Executive Summary:

The aim of this project is to provide a methodobtagjiframework that will serve as the foundation for
the introduction of EU and national policies aimaidachieving sustainable use of pesticides in
European agriculture. This is accomplished throdigét, a detailed assessment of the external costs
of agricultural pesticide use on producers, consapad the environment, and second, the design of
a socially optimal tax and levy scheme aimed atéueiction of pesticide use to its socially optimal
level, and the study of probable effects.

The project has successfully fulfilled its aims, lkgmbining traditional and well-established
theoretical methodologies with the most recent adements in economic theory, building also upon
the biological and technical scientific work deymd over the last years on pesticide use. The
validity of the employed theoretical models and@otools was verified in case studies in sevetdl E
countries (Bulgaria, Cyprus, France, Greece, Nkthds (included in all case studies, however no in
the Annex, to derive comparable results), Portu§ateden, UK), to account for the diversity in
pesticide use among producers in different geogcaptiocations, farming practices and farmer
attitudes. At the same time, the effects of theetiped scheme and alternative policy tools on the
optimal pesticide use, as well as on economic Busgidity and social welfare were assessed.
Ultimately, policy recommendations, relative daliterature and tools are delivered that can be
further used by policy makers, researchers, anelstdders.

More specifically, the results of the analysis relgay the evaluation of the effects of pesticides o
farmers' productivity indicated that agriculturenbéted by the use of pesticides. Over the past
decades, increases in pesticides use enhanceds$apraductivity and resulted in production growth.
Nevertheless, production growth caused by pessoes decelerated due to significant impairments
in farmers' health, mainly due to inappropriatetipete use and lack of education. The results ef th
analysis regarding the environmental impact ofipielgs on the environment suggest that pesticide
environmental toxicity differs significantly amorgesticides and environmental toxicity does not
necessarily correlate with human health toxicitypesticides. Furthermore, the carrying capacity of
the aquatic environment significantly determines #mount of traceable pesticide residues. The
external cost of pesticides on consumers/resideats determined through choice experiments and
assessment of their willingness-to-pay for produeith various levels of pesticide residues.
Consumers' willingness-to-pay for products peragivdthout pesticides (organic) compared to
regular and integrated pest management indicatectresumers' premium for pesticide reduction is
not independent from the product's sensory ate#uvloreover, the results show that income is not
significant in explaining the premium for organiogucts, which implies that the demand for organic
products is likely to grow significantly within tHeU in the coming years.

The analysis of the effectiveness of different @roit instruments, such as taxes and levies, in
encouraging farmers to decrease their intensityegfticide applications highlighted the inherent
dilemma in pesticide taxation concerning the uspesgticides which is considered essential for some
crops or regions, and tax rates would have to bghigh to modulate pesticide use. This could resul
in a major reduction in farm income as depictedulgh the pesticide tax scenarios presented in this
study. The results of the study indicate that higkes or levies are required in order to achieve
considerable pesticide reduction targets. In aalditsocially optimal tax rates vary widely among
countries (e.g. 25 per cent for the UK and 76 part dor the Netherlands). Furthermore, taxes that
differen




Project Context and Objectives:

Summary description of project context and objecties

The project's two main scientific objectives arg¢ ® develop a consolidated methodological
framework comprised of detailed qualitative and rgitative analytical tools, in order to identify
external costs of pesticide use, and (ii) to preptsst and validate a system of taxes and levids a
studying the feasibility of such alternative redgaig systems.

By addressing these issues, the project fulfillegl following specific objectives in a measurable,
scientific way:

» To assess the impacts of pesticide use on yididiezfcy and productivity (WP1).

= To cast the impact of pesticide use on farm opesatnd residents (WP2).

= To estimate the environmental effects induced Isfigide use (WP3).

= To assess the impact of pesticide use on consu(ivwetg).

= To estimate the socially optimal level of pesticithe at the farm level (WP4).

= To design and study an effective tax and levy sehémt reduces the use of pesticides to a
socially optimal level from the point of view ofp@licy maker (WP5-6).

= To assess producers' willingness to adopt low gidstuse production methods (WP7).

= To assess the policy schemes for reducing thedoidoost of pesticide use (WP8).

WP1: External costs on agricultural productivity

The aim of this work package is to determine thedots of pesticide use on vyield, efficiency and
productivity. The first objective met in this wopackage is the construction of a complete and
thoroughly revised database, providing information various aspects and characteristics of
pesticides and their appropriate use. This databasebeen created with the collaboration of other
partners specializing in different directions aagiblicly available through the web-based todhef
projects Internet site.

The main goal achieved in WP1 is the developmentthef theoretical framework measuring
productivity, efficiency and shadow pricing in ord® produce agricultural policy implications
concerning producers, policy makers and researt¢bdey. Two models were constructed: The first
model focuses on the stochastic element of theugtamh process that traditional methods usually
neglect and led to mis-measurement of productauitgt efficiency indicators. Agricultural production
is a representative stochastic procedure, whichoifsidered non-stochastic, it could end up in
inefficiency and loss of resources. The developmehta dual farm model for productivity
measurement completes the theoretical framewoHindainto account the unique nature of farm
production.

WP2: External costs on farmers' health

The aim of this work package is to investigatedfiects of pesticide use on farm operators' heakh,
well as productivity differences among farmers. Thet objective of this work package is the
addition to the literature database of strandshereffects of pesticides on farmers' human cagitel




on the impacts of health effects on farmer's prodig. The findings came up from the literature
reviews have been combined with the findings frdra torresponding Tasks of WP1, providing
important insights about the mechanism that unueslithe relation among pesticides use, farmers'
health status and farms' productivity performamdethe same time, the partners of WP2 and WP1
have successfully cooperated and coordinated tHectton of all relevant literature on the
measurement of Total Factor Productivity in agtiend. The collected literature has been deeply
investigated and a detailed report was developetrarizing the applied methods that analyse the
economic role of pesticides in farm production. Beeond objective of the WP was the development
of a questionnaire and the undertaking of a sneallessurvey in selective regions in Greece, Buigari
and the Netherlands.

The main goal achieved in WP2 is the developméanadntegrated theoretical framework to analyse
the impact of pesticides use on farms' productigitywth taking into account the productivity effect
due to the deterioration of farmers' health. Speadlf, farmers' productivity growth has been
decomposed into several parts, capturing both ds#tipe and negative health effects of pesticides
use on farms' productivity levels. The theoretimaldel developed during this period was empirically
applied to the three case countries, i.e., GreBakyaria, and Netherlands. The quantitative results
from the econometric application provided a con®lgtture for the economic impact of pesticides
use on both farmers' health and productivity. Atiedy tables and graphs for all three case cowntrie
were constructed and a detailed report analyziegntlethods used and the empirical findings was
developed. Finally, based on the empirical resatis findings, a set of policy recommendations was
developed at the end of the project's period plioggsolicy measures for increasing the productivity
gains from pesticides use in farm production amticeng their associated health risks. The two WPs
(WP1 and WP2) are highly interrelated, thus worlt emodels have been combined to assess the final
outcome.

WP3: External costs on the environment

The aim of this work package is to investigatelihleage between changes in agricultural production
and environmental damage on surface waters, ugmagticide indicator of environmental damage. In
addition, the work package will address how codtadopting beneficial management practices,
resulting in reduced deterioration of surface wajaality, can be calculated using mathematical
modelling. The first objective of this work packageo evaluate the use of indicators for pestiide
surface water, as proxies for environmental damagseciated with pesticides use. The second
objective is the evaluation of the risk effect figtermining indicator targets associated with three
types of risk: for events, normal conditions anda@ntrations, that arise with the use of pesticides
agricultural production. The third objective is thstimation of the field level production costs of
alternative beneficial management practices to eahiindicator targets for levels of chemical
substances associated with agricultural practicesd in surface waters. The fourth objective is the
scaling up of estimated costs for field level bériaf management practices to a catchments
(regional) level and the final objective is the thasis of tasks into catchments scenarios for polic
and program analysis of agricultural pesticide bssed on the costs of beneficial management
practices and targets for environmental damageatalis for surface water.

WP4: External costs on consumers




The main objective of this work package is to examihe impact of pesticides reduction from a
consumer point of view. The work package integradebterature survey, which enables us to
undertake experimental markets according to oucs$ofhe four main questions of this WP were the
following:

= Do the consumers really ask for a pesticide redodt fruits and vegetables and how much
do they agree to pay for that?

= |f there is a request on pesticide reduction frammdonsumers, what is the best way to signal
the reduction? (via a public or a private cue?anainvolvement from the producers or the
retailers? via an association with other qualitguot directly bond with the environment?
etc.)

= Do the consumers valuate organic products?

= What is the efficient way to take into account twsumer WTP in order to improve the
European regulation of pesticides for fresh and@ssed agricultural products?

The main purpose of our experiments is to evaltieeelative influence of the reduction of pestcid

in the WTP, compared to the influence of otherilaites like taste, appearance, etc. In this tagk, w
particularly work on an experimental market protpechich enables us to measure how the quality
cues carry information on safety issues and defafidhe environment. The experimental design
permits testing of a number of hypotheses concgrttie performance of experimental markets as a
means of revealing consumer WTP (Willingness to) payd WTA (Willingness to accept). The
strategy analysis is chosen to reflect the natéiraformation collected in experimental markets and
the validation of the hypotheses defined.

WP5: Tax and Levy Schemes

The aim of this work package is to assess thermate the socially optimal pesticide use, while
taking into consideration the economic sustaingb#éind biodiversity loss aspects of the socially
optimal pesticide use level. The first objective tbfs work package is to assess the existing
theoretical and empirical literature on modelingremmic sustainability, valuing biodiversity, and
defining pesticides tax policy in the context ofoeemic growth and externalities. The second
objective is to evaluate the impacts of the tax Bewy scheme on farm-level decision making to
gauge the micro-foundations of the alternative mdevel solutions. The third objective is to
implement an empirical investigation of pesticidgex and levy schemes to assess the impacts on
agriculture and the environment.

WP6: Optimal Tax and Levy Policy

The aim of this work package is to develop agrigalt support policies and optimum tax and levy
schemes on pesticide use in farm production. Tisé dbjective of this work package is a Report on
Literature Review and a Detailed Database on Agyeedgricultural Control Inputs. The second
objective is a Dynamic Macroeconomic Model of Effee Pesticide Use and Effective Tax and Levy
System. The third objective is a Dynamic MacroeenitoModel on the Effects of Agricultural

Supports on the Effective Pesticide Use". The footijective is an Empirical Investigation of Policy
Effects on Optimal Pesticide Use with Emphasis ongructing an Effective Tax and Levy Scheme.




WP7: Incentives for pesticide substitution

The aim of this work package is to assess theliinsand potential benefits of producers adogtin
low-pesticide input systems through evaluatingreesof socio-economic factors affecting producers'
willingness to adopt low pesticide input productimethods in arable production and in horticulture
and permanent crops. The specific objectives are:

1. Develop an interdisciplinary framework identifyingconomic and social factors that
influence the adoption of organic farming and otlosy pesticide input systems among the
sectors that most likely use pesticides;

2. Assess the relative profitability of organic anddueed pesticide system management
compared to traditional methods and the impachdfiisg to a different, low pesticide input
production function for different farm types;

3. Develop a range of different scenario models fawyivg levels of relative profitability for
low pesticide input production. These models wéltbsted to different farm types;

4. ldentify the producers' response to profitabiligesarios through discussion groups with
producers of different types in the UK, Bulgarialdhe Netherlands.

WP8: Implementation policy recommendations

The aim of this work package is to draw from tliféecent points of analysis from the previous work
packages and to construct a wider framework. Hemcehis work package the main aim is to
summarize the results and to synthesize them umdepader perspective so as to generate a solid
policy framework that includes agricultural polioyeasures, consumer protection measures as well as
environmental policy measures.




Project Results

Description of the main S&T results/foregrounds

WP1: External costs on agricultural productivity

WP1 analyses pesticide productivity, efficiency,dashadow pricing for stochastic agricultural

production technologies. The main goal of this wqriickage is to examine the determinant
characteristics of agricultural productivity under stochastic setting and to provide worthy
agricultural policy recommendations based on theestaresults of theoretical and empirical

developments in this area. This is achieved with development of the theoretical framework
measuring productivity, efficiency and shadow priciin order to produce agricultural policy

implications concerning producers, policy makersd aesearchers today. Two models were
constructed: The first model focuses on the std@hadement of the production process that
traditional methods usually neglect and led to measurement of productivity and efficiency

indicators. Agricultural production is a represéint stochastic procedure, which if considered non-
stochastic, it could end up in inefficiency andslag resources. The development of a dual farm
model for productivity measurement completes treotétical framework, taking into account the
unique nature of farm production.

The theoretical models developed in this work pgekexamine the stochastic nature of agricultural
production and the level of mis-measurement ofigfficy, productivity, and shadow prices, which
occurs when considering the production processetadn-stochastic. These models show that, if the
effect of stochastic elements is not adequatelyndjsished and is considered to be part of theahctu
efficiency and productivity measures, the preseideeterogeneity across decision making units may
lead to inaccurate measurement of efficiency amdlysstivity. Such heterogeneity may arise from
many different sources, as for example, stochdatitors that are both beyond the decision maker's
control and not known at the time that basic préidnadecisions are made.

The stochastic element in the agricultural produrctprocess is one of the most typical of such
examples. In this work package we examine how tieertainty on pest infestation affects producers'
decisions and how this effect should be measuregjuadely. Individuals facing stochastic, but
favourable, production conditions may appear toelbeer more efficient or more productive than
individuals facing unfavourable stochastic produetconditions, even if both make the exact same
production decisions. This element has not beeentétto account by many contemporary methods,
considering the effect of uncertainty of pest itdéen as inefficient use of pesticide inputs.

A systematic approach is developed so as to incatpotechnically based heterogeneity into
productivity and efficiency analysis, with a spéamphasis on DEA models. We first develop a
specification of a production technology, which reéer to as event-specific, that recognizes paténti
sources of heterogeneity across the productionitonsl faced by producers, and then we specify a
productivity index for that technology and deconmgtisat productivity index into an efficiency index,

a technical-change index, and a heterogeneity @nteindex. A data envelopment analysis
representation of the event-specific technologth&n developed, and it is applied to our panel data
sets.




The empirical results reveal that in both intertenap and intratemporal productivity comparisons,
the heterogeneity or event index is an importamhmanent explaining productivity growth and
differences. Productivity and efficiency of pesligiuse should therefore be measured in a way that
incorporates the stochastic element of productimh @olicies should be proposed according to the
specific conditions that regions or individualsdatgnoring these differences would lead to padicie
that not only fail to support efficient pesticideey but even alter their optimal use by farmers atao
incorrectly characterised as inefficient.

The dual farm model for productivity measuremendigates the indirect role of pesticides on
reducing vyield variability, connecting the primahda dual representations of the production
technology. The model permits measurement of tisqi@e shadow price in farm production, which
in turn is used for the measurement of the totetiofaproductivity. The structure and implicatiorfs o
these models have been presented in a series girtfect's meetings. Thus, the partners of the
project have been supplied with important reswdtpuired for the completion of their tasks, but they
have also provided their feedback so as to sugmatextend the findings of this work package.

The tasks of this work package also include the iecap estimation of the theoretical models
developed and the measurement of the proposedsesuthe cases of Greece and the Netherlands.
Before the empirical application could take plaesfensive and specified data collection was
required. Specific requirements are met in theestdglata collection, covering various featurethef
production process along with the identifying fastased to distinguish the stochastic elements that
affect the behaviour of producers.

WP2: External costs on farmers' health

WP2 investigated the effects of pesticide use omn faperators' health, as well as on their
productivity performance. Extensive pesticide usagricultural activities has a two-way impact on
farm productivity. First, pesticides act as a corinal input protecting plants from harmful pests
and promoting farm production growth. Second, tha\y use of pesticides is extremely harmful for
farmers' health, and their inappropriate applicatitay cause serious health problems to farmers and
hence decrease the productivity levels and the etitiygeness of their production practices. The
identification of this trade-off between expansmiproduction due to the use of pesticides and the
fall of productivity due to the decrease of humapital has important policy implications and affect
farmers' decisions. The question raised is howuantfy these two effects so that the optimal use o
pesticides is obtained. WP2 addressed these idsyiedeveloping a consistent theoretical and
empirical framework to analyse the overall effeatgesticides on farms' productivity. The models
were implemented in three case studies, i.e., @reBuolgaria, and the Netherlands. The results
indicated that pesticides were in total benefitmalthe farm production in all case countries thatt
production growth caused by pesticides was dedelérfiom a significant impairment in farmers'
health. Policies directed to increase the prodifgtigains from pesticides' use must target at
decreasing the health risks rather than reduciagverall pesticides use.

During the first year of the project, a consistgoestionnaire was developed for the appropriate
collection of primary data regarding the effectspesticides use on farmers' production and health.
The questionnaire was first applied to Greek fasrmmd was then further sent to the Bulgarian
partners in order to carry out a similar primarggy in Bulgaria. After a continuous communication
with  UNWE partners, the questionnaire has been agoately adjusted according to the




particularities and the requirements of the Bulgarsurvey and it was delivered to the Bulgarian
farmers. The data obtained from the Bulgarian sutegether with the data from the Greek survey
were sufficiently elaborated, resulting in the depenent of analytical descriptive tables. Following

the suggestions of the project’'s partners, a girddéa set was also obtained for Netherlands. After

close communication with WU partners, the Dutctadst was drawn from LEI that was responsible
for collecting the Farm Accounting Database Netw@&DN) database.

The elaboration of the primary data indicated flaaters in all three case countries, i.e., Greece,
Bulgaria, and Netherlands, faced important heakbrders caused by the extensive use of pesticides.
Those disorders were much more intensive for Geegk Bulgarian farmers who applied pesticides
without following appropriately the safety guidedsr On the other hand, the associated health
problems were of a less importance in Dutch farmvigere farmers using fully protective equipment
applied pesticides. Next, a health impairment indeas constructed in order to quantify the
magnitude of the effects of pesticides on farmeealth. The empirical application of the constrdcte
health impairment index in the three case countgsse deeper insights as far as the scale of those
health effects and further confirmed the initialdings came up from the elaboration of the primary
data.

Furthermore, the empirical results of WP2 sugge#tat agriculture in all three case countries, i.e.

Greece, Bulgaria, and Netherlands, has been bedéfitoverall by the use of pesticides over the pas
decade. Increases in pesticides use enhanced fapneductivity and resulted in production growth.

Nevertheless, the production growth caused by q@des was decelerated from a significant

impairment in farmers' health. Hence, policies did to reduce the health effects of pesticidest mus
target at decreasing the health risks of pestidigber than reducing the overall pesticides use.

In particular, the results from the Greek survagidated that pesticides' use accounted for 10.22 pe
cent of the total productivity growth mainly due itoprovements in farmer's health status over the
years. The indirect effect (through health impa&nt) was found to be 0.113 accounting for the 9.65
per cent of total productivity growth, whereas pesticides using technological change effects were
also significant, 7.25 per cent. Given that faemwkibit decreasing returns to scale, the increése o
pesticide use did not contribute to productivitypnovements. On contrary, the increase in pesticide
use by farmers accounted for the 6.68 per centanfyetivity slowdown during the 2003-07 period.

In the Bulgarian survey, the use of pesticides fwagad to affect positively farmers' TFP growth for
the 2003-2007 period, contributing 13.18 per cerit.tin particular, the 16.87 per cent of thatwilo
was caused by the direct scale effect of pesticidbde the deteriorations in farmers' health doe t
pesticides use (indirect scale effect) account®60 per cent reductions in TFP growth. Finalg t
pesticides using technical change (Biased TC) Uinedrthe production was estimated to contribute
also significantly (9.81 per cent) to TFP growth.

Pesticides use in Dutch crop production was founédcount for the 14.11 per cent of the TFP
growth. In particular, the 6.57 per cent of thabvgth was caused by the direct scale effect of
pesticides, while the deteriorations in farmerslthe due to pesticides use (indirect scale effect)
account only for a small reduction in TFP growthl(® per cent). Finally, the pesticides using
technical change effect (Biased TC) was estimatetbhtribute significantly (9.64 per cent) to TFP
growth.

The above mentioned findings imply that safe appilbim of pesticides, education directed to the
appropriate pesticides use, and information prowmisabout the hazards of pesticides' chemical




elements along with the associated protection nasticould reduce or even eliminate the scale of the
pesticides' health effects on production. Moreodemonstration and training of advanced pesticides
technologies could accelerate the mechanizaticggatulture and enhance production with various
ways (reducing health effect by preventing farntersome in contact or breathe dangerous chemical
elements).

WP3: External costs on the environment

The methodology developed in Work Package 3 has apglied to a policy, which consists of a 20%
value-added flat tax on all plant protection praduand a 20% differentiated tax on a limited numbe
of products. The second type of tax is a differdet] tax with plant protection products classedna

of two bands, one taxed and the other not taxesedan their intrinsic toxicity. The taxed band
includes only those plant protection products, Whiontain pyrethroids as an active ingredient. The
environmental effects and economic effects of thpesieies are estimated for a small catchment area
(E21) in Southern Sweden and for a larger regiastegfgotiand).

The environmental effects are estimated as thegeham PTI measured as the deviation from a
baseline scenario in the small catchment study. &viade it was not possible to scale these effapts

in the regional study some conclusions about tfecef were derived based on the small catchment
study. The economic costs are estimated as theyeharihe total costs of pesticide used and revenue
losses due to increased pest risk exposure imtlaét satchment and changes based on IO analysis in
the region.

The estimated price elasticities of demand foripielsts used in the study are -0.39 for insectigides
0.52 for fungicides and -0.93 for herbicides. Thedpction response to the two types of tax policies
is different. In the differentiated tax scenariotax increasing the price of pyrethroids by 20%
decreases the demand for pyrethroids by 7.8%. tebdition of these reductions depends on how
farmers adjust to the new economic conditions ireddsy the tax. In the study farmers adjust to the
tax by substituting other insecticides for prodwiataining pyrethroids and by increasing produrctio
of crops that are less intensive in the use ofi@des containing pyrethroids at the expense gpgro
that are more intensive in the use of pyrethrditteder the first adjustment, it is assumed thatettier

a limited possibility for substituting pyrethroigsth other less toxic (and not taxed) insecticiddse
second adjustment is made by recalculating the #liodated to specific crops in the catchment. In
the flat tax scenario, a 20% tax on pesticidesomyy decreases the demand of insecticides by 7.8%
but also the demand of herbicides by 18.6% anddhfaingicides by 10.4%. A flat tax does not alter
the relative price of pesticides and therefore ghisr no substitution between products or land
reallocation to take into account.

The production adjustments from an environmental da plant protection products that contain
pyrethroids described above reduce the simulatéd/&llie from 434 before the tax to 405 after the
tax. This represents a reduction in the environaietgk of pesticide use by 6.6%. The flat tax d4n a
plant protection products reduces PTI from the lpasd 34 to 396.6 after the tax. This represents an
additional 2.2 % beyond the level of reduction agkd with the differentiated tax. However, the
change in associated costs imposed on agricultunalich greater.

The increase in costs for farmers when a tax i®dhiced includes a direct cost following increased
input costs and indirect costs, which are refledtedevenue losses. After accounting for demand
changes when farmers input costs after the taxaloelated and environmental tax on pyrethroids is




introduced, this increases direct costs by ab@it%. This corresponds to a change in pesticidetinpu
costs of around 84 for the whole study area. Ondtier hand, input costs when a flat tax is
introduced are increased by 8.4%, which corresptmds increase of EUR 3.386 for the study area.

The increase in input costs lowers the use of gmypection products and this leads to lower crop
yields resulting in revenue losses. In additioe, isallocation of land use to specific crops assalt

of taxes also lowers revenues. For the differesdiaax scenario revenue losses are calculated using
farm trials where crop yield losses when no pyty were applied were estimated. The revenue
losses were estimated to be between EUR 2.885 Hi1 5769 for the entire catchment. The total
costs of introducing an environmental tax for farsne the study area is therefore something between
EUR 2.963 and EUR 5.857, which reduces the envisonah risk of pesticide use by 6.6%. On
average the costs of reducing environmental imgactsne unit of PTI is estimated to be in the range
of EUR 102 to EUR 203.

No reliable field trials were available to estimatep yield losses when herbicides or fungicides ar
not used. Although crop yield losses for potatedsgat and barley when no pesticides are used are
available for Northern Europe approximate yieldsesswhen no pesticides are used with data from
ecological production. This is because data onogoodl production was available which provided
crop yield estimation for almost all crops includadhe study. This data was adjusted for the regio
of the study and when compared with the availabta dn crop production without pesticides, turned
out to be a fairly good approximation. Under tresuamption that the yield losses are the ones
comparable to those for ecological production thenue losses for the study area are estimatesl to b
EUR 63.791. The total costs associated with a 2@%tdx on all pesticides is EUR 67.177 and the
environmental benefit was a decrease in the PTI8I8%. On average the costs of reducing
environmental impacts by one unit of PTI is estidato be EUR 1.792. Since revenue losses are
estimated with a different method than in the défgiated tax scenario these costs are not really
comparable to the costs of a differentiated tax.nTake this comparison, approximate crop yield
losses when no pyrethroids are used in the diffietexl tax scenario are equated with ecological
production. In this case the revenues losses &éireated to be EUR 8.034 and the total costs ane the
EUR 8.118. Thus on average the cost of reducingr@mwental impacts by one unit of PTI is
estimated to be EUR 282, which is considerable thas the EUR 1.792 per unit of PTI from
imposing a flat tax.

The regional study takes as a starting point agdismated Swedish input-output (10) table which
explicitly models commodities of the agriculturactor. The national 10 table was obtained from
Statistics Sweden and refers to the year 2005. Stvedjriculture was divided into the commodities
milk, cattle, pig, poultry and egg, sheep, mixaeditock, cereals, other crops and forage. To enable
such a detailed analysis a method for disaggregétie single agricultural account in the Swedish 10
table was developed and applied. To do this thetéhgand outputs of all production lines identifiad

the study were disaggregated. Farm accounting fdat&weden together with sector-specific data
from Statistics Sweden and Agriwise were used terdene the purchases and sales of different farm
types. Within the framework of the IO table diffetdarm types were allowed to produce more than
one output to take the normal heterogeneity of faroduction into consideration.

Based on the scenarios from the two tax schemesiled in the previous section and the regional
and disaggregated 10 model for Ostergétland the@oy-wide impacts were estimated. The mixed
model approach was used where changes in reveduedpo the tax are designated as exogenous
changes in the values of production in the regianfacilitate this analysis the disaggregated tesul
from the scenarios to commodity groups availablethia disaggregated 10 model need to be

10




aggregated. All the cereals are grouped togethertire commodity "cereals" and other crops are
collected in the commodity "other crops”. The ches@n revenues must then be related to actual
production values in the entire region for thesencmdities to determine the actual value of the
"shock". Once this is done the change in regionadlyction of these two commodities together with

their respective output and employment multiplieas be used to determine the impact throughout
the regional economy. Finally, these results deas®ag to determine what sectors are the most
affected from this impact.

The adjustment in revenues from flat tax scenariabiout 10% larger than for the differentiated tax
scenario and this is reflected in the impact thhmug the economy. The total impact from applying
the flat tax is a reduction in regional output afJfE 8.45 million and would result in a reduction of
109 persons employed in sectors throughout themedlost of this is felt within the cereal and athe
crops sectors directly but some indirect and indueffects are felt in other sectors. With the
differentiated tax the direct effect is much moreited and hence the total effect throughout the
regional economy is limited to EUR 0.756 millionnl§ 10 persons are affected due to reductions in
regional employment, nine of these in the cereadsaher crop sectors.

Besides the impact in the region, there will alsossbme impacts leaking out in the form of reduced
imports from other regions in the nation and frdmnoad. Based on import shares for the agricultural
sector nationally and the additional imports deddcin the regionalization process the impact on
different imported commodities were calculated. #ar flat tax scenario the total impact is expected
to be a reduction in EUR 2.97 million whereas ire ttifferentiated tax scenario the reduction
estimated to be EUR 0.259 million. In both casé& tommodities affected are the food and
beverages sector, the wholesale and commissioa &rad the chemicals sector (with fertilizers and
pesticides). Furthermore, machinery and equipmenivell as fuels are affected by reductions in
imports. If the effect of the flat tax scenariadisaggregated to investigate which sectors aretafie
one it can be seen that besides the two arableuttgrial sectors the impact is most felt withintees
with strong linkages to agriculture. It is evidéinat the impact is still small in these sectordwainly
four sectors experiencing an impact above EUR Ordill&n.

These studies have shown that it is possible tonatt ex ante the environmental and economic
effects of a proposed tax policy using the methoglpldeveloped within the TEAMPEST project.
The study has also demonstrated that targeting diygua differentiated tax on the most toxic
substances can have a very large beneficial effethie environment at a lower cost to producens tha
a flat tax on all pesticides.

WP4: External costs on consumers

The objective of this work package is to examireedemand of pesticides reduction from a consumer
point of view. Over the last two decades, an ecanditerature on pesticide risk valuation has
emerged. The WTP estimates available in this liseeatypically refer to the negative effects on
human health, and the damage to environmental egysystems. A great part of the food safety
literature centres on the evaluation of human hedks associated with the preference of pesticide
residues in food, typically using stated prefersnagproaches. In order to find the most appropriate
method for estimating the factors that affect WP reduced pesticides use (both for food safety
reasons and for altruistic behaviours), this tagkimvolve a comparison of the different approashe
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used to estimate WTP. This task leads up to a rgmoconsumers' perceptions on health risks derived
from pesticide use and on the attachment for thge@ of the environment.

We highlight that the use of pesticides and chelsiicaagriculture may affect consumer behaviour in
several ways. First, pesticides may result in smil groundwater contamination, which may
adversely affect the quality of aquatic and terraisecosystems. If consumers become more aware of
these problems, changes may be recorded in consbeteviour because of food safety or
environmental ("sustainability") considerations,bmth. Nowadays, the individual consumer faces a
trade-off between the utility derived from tastesd acharacteristics of a product, the utility of
behaving "green" and the utility of healthy dieting

Consumers' willingness to pay (WTP) for reduced ofspesticides in the production of fresh and
processed foods is measured. In addition, this ywadkage analyses the efficient way to disseminate
the information on pesticides reduction to consunflerands, signals of quality, different labels. et

To make this work, we set up experimental marketfour E.U. countries (France, Greece, the
Netherlands, Portugal) using the standard procedioeassess the willingness to pay (WTP) of
consumers for various types of certification redate the use of pesticides. The product we chose fo
our experiments was apples (and apple juice), wisithe most widely produced fruit in the E.U. and
also the most widely consumed in the countries &ected. Of its characteristics we chose (i) the
sensory aspect (taste, aspect, grade, etc.) aritigilabelling of products at three different lsvef
pesticide reduction: a standard level correspontbngompliance with the regulations, total absence
of pesticides of chemical origin (correspondingptganic certification) and an intermediate level of
pesticide reduction of the order of 50%. This Ipessibility corresponds to a public or private
certification of "Integrated Pest Management" (IPd¥tem or a geographical indication including an
equivalent reduction in pesticides in the produt8ohedule, using a Protecting Designation of @rigi
(PDO) available in each country. The experimenktptace first in France and Portugal and then
gaining experience and feedback from the other V@Psece and the Netherlands followed. Greece's
results have included additional estimates tomtistish further consumer behaviour.

The main purpose of our experiments is to evaltieeelative influence of the reduction of pestcid

in the WTP, compared to the influence of otheritates like taste, appearance, etc. These main
attributes are "intrinsic" attributes, related e physical characteristics of the products. Howewe

the food area, there are a lot of "extrinsic" cughijch are searchable and closely related to the
marketing and differentiation strategies of theduwers. Moreover, these cues are often linked to a
commitment in pesticide reduction. Otherwise, Wil known that the information carried out by the
labels could contribute to the comprehensivenessaacuracy of consumer's evaluation of search,
experience and credence attributes. In the caseedénce attributes, extrinsic cues have an impbrta
role to inform the consumers who can believe orgivedence to the signals without being able
directly to test the credence quality itself. Evieoonsumers are generally unable to measure gualit
attributes such as the impact of production prast@n environment, they may make inferences about
these attributes from extrinsic quality indicat@sd cues as brand names. In this task, we will
particularly work on an experimental market protpaghich will enable us to measure how the
quality cues carry information on safety issues @gfénce of the environment.

The experimental design permits testing of a nunaberypotheses concerning the performance of
experimental markets as a means of revealing comsWTP (Willingness to pay) and WTA
(Willingness to accept). The raw data generateekperimental markets is a bid for each participant
in each market repetition. In this task, statistemad econometric procedures were used to analyse
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WTP and WTA data. The strategy analysis is chogarftect the nature of information collected in
experimental markets and the validation of the tiypses defined.

We obtain a relatively homogeneous behavior of pean consumers. In all four countries, there is a
significant premium for apples produced with redlgeesticide use. Premiums are statistically
significant. Moreover, the absolute premium for trganic apple compared to all other apples is
always significant (in average more than 70% higthem the regular's price). There is also a
significant absolute premium for IPM apples comparm® regular apples. This premium is
significantly less than the premium for organic laggmore than 40% higher than the regular's price)
However, the premium is significantly increased whpesticide-use reduction is associated with
origin (using PDO certification). The impact of sery characteristics on WTP is always highly
significant (whatever the country or apple varietfpwever, this feature has a weaker effect than
information on pesticide reduction. In all four ottes, more information about pesticides reduction
has a very significant impact on the WTP for thgamic apple.

With this estimation, purchasing behavior and miaskere can be forecast for the various types of
certification. We then show how it can be in thieiast of the public authorities (European regofati

on pesticide reduction) to anticipate changes m phices of food products in the final market.
Although some pricing (such as that observed iraoig farming) is much too high to allow real
environmental effectiveness, it is paradoxical ¢é& $hat some European consumers show a real
interest in this type of food (today, organic produare no longer the preserve of a class of sporad
purchasers) and that on the other hand, the ppcssiced are out of proportion to the WTP of
consumers, even though this is high.

Consequently, for the markedly high levels of cansts' WTP in favor of organic products are not
sufficient to deduce that efforts should be dirdctelely to this mode of production. We show how
the intermediate solution of subsidizing "Integdaproduction™ can be just as effective in orienting
consumption towards more environmentally friendigducts. Moreover the potential price increases
of conventional products would not necessarilyycavith it a drastic reduction in consumer surplus,
which would allow the proposed subsidies to be camspted, to balance the overall budget of the
policy. Finally, we show how the price levels sdeday in the E.U. do not appear to us to be
effective from the point of view of the social optim and orientation of consumers' buying behavior
in favor of more environmentally friendly productevhile the prices of organic products are
considerably too high for the financial means afstamers (explaining the niche markets for this type
of product that are seen throughout Europe), tiee pevels of conventional products could be raised
without penalizing consumers too much in the prec$us, the taxation of pesticides does not
appear to pose major problems if it is transfemgmblly or partially on to the price of the product.
This taxation would have the advantage of allowthngsubsidizing of more environmentally friendly
practices, particularly IPM procedures. The lattentification could thus become a new reference for
consumers. Finally, we survey the budgetary cogiublic policies and consider that the deficit from
subsidizing good farming practice should be limibedeven compensated by taxing of products using
pesticides.

For the socio economic impact of our research, xygaé why consumer awareness of food safety
and social preferences for improving the environesustainability of agriculture have led to the

design and application of new policy instrumentshsas eco-labelling of fresh produce. However, the
availability of detailed and disaggregated monetsimates of individuals' WTP for pesticide risk

seem to be crucial to implement such policies sgfadly. Indeed, WTP information provides a basis
for price differentiation according to the type as®lerity of pesticides risks involved in produntio
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Moreover, environmental voluntary agreements (VBefveen regulators and polluters are becoming
an increasingly relevant environmental policy insient, thanks to their flexibility and consensual
character. These agreements can assume a widgy\adrferms and aims. Efficiency conditions and
effectiveness in their use depend crucially onagheironmental WTP (producers adhere more easily
to the VAs if the WTP is high).

We show how European consumers may have relativéfprm expectations vis-a-vis the reduction
of pesticides in the fruit and vegetable sector.ewWlkhis reduction is publicly certified, consumers'
willingness to pay increases as a function of #neell of reduction. Organic farming is clearly
approved of in all the countries and very oftenlbdesm a doubling of the consumers' WTP. The
average premium (difference of WTP between organit conventional products) is about 96% in
Portugal, 72% in France and 68% in Greece. Thesaltseare confirmed in experiments in
Netherlands. However, in this country, organic picithn seems to be less valued by the consumers.
The average premium for conventional organic dediion is only around 11% and 22% for the
certification "Organic plus".

Moreover, we show how certifications, which do mptarantee a drastic reduction of pesticides
(namely certifications with "Integrated Pest Mamaget'-IPM- system), do not yield to such
significant results. However, there is a significabsolute premium for IPM compared to regular
products. This premium is less than the premiumofganic apples (but in average more than 40%
higher than the regular's apple) and increased#is@gmily when pesticide-use reduction is assodate
with origin (using PDO certification). Note thatetimpact of sensory characteristics on WTP is
always highly significant. However, the influencé sensory characteristics does not change the
hierarchy of prices when consumers are informegesticide reduction. The last qualitative result is
on more information about pesticides reductioapipears that informing participants on pesticide-us
reduction has a significant impact on the WTP itiés a significant decrease of the WTP for the
regular products (safety information can have bptsitive and negative effects). Thus, more
information leads to a change in the referencetpdithe consumers.

In all European countries, more information abocestigides reduction has a very significant impact
on the WTP for the organic products. For the IPktsgy, improving information about pesticides
reduction has no significant impact on the WTP. ideer, information about pesticides' reduction has
a significant negative impact on regular produttsleed, while the labels may convey positive
messages to consumers about the production camglitibey may simultaneously stigmatize the
conventionally produced products by highlightinggaéved problems related to pesticide residues.
The net economic result for producers can be negaince consumers may decrease their WTP for
conventional products that dominate the market. él@s, the assessment of environmental friendly
consumption is improved, without excessively peiiadj the consumer surplus.

Using a multicriteria approach in the area of puld@conomics, we highlight the following policy
recommendations:

i.  Strengthen communication to consumers about tleetefdf producers in reducing pesticide
(Information policy through the use of labels mayeet producers' decision to reduce
pesticide use).

ii.  Develop public qualifications related to IPM (Despiheir efficiency, these logos are really
not very present in EU).
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iii. Imagine public regulation in order to change thioraf prices and to redefine the market
benchmark (Subsidizing organic farming could helgeg the high WTP of many consumers
for organic products, taxing pesticides but sulzggj [PM).

iv. Do not be limited to the use of a single regulattogl. Relying on interactions between
policy tools (tax, subsidy and information) would &n efficient way to reduce pesticide use
at a low cost for the public budget.

With the results that we have obtained with theeeixpental market during the TEAMPEST project,
we can confirm that it is possible to assess ttegradtives for having consumers contribute in fasfor
improvement to environmental practices. We havepanticular shown that the certification and
labeling of products with these types of charasti&is are necessary to have consumers make their
choice. However, improving public information inighdomain would favor the catalyzing role of
responsible social behavior. The estimation of Wilitough experimental procedures) is fairly
convincing, especially since consumers' behavioosacthe European territory is seen to be highly
homogenous.

WP5: Tax and Levy Schemes

An interpretive review of the literature in suppoftthe work package on "Economic Sustainability,
Biodiversity Loss and Socially Optimal PesticideelUbas been undertaken. Particular attention was
focused on the interaction between production dswss and biodiversity loss, reduction of
environmental quality and impacts of agriculturatl@nvironmental policy on pesticides use. Based
on an overview of existing systems for regulatiegtiride use, a dynamic model of socially optimal
pesticide use was developed to reveal the impagesficides' biodiversity externalities on output
realization and input use. The same modeling frabnkwvas used to assess the effectiveness of
different tax and levy schemes in reducing pesticidage and externalities. Pesticide contribution o
biodiversity was found to impact farm output sigrahtly. Pesticide taxes as a single instrument can
be characterized as ineffective due the fact thay tyield small decreases in pesticide use and
environmental impacts. Pesticides taxes have negafifects on income, which can be reduced
though by returning the revenues to farmers as lsump payments. Also, negative consequences on
income can be reduced by investing the tax revemudke development of more environmental
friendly products or more productive pesticideswidwger, no single tax or levy instrument can lead to
a substantial reduction of pesticide use.

The main S&T results/foregrounds are:

= Over 220 scientific publications and reports rewaewand several organizational directions
were undertaken. Each publication was reviewedgalbset of common criteria: a) abstract,
b) setting, ¢) modeling framework, d) data, e) agpions, and f) results and policy
implications. The review has been developed adioge major themes: a) Economic growth
and the environment, b) pesticides and biodiveraitg c) pesticide policies with a view
toward identifying the important results, gaps, ta@ping results and policy implications.

= A dynamic organization of the literature in a wedsbd map took place. The user can scan
through the outline to obtain a brief descriptidreach theme and sub-theme, and follow the
branches to view the relevant literature in term#he six common criteria identified above.
The final component of this work is a spreadshkat brganizes the literature along these
same criteria than can provide a means for ragiedyching for keywords.
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= A dynamic model of socially optimal pesticide usestbeen developed based on findings
from the interpretive literature review.

= Concerning the data available for this work, FADBtad on the use of inputs, supply of
outputs, detailed data on pesticide use at the kavei and impact points of pesticides on the
environment have been acquired by LEI. The enviemad impact points of the different
pesticides have been connected to the detailettidestiata at the farm level.

= The compilation of the data set on FADN and pedtisidata that was started in the first
reporting period has been completed (task 5.4).

= A number of tax and levy systems have been desjgasgkting different types of pesticides
and environmental impacts. The tax and levy schdraes been reported in D5.2. (task 5.2).

= The conceptual dynamic model of decisions on pdsticuse, output supply and use of other
inputs (developed in task 5.3 in the previous répgrperiod) has been estimated using
FADN data of the Netherlands. The results have laeeatysed and reported in D5.3 and 5.4
(task 5.4).

= A simulation model was developed in GAMS, basedrmresults of the estimation of the
empirical model for the Netherlands. The simulatioodel is used for simulating the impacts
of different pesticides tax and levy schemes omputusupply, input demand, pesticides use
and environmental impacts. The results of the satiaris have been reported in D5.4 (task
5.4).

= A dataset including farm level data for Dutch casbp producers was constructed for the
needs of WP2.

= Coordination with WP6 took place. More specificallthe results of the econometric
estimation of the dynamic model in 5.3 were comroatdd with WP6 in their effort to use
robust parameter estimates for biodiversity inrtsgnulation process. Simulation results at
the farm level for the Netherlands in 5.4 were alszussed with WP6 partners to identify
common grounds with their simulation results atadbentry level.

= Coordination with WP8 took place in order to astli@m in applying the simulation model
used in The Netherlands to Bulgaria and Portugal.

WP6: Optimal Tax and Levy Policy

The use of pesticides in modern agriculture habawitt a doubt aided worldwide farmer productivity.

However, extensive use of chemical plant protectiopzducts has resulted in numerous side effects
causing harm to both the environment, and the hesltfarmers and consumers. To prevent this,
measures and policy tools are implemented througth@uEuropean Union so that the use of these
products is brought down to a sustainable levelivBable 6.1 provides a detailed presentation of
such measures and policies implemented both atianabhand at a EU level and, in addition, it

discusses economic incentive schemes (taxes/lsutesiflies etc.) implemented inside and outside the
European Union toward the sustainable use of glestection products. Deliverable 6.2 focuses on
the development of a realistic and effective tad vy scheme that reduces the use of pesticidas to

socially optimal level from the point of view ofglicy maker, who takes into account the negative
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effects of pesticide use on consumers, farmers, thadenvironment and the positive effects of
pesticide control inputs to the agricultural praitue. This work has led to the creation of a forayul
which allows for the estimation of an optimal tater, on the price of pesticides, while taking into
consideration all the externalities associated wit&ir use. Deliverable 6.3 extends the previous
model by providing a lower bound or threshold belsiich any proposed tax should not fall. This is
done because of the fact that an additional exigrnavhich arises due to biodiversity loss, must b
reckoned with. Lastly, Deliverable 6.4 presentsdimeulation estimations for the optimal tax rates o
the price of pesticides using data for Cyprus,Uhged Kingdom and the Netherlands.

The collection of detailed data on pesticide usd #reir environmental impacts across the EU
member states should be encouraged. Such data madjeepolicy makers to introduce socially
optimal pesticide tax and levy schemes in ordéat@le the problem of pesticide externalities. Ehes
schemes can alter pesticide decisions at the farel such that negative externalities of pesticates
reduced. Pesticides are overused in Dutch arabie jgroduction while pesticides' contribution to
biodiversity is found to impact farm output sigoéntly.

Pesticide taxes as a single instrument can be alieazed as ineffective due the fact that theydyiel
small decreases in pesticide use and environmenfacts. Pesticide tax schemes that put higher
penalties on high toxicity (HT) than low toxicity-T) pesticides do not result in a substitution
between the two. This implies that HT pesticides iarportant to farmers and that there is a lack of
effective LT alternatives. Pesticides taxes hasgative effects on income, which can be reduced
though by returning the revenues to farmers as lsump payments. Also, negative consequences on
income can be reduced by a levy system that inwbstsax revenues in the development of more
environmental friendly products or more productipesticides. However, no single tax or levy
instrument can lead to a substantial reductiorestipide use.

In general, Deliverable 6.3 analyzed the problera okgative externality that arises in the condéxt

a dynamic model that can be viewed as an extenarah as complementary to the dynamic
macroeconomic model developed in Deliverable 6% mature of this externality is measured as a
percentage of lost output that can arise due ttguds resistance that results in a suboptimal tplan
pest mix with adverse consequences on environmguogity and overall ecosystem value. The main
modeling tool adopted here is the Bellman equattian characterizes the optimal control problem at
hand. We assign values at two different ecosysteanagement choices: one where the dynamic
externality of pesticide resistance is ignored and where it is internalized (it is fully taken ant
account). The difference in the two valuation fimts$ gives us the measure of the cost that arises d
to this externality.

More specifically, Deliverable 6.1 measures andgydbols aiming to control excessive pesticide use
can be classified into those which target the fayrtlee consumer, the environment, and overall
reduction of pesticide use. A wide array of suclasuees is implemented in EU Member-Countries.
In addition, economic instruments and incentiveshsas tax/levy/fee systems are used throughout the
EU for the same purpose. Deliverable 6.1 reportthese topics with focus on the EU. Additionally,
aggregate data on the use of pesticides in Cy@ulgaria and the UK have been collected from
various sources.

Deliverable 6.2 resulted in the development of ggregate economy model, which embodies the
negative effects of pesticide use on the consunmbes,producers, and the environment. On the
production side, pesticide use has a negative tefflecfarmers' productivity through the negative

effects of pesticide use on farmers' health. To dkient that farmers underestimate these health
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effects of pesticide use, a negative externalitinisoduced in the production side. As a resulg th
decentralized choice of pesticide use is greatan its socially optimum level. On the consumption
side we assumed that consumers care about theygoflhe agricultural good consumed, and the
quality of the environment, both of which are négdy affected by the use of pesticides. In a
decentralized economy, farmers choose the amoumdesficides that maximizes profits without
taking into account its negative externality on tiiéity of the consumers. In order to reach a albgi
optimum solution, a tax on the price of pesticides introduced in the decentralized economy. This
socially optimum tax internalizes all three negatexternalities from pesticide use introduced in ou
macroeconomic model. In addition, tax revenues rhadtansferred to the consumers in a lump sum
manner, in order for the whole economy to reackatsally optimum outcome.

According to the main results of Deliverable 618 tecentralized choice of pesticide use is greater
than its socially optimum level. The magnitude lod tiscrepancy between the SOM (social optimal
management) and the POM (private optimal managgreensystem is found to be on average about
10 percent in terms of lower long-run harvest, gsinwide range of values for technological and
ecological parameters. In the previous task G rder to reach a socially optimum solution, we
introduce a tax on the price of pesticides in theemtralized economy. This socially optimum tax
internalizes the negative externality effects frpesticide use introduced in the macroeconomic
model. In addition, it is argued, that tax revenoesst be transferred to the consumers in a lump sum
manner, in order for the whole economy to reachadtsally optimum outcome.

The main policy implication of the Deliverable 6s3that there is an additional externality to ratko

with that is due to biodiversity loss. The implicat here is that we derive a lower bound to the
externality tax that is obtained in the previouskté.2 and as such we deliver a threshold belowetwhi

any proposed tax should not fall. We find this lovimund or threshold to be ten percent. This
threshold identifies the magnitude of the biodiitgr&xternality, against which we are able to
measure the tax correction of the macro econontérealities of the previous task.

Finally, the results of Deliverable 6.4 suggest thased on the various specifications of our model,
the (base year) tax rate estimates range from 3th®B%.88% for Cyprus, from 2.47% to 24.73% for
the UK, and from 7.59% to 75.92% for the NethertanBHor the latter country case we remain
skeptical as to the credibility of the results hessaof several difficulties encountered in retmgvihe
data for pesticide use.

In addition to our basic estimations, we furthéerasome of the parameters of our model to provide
additional estimations of the optimal tax rate. §hadditional simulation results range from 47.83%
to 79.71% for Cyprus, from 37.09% to 61.82% for th€ and from 113.89% to 189.81% for the
Netherlands (base year results).

Furthermore, with regard to the design of a levyesee, this deliverable calculates the revenues the
government would generate if it were to enforcedfieulated tax rates. Again, this is performed for
all country cases and for all model specificatiofise results range from EUR 450,000 to EUR 4
million for Cyprus, from GBP13 million to GBP127 iion for the UK, and from EUR 30 million to
EUR 247 million for the Netherlands.

WP7: Incentives for pesticide substitution

18




The work carried out by UWA in the TEAMPEST projéotused primarily on identifying the socio-
economic drivers for the choice of farm systemtsgi@s, particularly with respect to the use ohpla
protection products. Financial performance isroftensidered the main driver of farmer decision
making but other drivers include attitude to risidahe environment, the natural resource capa€tity o
the farm, social factors such as attitudes of féi#eand colleagues, sources of information and suppo
and the broader policy environment in which farréssm. The work carried out by UWA in
TEAMPEST was to investigate arable and horticultfaamers' willingness to adopt low pesticide
farming systems. This was done by undertakingesaliure review on farmer decision making to
identify the relative importance of financial perftance compared to other drivers of decision
making; carrying out an analysis of the relativefipability of low, medium and high plant proteatio
product use farms with organic across the EU; amally by undertaking a series of farmer focus
groups in case study countries to ask farmers hewrntroduction of a tax or levy on pesticides may
or may not change their farming behaviours.

More specifically, the main results by task are:

= Task 6.4 carried out the empirical estimation aof thptimal tax for three country cases:
Cyprus, the United Kingdom and the Netherlands. d$temated tax rates (percentage tax on
the price of pesticides) for the United Kingdomdanvarious assumptions and specifications
of the model parameters, ranged from 2.47% to 24.78he full results for the UK case
study are presented in Deliverable 6.4.

= Task 7.1 highlighted the importance of other dsver the uptake and persistence of low
input farming practices such as attitude to riskl #ime environment, the natural resource
capacity of the farm, social factors such as atéguof friends and colleagues and sources of
information and support and the broader policy emment in which farmers' farm. Full
details can be found in Deliverable 7.1

= Task 7.2 and 7.3 highlighted the variability in @Mrotection (CP) usage both between farm
types and crop enterprises, but also the variatitmn these groups.

At whole farm level, conventional high CP use hotfi were the most profitable and the largest
economically, with variable performance on orgdrotdings.

At crop enterprise level, results were more vasabith organic enterprises achieving the highest
gross margins, but within conventional farming high use systems were generally (but not
exclusively) the most profitable.

The imposition of the tax/levy on crop protectiomputs resulted in a reduced difference in
profitability between low, medium, high CP inputdanrganic groups, but didn't alter the overall
position that higher input systems resulted in aigbrofitability per hectare.

Therefore it can be concluded that a flat ratelésy/ would probably not achieve a potentially
desirable shift of farmers from high input to lowieput or organic systems, due to the lower
profitability of low input systems and a lack ofwerganic markets. Full details can be found in
Deliverable 7.2.

= Task 7.4 focus group work found that a tax on gogection costs, like that outlined in the
scenarios presented in this study is unlikely teultein a decrease in the use of crop
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protection products or a significant change inway high input farmers' farm. It is very
unlikely, given these results that farmers wouldrentxom high input crop protection systems
to low input or organic systems for the reasonsireed in this report.

With respect to policy recommendations, it was veear in both BG and UK that technology was
viewed as the key driver to farming practices & fiture and also to how the use of crop protection
products could be reduced. All farmers were keesee investment at the EU and national level in
technology development, and in the UK specificétigk at the alternative technologies such as GM
and its potential for reducing chemical use in fagn NL farmers also thought that R&D to develop

novel pest and weed control products and technig@ssimportant, but the farmers in these groups
identified a much wider range of factors that wilfluence their farming practices in future -

particularly mentioning the powerful role of ret@# and multinational chemical companies in
influencing their farming practices.

Suggestions were made by the farmers during thesfgooups of how a reduction in pesticide usage

could be achieved voluntarily by encouraging battaictice rather than financially penalizing foe th
use of pesticides. Full details can be found inv2ehble 7.3.

= Task 9.1 resulted in the production of a shortporeon the External Costs of Pesticides in
the UK. The main conclusion of the report was tttare is no publically available
comprehensive study that looks at the externalscokpesticides to society in the UK. In
2005 Pretty (ed) and colleagues published a botlkdc@he Pesticide Detox: Towards a
More Sustainable Agriculture, which included chapten the external costs to the
environment and to consumers of pesticides, howthigmas not confined to UK examples.
In an earlier publication (Pretty et al., 2000k #xternal costs of agriculture in the UK were
estimated, including the costs of pesticide padlutof waterways and the cost of pesticide
poisonings (acute and chronic cases in operatargianeral public). Whilst these figures are
now quite old, the study puts monetary values oeséhcosts (e.g. the annual capital
expenditure by water companies on pesticide remostaleen 1992 and 1997 was GBP124.9
m/year after depreciation (at 1996 prices)). Thed~and Environment Research Agency
(FERA) undertakes research for both the public aihte sector and their role is to support
and develop a sustainable food chain, a healthyalaénvironment, and to protect the global
community from biological and chemical risks. Tbiganisation has published a wide range
of papers on the environmental and health costspetific pesticides and the list of these
publications can be found on their website (htywiv.fera.defra.gov.uk).

WP8: Implementation policy recommendations

The optimal tax level on pesticides use in bothecgtady regions are estimated on the basis of the
approach suggested by UCY. Some amendments in tdelnproposed are done due to some
specifics of the analysed countries. The periothénanalysis is 2002 - 2008, and the optimal ¢ax f
each case study is estimated as an average fpettwal. In addition to the Bulgarian and Portugues
case studies the optimal tax level is estimatedH@nce, Germany, Poland and Hungary. The
optimal tax levels on pesticides use obtained lim@élysed cases are generally low, less than 50%,
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and are highly dependent on the assumption offteetef pesticide use on the final consumption of
agricultural good and not so much dependent oraisemption of the effect of the consumption of
the agricultural good on overall utility and to te#fect of environmental quality on overall utility
This practically means that consumers would valuehmmore the effect of reduction of pesticides
use on final consumption of agricultural goods tb#rer external effects of pest use. For the caes
Bulgaria and Portugal we have to consider thathiigbest level of the effect on consumption for
which the tax level is estimated is 1%, or in othesrds the tax level in Bulgaria should be
established at 14% and thus increasing the prigeesticides used by 14% and in Portugal - at 31%
leading to an increase in prices of pesticides19p.3

The optimal tax level estimated for the two caselgtregions are used to evaluate the impact of tax
introduction on farm level. The impact is evalaata the basis of the model developed by WUR and
some amendments are done in model due to dataabNiyl The study shows that the effect of
introduction of tax at farm level is relatively igaificant if the level of the tax is less than 508
Bulgaria and less than 20 % in Portugal. More autil impact could be expected in respect to the
cost of pesticides in case of tax higher than 580%Luilgaria and 20 % in Portugal. The high taxes ar
needed to achieve significant reduction in useesttipides. The impact of tax introduction depends
on specialization of the farms. It is higher in tbases for farms with orchards and vineyard
specialization.

Having in mind that generally the use of pesticideselatively inelastic to the price of pesticides
which has been proven by the two case studies npeefib imposing tax less than 50% for Bulgaria
and less 20% for Portugal would not lead to sulbstareduction of pest use and as the share ocost
for pesticides in total cost on production (8 - 1#86ugh the period 2002 - 2008 on average for
agriculture) this increase in price of pest wowdd to relatively low increase (less than 2% ire s
Bulgaria and less than 3% in case of Portugalpéntétal cost of production and that will not leach
substantial reduction in pest use. Therefore mdase study regions the effect of the introductibn
tax on pesticides use on a socially optimal lesedubtful.
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Potential Impact:

Potential impact and the main dissemination a@isiand exploitation of results

The TEAMPEST project has included numerous dissatiuin activities to the scientific community,
to policy makers, to stakeholders and to the bnopdelic, at the regional, national, European and
international level. All deliverables, with the appal of the Scientific officer, have been made
publicly available through the project website agifitate dissemination of results. Furthermorehea
deliverable is accompanied by an extended summadypalicy related results that make exposition
of the empirical results and policy recommendatieasier to apprehend for the widest possible
audience. Extensive interaction and feedback fronsemer groups' representatives, private industry
stakeholders and health officials have greatly owpd the work throughout the project and the
quality of the deliverables. In addition, a leaflEktended Policy Brief) was developed presentirgy t
main findings and policy recommendations of the MEFEST project, translated in all partners'
languages, distributed to a very large audience,national stakeholders. These findings and policy
recommendations were also presented in a semifdhirhBrussels, Belgium, and attended by a wide
audience, including policy makers, EU officials,e trscientific community, private industry
stakeholders, consumer groups' representatives, jaodnalists. Finally, the TEAMPEST
methodologies and results were disseminated thrauglmber of seminars, conferences, stakeholder
meetings, scientific journals, and through the bizgtion of professional practical trainings,
scientific practical trainings and a short cour8eEuropean EAAE seminar has been organized
having as a particular theme the external costgyirculture, where a broader audience of scientists
working with pesticides attended. Finally, a spke@aue in Food Economics is under publication
devoted on the conference's theme. In what follolesmain dissemination activities and exploitation
of results by WP are presented.

WP1-2

During the first year of the project, a questioneaivas developed in WP2 with emphasis on the
effects of pesticides use on farmers' health stalbe questionnaire developed on the basis of
literature, existing data, but also with a closdlatmration with experts and health officials. The
guestionnaire was distributed to Greek farmers,levhi slightly modified version of it was also
delivered to Bulgarian farmers after a strong dmlation with UNWE partners. During the
fulfillment of the questionnaire, the farmers ine@ce and Bulgaria were informed by the interviewers
about the health hazards of pesticides. The irdemts provided also information to the respondents
about the safe application of the pesticides amditttportance of using full protective equipment
during the application. Finally, the farmers wetsoainformed about which chemical elements are
more dangerous for their health.

The main dissemination activities took place dutimg project time period as far as WPs1-2 are:

= The theoretical and empirical models developed ukdel and WP2 were presented in the
6th European Workshop on Efficiency and Produgtidibalysis. The conference was held in
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Pisa (Italy) on June of 2009. In addition, the tletical models were presented at the VI
North American Productivity Workshop in Houston x@s, USA.

= Deliverables 2.2 and 2.3 constituted parts of thesis of a doctoral student, Konstantinos
Chatzimichael, who was patrticipating in the TEAMHAEFSo0ject.

= A working paper analyzing the health effects oftjpetes on farmers' productivity have been
uploaded on the official website of university ae@ (department of Economics)

= Paper presentations of the models developed anehtbeical results of WP1 and WP2 in the
120th EAAE Seminar (Crete, Greece), the 2011 EAAIdLess Change and Uncertainty
(Zurich, Switzerland), Nomisma Societa di Studi Emmici (Rome, Italy), Cemagref and
SFER Conference (Lyon, France), ETAGRO Biannual f@@mce (Athens, Greece),
International Atlantic Economic Conference (AtherGreece), EU Conference "For a
competitive food supply chain in Europe" (BrussdBglgium), Policymakers' meeting
(Beograd, Serbia)

= Organization of a Pre-Congress Symposium in Zuehifzerland to disseminate the models,
results and policy recommendations

= Several contacts and presentations of results ¢al leompanies, regional and local
organizations, scientific community and policymakéHellenic Ministry of Agriculture,
Geotechnical Chamber of Greece, Agricultural Ursitgrof Athens, University of Thessaly,
Geotechnical Association of Thrace, University ofarinina, Democritus University of
Thrace, University of West Macedonia, Technicall€gé of Florina)

= Participation in the short course on "Theoreticalddls and Empirical Measurement of the
External Cost of Pesticides" in Wageningen, Net#mets

WP3

The focus of Work Package 3 is on the impact oretihéronment from pesticide use in agriculture.
The first deliverable from this WP is a review dw tuse of environmental indicators for pesticides.
This report concludes that the use of a simple inskcator developed in Sweden for monitoring
purposes, the Pesticide Toxicity Index (PTI), représ a good indicator for ex post policy analysis.
In the second deliverable from this WP (DeliveraBl2), the PTI and the bio-physical model
MACRO, are combined to capture the path of pestgiffom their source of application (fields) to
the aquatic environment. This approach is usedssess the environmental impact of different
pesticide tax policy scenarios. The WP then useaanic analysis to assess the economic impacts
on farmers of these policies. In an ex post patioynparison it is shown that the environmental risk
reduction of a 20% tax on pyrethroids, a group @fyvtoxic insecticides, is very close to the risk
reduction of a 20% environmental flat tax on pédés. However, since the tax burden on farmers
introduced by the flat tax is much larger, this gegis that the differentiated tax is much more cost
efficient in reducing environmental risks from tiie of pesticides.

These results are of interest for the developme®wedish environmental policy. The methodology
proposed in WP3 offers a tool for policy makersioante evaluate policy alternatives. The results
from Deliverable 3.2 are also particularly inteiegtfor the use of environmental taxes on pestgide
A simple differentiation of the environmental tssimilar to the tax on pyrethroids introduced in
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Deliverable 3.2, may reduce environmental risksmatch lower costs to farmers then non-
differentiated taxes. The study performed by theAMIPEST project shows that although

differentiation marginally increases administratigests, it may lead to a more cost effective
environmental policy than the current flat tax asficides in Sweden. When the FOOTPRINT tools
(see http://www.eu-footprint.org/) become availalilevill be possible to apply this methodology in

broader ex ante policy analyses, in Sweden, aothier EU member states.

Work Package 3 represents a contribution to uraledgtg how taxes and levies can be used to
reduce the external costs associated with pestigdéan agriculture. The foundation provided b thi
program will make it easier for policy makers in &ien to perform ex ante analysis of policy
alternatives and their impacts on operator hephbguctivity, the environment and consumers.

The main dissemination activities took place dutimg project time period as far as WP3 are:

= Seminar on the WP3 results and the TEAMPEST profestlts, Department of Soil
Sciences, SLU, Sweden

= Presentation at the FOSW symposium Ecosystem seriricsoil and water research, Uppsala,
Sweden

= Presentation at the 6th Biennal Conference of tinded States Society for Ecological
Economics, East Lansing, Michigan, USA

= Presentation at the Pre-Congress Symposium on thterral Costs of Pesticide Use in
Agriculture in Zurich, Switzerland

= Presentation to national policymakers of the resaft WP3 and TEAMPEST, Stockholm,
Sweden

= Participation in the short course on "Theoreticalddls and Empirical Measurement of the
External Cost of Pesticides” in Wageningen, Ne#mets

WP4

Consumer awareness of food safety and social prefes for improving the environmental
sustainability of agriculture have led to the dasénd application of new policy instruments such as
eco-labelling of fresh produce and regulationstfa proper use of pesticides and optimal pesticide
taxes. The availability of detailed and disaggredamonetary estimates of individuals' WTP for
pesticide risk is, however, crucial to implementtspolicies successfully. In the case of an ecobigi
tax, tax requires the eco-tax to be set equal ¢ ntarginal value of the negative externalities
associated with pesticide use. In the case of @weling, WTP information provides a basis for pric
differentiation according to the type and sevenitypesticides risks involved in production. Moregve
environmental voluntary agreements (VAs) betweegulegors and polluters are becoming an
increasingly relevant environmental policy instrutjethanks to their flexibility and consensual
character. These agreements can assume a widgy\adrferms and aims. Efficiency conditions and
effectiveness in their use depend crucially onagheironmental WTP (producers adhere more easily
to the VAs if the WTP is high).
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We can confirm that it is possible to assess ttegradtives for having consumers contribute in favou
of improvement to environmental practices. We hawearticular shown that the certification and
labelling of products with these types of charastiess are necessary to have consumers make their
choice. However, improving public information inislkdomain would favour the catalysing role of
responsible social behaviour. Moreover, socio-msiftnal categories play a significant role in the
consumers' behavior. For example, the premium fgaric products is more important for women,
for young people (20-29 years), for high educatmrel and presence of children in the household.
However this is not the income that expresses temijpim given to the WTP for pesticide reduction,
and it seems that "organic consumers" doesn't axiginore, in the sense that, today, anyone is a
buyer of such products.

The main dissemination activities took place dutimg project time period as far as WP4 are:

= Presentation of main WP4 results and theoreticatldpments at the University Technique
of Lisbon, Portugal and at INRA- Ivry sur seineakce

= Professional practical training based on TEAMPE&d@ihgs in INIA, Oeiras, Portugal

= Scientific practical training on techniques of measy consumers' willingness-to-pay in
INIA, Oeiras, Portugal and in University "Nova" bisbon, Portugal

= Paper presentations at the VI Congress of the §agge Agricultural Economics Association
in Azores, Portugal; 28th International HorticuuiCongress in Lisbon, Portugal; 120th
EAAE Seminar in Chania, Greece; Workshop on trad@l and mountain products in
Ourique, Portugal; Conference grand public in RgiEsance

= Participation in the short course on "Theoreticalddls and Empirical Measurement of the
External Cost of Pesticides" in Wageningen, Ne#mets

= Paper presentations at the ETAGRO Biannual ConferefAthens, Greece), 71st
International Atlantic Economics Conference (AthdBeeece)

= Presentation at the Pre-Congress Symposium on thterral Costs of Pesticide Use in
Agriculture in Zurich, Switzerland

WP5

The collection of detailed data on pesticide usd #reir environmental impacts across the EU
member states should be encouraged. Such data madjeepolicy makers to introduce socially
optimal pesticide tax and levy schemes in ordéat@le the problem of pesticide externalities. Ehes
schemes can alter pesticide decisions at the farel such that negative externalities of pesticates
reduced. Pesticides are overused in Dutch arabie jgroduction while pesticides' contribution to
biodiversity is found to impact farm output sigoéntly.

Pesticide taxes as a single instrument can be dieaied as ineffective due the fact that theydyiel
small decreases in pesticide use and environmenfacts. Pesticide tax schemes that put higher
penalties on high toxicity (HT) than low toxici.T) pesticides do not result in a substitution
between the two. This implies that HT pesticides iarportant to farmers and that there is a lack of
effective LT alternatives. Pesticides taxes hasgative effects on income, which can be reduced
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though by returning the revenues to farmers as lsamp payments. Also, negative consequences on
income can be reduced by a levy system that inwbstsax revenues in the development of more
environmental friendly products or more productpesticides. However, no single tax or levy
instrument can lead to a substantial reductiorestipide use.

Description of the potential impact (including teecio-economic impact and the wider societal
implications of the WP and project results so farjd the main dissemination activities and
exploitation results

This WP has the following potential impacts

1. This WP helps in designing more effective pestigitkx and levy systems. This work has
shown that even very high pesticide tax rates reag ko small pesticide reductions. A levy
scheme that reinvests tax revenues in researchrdswass toxic pesticides may be more
effective in decreasing pesticide use and itsedlakternalities.

2. This WP has shown that more detailed data on jesticise and pesticides externalities can
be helpful in designing and implementing pesticidesand levy systems.

The main dissemination activities took place dutimg project time period as far as WP5 are:

= Paper presentation of WP5 theoretical models angdiraal results in the 120th EAAE
Seminar (Chania, Greece); Pre-Congress Symposiuntcfy Switzerland)

= Presentation of main WP5 results and policy recontfagons to policy officers and
researchers in a Meeting of leaders and strategieqis on sustainability, in Wageningen,
Netherlands

= Participation in the short course on "Theoreticalddls and Empirical Measurement of the
External Cost of Pesticides"” in Wageningen, Ne#mets

WP6

The results of WP 6 will have potential impact amgk primarily in terms of policy design. The
findings of this work will potentially serve as aot for future implementations of tax and levy
systems for pesticide use within the EU and peripapside the basis for modifications in existing
European policies. The models developed towardegtmation of the optimal tax and levy scheme
may serve as background for future design of simslhemes. In addition, the results from the
empirical estimations can help as guidance towtnglsevel of taxation that is required.

Until now, the results obtained from Deliverabld @have contributed to a publication from the
Economics Research Centre of the University of Ggpr

Gregoriou P., T. Mamuneas and P. Pashardes, "Agniali Support Policies and Optimum Tax and
Levy Scheme for Pesticide Use in Farm Productidgtpnomic Analysis Paper No. 03-09,
Economics Research Centre, University of Cyprus, 2009.
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In addition, the paper "Optimal Tax on PesticideeUsm Farm Production: A Dynamic
Macroeconomic Model", by Pantelis Kalaitzidakis,ebfanis P. Mamuneas and Thanasis Stengos,
will be sent for publishing soon and will also beegented in the forthcoming TEAMPEST pre-
Congress (Xllith EAAE) Symposium in Zurich, Swittlzend.

Furthermore, WP6 partners have participated in ghert course on "Theoretical Models and
Empirical Measurement of the External Cost of Ret#s" in Wageningen, Netherlands

WpP7

The work carried out in WP7 is particularly releténom a social and economic impact point of view
within TEAMPEST. The TEAMPEST project as a wholedes an assessment of the external
costs of agricultural pesticide use (particulanyerms of the environment and human health) asd ha
developed tools for designing socially optimal &nxd levy schemes aimed for use by EU policy
makers to implement to reduce pesticide use teditsally optimal level. Work package 7 however,
looks at the farmer behaviour and decision makimghe face of such tax and levy systems being
introduced. In order for EU policies to be suctdss reducing pesticide use to socially optimal
levels, farmer behaviour must be influenced asipted by the introduction of a tax or a levy. Taxe
and levies on pesticide use tend to assume thamdial performance is the key driver to decision
making with respect to pesticide use in farmingyéweer, the results of the focus groups show that th
introduction of taxes and levies on pesticidesnikely to change farmer behaviour. This is beeaus
there are a large number of other factors influeméarmer decision making, the predominant theme
arising being risk if pesticides are not used (&rancial, crop quality, yield etc). There wasal
perceived to be a lack of technology currently k¢ for farmers to be able to reduce pesticide
usage and still meet yield and product quality dessgput on them externally by the markets, and to
make a living. The financial analysis presentedarmers showing the impact on farms similar to
their own if a tax or levy was introduced was noebegh to sway farmers to change their practices -
the risks of not using pesticides was seen to dgtweny extra costs resulting from the tax or levy.

The key implications to come out of Work packagar@ that it is clear that the introduction of a tax
or levy on pesticides will not change farmers' lvhar in terms of use. A more positive approach of
EU and national investment in the development @f technologies and varieties for growing without
high levels of pesticides and incentive schemeddierinput and organic systems were identified by
farmers as being the way to change farmer behavitha carrot approach as opposed to the stick.

The main dissemination activities took place dutimg project time period as far as WP7 are:

= Production of three scientific papers based ornthihee deliverables of Work package 7 and
linked with other work package results

= Qutcomes and policy recommendations from this watkage were also be presented to the
Commission on the 6th June along with the othecaues from TEAMPEST.

= Participation in the short course on "Theoreticalddls and Empirical Measurement of the
External Cost of Pesticides” in Wageningen, Ne#mets
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WP8
The main dissemination activities took place dutimg project time period as far as WP8 are:

= A policy seminar was held in Sofia, April 2011. Ale findings of work package 8 were
presented on the policy seminar and were discubsédeen policy makers, agricultural
producers and researchers.

= Presentation at the 2011 EAAE congress, Zurich 2011
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List of Websites:
Project Public Website

The website address is http://teampest.agro.auth.gr

Relevant Contact Details

Project Coordinator

Prof. Konstadinos Mattas

Dept. of Agricultural Economics, School of Agriaule, Aristotle University of Thessaloniki
P.O. Box 225, 54124 Thessaloniki, Greece

Tel: +30 2310 998807, Fax: +30 2310 998828, E-madittas@auth.gr
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