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Policy Measuresfor Ecosystem Services. afirst survey of the
impact of " Floor and Trade" mechanism at farm level in
Veneto

Longhitano D. and Povellato A.

Abstract

In the ongoing debate of CAP reform, a new tool pragposed for farms that aims to create a
new market for ecosystem goods and services thgt maprovided by agriculture. The
mechanism of floor and trade (FT) assigns eachihgla "minimum of environmental goods"
that must be provided at farm level to ensure soahility and justifies the subsides received
from CAP. In this proposal we will analyse what htigappen in a limited region (Veneto) with
the application of FT mechanism, given the geogiagttonditions and the structural situation
of farms, using FADN data. More precisely, we seeluantify the regional supply curve of
environmental services, provided by agriculturaltigities in case of floor and trade
mechanism. We will use as a proxy the amount diorathat could be sequestered by less
intensive farming systems such as grassland anuaiigss compared with other more intensive
activities, in order to examine the trade-off bedwehe economic goals of farmers and the
environmental benefits due to the land use changeged by FT. We will use as methodology
the Minimum Data (MD) approach in order to integrathe spatial heterogeneity of the
biophysical environment of the different agroectays, with economic behaviour of farmers in
case of the obligations imposed by the FT mechanism

Keywords: Floor and trade, Ecosystems service, FADN

JEL code: Q-57

1. INTRODUCTION

The identification of policy measures with a goe#d! of cost effectiveness has become
a priority issue in the debate on future scendoosgriculture and rural development. Within
the framework of agri-environmental policies, sevesnalysis and proposals have tried to
identify new tools to ensure the provision of eomimental goods and services at reasonable
cost to society as a whole. In short the actiomp@sed are 1) proportionate incentives to
achieve measurable environmental results, 2) peodiccess to farmers who provide greater
environmental outcome, or that require less congt@msfor the same environmental objective,
3) to apply additional taxes on the use of potdgtipolluting products, 4) to create new
markets through tradable permits (Cooper et aD9R0The latter category includes the "floor
and trade" mechanism (FT) that will be discussetti paper. The FT mechanism, essentially
allows to assign a minimum rate of ecosystem seryiES) that the farms are obliged to
provided. In this manner it is possible to justé#gy public support received from govern for
agriculture (Povellato, 2010). The minimum quantifyeS may be represented by a share of the
agricultural area devoted to specific farming syste(e.g. permanent grassland), more eco-
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efficient, for example in CO2 sequestration in egjtural soil (Soil Organic Carbon - SOC)
(Vleeshouwers and Verhagen, 2002; Freibauer e2@04; Sousanna et al., 2004). This scheme,
allows each farm to provide environmental goododbuy the share of public goods from other
farms that have any surplus, according to theiveaience.

In this paper we examine the likely general imglmmas that might result from
application of policy mechanisms designed to emigbabe production of ecosystem service in
the case of an Italian region (Veneto). This coerdid) the particular geography of the area and
the structural situation of farms emerged from kisnlge of the FADN database. The analysis
uses as a proxy for ecosystem services, the anobwairbon sequestered from the atmosphere
through less intensive farming systems, such aslavesand grazing (MG) with other cropping
system more intensive, as arable land. The arnschiivided into two main sections, the first
analyze the potential regional supply curves oboarsequestered in the hypothesis that all
regional farms are oblige to allocate a minimummiand to meadows and grazing, with a
specific direct payment. In the second sectiorerafkplaining to short lines the FT mechanism,
it is assumed that the obligation to allocate famdl to meadows and grazing, regards only
farms that do not reach a minimum threshold, with possibility to activate or not mechanism
permits tractable (floor and trade), considering plotential impact of the implementation of the
FT in Veneto. The common assumption to expressi@mnof convenience comes from the
spatial distribution of opportunity costs, from whiis possible to derive the potential supply of
carbon sequestered by using the minimum data agiprtdseorized by Antle and Valdivia
(2006). In this way we can compare the main ecoopminvironmental and social results
associated with respective case study and we caluate ex ante the best performance of
design of specific policies that emphasize the petidn of ecosystems service from
agriculture.

2. THE APPROACH OF MINIMUM DATA TO SIMULATE THE SUPPLY OF ECOSYSTEM SERVICE

The "ecosystem services" has definedthas conditions and processes through which
natural ecosystem, and the species that make thpensustain and fulfill human lif¢Daily
1997). The Millennium Ecosystem assessment hassifitets the ES in four categories:
provisioning, supporting, cultural and regulatirgynsces. (Zhanget al, 2007). Examples of
ecosystem services could be the detoxificationarfriiul molecules (e.g. phytoremediation),
the air and water purification, soil fertility, olate mitigation, natural pest control, etc...
(Salzmanet al. 2001). Agriculture can be an activity that proelsicecosystem services,
particularly for direct action that has the usdanfd resource (Antle, 2007). From this point of
view the ES are public goods, justifying publicipglaimed at increasing their production. In
purely theoretical line, an efficient agri-enviroental policy should be directed to increase the
amount of ecosystem services, trying not to forselthe agricultural production, by imposing
changes on the practice of management. The tofgression of the production, in fact,
maximize the value of the resource only if the maalreduction in the value of ecosystem
services is so great as to offset the loss in thked for products (Antle, 2007). Finally, another
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interesting aspect to an efficient policy shoul#etanto account the spatial heterogeneity,
because the ES are site-specific and are linkepeatlliar features such as land, climate,
distance to market, etc. As already stated, inftfss step of study, we consider the supply of
ecosystem service provided from agriculture relaa¢dhe amount of atmospheric carbon
sequestered in agricultural soils, considering thiatservice is a function of various parameters
site-specific, as well as soil type and vegetatmover, cultivation practices exercised,
topography, history of land use, microclimate, & present a case study and assume that
given two alternative cropping systems, intensikabke crops g) and meadows and grazing
systems $), the transition from one system to another ingplieeincrease of the amount of
carbon stored in soils. More precisely in case @,Mhe carbon sequestered is significantly
greater than that of intensive arable fandintle and Valdivia (2006) have introduced an
interesting and simple method to estimate the aqimete value of the expected supply of
ecosystem service provided/suppliable by agriceltiore precisely, the authors propose a
minimum data approactiMDA), which calculates the supply of ES in a giveegion by
combination of site-specific biophysical aspectshwhore general information on economic
aspects of agricultural systems. We consider thah g@oroduction system allocates a specific
production of ES, and we assume that increase isUply involves the conversion toward
most eco-efficient system, implying a specific ogipoity cost for each choice management.
From the spatial distribution of these opporturatysts will then be possible to derive the
expected supply of ES. In this paper we try to gl empirical analysis based on the MDA
described in Antle and Valdivia (2006) and devetbreseveral other recent work (Claesseins
al. 2009; Noalukenget al 2009; Stoorvogedt al 2009; Antleet al. 2010). We will estimate
the potential supply of carbon sequestered in tlemet achievable with ratification of
mechanism that involves the obligation of everyrsiin Veneto, to cultivate a minimum area
of MG in order to increase the ES. This first apgmiois based on a static analysis that estimates
the proportion of farmers participating in this rhanism in terms of hectares converted to MG
by the original land use at intensive crops, urmessible mandatory thresholds of surface (e.g.
5% or more of UAA) in presence or absence of sfeditentived. In the initial situation the
choice whether cultivates arable crops or MGof s,) depends on profitableness of alternative
land uses. For simplicity in this step we assunat tiere is no additional cost to switch from
one to another agrosyst2nOn this basis the farmer will choose the aralyletesn or MG

! The functional relationship between amount of oarland soil type is generally non-linear and depemd a number of other
biophysical parameters, however, for simplicitysemsider a linear relationship (Antk, al, 2003).

2 1t is clear that effective participation at the ahanisms is influenced by many other aspects dueelavioral factors, risk
perception, age and education of farmers, etaugfanret al, 2006).

3In general, the additional costs may be diffeianthe transition from one system to another, behggcosts of adjustment for
capital investments, learning costs of alternatiamagement practices, various transaction costeelaas issues directly related to
behavioral and institutional factors that influerthe willingness of farmers to change land use l{Ewand Kascak, 2001; Sunding
and Zilberman, 2001). In addition, if the procesbesd govern the supplying of ecosystem servicespatially dependent, the more
efficient provision may require cooperation betweédferent groups of farmers which is also coordimacosts. This costs depends
by other factors such as the number of farmersaizating, the amount of surface area, etc.. Irttedse cases the additional costs
should be considered in the computation of oppdstwosts.
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system in function of return per unit (e.g., grogomes per hectare). In an application context
of increasing of the ecosystem services supplyagnculture could have a direct impact on
farmers related to changes in productivity. In éheases, the absence of policies that provide
specific incentives would encourage the provisiérES only by farms that find profitable
farming MG (e.g. livestock farms). The share ofsystem services is thus associated with the
provision of market goods and does not take intmact the assessment by the society. This
situation characterizes a "private equilibrium'&8 supply and only an appropriate intervention
(e.g. payments offered to farmers) could allowré@sonfiguration to enable increasing of the
ecosystem services (Nalukergfeal., 20097

In analytical terms the private equilibrium is tbfere based on maximizing expected
profits expressed by = (P. 4.5} wherep is the vector of output prices, is the geographic
location ands is the index comparison of the agrosystems gi.far intensive arable land arsgl
for meadows and grazing), and the management decisill be taken on the basis of
opportunity cost for each farm considered

oc (p,g)=v{(p.g.5,) —v(p. g.5;) (1)

In fact, if ©€ =0 will be chosen to allocate land to intensive cramsd vice versa to
MG. By extending the analysis to all the farms he tegions spatially defined, which in the
case study in question relate to the provinciahsuaf the Veneto, can be determined the spatial
distribution function (density function) of the ative opportunity costs at a given price:

0
r{p) — [ @(oc) doc (2)

where® =7(p) =1 s the share of land for private equilibrium in M#@Btivity (Antle
and Valdivia, 2006, Antlet al,, 2010). From this function can be derived theeexed value of
the overall regional supply of ES(p)] in a given period (one year in this case stuahd in a
given area oH hectares:

S(p) =r{p)H e(g) (3)

wheree(g) represents the amount of carbon sequestered &nbyahe atmosphere and
stored in the agricultural soil when is occupiednibyadows and grazing systems for each local
situation consideréd Assuming now the existence of a measure thatueages farmers to
increase the supply of ES, such as representeebgdditional payment per unit of ES product
(Pe), can be configure a new equilibrium and the eéquodtl) becomes:

4 Some processes that determine the provision afystem services like carbon sequestration in aguial land, are spatially
independent while others, such as biodiversity atewquality, can be spatially dependent. It isontgmt that in these cases, as
noted in Nalukenget al (2009), are taken into account these spatial migrecies in the design of an efficient mechanism fo
providing the same services. The problem of spatgpendence also arises for opportunity costs whene are positive
externalities such as learning associated witlattaption of alternative management practices.

5 For simplicity in this paper we assume that amairdarbon sequestered in different only to theetgpland use and is constant
throughout the region. The reference values ardddron the study by Vleeshouwers and Verhagen §20@#ch we refer for
details.
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ocgs (p, ) =v(p, g,51) — [V(p, g,52) + pee(g)] (4)

The (4) indicates that the choice of farmers toveonintensive arable land to grassland

occurs if and only i0Ces <0 | Considering the spatial distribution of opportyrgosts in the
presence of specific incentives expressed as Beiceill find that

Pe
(p, Pe) =J|; @(oc) doc (5)

where I'(P, Pe) represents the range of hectares of land allocieMG when the
opportunity cost is between zero &té&. The expected value of the supply of ES will be

S(p,pe) =5} +rip,p.IHe(g) {(6)

which represents the total amount of ES correspanidi the range of incentivi®. The
value of this function is the sum of all units efgce produced (tons of carbon sequestered) on
the additional land units converted from intensavable land to meadows and grazing systems.

The properties of the cun®(®,Pe) are determined by the shape of the density fumatio
opportunity costs and the quantity per unit of gstem services provided (Anti al, 2010).
In farming context, therefore, three cases may roatuhe formation of ES supply: 1)

0C <0 | 5o the allocation of MG area is preferred to Erdédnd without specific incentives, 2)
0Cgs <0 | arable land are cheaper than MG and then theecsion of land use is only in the

presence of an incentive, 8¢ Z0 andOCpgs >0 | the intensive crop system are always
cheaper than MG for the entire range of expectgthpats. Assuming a range of payments per
unit of ES products, the analysis was repeateacdoh value derived from the corresponding
expected values of land converted to MG and thaental supply of ecosystem services

distinct in provincial zone. The slope of the cuol®ained is positive, because for each specific
increases in incentives there is an increase afdes willing to participate in such contracts,

according to the technical potential of their laamd opportunity costs incurred (Antle and

Stoorvogel, 2006).

3. THE"FLOOR AND TRADE" MECHANISM

The FT mechanism has been proposed for the fins¢ #by theCountry Land and
Business Associatiom British organization that represents large ¢avrters (CLA, 2009) and
subsequently taken up by the RISE Foundation (2069ssence, this mechanism provides a
minimum quantity of environmental goods that mustgoovided from the farms, through the
assignment of obligations to ensure the sustaibaloil productive activities. Of course, these
environmental goods that the farms could produce, @irrently provided meagerly and
perceived as scarcest and needful from the sodietsguse could strike a better balance of the
ecosystem. The "minimum quantity" of these goodsiccdake the form of a share of the
agricultural area devoted to permanent grasslagdigds or a certain amount of £€ored in
soil or biomass.
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In the case of meadows and grazing systems (M@®@}ethepresent the most extensive
form of forage farming. These cropping systemsadiren confined to areas not much indicated
to other agricultural uses or where are emphabizeethvironmental and landscape aspects. The
MG play important ecological roles linked at thetfthat they are dynamic and complex natural
systems and reach ahigh degree of biodiversityhezhdor many species of plants living in
balance with the mineral substrate. In particulzgse systems are characterized by their ability
to sequester atmospheric £&hd store it directly in soil. As reported in ffterature, to the soil
occupied by permanent forage systems in Europeyvarage estimated annual of 0.52 tons of
carbon stored per hectare, compared with -0.84 aiCAi* in intensive arable lands
(Vleeshouwers and Verhagen, 2002)

On this basis, implementing the FT mechanism, dacm would be free to decide
whether to directly provide the good environment@Nand) or to buy that share of public
goods from other farms that have a surplus if ttheroland-uses for productive activities are
more profitable. The introduction of this obligati@associated with the possibility of trading
with other farms creates a new market for enviramalegoods and services that may be
provided by agriculture. When the amount of a givmvironmental good available to a
company exceeds the required minimum amotiobr) a “"credit" is generated that can be
traded {rade with farms that, under the intensive and spexgaliproduction, need to comply
with the minimum requirement. The elasticity of 8ystem respect to a mandatory requirement
could allocate the production activity of enviromted goods on the basis of their opportunity
cost. So should be achieved (in theory) more efficallocation.

This mechanism is similar atdp and trade measure provided in recent years for the
emissions of greenhouse gases by some industdt@irsén EuropeEmission Trading Systgm
that has been implemented since the seventieeitUtited States about air pollution act. To
enable a market for tradable permits require theviitng minimum requisites: 1) there must be
a surplus of tradable goods; 2) must be legallyliegpe; 3) must be permanent; 4) the
environmental goods must be quantifiable (Tietempb2004). The measurability of the good
subject of FT mechanism is particularly importaot &gricultural activity that has external
effects (positive and negative) common and notheagiantifiable such as in industry. The
quantification of the environmental good is givey the area occupied by these land uses,
possibly related to comply with certain standarfisnanagement. An example of this type of
obligation is the &cological compensation aréasr "ecological priority ared introduced a few
years in Switzerland as part of compliance. In tlaise the farmers are required to keep a rate of
their land as ecological compensation areas asnditamn to receive direct and ecological
support payments (Coopet al, 2009, p. 134). In facts, the Swiss farmers aqgired to show
that the company has a certain percentage of lanecblogical compensation (7% or 3.5% of

® These values are based on the results obtainagfdlying the simulation model CESARdrbon Emission and Sequestration by
Agricultural Land Usg developed in Vleeshouwers and Verhagen (20023).rbdel is based on a system of carbon balancehwhi
computes in addition to the inputs of carbon innplaiomass due to photosintetic process, also éoutpworganic matter
accumulated in the soil in quantities related te-specific soil and weather conditions.

Page 6 of 23



Ancona - 122 EAAE Seminar
"Evidence-Based Agricultural and Rural Policy Makin

UAA in the case of special crops), which includdeasive permanent grassland, hedges,
woods, small areas wetlands, trails, stone walts ettensive orchards. The 120.000 hectares,
or 12% of the UAA, are represented by three qusitigrextensive meadows. Several European
environmental organizations have suggested thatetdogical priority areas should be also
included among the environmental standards thahdes must comply with EU countries
(BirdLife, 2008). Actually, it seems that thereaggradual recognition of the need to preserve
natural habitats on farms by the European legwslatFirst, the meadows and grazing lands
have been included since the reg. EC 1782/2008eofdmpliance requirements, and confirmed
with the reform of the Health Check. The articleob Reg. EC 73/2009 reaffirming the
mandatary of farmers of Member States to maintaiteast the extension of MG in 2003.
Moreover, among the mandatory requirements of camgé provided by the regulation, there
is an obligation to maintain the "landscape feauiacluding, where appropriate, hedges,
ponds, ditches, trees in rows, in groups or isdlated margins fields" and one of the optional
requirements has been included as the "creatiofomapdeservation ohabitat'. In Italy, for
example relating to the mandatory elements chaistite has been further identified and
strengthened in 2010, while the option of habikets not been taken into account. On this basis
might be reasonable to assume that environmergaldatds for biodiversity will have an
increasingly important role, especially if it resslishes the ecological network composed of
semi-natural elements and areas under permanesslamnd, which in recent decades have
undergone a dramatic reduction in ltaly as happeagdn other areas of Western Europe
(Farmeret al, 2008).

Considering the need to increase the supply of yste services provided by
agriculture, we could envisage an obligation foergvfarm to identify areas of ecological
priorities at least equivalent to a minimum (e.grgentage of UAA at 5%, 10% and 15% ). In
these cases, the FT mechanism could be used, evgorarily, to allow at farmers to identify
the most appropriate solution in terms of alloqatad the land factor and to ensure that this
obligation would affect too much in farm income.€eTtdefinition of the threshold values is
crucial not only to create the conditions for thelange of permits, but also in terms of cost
effectiveness of the measure. In fact, the incréasmsts (private) incurred by the farmers -
both in cases of direct application to the purchaberedits - it should take account of
environmental benefits (social) achieved in ruredas. The measurement of these benefits
opens up a scenario where the environmental eceha@md questioning a long time giving rise
to interesting and controversial discussions ortlieene of climate change, beginning with the
Stern Review (2007), and more recently also in seainbiodiversity (TEEB, 2009). Another
rather important aspect in the choice of a mechara applying FT covers the area within
which it is possible trade credits. As already doie the case of cap and trade applied to
specific cases of pollution should not be allowadrfs that are located in protected areas or
high natural value of being able to compensatahiferack of "ecosystem services credits" with
other farms that are outside of these areas. Bgumfiortant is the choice of the size of areas
that, if very large may allow substantial reallohtse (mountain areas with the most credits
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offset the more intensive lowland areas), whiler@ater segmentation would lead to a better
distribution of ecosystem services (for examplgunes states that a certain threshold must be
met within the lowland areas). These last two eXempare not neutral in terms of
environmental effects achieved and therefore shbeldtarefully considered the effects that
different applications of the FT mechanism couldvéh@n environmental quality of areas.
Finally, from an economic point of view, in the pemce of a mechanism of FT, a farm decides
to fulfill the mandatory only if the difference meten the loss of traditional agricultural
production income and the opportunity cost of namhg these ecological priority areas is
lower of the cost it would incur in order to ac@uihis ecosystem service from other farms.
Since the ecological priority areas cover a vamyjited area, it should be assumed that there are
no large structural changes and then there is nagehin fixed costs. This leads us to believe
that the gross income is the variable most appaigarin other words, if there is convenience to
purchase credits, the retractable gross income tlamncrop minus the cost of buying credit
from another farm must be greater than the diffezdmetween revenues and maintenance cost
of ecological priority areas in their own farm.

4, RESULTSOF MINIMUM DATA APPROACH AT THE CASE STUDY

The research was carried out starting from the kedge of the average carbon fluxes for
each farming systems, and the opportunity costsvatkras the difference between gross
incomes in both activities. The biophysical datattwa flows of carbon sequestered by various
land uses in Europe have been learned from théiseduhe CESAR model (Vleeshouwers and
Verhagen, 2002; Freibauet al, 2004; Sousannet al, 2004), while the economic information
necessary to simulate the decisional model have lesened from the FADN sample for the
Veneto region, making reference to the year 200GreMprecisely the farms sample has been
select according to altitude limit of the Venetaipl The spatial dimension of reference has
therefore been created by layering the sample @akis of belonging to the province of farms
creating six groups (Verona, Vicenza, Treviso, \eniPadua and Rovigo)As mentioned, in
order to limit the analysis to agricultural systefosherbaceous cropping systems to intensive
arable land and grassland, the farms sampled ie@aty those with utilizable agricultural area
(UAA) devoted to herbaceous. The systems consideesd built on two macroaggregates. The
first system &) includes acreage for cereal, legumes, industiaps, vegetables, flowers,
alternated fodder and field crops in gerferahile the second systesa is based on the UAA
devoted to pasture (monophyta and polyphyta) meadparmanent pasture and pasture-fallow
production. For each macroaggregate we computee gmonomic parameters, such as: the
aggregate output for each activity, the quantisielsl and the respective monetary values, the
variable costs of management (including the exparalitems for seeds, fertilizers, pesticides,

"The province of Belluno has been excluded sinee hat lowland areas
8 Mushroom farms are excluded.
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rental farm equipment, irrigation and other expshsand reuse of farm output. Following were
determined some budget variables to calculateigtglaition of opportunity costs related to the
sample (characterized by 540 observatibriE)e variables are the average yields unit, the un
explicit costs, average prices and therefore theradlvgross income. Finally were weighted
appropriately and extended to the entire populatfaregional farms consideréd

In recent years in Italy the meadows and grazimgl ldid not decrease thanks to the
decoupling mechanism and the trend of the presmefperiod to cultivate crops in order to
receive contribution per hectare has been slowashdMoreover, the gradual intensification of
crop production that promotes a greater potentiedde respect to the MG systems remains a
latent threat. In fact, in the most fertile plaissbecoming very rare to find MG, which are
concentrated in marginal areas and have no alteen@conomically profitable, such as
mountain (Povellato, 2018) But what could be the potential impact in Italyedto the
implementation of two different policy measurestsas: 1) payments for ecosystem services or
2) introduction of ecological priority areas? Irder to answer this question we estimated the
possible land surface affected by the introductibthese two policy measures starting from the
FADN database and restricting the analysis in \i@negion.

The main assumption regards the requirement fdaaths must have a sufficient area to
permanent grassland managed according to critdrigood and sustainable agricultural
practices. On this basis, in Veneto, limiting tmalgsis only to the agricultural land devoted to
herbaceous crops in lowland, 91% of the farms dmtshave permanent forage crops, while
about 9% have meadows and grazing systems. The thahadopt MG in their land use plan,
devote a large share of the UAA.

4.1. Paymentsfor ecosystem services

The MD approach has been implemented supposingi¢heases of 5% or more of UAA
allocated to MG. The knowledge of the unit valuesasts and average yields has allowed us to
revise the gross incomes on new configurations rops< and then the opportunity costs
calculated as the difference between the first secbnd system. As explained above, the
profitability of two systems can be given from difénce of opportunity cost, which are
heterogeneous and spatially explicit.

In this step we estimated the opportunity costderdgéned the associated spatial
distributions function (density function) in Venesémd the spatial distribution of opportunity
cost per unit of ecosystem service (tons of cadmauestered). From this distribution function

% For more details on the formation and structurénefFADN data see Abitabile and Scardera (2008).

1 reality more than the population of firms woudd appropriate to speak of individual croppingteyss, given the selection
operation that has limited the analysis to only twzes of productions that fall in one area ofetiéhce.

1 According to the latest ISTAT survey on the stauetand production of farms in 2007, in Italy theas of meadows and grazing
are concentrated at 86% of the total UAA in mourdas and hilly, while the plains are representdg @ with a clear trend to
decline in recent years. In general, MG lands aréafming with livestock or land public bodies (imding municipalities and
mountain communities), which lease these areaartn for a few months a year (about 900.000 hecexefisively in mountain
areas) (INEA, 2009; Povellato, 2010).
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we derived the potential supply of surface conbéstto MG systems expressed in terms of the
range of payments per unit of carbon stored in. Sdie sensitivity analysis was conducted
based on the threshold of payment ranging fronoS8b0 €/t of carbon, with intermediate steps
of 50 €/tonne. The results show that in the basalase (without incentives) in Veneto is really
negligible the rate of farms that find profitabigitehing the producing system at MG, which in
terms of surface means little more than 4.000 hestdn presence of a policy of incentives
based on payments per unit of ES provided, the amofuUAA converted to MG increases.
Assuming maximum ecosystem service price of 35) aches almost 25.000 hectares with
an increase from baseline of 480% (Fig. 1). At ledfethe six selected provinces of Verona,
Vicenza, Treviso, Venice, Padua and Rovigo, thallt®sexpress some very interesting
variations, highlighting the strong spatial hetenogity discussed above. In the baseline case
without incentives, participation rates are praatycinsignificant for Vicenza, Treviso, and
Venice, and the rates increase only when ES pecerbes 250 €/t. In this case at Treviso the
rate arrive about 545 hectares, constant until maxi price; in Venice the increasing is very
significant with 3.800 ha, until 7.200 hectareshat maximum price floor, while in Vicenza is
zero always. In Verona initially we found that tfeems participating with 613 hectares and
arrive at almost 5.000 hectares with maximum pridale Rovigo and Padua even if begin with
1.232 and 2.378 respectively, they remain somewhetiéerent at the ES price increasing,
except Padua that treble the participation rath miaximum price (Fig. 2).

Figure 1 — Regional land supply at different ectaysservice price
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Figure 2 — Land supply at different ecosystem serprrice per single province.
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4.2. The potential impact of ecological priority areasin Veneto

Starting from the FADN data used in the earliersis, in this second step we will investigate
the impact that the introduction of the other ppliceasures, the ecological priority areas, under
two different policy mechanisms: the mandatory apph and the "floor and trade" approach.
The first scenario is the "floor and trade" mechanithat provide the possibility to enable a
market of tradable permits of ES, as introducedckviefer to minimal surfaces of meadows
and grazing. The second scenario, instead reghedisnplementation of a simple obligation to
change land use towards MG systems. The simulagssaome three minimum threshold of MG
land required in each farm. We define two altergasicenarios to the baseline.

Minimum farm threshold of UAA at . . .
MGL First scenario Second scenario

5%

10% Floor and trade (FT) Mandatory

15%

As shown in Table 1 in Veneto on a current agrigalt utilizable area allocated to arable
crops of about 545.260 ha, only 6% is occupied by §82.715 ha). This, in general terms
means that in the case of FT (as well as mandatorg)a mandatory minimum area of 5% of
UAA in MG there is a problem purely redistributivespect to the case of a larger percentage
(10% or 15%), where a new allocation is need thavige the conversion in MG for arable
land. For this reason we presented the three diffethresholds for the two scenarios.
Therefore, if the requirements were introducedamanent grassland cultivation, say 5%, 10%
and 15%, respectively, shows the need to convemta®4.000, 48.000 and 72.000 hectares to
MG or to request a corresponding proportion of itsgd ab. 1).
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Table 1 — Distribution of farms and land area im¥® through meadows and grazing

classes on the herbaceous UAA

Potential .
Farms UAA AL MGL M andatary MGL Potential UAA
MGL classes tot. share ; convertible
number credit

(ha) (%)
Minimum threshold 5% UAA at MG
without MGL 37.272 479.917 479.917 0 23.996 23.996
MGL < 5% UAA 60 1.256 1.216 40 63 23 24019 4%
MGL > 5% UAA 3.755 64.087 31.412 32.675 3.204
Total 41.088 545.260 512.545 32.715 27.263
Minimum threshold 10% UAA at MG
without MGL 37.272 479.917 479.917 0 47.992 47.992
MGL < 10% UAA 505 10.215 9.455 760 1.022 261 48253 9%
MGL > 10% UAA 3.310 55.127 23.173 31.954 5.513 '
Total 41.088 545.260 512.545 32.715 54.526
Minimum threshold 15% UAA at MG
without MGL 37.272 479.917 479.917 0 71.988 71.988

0,

MGL < 15% UAA 553 11.331 10.435 896 1.700 803 72791 13%
MGL > 15% UAA 3.262 54.012 22.193 31.818 8.102
Total 41.088 545.260 512.545 32.715 81.789

Note: AL arable land, MGL meadows and grazing land
Source: our elaboration on FADN data

This simple framework shows that the instrument flolor and trade has some
peculiarities that make it attractive in a potdntéggional introduction, in order to make it less
expensive and more acceptable to the transitiofaiwhing systems to a greater degree of

sustainability.

The purpose of our investigation is to distinguibb convenience of farmers to self-
produce MG or directly contact the allowance marléte analysis started substantially from
the definition of opportunity costs, in turn accted for by differences in performance of
individual cropping systems in line with what haseb seen in the previous section. Moreover,
in this case we take into account the transactistsc Therefore, the choice to allocate land will
be given as a function of the individual gross meg transaction costs and minimum

thresholds.
Ha =f(p,s.g9.KT,Tr)

where Ha are the hectares allocated to MG, wh@ and Tr are respectively the
transaction costs and the minimum threshold (floeor the first scenario, the computation of
Ha is quite simple because it is basically to rettiste the land uses in order to optimize the
presence of MG for each company based on individoahomic advantages. On this basis, the
farms differ in surplus of MG surface (> 5% UAADM those in deficit. The latter may decide

to convert part of its surface in MG if their oppaonity cost is less transaction costJ < KT),

otherwise find it profitable to address the markbares of MG (trade). On the other hand,
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farmes that have potential credit are those thae lzan area allocated to MG 5% higher, and
therefore may decide to "sell" on the market. lareenic terms, the implementation of the FT
will affect the final income on the basis of angdit/debts. The debt®EBT) are quantized by

a deficiency of land for the transaction costs yogt, while the creditsGREDIT) are given by
the surplus shore for unit transaction costs, ahated to the amount of effective debts, net of
farms that decide to self-produce. Analytically Hedance equation is then given by

Gl = Z v (p,g,5) + [Credity; — Debitygl ®

h,s

whereGl is the gross final incomé’(P. .5} are the returns for each farm urs} &nd
their relative share of landh). In the alternative scenario, the situation isimeasier because it
reduces to a reallocation only mandatory for fiimdeficit of MG, followed by adjustments of
gross income in purely on the returns unit. Ingbeond and third case in which the units arrive
at the floor of 10% and 15% the situation is cooaitd because in the presence of FT the
problem is not only primarily redistributive, butisa implies the need for a proper
reconfiguration of the scheme allocation of land big providing for the conversion, sometimes
full of UAA business. Even in this case the choxdgarmers to allocate land to MG can be
represented by (7), and they express the opinibrmvenience to self-produce or to buy
permits on the market. In our survey the farms veeygarate from those in deficit and surplus of
MG according to their mandatory share (floor), whihe convenience to convert the land uses
or buy (sell) permits was evaluated based on #resition costs.

In order to characterize the opportunity cost todpice intensive crops or meadows and
grazing in the presence of FT, and identify thenpof equalize between farms in effective debit
(ie non convenience to self-produce) and in credi, determined the land cumulative
distribution functions and then we compared forhbotises (Figures 4 and 5). Thus was

established a sort of "equalize pricg'éfci)12 given by the break-even point between the unitary
opportunity costs to choose one or the other systeiime case of farms that are in surplus and
deficit of MG. The significance of this break-eveoint is to identify the price at which it could
become profitable for farms in debit (credit) toylgell) permits of use in MG in the presence
of FT. According to this scheme the surface duecalble subject to exchange (trade) is the
difference between the obligation required (flaangd the requirements needed to satisfy by the
reallocation "intrafarm" because the opportunitgtde less than or equal to the equalize price.

This simple framework shows that the instrument flolor and trade has some
peculiarities that make it attractive in a potdntegional introduction, in order to make it less
expensive and more acceptable to the transitiofaiwhing systems to a greater degree of
sustainability.

12 Based on the results of this analysis, the equaliices are respectively of 490 € / ha in the c&$€l to 10% and 750 € / ha in
the case of 15%.
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The purpose of our investigation is to distinguibb convenience of farmers to self-
produce MG or directly contact the allowance marléte analysis started substantially from
the definition of opportunity costs, in turn acctedch for by differences in performance of
individual cropping systems in line with what haseb seen in the previous section. Moreover,
in this case we take into account the transactimtsc Therefore, the choice to allocate land will
be given as a function of the individual gross meg transaction costs and minimum
thresholds.

Ha = f(p,s,g.KT,Tr) (7)

where Ha are the hectares allocated to MG, whk@ and Tr are respectively the
transaction costs and the minimum threshold (floeor the first scenario, the computation of
Ha is quite simple because it is basically to rettiste the land uses in order to optimize the
presence of MG for each company based on individoahomic advantages. On this basis, the
farms differ in surplus of MG surface (> 5% UAADM those in deficit. The latter may decide
to convert part of its surface in MG if their oppority cost is less transaction cos®J < KT),
otherwise find it profitable to address the markkares of MG (trade). On the other hand,
farmes that have potential credit are those thee lza area allocated to MG 5% higher, and
therefore may decide to "sell" on the market. largenic terms, the implementation of the FT
will affect the final income on the basis of angdit/debts. The debt®EBT) are quantized by
a deficiency of land for the transaction costs yogt, while the creditsGREDIT) are given by
the surplus shore for unit transaction costs, ahated to the amount of effective debts, net of
farms that decide to self-produce. Analytically Heance equation is then given by

Gl = Z v (p,g,5) + [Credity; — Debitygl ®

h,s

whereGl is the gross final incomé!(», g,8) are the returns for each farm urs} &nd
their relative share of landh). In the alternative scenario, the situation isimaasier because it
reduces to a reallocation only mandatory for firmseficit of MG, followed by adjustments of
gross income in purely on the returns unit. IndBeond and third case in which the units arrive
at the floor of 10% and 15% the situation is cocaikd because in the presence of FT the
problem is not only primarily redistributive, butisa implies the need for a proper
reconfiguration of the scheme allocation of land bg providing for the conversion, sometimes
full of UAA business. Even in this case the choatearmers to allocate land to MG can be
represented by (7), and they express the opiniéreomvenience to self-produce or to buy
permits on the market. In our survey the farms veeparate from those in deficit and surplus of
MG according to their mandatory share (floor), whihe convenience to convert the land uses
or buy (sell) permits was evaluated based on #resition costs.

In order to characterize the opportunity cost todpice intensive crops or meadows and
grazing in the presence of FT, and identify thexpof equalize between farms in effective debit
(ie non convenience to self-produce) and in credi, determined the land cumulative
distribution functions and then we compared forhboases (Figures 4 and 5). Thus was
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established a sort of "equalize pricg'é-'ﬁ()13 given by the break-even point between the unitary
opportunity costs to choose one or the other systeiime case of farms that are in surplus and
deficit of MG. The significance of this break-evewint is to identify the price at which it could
become profitable for farms in debit (credit) toylgell) permits of use in MG in the presence
of FT. According to this scheme the surface duecalble subject to exchange (trade) is the
difference between the obligation required (flaangd the requirements needed to satisfy by the
reallocation "intrafarm" because the opportunitgtds less than or equal to the equalize price.

Figure 4 — Relation between unitary opportunitytc40C) and trade area in FT
mechanism in case of 10% UAA at MG
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13 Based on the results of this analysis, the equaliices are respectively of 490 € / ha in the ch$€T to 10% and 750 € / ha in
the case of 15%.
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Figure 5 — Relation between unitary opportunity tcidOC) and trade area in FT
mechanism in case of 15% UAA at MG
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With regard to effective credit surface, there rbaytwo situations. The first where the
opportunity cost is less than or equal to the égegrice, so should allocate all the farmland in
MG, while the second, when the price is higher tthenbreak-even opportunity cost, agrees to
sell only the MG surplus. Under the new farmlandfiguration derived from this reasoning,
we have determined the economic performance instefngross income by applying {8)At
the end of each processing (per scenario and peshibld), the amount of carbon sequestered
was computed, according to the coefficient explaiinethe previous paragraph.

Table 2 shows the main effects obtained from tredyars, separately for each scenario
and each share of the amounts in debit and intopédilG surface, with prospective economic
results achieved by implementing one or the othditigal mechanism. In particular, we
observe that in the case of FT changes in incomthéofarms in debit are practically negligible,
while the situation for those in credit could brisignificant improvements in achieving income
gains estimated between 8% and 15% respectivelyhirsecond and third case (10% and
15%). By comparison with the second scenario iswkn@s the possible losses are more

1 1n this case the relative amount of debt and tnwdre quantified according to the costs of tramsiand equalize price. More
specifically, the share of total debt is given onhet bases by the reallocation intrafarm:

Zy SURPLUS
Debt,, = (DEFICIT) F————
Z&' DEFICIT ; and from debt share that can be filled only bynpes market, because

X, SURPLUS

Debt,,. = [Tr — ( ri)] P,

q
reallocation is less profitable: Eﬂ DEFICIT . Similarly for the credit, their proportion
includes both those already available within thenteCTedit,, = (SURPLUS) KT ; and the potential credit determined by

the farmland not allocated to MG but could agrggecﬁtaw = (UAA — MG) Pﬂq.
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substantial, though limited and less than 10%. Boicome confirms that the introduction of
tradable permits based measures as floor and tnedbanism, are innovative tools designed to
emphasize the agricultural production of ES, buhatsame time guaranteeing the income of
farms in this way and seekingvih win' solution. The situation changes radically when we
consider the amount of ES provided (Tab. 3). Is tdse the differences between the net flow
of carbon are more pronounced. In fact, if theghodd of 5% to an improvement estimated at
8-9% in both scenarios, the possible increase ifac@ obligation involves considerable
differences that that favor the scenario mandatoryhe case of threshold to 10% of UAA, the
carbon sequestered attains almost 20%, comparédonly 7% of the FT mechanism (even
lower than the first level). The increase to 15%J&fA instead results in an improvement of up
to 30% for the second scenario, compared with 20%e first.
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Table 2 — Results on three scenario on baselioa;, #ind trade and mandatory

Basdline Floor and trade scenario Mandatory scenario
MGL Gross farm MGL  Gross farm Change inc. Percentage MGL Gross farm  Change inc.
Farms MGL . . . - Percentage change
Threshold number mandatory (ha) income ex-post  income base. change ex-post income base. (mill. baseline
share (ha) (mill. euro) (ha) (mill. euro)  (mill. euro) baseline (ha) (mill. euro) euro)
Earms in debt 5% 37.332 24.059 40 793 2.768 794 0,1 0,0% 24.059 770 24 -3,0%
10% 37.777 49.013 760 806 11.093 800 -6 -0,8% 49.013 759 -47 -5,9%
15% 37.826 73.687 896 807 34.897 786 -22 -2, 7% 73.687 736 72 -8,9%
Farms in credit 5% 3.755 3.204 32.675 65 32.675 65 1 1,0% 32.675 65 0 0,0%
10% 3.310 5.513 31.954 52 42.818 56 4 7.8% 31.954 52 0 0,0%
15% 3.262 8.102 31.818 51 47.580 58 7 14,7% 31.818 51 0 0,0%
Total 5% 41.088 27.263 32.715 858 35.442 859 1 0,1% 56.733 834 24 -2,8%
10% 41.088 54.526 32.715 858 53.911 856 -2 -0,2% 80.968 810 -47 -5,5%
15% 41.088 81.789 32.715 858 82.477 844 -14 -1,6% 105.506 786 72 -8,3%

Table 3 — Comparison of carbon net flow betweearfeind trade and mandatory scenario for each tbiesi UAA at MG

Floor and Trade Mandatory
Carbon flow Gross

Threshold ex-ante (000 Carbon flow Carbon net Perc. . Gross Carbon flow  Carbon net income/C.

tonn) ex-post flow change income/C. net ex-post flow Perc. change "\ fiow

(000 tonn) (000 tonn) flow (€/ tonn) (000 tonn) (000 tonn) (€/ tonn)

Farms in debt 5% -404 -400 4 1% 25 -371 33 8% -724
10% -411 -397 14 3% -438 -345 66 16% -723

15% -411 -365 46 11% -466 -312 99 24% -723

Farms in credit 5% -9 18 27 292% 23 -9 0 0% 0
10% -3 12 15 519% 274 -3 0 0% 0

15% -2 19 21 1022% 346 -2 0 0% 0

Total 5% -414 -382 31 8% 23 -381 33 8% -724
10% -414 -385 29 7% -73 -348 66 16% -723

15% -414 -346 68 16% -209 -315 99 24% -723
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5. CONCLUDING REMARKS

The ecosystems service provided from agricultueeckssified by the recent Millennium
Ecosystem Assessment, and depend in turn upon afvalpporting and regulating inputs to
production (e.g., soil fertility and pollinationhgriculture also receives ecosystem dis-services
that reduce productivity or increase productiontedglanaging agricultural in a way to provide
sufficient supporting and regulating ecosystem isesv and fewer dis-services will require
research multidisciplinary and collaborative (Zhahgl 2007). In this paper we focalized how
ecosystem services can be managing across a particrm of tradable permits, the floor and
trade mechanism, and we noted that this policynapee efficient and effective than policy
based on direct payments or direct mandatory. hticodarly we have explored a case study
oriented at comprehending the potential impacthatfarm level of introduction of floor and
trade mechanism in precise farming context. We fitad a more efficient mechanism is based
on tradable permits, because this mechanism proposen-win solution, observing both
interest of farmers and society. On the other side,largest provider of ecosystem service
(carbon sequestered) has achieved with mandatariianesm.

The overall results show that, even without payméfitst step), a certain percentage of
the farmers already adopt unknowingly the practiovese eco-efficient, providing certain
ecosystem service. The key question that remaitiseisassessment of proper transaction and
adoption costs (Stoorvogelt al, 2009). These costs may have a significant impacthe
interpretation of the results and we tried a pdeséizcounting (second step). In FT scenario,
farmers that attain low opportunity costs have ragemtive to producing ES because they can
sell the resulting permits on the market, whilerfars on which MG activity is expensive have
an incentive to maintain alternative and intensivepping systems and may prefer buying
permits for compensation. Hence, in principle, permarkets provide an incentive for
landowners to use their land in such a way thabsi-effective allocation of land-use types
emerges. In fact, because carbon can only be ecibaarbon of equivalent value is stored, the
ecological effectiveness of the instrument is eeduiThere are many potentialities from FT
system. In fact the supply of permits may come frprivate farmers but also from state
authorities and conservation groups in possesdidand. Ecological consultancies may also
buy land to dedicate providing ecosystem servicesooperate with other farmers (Wissel and
Watzold, 2010).

The starting point of the case study is the spalistribution of opportunity cost, the
ecosystem services measured with carbon sequesteiwtttion of different land uses and the
reference at FADN database. Obviously, in this epghn there are many weaknesses linked at
the uncertainty of effective quantity of carbonsestered (that depending strictly from various
site-specific parameters, which soil type and vati@t cover, cultivation practices exercised,
topography, history of land use, microclimate), da¢a accuracy, the price vector of output, the
different farmer’'s behavior, the livestock presenet.. However, this study is just a first
survey of the impact at farm level, which shows saetails of the proposed instrument of
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"floor and trade" that make it attractive also taly in order to make more acceptable the
transition of agricultural systems towards a greategree of sustainability. Certainly the
implications of the design application (threshodues, defined areas, aspects of redistribution,
the impact on business costs, etc..) has to bésdtuabre in depth. But it should be emphasized
that the FT mechanism has been proposed by anipagjan close to the farmers, very active in
seek solutions "win win" that achieve environmemgaals while assuring the income of farms
and simplify administrative procedures (CLA, 2009)other words, these proposals should not
be exclusive patrimony of environmental organizagiobut may also find acceptance in
agricultural sector (e.g. professional organizat)jpemphasizing the right size and convenience
of environmental policies. There are still manyexsp that need to be explored and which may
serve as evidence of start for further study, sekample the possibility to analyze in advance
the implications of these innovative mechanismsgoblic intervention. In Italy the current
availability of data from statistical sources (FADISTAT census and sample surveys) or from
administrative sources is such that many studigsatraady be made.
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