single unit and the representative agpproach of applying only grouped data is notagisv
sharp. This especially becomes evident, when tidken into account that single units from largeadat
surveys are assumed to be representative for a sh#re overall population.

3. Measurement of distributional effectd

Kakwani (1986) develops the following measure dig&ibution that is based on a comparison of
relative Gini coefficientsand decomposes the total effect into a vertical ame-ranking component,
which Allanson (2006) applies to agricultural pglic

R=G,-G,=(G-GM (G- G F W H 1)

where R represents the overall effect of redistiitvuas the difference of the Gini index in the das
situation (G) and the Gini index in the new situation J&C, is the concentration index of income in the
new situation, and V and H are indices of vertigalistribution and re-ranking, respectively. Geligra
the concept of vertical equity represents the ithed a monetary burden on individuals should ineeea
with their capacity to bear that burden. A positinegative) sign for V indicates that in case afoime
losses, in our case due to a reduction of goverhsgport, the burden is progressively (regresgjvel
allocated among the total farm population. Nevéetbe V does not measure the “pure” degree of
deviation from a proportional burden share becatuaéso depends on the average rate of burden. This
becomes obvious with a further decomposition of V:

V=G, -C, = PLS @)
7 (1-s)

where s represents the share of average burdereiage base income of the whole farm population and
P represents the Kakwani (1977) measure of pragigssvhich equals G - G,, with G being the
concentration index of burden. P measures the etdemhich the burden is distributed more unequatly
equally than income in the base situation (Aronsbal., 1994). However, the degree of deviatiomfia
proportional share of burden does not entirely @&xpthe new state of distribution (Atkinson, 1980;
Plotnick, 1981). The index of vertical redistrilari equals the overall effect of redistribution oiflyo
re-ranking of farms occurs. In our analysis thisuldobe the case if farms were arranged in ascending
order of income in the baseline situation and &idlld the same rank after liberalizing the agrianat
sector. Otherwise the index of vertical equity @atimates the redistribution effect by not inclgdiank
reversal effects. To account for re-ranking, thdein H (which is also known as the Atkinson-Plotnik-
index of re-ranking) is applied in equation (1).cin be interpreted as an indicator of arbitragnas
discrimination of the examined income redistribatisystem. Atkinson (1980) refers to the effect as
“mobility” induced by an income policy, which mighe of interest in its own right. If re-ranking ocs,

it always has a negative impact on the overallsteddution index (Lambert, 2001).

The described approach was so far based on theveel@ini coefficient. One property of relative
measures of inequality is that proportional changeal incomes do not change inequality. However,

% This methodology was also applied in Deppermarai.€2011) and the first two paragraphs are @rge extent
identical with the formulation used there.

1 n n
, o o 3 G=(5n2v-vhix .
The relative Gini index (G) can (in discrete forb® specified as: n == where yis the
income of individual i (i = 1, 2, 3,..., n) andrepresents the average income. For example, sae(R976).



depends on subjective evaluation what kind of charigep inequality unaffected (Chakravarty, 1990).
According to different normative views on inequaliequivalence, different concepts of inequality
measures exist. In addition to the relative measlmeeabsolute Gini index is applied in this work to
broaden the view on inequality effects. The twoaggnis are closely related since the absolute Gaax

is obtained by multiplying the relative one by thean income of the sample, yet they react difféydat
income changes. Absolute measures of inequalitinaegiant to equal absolute changes in all incomes

Generally, the described method of decomposingotiezall redistribution effect can be applied to the
absolute Gini index as well (Allanson, 2008):

AR =AG, -AG, =|1,G, -,G, = (1,6, =1, G )* (L, G-I, G )= AV+ AH  (3)

where A indicates the absolute versions of theeetsge measures and andyp, represent the average
income of the base and new situation, respectivalyhe absolute version, the (relative) concertrat
index of burden (g) indicates whether a burden is progressively grassively distributed. It shows how
the shares of the total burden are distributedpikeethe ranks in sequence of the base situatibns,Ta
negative (positive) gindicates that small initial incomes have to baagreater (smaller) part of the
burden than higher incomes. Comparingvith the relative index of progressivity (P) malkeslear that

in absolute terms, a burden might be indicatedragrpssive (positive £ while in relative terms it is
denoted as regressive in the case that G,, since P = g— G,. These potential discrepancies might also
be found with regard to the overall effect of diattion.

To evaluate a liberalization of agricultural polia@g positive in terms of redistributive effects,ist
obvious that the new situation should be more etheh the previous situation. Based on the above
discussion, the argumentation is that the oveeallstributive effect of any reform package mustabe
least positive in absolute terms and preferablpdsgtive in relative terms as well.

To be consistent with the scenario definitions elins results with the assumed status quo of aguiel
policy are the base from which redistributive effeare measured. Following Lerman and Yitzhaki
(1995), this implies that (marginal) income changesweighted by baseline-rankings.

4. Scenarios

With the above described modelling system, scesaie conducted for the year 2020 with the model
base period being an average of the years 2006-Z00&e different liberalization scenarios are
compared with a reference scenario (the baseleggrding their income distribution. In the baselithe
2003 Reform and the Health Check of the CAP ailg foiplemented except for the abolishment of milk
quotas. Milk quotas are assumed to increase uditib 2ccording to the Agenda 2000 decision, inclgdin
the additional 2% quota increase in 2008 and thad@stment in 2009/10. It is assumed that at(firs
generation) biofuel share of 8% in total EU transpfoel consumption will be reached by 2020.
Furthermore, the sugar market reform decided upd005 is implemented and set-aside obligations are
removed in 2008. The baseline adopts constantdefahriffs, export subsidies, tariff rate quotascept

for sugar), and the current system of interventimices. For the international environment, ESIM is
calibrated to FAPRI world market price projectiofAPRI, 2011) and no changes in external trade
policies of the EU are assumed until 2020.

To account for the effects of liberalizing agriculil policy on income in the agricultural sectdret
baseline results in 2020 are compared with residiltgher scenarios in 2020. The single scenarioltes
reflect impacts of different, exogenously definamligy changes to the baseline scenario. The stginge
liberalization scenario assumes a full market hfieation of EU agricultural policies (i.e., the
abolishment of all intervention prices, tariffs,of@s, subsidies, and direct payments). Therefor2Q20

the EU price level equals the world market pricetfadable products. In another scenario isolaffstis

of a separate abolishment of direct payments (DE)aaalysed (henceforth, No_DP scenario) and in
another scenario all price policies are abolisheh¢eforth, No_Pricepol scenario), but direct payse
are still paid to farmers to single out the effegtslifferent policy instruments.

The creation of a baseline requires several assonsptegarding the development of agricultural regsk
until 2020. Since it is well-known that overall gibutional effects may be influenced by the disition

of a variable in the base situation (Lerman andhéki, 1995), it should be kept in mind that althbu
the baseline depicts a likely development of masksdtme insecurity remains in any ex-ante analysis.



5. Results

In this chapter distributional effects of differestenarios are presented. Thereby, results arel lmase
8034 individual farm data on the one hand and chE&RMIS groups on the other hand to evaluate the
aggregation error which appears when distributidngdacts are accounted for by the application of
grouped data.

Liberalizing the agricultural sector has clear negaimpacts on average farm income. In the Fulb Li
scenario, the scenario with the lowest averagenmso31% of all individual farms have negative
incomes, whereas in the baseline there are only.1R&sults should be interpreted against the
background that with this strong reduction in agerancome, significant structural change such as an
increase in farm size and farmers leaving the sez@o be expected which is not depicted in current
model specifications.

Even though the relative Gini coefficient is wedifthed for negative incomes (Amiel et al, 1996; @dw
2009), some difficulties may rise in interpretatiohits results, e.g. it is argued that inequaltitay be
overestimated in such a case (Chen et al, 198%)allRey that average distances among individuals
appear in the numerator of the relative Gini anmieicome in the denominator (footnote 4 on page 8)
it becomes clear that the relative Gini, assumed #bsolute distances between income units do not
change, increases exponentially with decreasinghmme@me. This is true also when negative incomes
are excluded. However, the appearance of negato@ries tends to make this effect more pronounced
because the spread between numerator and denominatiis case may increase without having a
‘natural bound’: absolute average distances cakepé constant and at the same time mean income can
become close to zetif some of the incomes are negative. Vice vers# the allowance for negative
incomes absolute average distances can increaseuvid ‘natural bound’ while keeping mean income
constant. If this happens with an already compagbtilow mean income, changes in absolute distances
may seem disproportionally strong in relative terifisis is also the reason why the relative Ginnds
longer bound to the maximum value of one.

This should be kept in mind when individual andugred data are compared regarding their inequality
effects. In Figure 3 relative Lorenz curves aresprged for the baseline and all scenarios to illtistthe
impact of negative values and at the same time detrate that the Gini based inequality analysis in
Table 1 ranks distributions appropriately. For #iesolute Gini the appearance of negative incomes is
unproblematic.

Figure 3: Relative Lorenz curves for baseline and all sdesa
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In the following, general inequality effects shiadl discussed shortly on the basis of individuah datce
this analysis reveals more information on inequatian the analysis based on FARMIS groups.
Additionally, despite varying magnitudes of thegdaindicators, the direction of inequality effecsot

® Of course mean income can become negative aswetih would result in a negative value for theatiele Gini.
However, we abstract from this possibility herecsithe discussion of negative Ginis is beyond tops of this
paper and not relevant in the empirical analysis.
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substantially different between the approaches. rgimg differences are discussed in more detail
subsequently.

In the No_DP scenario income is reduced by 8,9588werage, which accounts for 19.7% of income in
the baseline scenario (Table 1). In absolute téh@m®P cut leads to a slightly more equal situatidttle
re-ranking effects occur and the overall redistiiueffect also is small, which is due to the lealue of
average support reduction rather than due to ddwel of progressivity of the reduction. Thg @easure
indicates that support reduction is progressivagtributed which means that higher incomes bear a
higher burden of a DP cut than smaller incomes Tue results are in accordance with a priori
expectations: farms with higher income have a greatreage and get higher DPs. In relative terms we
observe an opposite inequality effect. The DP suegressively distributed and leads to a more wedeq
distribution of income. The negative P value intksathat income losses are more equally distributed
than initial income in the baseline scenario. Comgdo other scenarios, P is even more negative avit
abolishment of DPs representing a higher degreeegfessivity of income reduction. Income losses
account for a larger share in lower incomes contbtrdnigher incomes.

In the No_Pricepol scenario (Table 1, Section $llipport cuts are pronounced in the livestock sector
since tariffs and export subsidies are in places®veral products in the baseline scenario and milk
production is restricted due to the quota schemghBrmore, the sugar market is also heavily aéfidty
relatively high border protection and the produttipiota which is still in place in our baselinersto.

Compared to the No_DP scenario, much stronger inasfifiects occur when price policies are abolished.
Average income is reduced by 48%he overall absolute effect of redistribution (AR)positive, which
also indicates a positive absolute index of velicpiity since the absolute index of re-rankingalsvis
non-positive. Thus, farms with higher incomes témdbear a higher absolute burden from liberalizatio
compared to farms with lower incomes.

In relative terms, income inequality increases careg to Baseline values. The redistributive effect
-0.222, which is more than the double of the effadhe No_DP scenario. However, almost half of the
overall effect originates from re-ranking effectdhe index of progressivity is clearly negative, @i
indicates that low-income farms bear a larger sludirthe overall burden than their share of baseline
income.

In the Full_Lib scenario (Table 1, part 1V) thedialization policies of the No_DP and No_Pricepol
scenarios are combined. Effects of both single aes go into the same direction, which is reflddte
the results of the Full_Lib scenario. Redistribatieffects of the combined scenario are strongee.; i
they are more equalizing in absolute terms and moegualizing in relative terms — compared to the
single scenarios. Progressivity, however, is intstiate in the Full_Lib scenario. The observed iaseel
overall redistributive effects (more negative itateve and more positive in absolute terms) aresediby

a larger scale factor s. However, the more thapgnnally strong reaction of R partly goes bagkat
high share of negative incomes in the income distion.

From Table 1 it can be observed that the analybistwis based on individual data and the one wksch
based on FARMIS groups clearly differ in terms adignitude of the single indicators. However, the
direction of inequality effects and the evaluatadmpolicy reforms are similar.

It is intuitive that indices are larger when calteld on the basis of individual data since withioup
inequality is additionally included in the analydt®r baseline results between-groups inequalitpaats
for 75% of total inequality measured on individbakig while for the Full_Lib scenario only 59% of all
inequality are covered by between-groups inequality

From a decile group analysis (not presented inghjser) it becomes clear that some farms with low o
high incomes formerly belonging to middle classoime groups move to the fringe of the overall
distribution while contrarily high (low) income fais of low (high) income groups surge to the midufle
the distribution. Thus, the ranking of incomes Ire tindividual approach is different from ranking
individuals due to the average incomes of theiugep which is implicitly the ranking in the groupedta
approach. However, average income is only 3% lawéne lowest decile group and 7% higher in the top
group when individual rankings are considered.

® Income effects of this size should be interpretelight of the modelling system not allowing forattges in farm
numbers.
" The ratio is the same for relative and absoluteesd
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Table 1 Decomposition of changes in income inequalitgifiidual data vs. grouped data)

Relative analysis Absolute analysis

Individual data  Grouped Data Individual data  Grouped Data

1) Baseline Results
Average income (in €) 45,424
Gini index of income A) G 0.560 0.422 25,443 19,164
I)  No_DP scenario
Average income (in €) 36,470
Average support reduction (in €) 8,953
Average rate of reduced suppoft

. . s 0.197
(support reduction/base income)
Gini index A)G 0.662 0.487 24,155 17,775
Concentration index AGQ 0.649 0.480 23,662 17,496
Total redistributive effect (A) R -0.102 -0.065 1,288 1,389
Index of re-ranking (A H -0.014 -0.008 -493 -279
Index of vertical equity (A V -0.089 -0.058 1,781 1,668
Index of progressivity of suppoit, . -0.361 .0.236 0.199 0.186
reduction
II)  No_Pricepol scenario
Average income (in €) 23,823
Average support reduction (in €) 21,601
Average rate of reduced suppoft S 0.476
(support reduction/base income) )
Gini index A G 0.782 0.498 18,632 11,857
Concentration index A)g 0.683 0.434 16,265 10,349
Total redistributive effect (A) R -0.222 -0.076 6,811 7,308
Index of re-ranking AH -0.099 -0.063 -2,367 -1,508
Index of vertical equity (A V -0.123 -0.013 9,178 8,815
Index of progressivity of suppoit, . 0.135 -0.014 0.425 0.408
reduction
IV) Full_Lib scenario
Average income (in €) 14,046
Average support reduction (in €) 31,378
Average rate of reduced suppoft S 0.691
(support reduction/base income) ’
Gini index A G 1.256 0.739 17,642 10,377
Concentration index AG 1.005 0.582 14,111 8,179
Total redistributive effect (A) R -0.696 -0.317 7,801 8,787
Index of re-ranking (A H -0.251 -0.156 -3,531 -2,198
Index of vertical equity (A V -0.445 -0.160 11,331 10,985
Index of progressivity of S“ppoTP G 10.199 0.072 0.361 0.350
reduction

Source: Own calculations.

In each scenario the overall redistributive effisctmore negative in case of the relative Gini agsk|
positive in absolute terms when calculated on #&shof individual data. The vertical effect in alote
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terms is higher for all scenarios, but then ovengensated by an also higher re-ranking effect. letixe
terms both, V and H are more negative in all sderar

However, redistributive effects do not differ suidtally in the absolute analysis. Especially, teetical
effect and thus the Jndices are very close between the approachesthEarelative analysis it is then
comprehensible that differences are higher betweernwo approaches since P 5 €G,, and absolute
differences in g are small. Combining evidence from the absolutétae relative analysis, it seems that
after the disaggregation of groups individual farchange their ranks to a certain extent but onameer
have similar absolute income changes while in inglaterms income changes are more regressive. In
other words, small incomes formerly belonging tghhincome groups and now being ranked below high
incomes formerly belonging to small-income groupsel a similar absolute amount of income in the
scenarios, which accounts for higher losses irtivelderms because of their lower income.

However, large differences in the relative analysispecially between the ,Gralues, should be
interpreted with caution due to a higher share efative incomes in the individual analysis because
several individual farms with negative incomes wérdden’ in groups with positive average income
(22% of groups in Full_Lib have negative income 86 of individuals in the same scenario).

6. Conclusions

In this paper a tool that is able to consistentgess impacts of sectoral policy on individual farm
incomes in West Germany, while taking behavioufééats into account, is presented. The tool was
illustrated by three different liberalization scena of the CAP. Results indicate that inequalitgreases

in all scenarios in relative terms and decreaseb$olute terms.

Comparing the inequality analysis based on indi@idiata with an analysis of grouped data reveals th
the amount of inequality may be seriously undemestted when only taking grouped data into account.
However, redistributive effects from scenario asaydiffer slightly in absolute terms and more in
relative terms. Yet, the differences in the relatanalysis should be interpreted with caution duthé
appearance of negative incomes in the sample.

When comparing inequality effects on a subgrougpeagy. only for specific farm types (not presernted
this paper), differences are more pronounced emeabsolute terms. Thus, the tool enables a more
specific analysis of inequality effects than anlgsia of grouped data.

A caveat of our methodology clearly is that the nmioodel which disaggregates farm groups is staiit a
relies on the behavioural changes of the groughefmeso-model, which are mapped accordingly. To a
certain extent this approach determines indivith@me changes.

Nevertheless, heterogeneity among production pettef farms in the same group is taken into
consideration because different production patteand factor endowments of individual farms are
accounted for. Furthermore, with an average graegresenting 17.2 FADN farms and stratification
undertaken according to type, region, and size,assumed similar behaviour of individual farms
belonging to the same group seems reliable.
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