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Executive Summary
This report examines the cost effectiveness and disproportionality effects of applying
nitrogen and phosphorous reducing mitigation measures at the Louros catchment in Greece.
The three lagoons formed at the Louros estuaries are, for a long time, assumed to suffer
from nitrification and agriculture has been held responsible for the issue. Sporadic and
fragmented monitoring activities undertaken by the Ministry of Rural Development and
Food or by independent researchers failed to reveal any significant, persistent and
consistent nitrification or phosphates pollution issues. However, in certain monitoring points
and in certain times, some pollution spikes were observed. Following public pressure, and
not hard scientific evidence, the Ministry of Rural Development and Food declared the ArtaPreveza plain that includes the Louros and Arachthos watersheds a Nitrate Vulnerable Zone
as early as 1999. In 2006, the Ministry of Rural Development and Food announced a
nitrification control programme for the Arta-Preveza plain that would be financed by the
2007-2013 Common Support Framework for Greece and specifically by its “Baltatzis
Programme” for Rural Development. Due to the 2008/09 recession and following serious
budgetary constraints, the idea of applying the programme was practically abandoned. This
incident offered us a unique opportunity of examining the likely effects of an expressed and
fully articulated agri-environmental policy that was never applied in practice.
The mitigation measures proposed for this study imitate the measures originally offered by
the agri-environmental programme for Louros with two differences. First, we included,
besides the cultivations of cotton and maize, the cultivations of medic and citrus fruit that
could formulate potentially serious polluting activities. Second, we assumed different levels
of abatement under two different production processes (“technologies”). The first
production process allows for reductions in fertilizer application by means of set-aside land,
reduction in fertilization to the cultivated land and reduction in irrigation. The second
production process allows for equal levels of reductions in fertilizers but demands 5% set
aside margins, allows the set aside land to be rain fed cultivated by nitrogen fixing legumes,
and reduces irrigation. Following the formulation of measures, and due to the lack of access
to farm specific data, the cost of measures was estimated for a “typical – average” farm
using aggregate FADN-RICA accounting and production data informed by a widespread
consultation process with all relevant stakeholders. The cost of reducing nitrogen and
phosphorous was estimated as cost per Kg of the reduced nutrient and as cost per hectare
of land under each mitigation measure and cultivation. These were aggregated to the whole
Louros catchment taking into account the distribution of cultivations in the catchment.
In parallel, likely land use changes induced by climate change were drawn. Climate change
for the Louros catchment and its likely impacts on plant productivity and land use was drawn
from a complete and coherent assessment study of climate change effects carried out by the
Central bank of Greece under the supervision of the Academy of Athens. Following the IPCC
story lines, four climate change scenarios were devised. For each climate change scenario
the future costs for applying the mitigation measures were re-estimated. Thus, we ended up
with the cost of reducing nitrogen and phosphorous under climate change estimated as cost
per Kg of the reduced nutrient and as cost per hectare of land under each mitigation
measure and cultivation. These were again aggregated to the whole Louros catchment
taking into account the distribution of cultivations in the catchment under climate change
induced land use changes.
Modelling of nutrients and sediment transport was based on INCA-N and INCA-P and was
carried out by Work-Package 5 of the REFRESH project. Modelling was based on geological,
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climatic, hydrographical parameters and agricultural activity data for the Louros catchment
and monitoring data for nutrients. Modelling provided a baseline (calibrated) estimate of
nutrient concentrations without any mitigation measures or land use and climate change.
This showed very clearly, and in accordance to monitoring data, that the water quality of the
Louros catchment was in good environmental status and under any definition of
environmental standards. Thus, there was not a need to apply a catchment wide agrienvironmental programme, or at least, this was not justified on the basis of non-point
source pollution from agricultural activity. Modelling also produced simulated
concentrations for nutrients under the mitigation measures and without any land use and
climate change. These simulations showed that the application of mitigation measures
marginally improve the water quality. The baseline scenario (i.e., no mitigation measures)
also was simulated for climate change induced land use changes. Due to the complexity and
the burden of estimations for all alternative combinations of climate change and mitigation
measures models, only the baseline, best and worst scenarios are presented. The best
scenario follows the B1 IPCC storyline while the worst scenario follows the A2 storyline.
Climate change, increases nutrient concentrations but not as much as it would have been
expected from foreseen land use changes. This is due to the fact that climate change, and
especially expected higher temperatures, lower precipitation and decrease runoff, reduce
sediment and nutrient transport and increase the use of nutrients by plants. Thus, the
quality of water at Louros remains, under any environmental threshold levels, at good
status. When mitigation measures are applied to the climate change baseline scenario, the
reduction in nutrient concentration is marginal for nitrogen and more significant (but still
low) for phosphorous.
Despite the fact that the water quality in Louros is at good status under all environmental
thresholds and all alternative simulations, we decided to run the cost effectiveness analysis
(CEA) and disproportionality analysis (DA) exercises assuming that the agri-environmental
policy would have been applied, if recession had not occurred. So, instead of searching for
the most cost effective solution we could search for the least ineffective solution.
A major issue in carrying out the CEA is defining the abatement cost. The nitrates directive
defines environmental targets as the concentration of nitrogen in water with a paramount
target of 50 mg/l. We defined abatement cost in its conventional form as euro per Kg of
substance (N or P) not applied and as euro per mg of N/l and μg of P/l reduced in the water
concentration. The constructed abatement cost curves relate abatement (cost per unit
reduced in concentration) to environmental status (concentration). Marginal abatement cost
curves are increasing, mitigation measures which allow for the cultivation of the set aside
land with nitrogen fixing legumes are less costly for the same abatement levels or abate
more at the same cost levels. However, when abatement is measured by the concentration
of the nutrient, both “technologies” abate the same but the cultivation with nitrogen fixing
legumes is less costly.
For the least cost solution for phosphorous (mitigation measure 2), abatement cost is at just
over 42 euros per hectare abating 54 Kg of phosphorous (not of fertilizer) per hectare.
Furthermore, watershed wide, for the reduction of Total Phosphorous concentration in
water by one μg/l to the (very low) level of 12 μg/l, it costs just above 412,000 euros. Thus,
the total cost of applying the most cost effective mitigation measure 2 is extremely high at
almost 4.8 million euros. When climate and land use changes are simulated, again the most
cost effective solution remains the mitigation measure that allows for nitrogen fixing
legumes to be cultivated on set aside land. The Marginal Abatement Cost Curves for either
the worst or the best climate change scenarios are to the right of the Marginal Abatement
5

Cost Curve for the baseline scenario when mitigation measures that allow for nitrogen fixing
legumes are considered. This implies that at the same cost, both under the worst and the
best scenario, abatement will be higher. Thus, the “technology” of cultivating nitrogen fixing
legumes on set aside land ensures that, under any climate change scenario, abatement will
be higher at any chosen cost level.
Disproportionality Analysis requires the estimation of aggregate benefits discounted over a
time period. Budget constraints did not allow the estimation of benefits from a primary
valuation study and the benefit transfer methodology was applied. With a benefit of 40.93
euros per household per year, a target population of almost 48,000 households, and a
discount rate of 1.5% (to reflect social preferences) the starting aggregate benefits
estimation was at around 2 million euros per annum or at a discounted present value of 11.2
million for the six year period 2010-2015. The aggregate benefits estimate is very sensitive
to the level and justification of the chosen benefit transfer per household. For this reason
various benefits were used. Especially for Greece, the benefit also is sensitive to income.
With almost an average loss of income at around 20% during the last 5 years and income
elasticities ranging around 0.5 aggregate benefits are highly reduced. Aggregate benefits are
not highly sensitive to the chosen discount rate.
Taking into account the high cost of even the most cost-effective mitigation measure, it is
not surprising that we calculated a highly negative net present value at around -16 million
euros. However, our estimations are based on the assumption that benefits accrue to locals
due to the use of Louros water and thus refer mainly to use values. This argument misses
the point that Louros water feeds the estuaries at Amvrakikos Gulf and that more and
cleaner water has a direct impact on habitats and biodiversity to the adjacent Natura 2000
site. This implies that we may not restrict the benefits to Louros inhabitants only but allow
other households (in Greece or Europe) to express non-use values for the Louros estuaries.
To reach a breakeven position of zero net present values (i.e., with discounted costs
equalling discounted benefits) the number of households should be tripled. Under any
climate and land use change, benefit estimate or discount rate the net present value is
negative, indicating that if such a project is undertaken, it would be highly disproportionate.
Disproportionality is related to both the benefits and the costs. For the benefits side,
disproportionality is raised along two dimensions. First, the spatial dimension of benefits;
second is the disproportionality to incomes. The distributional pattern of WTP estimates
depends upon income elasticity. If income elasticity is less than one (as is the case with
environmental services incorporating non-use values and certainly the case for biodiversity)
WTP are distributed regressively among the beneficiaries. If the income elasticity is more
than one, as it is sometimes the case for environmental goods such as water quality, WTPs
are distributed progressively. If we assume that income elasticities are less than one and
WTP is distributed regressively, this means that an agri-environmental project like the one
that is proposed for Louros, has the possibility of benefiting poorer households more than
rich households. This is due to the fact that the proportion of WTP to income is decreasing
as income rises and thus the environmental improvement has proportionately higher
benefits to poor groups than to rich groups among the general population. Costs are
disproportional because are accrued only to the agricultural activity. Even within agriculture,
costs are disproportionately distributed with the highest cost undertaken by cotton and
maize producers. Cost, in the current economic situation, is not affordable by farmers and
the imposition of such a policy without subsidisation for forgone income would force a part
of the farming population out of business.
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PART I: Cost-effectiveness analysis
1. General CEA approach
1.1 The CEA approach adopted and WP5-WP6 integration
In this section we show how various geophysical, climate change, economic and land use
models developed in WP1 and WP5 can be integrated to assess the cost-effectiveness of
agri-environmental measures in relation to nutrient concentration targets set by the WFD,
especially in the presence of important habitats depending on water quality. Figure 1 depicts
the general framework within which socio-economic and science models are integrated to a
decision making process. The process is made up of eight steps in which various socioeconomic and science models contribute to the assessment of the effectiveness of agrienvironmental mitigation measures. Below we describe, very briefly, each one of these eight
steps and present indicative socio-economic and science models that can be integrated into
the decision making process.
Step 1: At this step the non-compliance issues are recognized and the problems are defined.
The issues may refer to nutrient concentrations (N and P), to sediment transport that alters
the physical condition of the river’s bank and estuaries, etc. In doing so, we utilize
monitoring data and consult national experts (e.g. biologists, agronomists), catchmentspecific stakeholders (e.g. farmers, Habitats Management Authority, NGOs, fishermen) and
policy makers in case any policy is already in place. Consultation, public participation and
involvement models range from retrieving hard science facts and monitoring data to
interviews, focus groups and workshops.
Step 2: At this step we use models to calibrate and test and provide a baseline modelled
flow and hydrochemistry conditions of the catchment. Such models may represent nutrients
and/or sediment transport and take account of the catchment’s hydro-chemical condition
depicted by meteorological, soil-geological, flow, land use and water quality data.
Step 3: During this step we identify a series of mitigation measures (options) for each of the
identified non-compliance issues of step 1. These mitigation measures are discussed through
consultation methods with scientists and stakeholders and reflect operational, economic
and societal feasibility.
Step 4: At this stage, for each of the proposed mitigation measures, information on the
physical effectiveness of each measure is asserted. This may include information on the
reduction of N and P application or the normal transport of sediments. This information is
collected by agronomic data sources and through consultation/validation with national
experts and local stakeholders.
Step 5: During this stage, the baseline model of nutrient and sediment transport is altered
under the lens of mitigation measures. The new water quality estimates are judged against
thresholds of ecological status and only some mitigation measures (if any) will satisfy the
thresholds. This process provides a list of mitigation measures that, if applied, can achieve
compliance. Compliance with other directives and guidelines such as the Habitats Directive
(Natura 2000) can also be checked.
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Step 6: At this stage the cost effectiveness of mitigation measures, which achieve
compliance, is identified.
Step 7: During this stage, the baseline conditions may be altered according to climate, land
use or crop productivity changes induced by climate change. Climate change models are
used to predict new meteorological conditions under the SRES scenarios. Land use change
models predict land use allocation, while crop productivity models forecast crop growth and
the associated new nutrient and water needs for crops. Thus, first we re-calibrate the
baseline model of step 2 with the new conditions imposed by climate change (e.g. change in
precipitation levels), land use change (e.g. change in water abstraction) and crop
productivity changes (e.g. changes in water needs). This should be done in a stepwise way,
with the climate scenarios done first, and then with each of the combined climate-land usecrop productivity-water use scenarios. This will provide an assessment of compliance with
thresholds through the catchment-scale models without any mitigation measures.
Step 8: At this stage we repeat stage 6 and identify the cost effectiveness of mitigation
measures, which achieve compliance under climate and land use change. Comparison of the
results from steps 5 and 8 will determine if the measures will be more or less effective under
climate change. Figure 2 depicts the basic decision making process that can be directly
deduced from the eight step integrating process of Figure 1.
If decision makers follow the process of Figure 1, they can reduce the risk of engaging public
resources to a set of mitigation measures that will either be non-effective, i.e. will not
achieve compliance with thresholds, or be non-efficient, i.e. will not continue to be the
mitigation measures achieving compliance at minimum cost. Secondly, in areas, which,
currently, do not face acute problems demanding the adoption of an agri-environmental
policy, decision makers can be informed by an early diagnosis concerning the emergence of
environmental issues in the future. This will allow them to adopt lower cost resilience and
adaptation measures instead of the most expensive mitigation measures demanded once
the problem has emerged.

1.2 The CEA steps – description and implementation
1.2.1 The Louros Catchment
The Louros water catchment is situated in the central-southern part of the Epirus (NUTS 2
region) Water District in Greece and is extended to 926 Km2 and to three of the four
prefectures of the Epirus region (Preveza, Ioannina and Arta). The Louros river is adjacent to
Acherontas river district on the north and the Arachthos river district on east and north
(Figure 3). The total length of the river is 72 Km. The density of the hydrographic network in
the catchment is 0.69Km/Km2. At the Louros catchment there are two lakes, one artificial
due to a hydroelectric power dam at the river’s major drinking water springs, and a natural
one contributing to a relatively well-preserved, excellent ecosystem. The Amvrakikos gulf is
the natural acceptor of all waters from the three catchments of Louros (north), Arachthos
(east) and Acheloos (south). The total discharge to Amvrakikos is about 3 billion m3 per year
from all adjacent watersheds.
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Figure 1. The eight step decision process integrating socio-economic and science models.
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The general climate of the Louros area is temperate Mediterranean with mild rains (with
the exception of the mountains) and extensive sunshine. The geology in the catchment
exhibits a very indicative karstic relief. The area is dominated by permeable limestone that
formulates a dense sub-surface karstic hydro network. Due to the geology of the watershed,
Louros presents a very steady water allotment with relatively low fluctuations even during
the summer months. The soils of the catchment are classified into two categories; those in
the upland are typical soils of limestone and flysch. On sites with no or medium slopes the
soils are rich and suitable for forestry and agricultural cultivation. However, on sites with
high slopes, erosion due to grazing and infrastructure development has had serious impacts
on soil and in several sites the mother limestone rock is revealed. In the plains of Preveza –
Arta, tertiary depositions have formulated a very deep and rich soil.

Louros is a river of great significance at local, national and international level due to its
multiple uses and environmental value. The river contributes with its delta and estuaries to
one of the most important Natura 2000 sites, namely “Amvrakikos Gulf, Louros and
Arachthos Delta”, while the wider wetland area forms ecosystems with particularly high
ecological value. Farming (agricultural and livestock production) is the main land use around
the Louros catchment, whilst there is also some limited manufacturing activity. In addition,
common uses of the river’s waters include fisheries and fish farming units, hydroelectric
power/energy production as well as water abstraction for municipal purposes.
Although there is a lack of systematic environmental monitoring of the quality and quantity
of the river’s surface and sub-surface water, fragmented scientific work (e.g. Albanis and
Hela, 1998; Kotti et al., 2005, Konstantinou et al., 2006; Tsangaris et al., 2009) shows that
the state of the Louros river has been affected in both qualitative and quantitative terms.
Chemical analyses undertaken in several monitoring points indicate high conductivity and
high concentrations of pollutants mostly at the river’s estuaries and the Petra Bridge located
at a point after the Vosa drainage channel has returned drained irrigation water to Louros.
1.2.2 Identification of key pressures and sources
Relevant studies indicate agricultural and livestock activity, and population settlements as
the principal sources of pollution (Skuras et al., 2010). However, as confirmed in the relevant
stakeholder workshop (Skuras et al., 2012), the exercised pressures are not of the same
nature and intensity all over the catchment. Following GeoData procedures, the Louros
catchment is divided into three very distinct sub-catchments (Figure 4). Sub-catchment A is
the uplands including the high altitude space, which is the major water supplier to the river
extending up to the Louros hydroelectric dam. Sub-catchment B, i.e. the south-eastern part
enclosed between the Louros river and the Arachthos water crest includes the Arta plain,
while sub-catchment C has its boundaries with the Acherontas water crest and the Louros
river itself comprising the Preveza plain.
The uplands, i.e. sub-catchment A are largely pollution-free because of the very sparse
resident population and very limited economic activity. The riparian zone and the physical
and morphological characteristics of the river in sub-catchment A are also of a good status.
On the other hand, water quality in the Arta plain sub-catchment is moderate due to
nutrient loads caused by mainly agricultural and livestock activity, and inappropriate waste
management. Waste from hog and poultry farming constitutes the major source of point
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pollution in this sub-catchment. Abstraction rates by agricultural activity are very high, while
abstraction rates for municipal use are growing.
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Figure 2. The decision making process.
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Figure 3. Location of the Louros river catchment in the Region of Epirus in Greece.

Sub-catchment A
“The Uplands”

Sub-catchment C
“Preveza Plain”

Sub-catchment B
“Arta-Plain”

Figure 4. The three sub-catchments of the Louros catchment
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Water quality in the Preveza plain sub- catchment is also moderate due to intense
agricultural activity and extensive irrigation and drainage works. In the estuaries of Louros in
this sub-catchment, it was thought that pollution from nutrients and high conductivity were
present. For this reason, the Arta-Preveza plain was characterized a Nitrate Vulnerable Zone
by the Greek state in 1999 (article 2 of Common Ministerial Decision 19652/1906/1999 Β΄1575 as this was later completed by article 2 paragraph β−5 of Common Ministerial
decision 20419/2522/2001 - Β΄ 1212. Figure 5 shows all the available monitoring data up to
2012. These consist of six series, one carried out by the Ministry of Rural Development and
Food (shown as MRD), two from the Ministry of Environment (shown as YPEKA 1 and
YPEKA2) and three from three individual researchers (shown as Manolaki, Papadaki and
Ovezioglu). None of them really justifies a serious nutrient pollution problem, not even the
one of the Ministry of Rural Development and Food, which records the highest
concentrations.

Figure 5. Time series of NO3 from the six available data sets.
However, and despite this lack of supporting monitoring data, the Ministry of Rural
Development and Food announced an agri-environmental programme to confront nitrate
pollution in the Arta-Preveza plain in 2006 with Common Ministerial Decision 50981/2308 B’
1895. Abstraction rates for municipal use grow at a very significant rate while many small
villages and medium sized town do not treat their municipal wastes. Overall, with respect to
water quality, nitrification problems are identified in the sub-catchments of Arta and
Preveza plains, and phosphorus pollution is found to be particularly relevant to the subcatchment of the Arta plain.
1.2.3 Setting environmental targets/objectives
Greece adopted the WFD 2000/60 by Greek Law 3199/2003 and Presidential Decree
51/2007 which set up in practice the “measures and processes for the integrated protection
and management of waters”. The Common Ministerial Decision 39626/2208/2009 defined
“measures for the protection of sub-surface waters from contamination and degradation in
accordance to Directive 2006/118/EC”. In 2010, Common Ministerial Decision
14

51354/2641/Ε103 adopted Environmental Quality Standards for the concentration of certain
pollutants and priority substances in accordance to Directive 2008/105/EC. In 2011,
Ministerial Decision 1811/3322/Β’/30.12.2011 defined standards for the concentration of
certain pollutants. Still, the Greek law has not adopted standards for coastal and transition
waters.
Table 1. Standards for some of the indicators and substances for water bodies
Indicator or substance
pH
Conductivity
Nitrate (salts)
Nitrites
Ammonium
Sulphuric ions
Active pesticides substances
Total pesticides

Maximum allowable level
6.5-9.5
2500 μS/cm
50 mg/l
0.5 mg/l
0.5 mg/l
250 mg/l
0.1 μg/l
0.2 μg/l

Concentrations for total phosphorous are not defined by environmental standards but,
taking into account experience in other European countries with comparable concentration
levels for the other substances, we may propose a level of 0.1 mg/l for Soluble Reactive
Phosphorous (SRP).
In addition to the aforementioned environmental standards, article 3 of the Common
Ministerial Decision 39626/2208/Ε130 allows for setting stricter maximum allowed
concentrations for a sub-catchment or a group of sub-surface waters with the decision of
the Regional Secretary. It is envisaged that, following the finalization of water management
plans, many Regions will set up stricter standards for sensitive waters that are related either
to human health (potable water) or to environmental reasons.
1.2.4 List of measures
Agri-environmental measures under consideration are defined based on the agrienvironmental programme designed for the plains of Arta and Preveza (Common Ministerial
Decision 50981/2308), which have been characterised as Nitrate Vulnerable Zones. Since
farmers are identified as the key stakeholder at the critical sub-catchments, their
contribution to the final choice of measures was also significant (Skuras et al., 2012). In this
context, the relevant measures generally focus on changes in agricultural practices for main
cultivations in the sub-catchments, i.e. maize, cotton, medic and citrus tree plantations,
involving reductions in the use of N/P fertilizers, setting aside irrigated land, crop rotation
and uncultivated strips or belts (buffer zones). Combinations of the aforementioned
measures constitute the mitigation schemes considered to potentially achieve compliance
with WFD requirements under the base-line conditions and alternative climate change
scenarios.
In the case of maize, cotton and clover, four alternative agri-environmental schemes are
considered:
1. Set aside 25% of irrigated land, reduce N fertilizers (including manure) by 25% to the
rest of the 75% of irrigated land.
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2. Crop rotation with non-irrigated nitrogen-fixing legumes on 20% of irrigated area; no
fertilization to the 20% of land that was rotated with nitrogen-fixing legumes during
the previous year for cotton and half of the fertilization for maize; leave 5% of land
(strips or belts) uncultivated; reduce N fertilizer (including manure) by 25% to the
rest of the 55% of irrigated land.
3. Set aside 30% of irrigated land, reduce N fertilizers (including manure) by 30% to the
rest of the 70% of irrigated land.
4. Crop rotation with non-irrigated nitrogen-fixing legumes on 25% of irrigated area, no
fertilization to the 25% of land that was rotated with nitrogen-fixing legumes during
the previous year for cotton and half of the fertilization for maize, leave 5% of land
(strips or belts) uncultivated, reduce N fertilizer (including manure) by 30% to the
rest of the 45% of irrigated land.
In the case of citrus two mitigation measures are considered:
1. Reduce N fertilizers (including manure) by 25% to the whole of the plantation.
2. Reduce N fertilizers (including manure) by 30% to the whole of the plantation.
A detailed presentation and analysis of each measure and of their combinations is presented
in part 2 of this report.
1.2.5 Scale of analysis
In accordance to the WP6 methodological guidelines, the analysis was designed to be carried
out at the sub-catchment level. In that sense all the information concerning farm structures
and production and nutrient deposition was collected at the sub-catchment level for each
one of the selected cultivations. However, hydrological and nutrient monitoring data were
sparsely distributed to the sub-catchments while the hydrology of the area actually
prohibited modelling of nutrient transport at the sub-catchment level. Thus, the nutrient
transportation models were run on the catchment level.
1.2.6 Cost effectiveness –data sources
The levels of applied nutrients, the average production, the amount of irrigation
accompanying each cultivation method and the costs of the various measures proposed in
the present study were sourced from:
 Scientific evidence concerning “good practice” nutrient application for each of the
selected cultivations at the catchment as well as alternative fertilization and
 Stakeholder information concerning actual practices of nutrient application from the
catchment’s farmers
 The nutrient producing and retailing industry and the proposed application levels
 The Ministry of Rural Development and Food (MRDF) which proposes certain
threshold levels of nutrient application for some of the cultivations in the specific
area
A detailed presentation of the estimation of costs for each of the proposed mitigation
measures is presented in section 2.1 of this report.
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1.2.7 CEA methods
Balana (2011) refers to a wide range of methods that can be used to cost-effectiveness
assessments. In this work, due to data limitations, we selected the simple spreadsheet
approach which estimates all the costs for each measure at the average farm level and
aggregates the total costs at the sub-catchment and catchment levels.
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2. Estimation of effectiveness and costs
2.1 Methodology of effectiveness estimates
Following the identification of the major sources of pollution, our investigation focused on
four cultivations that are considered to be the most polluting and water consuming
cultivations in the area, namely the cultivations of maize, cotton, medic and citrus fruits. In
this part of the report we will present how the data for the various mitigation measures
were collected and generated (part 2.1.1) and how the basic model of nutrient transport
was calibrated and tested.
2.1.1 Mitigation measures
2.1.1.1 Nitrogen and Phosphorous Fertilization for Maize
Nutrient Application for Maize
The standard Agronomic Requirements (codes of good practice) are suggested by the Greek
cereals institute (http://www.cerealinstitute.gr/kalampolipansh.html) as 200-250 Kg of N
per hectare depending on:
 The used hybrid (variety)
 Previous cultivation and fertilization plan
 Use of cultivation (silage or seed)
 Chemical composition of soil (total N concentration)
 Physical composition of soil (sandy soils require higher quantities and gradual
application)
As concerns phosphorous the suggested quantities are up to 60 Kg per hectare.
Furthermore, the Ministry of Food and Rural Development considers that the maximum N
allowable nitrogen load for maize at the Louros catchment may not be more than 240 Kg per
hectare (Common Ministerial Decision 50981/2308 published in Official Journal Β
1895/29.12.2006). The usual Application suggested by fertilizer manufacturers and retailers
is at 200-300 Kg of N per hectare and 60-120 Kg of P per hectare (e.g., the fertilization
schedule for maize suggested by Hellenic Fertilizers and Chemicals S.A. at its web site
http://www.elfegroup.eu/Pages/PageB.aspx). During the stakeholders’ meeting participants
argued that the N application used to be around 300 Kg per hectare but now is down to
around 240 Kg due to the high cost of fertilizers and the recession of the Greek economy.
Thus, today, N fertilization is applied:
 During basic fertilization with 1,000 Kg of (16-20-0) per hectare (up to 160 Kg of N)
or (18-12-8) up to 180 Kg per hectare.
 During surface fertilization usually 300 to 350 Kg of (25-0-0) per hectare (up to 75 to
90 Kg of N)
P fertilization is applied:
 During basic fertilization with 1,000 Kg of (16-20-0) per hectare (up to 200 Kg of P) or
(18-12-8) up to 120 Kg per hectare.

18

Agronomic Management, Returns and Fertilization for Maize
With the standard application of 200-250 Kg of N per hectare yields reach an average return
of 10-12 tonnes of maize per hectare in adequately irrigated cultivations. Sfakianakis et al.
(1989) have executed the most complete experiment examining the relation between N, P,
and K fertilization and maize returns as well as protein content in seed. In general, they
found that no fertilization (0 kg of N) gave very small returns that were no comparable to
any other levels of N fertilization. When N fertilization increased to 120 Kg/ha, 240 Kg/ha
and 360 Kg/ha returns had no difference during the first year among all levels of application.
However, during the second and third year, fertilization with 120 Kg/ha had significantly
lower returns than 240 Kg/ha or 360 Kg/ha. It is important to note that there was no
difference between 240 Kg/ha and 360 Kg/ha. Stakeholders confirmed the above-mentioned
results. Thus, increased fertilization at 360 Kg/ha of N will yield an average return of 12-13
tonnes (marginal increase from the optimum of 240 Kg/ha). If fertilization is reduced at 180
Kg/ha of N this may yield an average return of 9-9.5 tonnes of maize per hectare reduced by
almost 20%. At an application level close to 150Kg/ha of N the yields will drop to an average
return of 7 tonnes of maize per hectare.
Litskas (2008) provides a detailed review of the effects of irrigation on maize yields as well as
on the seasonal demand for irrigation water. One Kg of dry maize needs an equivalent of
350-400 Kg of water. The total demand for water is about 5,000 to 6,000 m3 per hectare that
is supplied by precipitation and irrigation (minus evarotranspiration). The Cereals Institute
estimates that 2,500 to 3,000 m3 per hectare should be supplied by irrigation. Of course,
irrigation depends on precipitation and evapotranspiration. Demand for irrigation water is
very high in period starting 15 before flowering and ending 15 days after flowering and up to
mid-August when the corn is harvested. If irrigation is reduced by 25% this may have severe
impacts if it happens during the high demand period and no implications if it occurs during
sowing or harvesting. However, when good farming practices are applied (weed control,
ploughing, irrigation techniques, watering according to soil structure, etc), water
consumption may be reduced by more than 20%.
Petsa (2011) provides evidence for, among others, the organic cultivation of maize. She
argues that rotation with vetch and barley varieties achieves the best results as concerns N
loads. However, and unlike cotton, rotation with vetch and barley leaves the field in demand
of N fertilization for the next cultivation period with at least half the agronomic
requirements, i.e., 120 Kg/ha. If medic (clover) is chosen as alternative rotation cultivation,
there is a need for a three-year rotation plan.
Considered Mitigation Measures for Maize
1. Standard Cultivation (according to agronomic requirements and cross compliance
constraints)
2. Set aside 25% of irrigated land, reduce N fertilizers of basic and surface application
(including manure) by 25% to the rest of the 75% of irrigated land
3. Crop rotation with non-irrigated nitrogen fixing legumes on 20% of irrigated area, half of
standard fertilization to the 20% of land that was rotated with nitrogen fixing legumes
during the previous year, leave 5% of land (strips or belts) uncultivated, reduce N
fertilizer (including manure) by 25% to the rest of the 55% of irrigated land
4. Set aside 30% of irrigated land, reduce N fertilizers (including manure) by 30% to the rest
of the 70% of irrigated land
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5. Crop rotation with non-irrigated nitrogen fixing legumes on 25% of irrigated area, half of
standard fertilization to the 25% of land that was rotated with nitrogen fixing legumes
during the previous year, leave 5% of land (strips or belts) uncultivated, reduce N
fertilizer (including manure) by 30% to the rest of the 45% of irrigated land
The mitigation measures are considered under the following assumptions:
 Set aside is not cultivated but kept in good condition according to cross-compliance
requirements
 Crop rotation with nitrogen fixing legumes (e.g., vetch) implies that this plot is in
need of half of the fertilization during the next cultivation period.
 Uncultivated strips or belts are prioritized according to cross compliance guidance
near irrigation and/or drainage ditches, ponds, water sources, etc.
Thus, Nitrogen application rates under each mitigation measure are the following:
1. Baseline scenario: 240 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of N), 25% reduction of the standard 240
Kg on the rest 75% of land under conventional maize cultivation results to N loadings
of 135 Kg per hectare. Reduction Coefficient: 56.25% of baseline
3. Mitigation Measure 2: 5% set aside (0 Kg of N), 20% under nitrogen fixing legume (0
Kg of N), 20% under maize with half the required fertilization applied because it has
incorporated nitrogen from nitrogen fixing legumes (24 Kg of N), 25% reduction of
the standard 240 Kg/ha on the rest 55% of land under conventional maize
cultivation (99 Kg of N) results to total N loadings of 123 Kg per hectare. Reduction
Coefficient: 51.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of N), 30% reduction of 240 Kg/ha on the
rest 70% of land under conventional maize cultivation results to N loadings of 117.6
Kg per hectare. Reduction Coefficient: 49% of baseline
5. Mitigation Measure 4: 5% set aside (0 Kg of N), 25% under nitrogen fixing legume (0
Kg of N), 25% under maize but with half the required fertilization applied because it
has incorporated nitrogen fixing legumes (30 Kg of N), 30% reduction of the
standard 240 Kg/ha on the rest 45% of land under conventional maize cultivation
(75.6 Kg of N) results to total N loadings of 105.6 Kg per hectare. Reduction
Coefficient: 44% of baseline
Correspondingly, the phosphorous application rates under the various mitigation measures
are the following:
1. Baseline scenario: 200 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of P), 25% reduction of 200 Kg on the rest
75% of land under conventional maize cultivation results to P loadings of 112.5 Kg
per hectare. Reduction Coefficient: 56.25% of baseline
3. Mitigation Measure 2: 5% set aside (0 Kg of P), 20% under nitrogen fixing legume (0
Kg of P), 20% under maize with half the required fertilization applied because it has
incorporated nitrogen fixing legumes (20 Kg of P), 25% reduction of 200 Kg/ha on
the rest 55% of land under conventional maize cultivation (82.5 Kg of P) results to
total P loadings of 102.5 Kg per hectare. Reduction Coefficient: 51.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of P), 30% reduction of 200 Kg/ha on the
rest 70% of land under conventional maize cultivation results to total P loadings of
98 Kg per hectare. Reduction Coefficient: 49% of baseline
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5. Mitigation Measure 4: 5% set aside (0 Kg of P), 25% under nitrogen fixing legume (0
Kg of P), 25% under maize but with half the required fertilization applied because it
has incorporated nitrogen fixing legumes (25 Kg of P), 30% reduction of 200 Kg/ha
on the rest 45% of land under conventional maize cultivation (63 Kg of P) results to
total P loadings of 88 Kg per hectare. Reduction Coefficient: 44% of baseline
Nitrogen and Phosphorous total Loadings in Louros Catchment Under Mitigation Measures
for Maize
The area under maize and its distribution to the three sub-catchments has been estimated
as is shown in the table below.
Table 2: Area (ha) under maize in the Louros catchment and the three sub-catchments

Sub-catchment-A
Sub-catchment-B
Sub-catchment-C
LourosCatchment

Area under maize
264.9
1589.7
1451.7
3306.3

If we apply the above-mentioned coefficients to the areas under maize for each mitigation
scheme, the total nitrogen loadings are as shown in the table below.
Table 3: Total Nitrogen Loadings (Kg) in the Louros catchment and the three sub-catchments
under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

240
135
123
109.2
105.6

Total Kg of N
Subcatchment A
63,584
35,766
32,587
31,156
27,977

Total Kg of N
Subcatchment B
381,519
214,605
195,529
186,944
167,868

Total Kg of N
Subcatchment C
348,418
195,985
178,564
170,725
153,304

Total Kg of N
Louros
catchment
793,520
446,355
406,679
388,825
349,149

If we apply the above-mentioned coefficients to the areas under maize for each mitigation
scheme, the total phosphorous loadings are as shown in the table below.
Table 4: Total Phosphorous Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

240
135
123
109.2
105.6

Total Kg of P
Subcatchment A
52,986
29,805
27,156
25,963
23,314

Total Kg of P
Subcatchment B
317,933
178,837
162,940
155,787
139,890

Total Kg of P
Subcatchment C
290,348
163,321
148,803
142,271
127,753

Total Kg of P
Louros
catchment
661,267
371,963
338,899
324,021
290,958
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2.1.1.2 Nitrogen and Phosphorous Fertilization for Cotton
Nutrient Application for Cotton
The standard Agronomic Requirements (codes of good practice) are suggested by the Greek
Ministry of Food and Rural Development (http://www.minagric.gr/greek/2.2.5.7.html) at
100-140 Kg per hectare depending on:
 Early or late varieties (early more, late less)
 Early or late sowing
 Chemical composition of soil (total N concentration)
 Physical composition of soil (sandy soils require higher quantities and gradual
application)
As concerns phosphorous the suggested quantities are between 50-70 Kg per hectare.
Furthermore, the Ministry of Food and Rural Development considers that the maximum
allowable nitrogen load for cotton and the Louros catchment may not be more than 130 Kg
per hectare. The usual application, suggested also by fertilizer manufacturers and retailers, is
at 120-160 Kg of N per hectare and 60-120 Kg of P per hectare (e.g., the fertilization
schedule for cotton suggested by Hellenic Fertilizers and Chemicals S.A. at its web site
http://www.elfegroup.eu/Pages/PageB.aspx). At the stakeholders’ meeting we agreed that
N application used to be over 120 Kg per hectare but now is down to around 100-110 Kg due
to the high price of fertilizers.
Thus, the conventional N fertilization is applied:
 During basic fertilization with 400 to 600 Kg of (18-8-8) up to (20-10-10) per hectare
(up to 80-100 Kg of N).
 During surface fertilization usually 100 to 150 Kg of (33.5-0-0) per hectare (up to 30
to 50 Kg of N)
and P fertilization is applied:
 During basic fertilization with 400 to 600 Kg of (18-8-8) or (20-10-10) per hectare (up
to 60 Kg of P per hectare).
Agronomic Management, Returns and Fertilization Standard for Cotton
The standard application 90-100 Kg of N per hectare yield an average return of 3 tonnes of
cotton per hectare as suggested by the Greek Ministry of Food and Rural Development
http://www.minagric.gr/greek/2.2.5.7.html. Greveniotis (2008) provides an extensive
literature on the relation between yields and N fertilization from experimental sites in
Greece and abroad. In general the following relationships could be identified:
 130 Kg of N per hectare yield an average return of 3.5 tonnes while 150 Kg of N per
hectare yield an average return of 4 tonnes per hectare (suggested by the Greek
Ministry of Food and Rural Development
(http://www.minagric.gr/greek/2.2.5.7.html)
 75-80 Kg of N per hectare yield an average return of 2.5 tonnes of cotton per
hectare
 50-60 Kg of N per hectare yield an average return of 1.5 tonnes of cotton per
hectare
The above-mentioned relationships of yield and N fertilization were also confirmed by
participants in the stakeholders’ meeting.
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Litskas (2008) and Greveniotis (2008) provide a detailed review of the effects of irrigation on
cotton yields as well as on the seasonal demand for irrigation water. The total demand for
water is about 7,000m3 per hectare that is supplied by precipitation and irrigation (minus
evarotranspiration). The Ministry of Rural Development and Food defines as maximum
acceptable irrigation quantities of about 5,200 m3 per hectare. Irrigation depends on
precipitation and evapotranspiration. Demand for irrigation water is very high during July
and August (from flowering to fruition and the first opening of the ball and up to two weeks
before harvesting) when daily requirements go up to 100m3 per hectare. If irrigation is
reduced by 25% this may have severe impacts if it happens during the high demand period
and no implications if it occurs during sowing or harvesting. If plants are stressed during
flowering yields may be reduced by 20-35%. In general, farmers can tolerate a 25%
reduction in irrigation water if they are able to distribute this reduction to different periods
and if they can apply irrigation with improved methods and avoid putting plants under
drought stress.
Patsialis et al. (2006) provide evidence for the yields of cotton under three organic
management procedures and a conventional one. Their approaches included an organic
cultivation without rotation. Organic cultivation with rotation of winter vetch (nitrogen fixing
feedstuff) that was either harvested or incorporated to the soil, and conventional cultivation
with nitrogen fertilization. Their experiments showed that when winter vetch is harvested,
maximum cotton yields are attained. In general, rotation with winter vetch is superior to
conventional fertilization. When vetch is harvested and used as feedstuff, N fertilization may
not be applied at all and the yield is 10% more than the conventional cultivation. When
vetch is incorporated in the soil, N fertilizer may not be applied at all and the yield is 5%
more than the conventional cultivation (it is assumed that, when vetch is incorporated this
results to slow incorporation of organic matter to soil). Winter cultivation of vetch can have
the same agronomic impacts as rotation with vetch.
Considered Mitigation Measures for Cotton
1. Standard Cultivation (according to agronomic requirements and cross compliance
constraints)
2. Set aside 25% of irrigated land, reduce N fertilizers (including manure) by 25% to the rest
of the 75% of irrigated land
3. Crop rotation with non-irrigated nitrogen fixing legumes on 20% of irrigated area, no
fertilization to the 20% of land that was rotated with nitrogen fixing legumes during the
previous year, leave 5% of land (strips or belts) uncultivated, reduce N fertilizer
(including manure) by 25% to the rest of the 55% of irrigated land
4. Set aside 30% of irrigated land, reduce N fertilizers (including manure) by 30% to the rest
of the 70% of irrigated land
5. Crop rotation with non-irrigated nitrogen fixing legumes on 25% of irrigated area, no
fertilization to the 25% of land that was rotated with nitrogen fixing legumes during the
previous year, leave 5% of land (strips or belts) uncultivated, reduce N fertilizer
(including manure) by 30% to the rest of the 45% of irrigated land
The assumptions underlying the aforementioned mitigation measures are:
 Set aside land is not cultivated but is kept in good condition according to crosscompliance requirements
 Crop rotation with nitrogen fixing legumes (e.g., vetch) implies that this plot is in no
need of fertilization during the next cultivation period.
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Uncultivated strips or belts are prioritized according to cross compliance guidance
near irrigation and/or drainage ditches, ponds, water sources, etc.

Nitrogen and Phosphorous total Loadings in Louros Catchment Under Mitigation Measures
for Cotton
Thus, Nitrogen application rates under each mitigation measure are the following:
1. Baseline scenario: 110 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of N), 25% reduction of 110 Kg on the rest
75% of land under conventional cotton cultivation results to N loadings of 61.875 Kg
per hectare. Coefficient: 56.25% of baseline
3. Mitigation Measure 2: 5% set aside (0 Kg of N), 20% under nitrogen fixing legume (0
Kg of N), 20% under cotton but no fertilization applied because it has incorporated
nitrogen fixing legumes, 25% reduction of 110 KG on the rest 55% of land under
conventional cotton cultivation results to N loadings of 45.375 Kg per hectare.
Coefficient: 41.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of N), 30% reduction of 110 Kg on the rest
70% of land under conventional cotton cultivation results to N loadings of 53.9 Kg
per hectare. Coefficient: 49% of baseline
5. Mitigation Measure 4: 5% set aside (0 Kg of N), 25% under nitrogen fixing legume (0
Kg of N), 25% under cotton but no fertilization applied because it has incorporated
nitrogen fixing legumes, 30% reduction of 110 KG on the rest 45% of land under
conventional cotton cultivation results to N loadings of 34.65 Kg per hectare.
Coefficient: 31.5% of baseline
Correspondingly, the phosphorous application rates under the various mitigation measures
are the following:
1. Baseline scenario: 50 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of P), 25% reduction of 50 Kg on the rest
75% of land under conventional cotton cultivation results to total P loadings of
28.125 Kg per hectare. Coefficient: 56.25% of baseline
3. Mitigation Measure 2: 5% set aside (0 Kg of P), 20% under nitrogen fixing legume (0
Kg of P), 20% under cotton but no fertilization applied because it has incorporated
nitrogen fixing legumes, 25% reduction of 50 KG on the rest 55% of land under
conventional cotton cultivation results to total P loadings of 20.625 Kg per hectare.
Coefficient: 41.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of P), 30% reduction of 50 Kg on the rest
70% of land under conventional cotton cultivation results to total P loadings of 24.5
Kg per hectare. Coefficient: 49% of baseline
5. Mitigation Measure 4: 5% set aside (0 Kg of P), 25% under nitrogen fixing legume (0
Kg of P), 25% under cotton but no fertilization applied because it has incorporated
nitrogen fixing legumes, 30% reduction of 50 KG on the rest 45% of land under
conventional cotton cultivation results to P loadings of 15.75 Kg per hectare.
Coefficient: 31.5% of baseline
The area under cotton and its distribution to the three sub-catchments has been estimated
as is shown in the table below.
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Table 5: Area (ha) under cotton in the Louros catchment and the three sub-catchments

Sub-catchment-A
Sub-catchment-B
Sub-catchment-C
LourosCatchment

Area under cotton
25
117
195
337

If we apply the above-mentioned coefficients to the areas under cotton for each mitigation
scheme, the total nitrogen loadings are as shown in the table below.
Table 6: Total Nitrogen Loadings (Kg) in the Louros catchment and the three sub-catchments
under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

110
61.875
45.375
53.9
34.65

Total Kg of N
Subcatchment A
2,765
1,556
1,141
1,355
871

Total Kg of N
Subcatchment B
12,832
7,218
5,293
6,288
4,042

Total Kg of N
Subcatchment C
21,456
12,069
8,851
10,514
6,759

Total Kg of N
Louros
catchment
37,054
20,843
15,285
18,156
11,672

The area under cotton and its distribution to the three sub-catchments has been estimated
as is shown in table 5 above. If we apply the above-mentioned coefficients to the areas
under cotton for each mitigation scheme, the total phosphorous loadings are as shown in
the table below.
Table 7: Total Phosphorous Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

50
28.125
20.625
24.5
15.75

Total Kg of P
Subcatchment A
1,257
707
519
616
396

Total Kg of P
Subcatchment B
5,833
3,281
2,406
2,858
1,837

Total Kg of P
Subcatchment C
9,753
5,486
4,023
4,779
3,072

Total Kg of P
Louros
catchment
16,843
9,474
6,948
8,253
5,305

2.1.1.3 Nitrogen and Phosphorous Fertilization for Medic
Nutrient Application for Medic
Medic is a perennial (three year) cultivation and thus, it fertilization schedule is more
complicated than that of the annual cultivations of maize and cotton. Medic is a nitrate
fixing cultivation and thus, needs for nitrate are down to a minimum that depends on yields
and land fertility. On the other hand, medic is in need of phosphorous. Due to the perennial
nature of the cultivation, yearly equivalents from a three-year fertilization schedule are
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estimated. Unfortunately, there are not publicly available standard agronomic requirements
for the fertilization of medic. The only officially published data concerns with the agronomic
requirements adopted by the then prefecture of Phtiotis, today the regional unit of Phtiotis
of the region of Central Greece (available at http://www.daaf.gr/lip_2005.pdf).
Depending on yields and the soil’s physical and chemical properties, it is suggested that the
nitrate and phosphate requirements of medic are those shown in table 8
(http://www.daaf.gr/lip_2005.pdf).
Table 8: Standard Nitrate and Phosphorous Requirements for Medic Under “Good Practice”
Yield
Up to 10 tn.
10-20 tn.
Over 20 tn.

Ν
230
256-486
566

P2O5
58
75-122
140

Nutrients (Kg per Hectare)
K2O
Ca
260
100
341-570
122-189
663
229

Mg
17
22-34
40

S
18
23-39
48

Accordingly, it is suggested that during seeding, the soil should be provided with 30 Kg of N
per hectare and 90 to 120 Kg of phosphate per hectare. For the second and third year,
fertilization is applied after harvesting (of the first and second years production).
Agricultural consultants suggest one nitrate application of 30 Kg of N per hectare once in the
three-year period and just before seeding. Furthermore it is suggested phosphorous
application at a rate of 100 Kg after every harvest (e.g., the fertilization schedule for medic
suggested by agricultural consultants at their web site http://agrotica.blogspot.com/2012/01/blogpost_5880.html). During the stakeholders’ meeting, stakeholders expressed a completely
different view opposing both standard agronomic requirements and retailers’ suggestion.
Stakeholders argued that the cost of fertilizing medic twice (once during seeding and once
after harvesting) is not viable. Furthermore, once fertilizing for phosphorous, the additional
cost of the fertilizer including nitrate as well is very small almost negligible. So what they
prefer to do is to apply a combined 16-20-0 fertilizer at a rate of 500 Kg per hectare once a
year. This is equivalent to 80 Kg of N and 100 Kg of P per hectare.
Agronomic Management, Returns and Fertilization Standard for Medic
Stakeholders argued that this schedule of fertilization opts for maximum yields of 500 balls
per hectare or around 13 tn per hectare. Many farmers use to apply less (and very few none)
fertilization. However, this can be considered the standard application in the area.
Stakeholders also argued that increased fertilization does not pay off (taking into account
the cost of fertilizer) while, from experience, a reduction in about 25% in fertilizers reduces
yields by almost 40%. Thus, nitrate fertilization to about 60 Kg/ha (which is still double the
standard agronomic requirement) will reduce yields to about 8 tonnes of medic per hectare.
There is not a lot of published scientific evidence for the irrigation needs of medic. However,
these approach the needs of maize. The total irrigation needs approach 1,500 m 3 per
hectare. Of course, irrigation depends on precipitation and evapotranspiration. Annual
alfalfa and medic is the major alternative crop for rotating maize and cotton in Greece. But
due to the perennial cultivation of medic, crop rotation should be for three years and thus,
rotation of medic is not usual in the case study area of Louros. However, between two threeyear cultivations, a one-year rotation with vetch or barley may be possible. Petsa (2011)
argues that rotation with vetch and barley varieties achieves the best results as concerns N
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loads. Stakeholders argued that there is no alternative crop rotation for medic and thus,
crop rotation should not be considered as a mitigation measure.
Considered Mitigation Measures for Medic
1. Standard Cultivation (according to agronomic requirements and cross compliance
constraints)
2. Set aside 25% of irrigated land, reduce N and P fertilization (including manure) by 25% to
the rest of the 75% of irrigated land
3. Crop rotation with non-irrigated nitrogen fixing legumes (vetch, lentils, etc.) on 20% of
irrigated area, leave 5% of land (strips or belts) uncultivated, reduce N and P fertilization
(including manure) by 25% to the rest of the 75% of irrigated land
4. Set aside 30% of irrigated land, reduce N and P fertilization (including manure) by 30% to
the rest of the 70% of irrigated land
5. Crop rotation with non-irrigated nitrogen fixing legumes (vetch, lentils, etc.) on 25% of
irrigated area, leave 5% of land (strips or belts) uncultivated, reduce N and P fertilization
(including manure) by 30% to the rest of the 70% of irrigated land
The underlying assumptions of the aforementioned mitigation measures are:
 Set aside is not cultivated but kept in good condition according to cross-compliance
requirements
 Crop rotation with nitrogen fixing legumes (e.g., vetch) implies that this plot is in no
need of fertilization.
 Uncultivated strips or belts are prioritized according to cross compliance guidance
near irrigation and/or drainage ditches, ponds, water sources, etc.
Nitrogen and Phosphorous total Loadings in Louros Catchment Under Mitigation Measures
for Medic
1. Baseline scenario: 80 Kg per hectare as standard (conventional application in the Louros
catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of N), 25% reduction of 80 Kg on the rest 75%
of land under conventional medic cultivation results to N loadings of 45 Kg per hectare.
Coefficient: 56.25% of baseline
3. Mitigation Measure 2: 5% set aside (0 Kg of N), 20% under non-irrigated nitrogen fixing
legumes (O Kg of N), 25% reduction of 80 Kg/ha on the rest 75% of land under
conventional medic cultivation results to N loadings of 45 Kg per hectare. Coefficient:
56.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of N), 30% reduction of 80 Kg/ha on the rest
70% of land under conventional medic cultivation results to N loadings of 39.2 Kg per
hectare. Coefficient: 49% of baseline
5. Mitigation Measure 4: 5% set aside (0 Kg of N), 25% under non-irrigated nitrogen fixing
legume (0 Kg of N), 30% reduction of 80 Kg/ha on the rest 75% of land under
conventional medic cultivation results to N loadings of 39.2 Kg per hectare. Coefficient:
49% of baseline
Correspondingly, the phosphorous application rates under the various mitigation measures
are the following:
1. Baseline scenario: 100 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% set aside (0 Kg of P), 25% reduction of 100 Kg on the rest
75% of land under conventional medic cultivation results to P loadings of 56.25 Kg per
hectare. Coefficient: 56.25% of baseline
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3. Mitigation Measure 2: 5% set aside (0 Kg of P), 20% under non-irrigated nitrogen fixing
legumes (0 Kg of P), 25% reduction of 100 Kg/ha on the rest 75% of land under
conventional medic cultivation results to P loadings of 56.25 Kg per hectare. Coefficient:
56.25% of baseline
4. Mitigation Measure 3: 30% set aside (0 Kg of P), 30% reduction of 100 Kg/ha on the rest
70% of land under conventional medic cultivation results to P loadings of 49 Kg per
hectare. Coefficient: 49% of baseline
5. Mitigation Measure 4: 5% set aside (0 Kg of P), 25% under non-irrigated nitrogen fixing
legume (0 Kg of P), 30% reduction of 100 Kg/ha on the rest 75% of land under
conventional medic cultivation results to P loadings of 49 Kg per hectare. Coefficient:
49% of baseline
The area under medic and its distribution to the three sub-catchments has been estimated
as is shown in the table below.
Table 9: Area (ha) under medic in the Louros catchment and the three sub-catchments
Area under medic
Sub-catchment-A
Sub-catchment-B
Sub-catchment-C
LourosCatchment

321
2,237
1,451
4,009

If we apply the above-mentioned coefficients to the areas under medic for each mitigation
scheme, the total nitrogen loadings are as shown in the table below.
Table 10: Total Nitrogen Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures, Baseline Scenario (No Climate Change
Effects).
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

80
45
45
39.2
39.2

Total Kg of N
Subcatchment A
25,670
14,439
14,439
12,578
12,578

Total Kg of N
Subcatchment B
178,960
100,665
100,665
87,691
87,691

Total Kg of N
Subcatchment C
116,115
65,315
65,315
56,896
56,896

Total Kg of N
Louros
catchment
320,745
180,419
180,419
157,165
157,165

The area under medic and its distribution to the three sub-catchments has been estimated
as is shown in table1 above. If we apply the estimated coefficients for phosphorous to the
areas under medic for each mitigation scheme, the total phosphorous loadings are as shown
in the table below.
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Table 11: Total Phosphorous Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures, Baseline Scenario (No Climate Change
Effects).
Kg/ha

Conventional
Mitigation 1
Mitigation 2
Mitigation3
Mitigation 4

80
45
45
39.2
39.2

Total Kg of N
Subcatchment A
32,087
18,049
18,049
15,723
15,723

Total Kg of N
Subcatchment B
223,700
125,831
125,831
109,613
109,613

Total Kg of N
Subcatchment C
145,143
81,643
81,643
71,120
71,120

Total Kg of N
Louros
catchment
400,931
225,524
225,524
196,456
196,456

2.1.1.3 Nitrogen and Phosphorous Fertilization for Citrus
Nutrient Application for Citrus
Fertilization for citrus fruit plantations varies according to soil properties, expected yields
and the age of the plantation. All the scientific evidence, stakeholders’ opinions and
estimates provided in this document concern with mature (over 10 years old) plantations
and an average of 350 trees per hectare. Depending on expected yields the average
suggested fertilization varies for Israel between 0.3 to 0.5 Kg of N per tree and year while for
Florida (with almost the same climatic conditions) at 0.8 Kg of N per tree and year. In Greece
the suggested level is 0.4 to 0.8 per tree and year. Thus, the suggested quantity for N is
around 250 Kg per hectare every year. It is suggested that every second year, 50 Kg of P are
added and substitute half of the nitrate fertilization of 26-0-0 with 21-10-10. Thus, the yearly
equivalent of P is around 25Kg per hectare. Others suggest that P fertilization may be more
even 35-40 Kg per hectare and depending on soils’ chemical composition. The Ministry of
Food and Rural Development does not consider citrus tree plantations in the framework of
nitrification and thus no maximum allowable nitrogen load are reported.
The usual application, which is also (suggested by fertilizer manufacturers and retailers is at
250 Kg of N per hectare and 70 Kg of P per hectare (e.g., the maximum fertilization schedule
per tree suggested by Hellenic Fertilizers and Chemicals S.A. at its web site
http://www.elfegroup.eu/Pages/PageB.aspx). During the stakeholders’ meeting, it was
argued that N application exceeds far more the suggested 250 Kg per hectare and is close to
350 Kg per hectare. Nitrogen fertilization is applied:
 During surface (spring and summer) fertilization with 500 Kg of (34.5-0-0) per
hectare (up to 180 Kg of N).
 During basic (winter) fertilization usually 300-400 Kg of 20-10-10 and 300 Kg of 26-00 in the form of ammonium nitrosulphate (with or without zinc)
while phosphorous fertilization is applied:
 During basic fertilization with 300-400 Kg of (20-10-10) (up to 40 Kg of P per
hectare).
Agronomic Management, Returns and Fertilization Standard for Citrus
The standard application of 300 Kg of N per hectare yields an average return of 4 tonnes of
citrus per hectare (depending on variety). In general the following relationships were
identified:
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when fertilization is cut down to half, yields maintain an average return of 3.5 to 4
tonnes but the taste of the produce changes
when fertilization is down to 75-80 Kg of N per hectare yield an average return of 2.5
tonnes of citrus per hectare
with 50-60 Kg of N per hectare yields are reduced to an average return of 1.5 tonnes
of citrus per hectare
The above-mentioned relationships of yield and N fertilization were also confirmed
by participants in the stakeholders’ meeting (Skuras et al., 2012).

In general, citrus tree plantations are in need of irrigation water as early as late May to early
June. Depending on weather conditions, the suggested irrigation ranges from 4,000 to 8000
m3 per hectare. Irrigation is crucial during flowering and the early stages of fruit formation.
Irrigation is applied 6 to 10 times during the period May to September. Especially for the
Arta-Preveza plain, the Common Ministerial Decision 50981/2308 suggests that irrigation
should not exceed 5,000 m3 per hectare for all soil types. However, on heavy structure soils,
this quantity of water is suggested to be applied using drip irrigation. In general, farmers
who usually use 6,000 to 6,500 m3, can tolerate a 25% reduction in irrigation water.
Considered Mitigation Measures for Citrus
Set aside and/or crop rotation are not possible mitigation measures when it comes to
plantations. Besides reduction in applied fertilization, some researchers consider ploughing
and planting the under storey with leguminous plants that trap nitrogen. However, due to
the fact that the rooting system of citrus trees is at the top soil, this practice risks wounding
the rooting system. Furthermore, some plantations do not allow for the performance of
mechanized activities by tractors due to the irrigation system that spreads over the
plantation’s surface. This is the reason why plant protection from weeds is always
performed by spraying chemical substances and hand removal of residues. Thus the
considered mitigation measures are restricted to:
1. Standard Cultivation (according to agronomic requirements and cross compliance
constraints)
2. Reduction of applied fertilizers by 25% to the whole plantation
3. Reduction of applied fertilizers by 30% to the whole plantation
The underlying assumptions of the aforementioned mitigation measures are:
 Set aside is not cultivated but kept in good condition according to cross-compliance
requirements
 Crop rotation with nitrogen fixing legumes (e.g., vetch) implies that this plot is in no
need of fertilization during the next cultivation period.
 Uncultivated strips or belts are prioritized according to cross compliance guidance
near irrigation and/or drainage ditches, ponds, water sources, etc.
Nitrogen and Phosphorous total Loadings in Louros Catchment Under Mitigation Measures
for Citrus
1. Baseline scenario: 300 Kg per hectare as standard (conventional application in the
Louros catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% reduction of fertilizers results to N loadings of 225 Kg per
hectare. Coefficient: 75% of baseline
3. Mitigation Measure 2: 30% reduction of fertilizers results to N loadings of 210 Kg per
hectare. Coefficient: 75% of baseline
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Correspondingly, the phosphorous application rates under the various mitigation measures
are the following:
1. Baseline scenario: 40 Kg per hectare as standard (conventional application in the Louros
catchment). Coefficient: 100% of baseline
2. Mitigation Measure 1: 25% reduction of fertilizers results to P loadings of 30 Kg per
hectare. Coefficient: 75% of baseline
3. Mitigation Measure 2: 30% reduction of fertilizers results to P loadings of 28 Kg per
hectare. Coefficient: 75% of baseline
The area under citrus fruit and its distribution to the three sub-catchments has been
estimated as is shown in the table below.
Table 12: Area (ha) under cotton in the Louros catchment and the three sub-catchments
Area under citrus
7
1,981
105
2,093

Sub-catchment-A
Sub-catchment-B
Sub-catchment-C
LourosCatchment

If we apply the above-mentioned coefficients to the areas under citrus fruit for each
mitigation scheme, the total nitrogen loadings are as shown in the table below.
Table 13: Total Nitrogen Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2

300
225
210

Total Kg of N
Subcatchment A
2,100
1,575
1,470

Total Kg of N
Subcatchment B
594,300
445,725
416,010

Total Kg of N
Subcatchment C
31,500
23,625
22,050

Total Kg of N
Louros
catchment
627,900
470,925
439,530

Taking into account the area under citrus fruit and its distribution to the three subcatchments (table 12), the application of the above mentioned coefficients results to the
total phosphorous loadings shown in the table below.
Table 14: Total Phosphorous Loadings (Kg) in the Louros catchment and the three subcatchments under all alternative mitigation measures.
Kg/ha

Conventional
Mitigation 1
Mitigation 2

40
30
28

Total Kg of P
Subcatchment A
280
210
196

Total Kg of P
Subcatchment B
79,240
59,430
55,468

Total Kg of P
Subcatchment C
4,200
3,150
2,940

Total Kg of P
Louros
catchment
83,720
62,790
58,604
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2.1.2 Baseline modelling – Data sources
The purpose of modelling nutrient deposition and transport is to examine the relationship
between nutrient application through agricultural practice and nutrient concentration in
water, taking into account, soil processes and land cover, climate and hydrology and point
source pollution. All modelling information reported in this work comes directly from the
report of Erlandsson et al. (2013) and is a work carried out at the University of Reading
within the framework of Work Package 5 (WP5) of the REFRESH project.
Baseline model involved modelling of the land cover and nutrient application, hydrology and
nutrient transport. The initial chemistry quality data come from six different monitoring time
series which are rather fragmented and do not use the same measurement methods. The
Louros catchment was divided into 16 reaches (sub-catchments) for modelling purposes.
Meteorological data come from three stations of which one is situated within the
catchment’s boundaries and two outside. Land cover information came from a digital
elevation map, combined with the CORINE land cover map and data from the Greek Census
of Agriculture. Area of crops, number of livestock, fertilisation and irrigation demands were
deduced from the information collected from official statistics, the stakeholders’ meetings
and standard agronomic practices in the area for all major cultivations and livestock. To
model the hydrology, the PERSiST model was used because it is designed in the same
conceptual framework as the INCA-models, and thus it can be used to generate hydrological
input data needed to drive the chemical INCA models.
For modelling nitrate and ammonium, INCA-N with PERSiST was used, which is a model that
integrates the hydrological model of PERSiST with the nitrogen model INCA-N. INCA-N model
was calibrated separately to two chemical data series with reasonably good results. The
calibrated parameters included, soil denitrification, soil nitrification, soil mineralisation,
plant NO3 uptake, plant NH4 uptake, zero rate depth, max rate depth, in-stream nitrification,
in-stream denitrification, initial groundwater nitrate and initial groundwater ammonium.
The calibration aimed at capturing the mean nitrate concentrations along the river profile,
and at capturing the seasonal nitrate dynamics of the lowland sites. For modelling
phosphorous, INCA-P with PERSiST was used integrating the hydrology from PERSiST with
the soil and in-stream phosphorus processes from the well-established INCA-P model (Wade
et al., 2002).

2.2 Cost estimates of measures
For each one of the cultivations and for each of the mitigation measures under consideration
the average cost per hectare was estimated. The chosen cost model is based on Standard
Gross Margins (SGMs) for each of the cultivations under consideration. The standard Gross
Margin (SGM) of a cultivation is defined as the value of output from one hectare less the
cost of variable inputs required to produce that output. We assume that agri-environmental
policies induce only temporary changes to farm practices and thus, the constant cost of fixed
assets such as capital, land, and buildings is not affected and should not enter the cost
calculations.
SGMs from the RICA/FADN database are readily available for all Greek regions up to 2004
and provide a ground for estimating foregone income due to either no cultivation or
reduced cultivation. The initial yields and the yields from reduced cultivation come from
scientific evidence and the literature review presented in part 2.1.1 of this report and cross-
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validated with stakeholders. Stakeholders also cross-referenced our RICA/FADN estimates or
completed these estimates where needed.
In more detail, the cost elements examined in this work include:
Income forgone
Income is forgone either by no cultivation or by lower yields due to lower
fertilization. In order to calculate the income forgone per hectare for maize, cotton
and medic for no-cultivation and for all cultivations for lower yields, gross margins
per hectare are derived for the region of West of Greece for 2004 according to
RICA/FADN estimations. As concerns reduced yields, a consensus between scientific
agronomic data and stakeholders information assumed a reduction of N and P
fertilization by 25% or 30% to reduce yields by 21% and 25% respectively for maize,
cotton and medic and 20% and 25% for citrus tree plantations.
Additional costs
Additional costs include the costs incurred from implementing the proposed land
management activity that is required for alternative measures. This includes the
cultivation of nitrogen fixing legumes that incurs cost but no benefit because the
plants are incorporated into the soil and are not used as a fodder. The cost of
nitrogen fixing legumes per hectare is also derived from the average 2003-2005
RICA/FADN estimations.
Cost forgone
This is a benefit from reduced use of fertilization or from no fertilization on set aside
land or on land that was cultivated with nitrogen fixing legumes during the previous
year. The cost of fertilization per hectare is derived from the average 2003-2005
RICA/FADN estimations. We assume that the cost for plant protection remains the
same and is not affected by reduced fertilization. The cost of energy for fertilization
application practically remains the same as fertilizer is applied (i.e., the tractor
works) but at lower quantities. Finally, the cost of irrigation remains the same as it
depends on irrigation properties paid to the Local Organization for Land
Reclamation.
Transaction Costs
Transaction costs from the farmer’s perspective relate to drawing the Environmental
Management Plan that is estimated at market prices and the transaction cost
related to the work days lost and the payment for required legal documents. The
annual equivalent of a seven-year plan for an average farm of 6.5 hectares is
estimated at 30 euros including soil analyses and consultancy. The annual equivalent
of the shadow price of work days forgone is estimated at 2 euros bringing the total
transaction cost for an average farm to 32 euros per year (224 euros for a sevenyear plan and an average 6.5 hectares farm).
Tables 15 to 18 present the detailed cost estimates for each mitigation measure and
cultivation and the estimated SGMs per hectare, cost of fertilization per hectare and the
reduction in yields incurred by reduced fertilization.
The cost of applying the alternative mitigation measures depends on the cultivation’s SGM.
Citrus fruits and cotton have the highest SGM among the four cultivations but for citrus
fruits no set aside can be applied. Thus, cotton shows the highest costs. However, this may
be misleading when the cost is considered at the catchment’s level because cotton is
cultivated on 337 ha out of the 9,745 ha occupied by the four cultivations together. Between
two mitigation measures that opt at the same level of fertilizer reduction, the one that
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allows the set aside land to be cultivated with nitrogen fixing legumes is always cheaper
because during the next cultivation period, the area under nitrogen fixing legumes provides
full yields with half of its standard fertilization requirements. For example, the cost of
applying mitigation measure 1 (25% set aside – 25% reduction in fertilization on the rest 75%
of the land) for cotton is almost as high as 790 euros per hectare. Mitigation measure 2,
which requires that the 25% set aside is broken down into 5% set aside and 20% under
nitrogen fixing legumes has lower cost because the 25% reduction in fertilization is not
applied to the rest of 75% of the land but to the rest 55% of the land. This is due to the fact
that nitrogen fixing legumes cultivated in the past cultivation period need only half of the
fertilization to provide full yields.
Finally, we may observe that the cost of mitigation measure 4 which implies 30% reductions,
is of almost the same cost as mitigation measure 1 which implies reductions of 25% but does
not allow the utilization of the set aside land by nitrogen fixing legumes.
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Table 15: Average cost estimates per hectare and cultivation for Mitigation Measure 1

Management Activity

25% Set Aside
25% Reduction in fertilization in
the rest 75% of the area
Transaction costs
Net Cost per hectare
SGM
Cost of fertilization
25% reduction in fertilization
reduces yields by

Maize
Income
Forgone or
Cost
Incurred

Cost
Forgone

370.63
233.50

Cotton
Income
Forgone or
Cost
Incurred

Cost
Forgone

484.50
49.13

305.24

Medic
Income
Forgone or
Cost
Incurred

Cost
Forgone

298.29
32.02

187.92

Citrus Fruit*
Income
Forgone or
Cost
Cost
Incurred
Forgone
*

32.31

598.61

32

32

32

32

587.00

789.72

485.91

538.10

92.51

1482.52 €/ha
262.00 €/ha

1938.01 €/ha
170.75 €/ha

1193.17 €/ha
172.30 €/ha

2993.07 €/ha
370.06 €/ha

21%

21%

21%

20%

* Set aside cannot be applied to permanent plantations such as citrus fruit and thus, 25% reduction in fertilization is applied to the whole hectare.
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Table 16: Average cost estimates per hectare and cultivation for Mitigation Measure 2

Management Activity

5% Set Aside
20% under legumes
Cost of Legumes per hectare
20% under half fertilization
25% Reduction in fertilization in
the rest 55% of the area
Transaction costs
Net Cost per hectare
SGM
Cost of fertilization
25% reduction in fertilization
reduces yields by

Maize
Income
Forgone or
Cost
Incurred

Cost
Forgone

74.13
296.50
10.00

Cotton
Income
Forgone or
Cost
Incurred
96.90
387.60
10.00

26.20
171.23

Cost
Forgone

36.03

Medic
Income
Forgone or
Cost
Incurred
59.66
238.63
10.00

17.08
171.23

Cost
Forgone

Citrus Fruit*
Income
Forgone or
Cost
Cost
Incurred
Forgone

23.48

17.23
137.81

23.69

598.61

32.00

32.00

32.00

32

521.64

657.18

437.18

538.10

92.51

1482.52 €/ha
262.00 €/ha

1938.01 €/ha
170.75 €/ha

1193.17 €/ha
172.30 €/ha

2993.07 €/ha
370.06 €/ha

21%

21%

21%

20%

* Set aside and nitrogen fixing legumes activities cannot be applied to permanent plantations such as citrus fruit and thus a 25% reduction in fertilization is
applied to the whole hectare.
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Table 17: Average cost estimates per hectare and cultivation for Mitigation Measure 3

Management Activity

30% Set Aside
30% Reduction in fertilization in
the rest 70% of the area
Transaction costs
Net Cost per hectare
SGM
Cost of fertilization
30% reduction in fertilization
reduces yields by

Maize
Income
Forgone or
Cost
Incurred

Cost
Forgone

444.76
259.44

Cotton
Income
Forgone or
Cost
Incurred

Cost
Forgone

581.40
55.02

339.15

Medic
Income
Forgone or
Cost
Incurred

Cost
Forgone

Citrus Fruit*
Income
Forgone or
Cost
Cost
Incurred
Forgone

357.95
35.86

208.80

36.18

748.27

32

32.00

32.00

32.00

681.18

916.70

562.57

669.25

111.02

1482.52 €/ha
262.00 €/ha

1938.01 €/ha
170.75 €/ha

1193.17 €/ha
172.30 €/ha

2993.07 €/ha
370.06 €/ha

25%

25%

25%

25%

* Set aside cannot be applied to permanent plantations such as citrus fruit and thus, 30% reduction in fertilization is applied to the whole hectare.
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Table 18: Average cost estimates per hectare and cultivation for Mitigation Measure 4

Management Activity

5% Set Aside
25% under legumes
Cost of Legumes per hectare
25% under half fertilization
30% Reduction in fertilization in
the rest 45% of the area
Transaction costs
Net Cost per hectare
SGM
Cost of fertilization
30% reduction in fertilization
reduces yields by

Maize
Income
Forgone or
Cost
Incurred

Cost
Forgone

74.13
370.63
12.50

Cotton
Income
Forgone or
Cost
Incurred
96.90
484.50
12.50

32.75
166.78

Cost
Forgone

35.37

Medic
Income
Forgone or
Cost
Incurred
59.66
298.29
12.50

21.34
218.03

Cost
Forgone

Citrus Fruit*
Income
Forgone or
Cost
Cost
Incurred
Forgone

23.05

21.54
134.23

35.37

748.27

32.00

32.00

32.00

32.00

587.92

799.53

479.78

669.25

111.02

1482.52 €/ha
262.00 €/ha

1938.01 €/ha
170.75 €/ha

1193.17 €/ha
172.30 €/ha

2993.07 €/ha
370.06 €/ha

25%

25%

25%

25%

* Set aside and nitrogen fixing legumes activities cannot be applied to permanent plantations such as citrus fruit and thus a 30% reduction in fertilization is
applied to the whole hectare.
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The cost per hectare and per cultivation is used to estimate the total cost of the measures at
sub-catchment and catchment wide levels. Figure 6 shows the total cost for the whole subcatchment, which, in the case of mitigation measure 3, the most expensive measure, is over
6 million euros per year.
€7,000,000
€6,000,000
€5,000,000
€4,000,000
€3,000,000
€2,000,000
€1,000,000
€0
Mitigation 1

Mitigation 2

Mitigation3

Mitigation 4

Total Cost (Euros)

Figure 6. The total cost of the proposed mitigation measures.
€700.0
€600.0
€500.0
€400.0
€300.0
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Mitigation 2

Mitigation 1

Mitigation 4

Mitigation3

€ per ha of land

Figure 7. The average cost per hectare for each mitigation measure.
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The average cost per hectare assumes that, each cultivation, participates in one hectare by
the same share it participates in the watershed. In other words, the average hectare of land
is made up by 4% of cotton, 34% of maize, 41% of medic and 21% of citrus fruit. As shown in
figure 7, mitigation measure 2 is the less costly at 495 euros, followed by mitigation measure
1 at 542 euros per year.
The average cost per Kg of nitrogen or phosphorous not applied to the watershed is shown
in figures 8 and 9. This is estimated again by assuming that cultivations join each measure
proportionally to their shares in the catchment. We see that mitigation measures 4 and 2 are
the less costly as concerns reduction of nitrogen and phosphorous. The fact that mitigation
measure 4 achieves an average cost of almost 7 euro per Kg of nitrogen not applied and an
average of 9 euros per Kg of phosphorous not applied shows that there are scale effects as
concerns the level of reduced application. In other words, the higher the percentage of land
in which no fertilizer is applied and the higher the reduction of fertilizers in the remaining
cultivated land, the lower the per cost per kg of fertilizer that is not applied. This is more
evident between mitigation measures 1 and 3, which are exactly the same mitigation
measures with the only difference being the proportion of fertilizer not applied to the field.
€8.2
€8.0
€7.8
€7.6
€7.4
€7.2
€7.0
€6.8
€6.6
€6.4
€6.2
€6.0
Mitigation 4

Mitigation 2

Mitigation3

Mitigation 1

€ per Kg of N reduced

Figure 8. The average cost per Kg of N reduced for each mitigation measure.
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Figure 9. The average cost per Kg of P reduced for each mitigation measure.
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3. Results: cost-effectiveness analysis
3.1 Cost effectiveness of nitrogen targeting measures
The modelling process described in part 2.1.2 resulted to a baseline average concentration
for nitrates at 0.88 mg/l which is way below the threshold of 50 mg/l shown in table 1 of this
report. For ammonium, the baseline concentration is at 0.082 mg/l again well below the
threshold of 0.5 mg/l shown in table 1. Figures 10 and 11 show the yearly and monthly
average concentrations of nitrates and ammonium at baseline.
1.2

Nitrate (mg N/L)

1

0.8

0.6

0.4

0.2

0

Figure 10. Yearly and monthly average concentrations of nitrates at baseline.
For both nitrates and ammonium the highest attainable levels occur during December with
concentrations at just above the 1 mg/l and 0.13 mg/l correspondingly. Thus, there is not a
quest for compliance as concerns concentrations of nitrogen. In fact, as WP5 modelling
showed “Four out of the six analysed data sets showed average nitrate concentrations < 1
mg-N/L, which would place the river in class I out of five, corresponding to good ecological
status. The other two data sets still had average nitrate concentrations < 3 mg-N/L, which
would place the river in class II out of five”. Thus, the nitrate leaching from the agricultural
field appears to be limited, or alternatively, excess nitrate is efficiently removed by in-stream
processes in the lowland part of the river.
The proposed mitigation measures do not really contribute much to nitrogen reduction.
Figures 12 and 13 show the yearly and monthly concentrations of nitrates and ammonium
under the baseline (no intervention scenario) and the proposed mitigation measures.
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Figure 11. Yearly and monthly average concentrations of ammonium at baseline.
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Figure 12. Yearly and monthly average concentrations of nitrates under the proposed
mitigation measures.
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Figure 13. Yearly and monthly average concentrations of ammonium under the proposed
mitigation measures.
Of course, as all measures achieve a level of “very good status”, mitigation measure 2, which
is the measure with the lowest total cost is the most cost-efficient (figure 6). The
requirements for this mitigation measure commands for all crops, except from citrus fruit,
that “Crop rotation with non-irrigated nitrogen-fixing legumes on 20% of irrigated area; no
fertilization to the 20% of land that was rotated with nitrogen-fixing legumes during the
previous year for cotton and half of the fertilization for maize; leave 5% of land (strips or
belts) uncultivated; reduce N fertilizer (including manure) by 25% to the rest of the 55% of
irrigated land”. For citrus fruits mitigation measure 2 requires a reduction in fertilization by
25%.

3.2 Cost effectiveness of phosphorous targeting measures
The modelling process described in part 2.1.2 resulted to a baseline average concentration
for Total Phosphorous (TP) at 0.048 mg/l which is way below the threshold of 0.1 mg/l
proposed as a threshold in this report. For Soluble Reactive Phosphorous (SRP), the baseline
concentration is at 0.043 mg/l again well below the threshold of 0.1 mg/l. Figures 14 and 15
show the yearly and monthly average concentrations of TP and SRP at baseline.
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Figure 14. Yearly and monthly average concentrations of Total Phosphorous (TP) at baseline.
For both TP and SRP the highest attainable levels occur during December with
concentrations at just above and below the 0.1 mg/l correspondingly. Thus, there is not a
quest for compliance as concerns concentrations of phosphorous. In fact, as WP5 modelling
showed “the phosphorus concentrations were significantly higher in the agricultural plain
than in the uplands. Thus, there is evidence for some leaching of phosphorus from the
agricultural fields. However, all the four data sets still had average TP concentrations < 100
µg/L and SRP concentrations < 50 µg/L, and thus meet the criteria for good ecological status
for the contemporary conditions”. The proposed mitigation measures contribute more to
phosphorous reduction than to nitrogen reduction. Figures 16 and 17 show the yearly and
monthly concentrations of TP and SRP under the baseline (no intervention scenario) and the
proposed mitigation measures. Again the differences between mitigation measures are not
very significant.
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Figure 15. Yearly and monthly average concentrations of Soluble Reactive Phosphorous
(SRP) at baseline.
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Figure 16. Yearly and monthly average concentrations of TP under the proposed mitigation
measures.
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Figure 17. Yearly and monthly average concentrations of SRP under the proposed mitigation
measures.
In this work the INCA-P model allows us to simulate the P concentrations in water under the
baseline and the alternative mitigation measures. Thus, we have the chance to re-consider
carefully the meaning of abatement. In conventional climate change studies abatement is
related to the reduction (or moderation) of tonnes of CO2. However, climate change policy
targets set a one-to-one relationship between the act of abatement (reduction in CO2
emissions) and target levels for the environment. In nitrate water pollution however, the act
of abatement usually refers to kg of nitrate fertilization that are abated (per farm or per
hectare of land) but the environmental policy (e.g. the nitrates directive) sets standards that
refer to nitrate concentration in water (in mg/l or μg/l for nitrates and phosphorous
correspondingly). Thus, there is not an obvious one-to-one (or even linear) relationship
between the act of abatement and nutrient concentration in water. This is due to the fact
that either nitrates or phosphorous added to the environment from fertilization or other
agricultural activities (e.g. animal waste, plant residues, etc.) are just added to the existing
stock of nutrients and to the nutrients added by physical processes. What ends up to water
courses is the result of a very complex process that depends on climate (especially
precipitation and temperature), physical conditions (slopes, elevation), soil conditions
(especially soil chemistry), hydrography (especially the density of watercourses, and
manmade interventions such as the irrigation network and drainage ditches), etc. Figure 18
depicts this complex process as captured by the INCA-P model used in this work.
We can consider mitigation measures 1 and 3 and 2 and 4 as two pairs of different
technology measures (simple set aside or set aside cultivated with nitrogen fixing legumes).
Reductions in phosphorous applied to the field do not directly and linearly correspond to
abated phosphorous. Thus, we construct two kinds of abatement cost curves. The first
depicts marginal abatement cost as euros per hectare for applying a specific mitigation
measure related to kg of nitrogen not applied (abated) for the whole Louros catchment. The
vertical (y axis) represents the total cost of the mitigation measure divided by the surface of
land resulting to a measure of cost as euro per hectare. The horizontal axis (x axis)
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represents the abatement measured in kg of fertilizer not applied divided by the surface of
land resulting to an abatement measured of Kg of abated nitrogen per hectare of land. This
is depicted in figure 19. The second estimates the unit abatement cost as the cost of
reducing the concentration of phosphorous (TP) by 1 μg/l measured in euros for the whole
Louros catchment. The environmental benefit is measured in the quantity of TP that is
progressively reduced resulting from the adoption of mitigation measures. Figure 20 shows
the MACCs for mitigation measures 1 and 3 (blue line) which assume a simple set aside and
reduction of fertilization to the rest of the cultivated land at progressively higher levels of
25% (mitigation measure 1) and 30% (mitigation measure 2). The vertical axis (y axis)
measures the cost of reducing TP concentration in water (abating TP) by 1 μg/l. It is derived
by dividing the total cost of the measure by the reduction in TP concentration measured in
μg/l achieved by applying the measure. For example, mitigation measure 1 for the whole
Louros catchment is estimated to cost 5.3 million euros and INCA-P modelling simulated that
if the measure is applied we have a reduction in TP concentration of about 11.7 μg/l (i.e.,
from the 48.2 μg/l at baseline down to 36.5 μg/l if the measure is applied). Thus the x-axis
measurement for mitigation measure 1 is 451,384 euros per μg/l of reduced TP
concentration. The horizontal axis measures the reduced concentration from the baseline
concentration of 48.2 μg/l of TP. Figure 20 shows a crude linear approximation of the MACC.
The area under the MACC represents the total abatement cost in both figures 19 and 20.

Figure 18. The INCA-P Model nutrient flows and process controls (after Crossman et al,
2013)
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Figure 19. Marginal Abatement Cost Curves based on abated phosphorous for simple set aside mitigation measures (1 and 3) and nitrogen fixing legumes mitigation measures
(2 and 4).
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Figure 20. Marginal Abatement Cost Curves based on TP concentration for simple set aside mitigation measures (1 and 3) and nitrogen fixing legumes mitigation measures (2 and 4)
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From figures 19 and 20, and despite the fact that we are not able to know the exact
functional form of the MAC, we may risk drawing two conclusions:
 First, if we consider abatement in the sense of phosphorous fertilization that is not
applied to the field (figure 19), the MACC for the measures allowing set aside land to
be cultivated with nitrogen fixing legumes are under the MACC for the measures
with set aside land only (i.e., more efficient) and to the right. The latter means that
mitigation measures allowing for nitrogen fixing legumes are not only less costly but
achieve more benefits (higher abatement). However, if we look at figure 20 which
measures abatement in terms of TP concentrations, this is not the case. Mitigation
measures allowing for nitrogen fixing legumes to be cultivated on set aside land
achieve exactly the same abatement levels as the mitigation measures that involve
only set aside land. This is due to the fact that the cultivation with nitrogen fixing
legumes and their incorporation into the soil adds phosphorous through plant
residues. Still, the measures allowing for nitrogen fixing legumes are more efficient.
 Second, probably due to the fact that we are at low pollution levels, marginal cost is
increasing indicating that economies of scale in controlling phosphorous pollution
have been exhausted and the proposed phosphorous pollution control measures
operate as diseconomies
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4. Scenario analysis
4.1 Scenario setting
4.1.1 Climate change in Greece and the Louros catchment
In 2009, the Bank of Greece set up the “Climate Change Impacts Study Committee” with the
mandate to draft a report presenting the foreseen climatic and environmental changes and
estimating the cost of these changes on the Greek economy as well as the cost of the
adjustment measures. The report was presented on 1st June 2011 and is the most complete
study on climate change impacts in Greece and in line with the IPCC story lines scenarios.
In brief, the overall story lines of the four major scenarios refer to:
A1 storyline and scenario family: a future world of very rapid economic growth, global
population that peaks in mid-century and declines thereafter, and rapid introduction of new
and more efficient technologies.
A2 storyline and scenario family: a very heterogeneous world with continuously increasing
global population and regionally oriented economic growth that is more fragmented and
slower than in other storylines.
B1 storyline and scenario family: a convergent world with the same global population as in
the A1 storyline but with rapid changes in economic structures toward a service and
information economy, with reductions in material intensity, and the introduction of clean
and resource-efficient technologies.
B2 storyline and scenario family: a world in which the emphasis is on local solutions to
economic, social, and environmental sustainability, with continuously increasing population
(lower than A2) and intermediate economic development.
The Bank of Greece study for Greece considered four scenarios according to the 3 rd UN
report on climate change (Nakicenovic et al., 2010):
A2: the IPCC story line with rapid concentration of CO2 reaching 850 ppm in 2100
A1B: the IPCC story line with intense concentration of CO2 reaching 720 ppm in 2100
B2: the IPCC story line with moderate but steady increase in the concentration of CO2
reaching 620 ppm in 2100
B1: the IPCC story line with mild increase in the concentration of CO2 reaching 550 ppm in
2100
For the A2, B2 and A1B scenarios simulations estimated the likely impacts on six climatic
parameters. For the B1 scenario and due to data constraints only the likely impacts on
temperature were considered. More specifically, the impacts for the decade 2091-2100 are
forecasted as follows:
Temperature: for A2, it is expected an average 4.5 oC rise that will reach 5.4oC during
summer and may be up to 6oC and 7oC in mainland Greece. For A1B the corresponding
average rise is estimated to be 3.5oC with 4.5-5oC rise during summer and in mainland
Greece. For B2 the rise will be around 3.2oC while for B2 the corresponding rise is expected
even milder at around 2.4oC.
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Especially for the climatic region of the Louros watershed (region Western Greece – WG),
and for the A2 scenario, the temperature is expected to rise to 18.24±1.87 in 2091-2100
from an average historic record of 12.94±1.52 in 1961-1990. For the B2 scenario the
corresponding changes will be 16.54±1.53.
Sea level rise: Sea level rise is closely related to temperature rise. According to the
conservative B1 scenario, air temperature will rise from 1.1 to 2.9 and according to the most
unfavourable scenario (A1F1) the temperature will raise by 2.4-6.4. According to B1
scenario, sea level is expected to rise by 0.18-0.38 m and by 0.26-0.59 under the A1F1
scenario. Others however, (Rahmstorf, 2007) argue that according to the empirical relation
between temperature and sea level rise with sea level rising by 10-30 cm for 1 degree
Celsius rise in temperature, the impacts may be stronger. According to the SRES scenarios
(IPCC (2007) for temperature rising between 1.4 and 5.8 degrees, sea level may rise between
0.5 and 1.4 meters by 2100. More adverse forecasts are provided by Pfefferet al. (2008) with
expected sea level rise between 0.8 and 2 meters.
For the Louros watershed and especially for the Amvrakikos Bay coastline, sea level rise may
have adverse impacts if it is related to reduced rainfall (see below) and decreased sediment
transfer. For example, Poulos et al (2009a and 2009b) have estimated that an average yearly
sea level rise of 4.3 mm can be reduced to 3,5 mm if we subtract a tectonic rise of about 0.8
mm per year due to sediment deposition especially in deltas. Taking into account the soft
nature of alluvium depositions and the fact that sediment transfer and deposition has been
significantly reduced due to the water dam, sea level rise is expected to cause adverse
impacts on the Nature 2000 site of the Amvrakikos Bay area and especially in the Louros
delta site.
Rainfall: the reduction in forecasted precipitation (rainfall) is very significant in the cases of
A2 and A1B scenarios and milder for B2 (no estimates provided for B1). For A2 this reduction
will reach a yearly average of 17% with a peak during summer of 47%. However, this is not a
very significant number in absolute terms because Greece does not receive important
amounts of precipitation during summer.
Especially for the climatic region of the Louros watershed (region Western Greece – WG),
and for the A2 scenario, the rainfall is expected to decrease by an average of more than 20%
in 2071-2100 from the historic record in 1961-1990. For the B2 scenario the only significant
change is expected for the autumn rainfall by almost 8%.
Relative humidity at 2 meters above earth surface: Relative humidity is expected to decrease
for the three scenarios (A2, A1B and B2) with changes in B2 been the mildest. For A2 the
average yearly change will be reduced by 4.5% by 2091-2100. For A1B and B2 changes will
be smaller.
Especially for the climatic region of the Louros watershed (region Western Greece – WG),
the decrease in the average yearly relative humidity will be almost 10% (20% during
summer, 3.5% during winter and 10% during spring). For the A1B scenario changes will be
smaller while for the B2 scenario changes are expected to be non-significant.
Overcast: For the A2 scenario is expected an average reduction of about 16% while for
scenarios A1B and B2 this is expected to be 8%. There are not significant spatial variations in
overcast and so the national forecasted figures hold for the Louros watershed.
Incoming short wave radiation (sun radiation): Incoming radiation will present a small
increase that is, up to certain degree, related to the reduction in overcast. For the A2
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scenario it is expected that incoming radiation will increase by 4.5 W per square meter in
2091-2100.
Especially for the climatic region of the Louros watershed (region Western Greece – WG),
the increase in radiation may be as high as 8-10 W per square meter under the A2 scenario,
2-4.5 under the A1B scenario and 2.3 under the B2 scenario.
Wind velocity: In general, no significant changes are expected. However, some seasonal
variation may be significant. Especially for Western Greece (where Louros is located) it is
expected a7% decrease in winter under the A2 scenario and 5% under the A1B scenario.
In our study the modelling work that took part in WP5, used meteorological data from three
different climate models to define the meterological time series for the scenario period:
 KNMI-RACMO2-ECHAM5 (abb. KNMI),
 SMHIRCA-BCM (abb. SMHI) and
 HadRM3-HadCM3Q (abb. Hadley)
4.1.2 Land use and climate change
The “Climate Change Impacts Study Committee” of the Bank of Greece has devised a table of
likely impacts of the various scenarios on selected agricultural production for the Western
Greece as shown below in figure 21.
Figure 21. Likely Climate Change Impacts on Western Greece Agriculture
A2
2041-2050 2091-2100
Cotton
Wheat
Maize
Fruits
Olives
Vineyards
Horticulture

+
-+
+
+
+
+

++
+
*
+
+
+
+

A1B
2041-2050 2091-2100
++
-+
+
+
+

B2
2041-2050 2091-2100

++
-*
*
*
*

++
+
++
+
+
+
+

++
+
+
+
++
++
+

>10% increase
++
<10% increase
+
No change
*
<10% decrease
>10% decrease
-Source: Report of the “Climate Change Impacts Study Committee”, 2011
The more adverse effects are expected under the A2 scenario for wheat and maize. For
wheat, adverse effects also are expected under the A1B scenario. Under the B2 scenario
production is expected to rise for all cultivations.
Besides the results derived from the “Climate Change Impacts Study Committee”, two more
research projects have dealt with climate change impacts on wider areas, including Greece.
The PESETA project, and for the most adverse climatic change scenario based on a 3.9 0C rise
in temperature, estimates the likely impacts of climate change on European agriculture
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including Greece. The whole of Greece is under the most adverse zone with decreases in
agricultural production of over 15%. However, under a scenario with a slightly lower rise in
temperature (3.10C), in the western parts of Greece, including the Louros watershed,
changes are expected to be slightly positive or no significant (map 2).
The second study conducted by Giannakopoulos et al (2009), has assessed the impacts of
climate change on cultivation in Mediterranean basin using the HadCM3 model and for the
Α2 and Β2 scenarios implying a global rise in temperature by 2⁰C for the period 2031‐2060.
According to this study and for the North Mediterranean region, the joint implications of
temperature rise and increased CO2 concentration the expected changes range from ‐9,33%
for tuber crops (Α2) to +12,49% for cereals (Β2).
The major driving force behind land use in agriculture is the price received by the farmer and
the way production costs are formulated and especially the price of oil affecting the price of
fertilizers and the cost of irrigation through energy consumption. On top of these, and
especially in Greek agriculture, production subsidies (now decoupled payments) also play a
major role.
In general, areas planted follow market price fluctuations with a one or two year average
lags that are used to form price expectations. Especially for cereals, international markets
(and specifically shortages) have been very turbulent in recent years. Cereal shortages have
appeared due to extreme weather phenomena in major cereal producing countries such as
Russia and Australia that reduced yields and total production coupled by increased demand
for cereals as foodstuff (especially by growing economies such as China). Figure 22 shows,
for the typical case of cotton, that areas planted follow in general the market prices received
by farmers with a time lag.
Policy has two types of impacts on agricultural production. Firstly, direct impacts coming
from agricultural and rural development policies. Secondly, indirect impacts coming from
non-agricultural policies but affecting agricultural production. Agricultural policies affect the
cost of production through area subsidies. However, the general trend is that the EU will
gradually reduce subsidies of any form moving towards market oriented agriculture. At the
same time environmental subsidies and soil conservation restrictions will increase in Greek
agriculture (Barbayiannis et al., 2011) and this will reduce production and increase
production costs.
From the non-agricultural policies the most influential on agriculture is energy policy. Green
energy policies have affected Greek agriculture in two ways. First, they have increased the
price of many crops used for the production of biofuels such as cotton, maize and sunflower.
Secondly the increase of areas under biomass production has increased and especially on
soils that are of marginal importance for agriculture (previously cultivated with fodder plants
or dry wheat). This policy has kept high prices for cotton and maize in the past.
Secondly, energy policy affects land available for cultivation through the wind and solar
energy utilization programmes. Currently, the area withdrawn under these programmes is
negligible, however, under a B1 scenario with intense introduction of clean and resource
efficient technologies, the area withdrawn from production may be considerable, especially
in Greece where solar power utilization is efficient.
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Figure 22. Area cultivated by cotton and weighted average price, 2002-2009 in Greece.
The aforementioned discussion shows that in the case of a global, economy driven scenario
(A1) prices are likely to increase due to increased food demand and areas under cultivation
of cereals will also increase. At the same time, the introduction of efficient technologies may
increase yields that will absorb some of the area increase. Thus, under scenario A1 a
moderate 5% increase in cultivated land is the highest we may expect. Forest land will
decrease and grass land will increase due to higher fodder plant prices
Under A2 scenario the increase in land cultivated may be as high as 10% due to the absence
efficient technologies that increase yields. Forest land will decrease and grass land will
increase due to higher fodder plant prices.
Under the B1 scenario, prices are likely to increase due to increased food demand and areas
under cultivation of cereals will also increase. However, the introduction of efficient and
clean energy technologies such as solar power and wind energy installations will withdraw
land from agriculture or will absorb land abandonment at marginal soils. Thus, the increase
in cultivated land will not be over 5%. Forest land is likely to decrease and grass land will
increase due to higher fodder plant prices.
Under the B2 scenario, with stable food demand and stable prices areas cultivated will be
likely reduced due to more ecologically sustainable management of resources, soil and
water conservation policies and land abandonment. Forest land will increase and grass land
will remain stable but may switch to more extensive forms of management.
The aforementioned analysis was translated into a land use change model induced by IPCC
storylines, i.e., combined effects of climate change, technology, trade and consumptionproduction patterns. These expected land use changes are shown in table 19.
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Table 19: Expected land use changes under IPCC scenarios for Louros
Arable
A1
A2
B1
B2

+5 %
+10 %
+4 %
+8 %

Permanent
crops
+2.5 %
+5 %
+2.5 %
+5 %

Grassland

Forest

+0.5 %
+3 %
+0.25 %
+0.5 %

-5 %
-10 %
-5 %
-10 %

More specifically, we assumed a change in cotton, maize and medic of 15%, 10%, 10% and
8% for A2, A1, B2 and B1 correspondingly and all other cultivations to remain unchanged so
as to have the changes shown in table 19 for arable land in general. For citrus fruit we
assumed a uniform increase of 5% for all storylines, with olive groves and vineyards having
changes that will result to overall changes for permanent crops as in table 19. Forests areas
contract in order to accommodate increases in arable land, permanent crops and grassland.
4.1.3 Nutrient application and costs under land use change scenarios
In this work we assume that the long-run application of nutrients will be affected only by
climate change induced land use changes and not by climate change per se, i.e., the ability of
plants to use more nitrogen, etc. In accordance we assume the same response to mitigation
measures. Furthermore, we assume that the basic elements of cost and benefit estimations
will remain the same. Thus, the cost per hectare and the Kg of fertilizer per hectare not
applied for each mitigation measure remain the same. However, due to land changes, the
total amount of applied fertilizers increases and the total cost of the mitigation measures
also increases.
Tables 20 and 21 show the applied nitrogen and phosphorous fertilizers correspondingly
under the no land use change hypothesis and the land use changes induced by storylines A2,
A1, B2 and B1. It is important to note that, under the A2 storyline, the total amount of
nitrogen fertilization reaches the 2,000 tonnes (table 20) while phosphorous fertilization is
about 1,324 tonnes (table 20).
The total cost and the reductions in applied fertilizers are shown in tables 22 and 23.
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Table 20: Application of Nitrogen fertilizers (kg) to the whole Louros catchment.
Climate change induced land use scenarios
No land use
change
A2
A1
B2

B1

Cotton-N
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

37,054
20,843
15,285
18,156
11,672

42,612
23,969
17,577
20,880
13,423

40,759
22,927
16,813
19,972
12,839

40,759
22,927
16,813
19,972
12,839

40,018
22,510
16,508
19,609
12,606

Maize-N
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

793,520
446,355
406,679
388,825
349,149

912,549
513,309
467,681
447,149
401,521

872,873
490,991
447,347
427,708
384,064

872,873
490,991
447,347
427,708
384,064

857,002
482,064
439,214
419,931
377,081

Medic-N
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

320,745
180,419
180,419
157,165
157,165

368,856
207,482
207,482
180,740
180,740

352,819
198,461
198,461
172,881
172,881

352,819
198,461
198,461
172,881
172,881

346,404
194,852
194,852
169,738
169,738

Citrus Fruit-N
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

659,295
494,471
494,471
461,507
461,507

659,295
494,471
494,471
461,507
461,507

659,295
494,471
494,471
461,507
461,507

659,295
494,471
494,471
461,507
461,507

659,295
494,471
494,471
461,507
461,507

All Cultivations-N
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

1,810,614
1,142,088
1,096,854
1,025,653
979,493

1,983,312
1,239,231
1,187,211
1,110,275
1,057,191

1,925,746
1,206,850
1,157,092
1,082,068
1,031,291

1,925,746
1,206,850
1,157,092
1,082,068
1,031,291

1,902,720
1,193,897
1,145,044
1,070,785
1,020,932
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Table 21: Application of Phosphorous fertilizers (Kg) to the whole Louros catchment
Climate change induced land use scenarios
No land use
change
A2
A1
B2

B1

Cotton-P
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

16,843
9,474
6,948
8,253
5,305

19,369
10,895
7,990
9,491
6,101

18,527
10,421
7,642
9,078
5,836

18,527
10,421
7,642
9,078
5,836

18,190
10,232
7,503
8,913
5,730

Maize-P
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

661,267
371,963
338,899
324,021
290,958

760,457
427,757
389,734
372,624
334,601

727,394
409,159
372,789
356,423
320,053

727,394
409,159
372,789
356,423
320,053

714,168
401,720
366,011
349,943
314,234

Medic-P
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

400,931
225,524
225,524
196,456
196,456

461,070
259,352
259,352
225,924
225,924

441,024
248,076
248,076
216,102
216,102

441,024
248,076
248,076
216,102
216,102

433,005
243,565
243,565
212,173
212,173

Citrus Fruit-P
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

83,720
62,790
62,790
58,604
58,604

83,720
62,790
62,790
58,604
58,604

83,720
62,790
62,790
58,604
58,604

83,720
62,790
62,790
58,604
58,604

83,720
62,790
62,790
58,604
58,604

All Cultivations-P
No land use change
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

1,162,760
669,750
634,161
587,334
551,323

1,324,617
760,794
719,866
666,643
625,231

1,270,665
730,446
691,298
640,207
600,595

1,270,665
730,446
691,298
640,207
600,595

1,249,084
718,307
679,870
629,632
590,741
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Table 22: The cost of mitigation measures in euros for the Louros catchment under four land
use change storylines.

Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

Baseline
5,281,198
4,825,061
6,217,196
5,537,439

A2
5,960,551
5,436,015
7,009,466
6,227,778

A1-B2
5,752,812
5,251,082
6,768,654
6,020,952

B1
5,669,716
5,177,109
6,672,329
5,938,221

Table 23: Reduced fertilizers in Kg for the Louros catchment under the four land use change
storylines.
Nitrogen
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4

Baseline
660,670
705,906
803,307
821,697

A2
744,036
796,054
904,921
926,068

A1-B2
718,853
768,609
874,176
894,404

B1
708,780
757,631
861,878
881,738

Baseline
492,997
528,587
575,411
611,423

A2
564,823
605,749
659,176
700,586

A1-B2
541,221
580,367
631,663
671,272

B1
531,780
570,215
620,657
659,547

Phosphorous
Mitigation 1
Mitigation 2
Mitigation 3
Mitigation 4
4.1.4 Scenario setting
The models were run for the scenario period of 2031-2060, using all possible combinations
of the three climate models (i.e., the KNMI, SMHI and Hadley), and the four land use
scenarios, plus a fifth land use scenario representing a baseline (i.e. no land use change). The
no land use change scenario, however, is modelled under climate change. The total number
of scenarios ran for each model was thus 15 (3 by 5).
Instead of running all possible combinations of climate models, land use scenarios and
mitigation measures, only the “best- and worst-case” combinations of climate models and
land use scenarios were considered. For nitrogen, the “best-case” was the combination of
the KNMI climate model and the B1 land cover scenario and the “worst-case” was the
combination of the Hadley climate model and the A2 land cover scenario. For phosphorus,
the “best-case” was the combination of the Hadley climate model and the B1 land cover
scenario and the “worst-case” was the combination of the SMHI climate model and the A2
land cover scenario. All four mitigation measures were then simulated for the baseline
period (1981-2010), the best- case and the worst-case scenarios.
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4.2 Scenario based results
4.2.1 Cost effectiveness of nitrogen targeting measures
Figures 22 and 23 show the simulated concentrations of nitrates and ammonium under the
best and worst climate cases. Under the best case, which occurs with the KNMI model and
the B1 storyline the concentrations of both nitrates and ammonium are reduced
significantly. For nitrates (figure 23), despite the assumed increase in cultivations by 8%
under the B1 storyline, the concentrations are reduced because the KNMI model forecasts a
decrease in mean flow by 14%. The transported nutrient load in this model is reduced. Even
at the worst case with the A2 storyline assuming an increase in cultivations by 15%, the
forecasted decrease in mean flow by 27% by the Hadley model. The expected increase is not
really significant. All reported concentrations for nitrates are well below the environmental
threshold standards. When mitigation measures are applied, the reduction in nitrates
concentration is less than 3%. It is also important to note that the difference between
mitigation measures 1 and 2 and mitigation measures 3 and 4 is practically zero indicating
that the effect of set aside only or of cultivating nitrogen fixing legumes on the set aside land
does not make any difference for nitrates concentrations. Thus, the most efficient mitigation
is achieved by measure 2, which is the measure with the lowest cost. However, we should
note that the case study area is not in need of a mitigation measure under any climate
change scenarios, best or worst.
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Figure 23. Average nitrates concentrations under only climate change (baseline) and under
the worst and best cases and all mitigation measures.
For ammonium (figure 24), all climate change scenarios show decreased concentrations.
Since the baseline is lower than the environmental standards, the concentrations under
climate change are also less than the environmental thresholds. Thus, again, the quest for an
efficient measure does not hold.
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Figure 24. Average ammonium concentrations under only climate change (baseline) and
under the worst and best cases and all mitigation measures.
4.2.2 Cost effectiveness of phosphorous targeting measures
Figures 25 and 26 show the simulated concentrations of Total Phosphorous (TP) and Soluble
Reactive Phosphorous (SRP) under the best and worst climate cases. The difference between
the baseline and the climate change and land use change models is not really significant
either for TP or SRP. This is due to the fact that, despite land use changes, the amount of SRP
leaching from the soil decreases due to low precipitation and runoff, and the amount of SRP
transported to the gulf is reduced due to lower mean flows.
All reported concentrations for TP and SRP are well below the environmental threshold
standards. When mitigation measures are applied, the reduction is significant. For the worst
scenario (SMHI and A2) the reduction in concentrations of TP and SRP for mitigation
measure 4 is almost 30%. It is also important to note that the difference between mitigation
measures 1 and 2 and mitigation measures 3 and 4 are negligible. This indicates that the
effect of set aside only or of cultivating nitrogen fixing legumes on the set aside land does
not make any difference for phosphorous concentrations. Thus, the most efficient mitigation
is achieved by measure 2, which is the measure with the lowest cost. However, we should
note that the case study area is not in need of a mitigation measure under any climate
change scenarios, best or worst.
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Figure 25. Average Total Phosphorous (TP) concentrations under only climate change
(baseline) and under the worst and best cases and all mitigation measures.
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Figure 26. Average Soluble Reactive Phosphorous (SRP) concentrations under only climate
change (baseline) and under the worst and best cases and all mitigation measures.
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In figures 27 and 28 we replicate the Marginal Abatement Costs captured by the cost of
reducing the concentration of phosphorous (TP) by 1 μg/l measured in euros for the whole
Louros catchment. The environmental benefit is measured in the quantity of TP that is
progressively reduced resulting from the adoption of mitigation measures. Figure 27 shows
the MACCs for mitigation measures 1 and 3 in the baseline (blue line), best case (red line)
and worst case (green line) which assume a simple set aside and reduction of fertilization to
the rest of the cultivated land at progressively higher levels of 25% (mitigation measure
1)and 30% (mitigation measure 3). The vertical axis (y axis) measures the cost of reducing TP
concentration in water (abating TP) by 1 μg/l. It is derived by dividing the total cost of the
measure by the reduction in TP concentration measured in μg/l achieved by applying the
measure. For example, mitigation measure 1 for the whole Louros catchment is estimated to
cost 5,281,198 euros and INCA-P modelling simulated that if the measure is applied we have
a reduction in TP concentration of about 11.7 μg/l (i.e., from the 48.2 μg/l at baseline down
to 36.5 μg/l if the measure is applied). Thus the x-axis measurement for mitigation measure
1 is 451,384 euros per μg/l of reduced TP concentration (5,281,198 euros divided by 11.7).
Under the best case (Hadley – B1), the cost of measure 1 is 5.7 million euros (see table 22)
and the reduction of TP is 12.1 μg/l (i.e., from 48.8 to 36.7 μg/l). Thus the x-axis
measurement for mitigation measure 1 under the best case is 468,572 euros per μg/l of
reduced TP concentration. The horizontal axis measures the reduced concentration from the
baseline concentration of 48.2 μg/l of TP. Figure 28 shows the same linear approximation of
the MACC for mitigation measures 2 and 4. The area under the MACC represents the total
abatement cost in both figures 27 and 28.
From figures 27 and 28, and despite the fact that we are not able to know the exact
functional form of the MACC, we can draw two conclusions:
 First, the worst case for the mitigation measures 1 and 3 (i.e., simple set aside)
clearly shifts the MACC to the left implying increased cost for the same abatement
levels. The best case almost coincides with the baseline. For measures 2 and 4, both
the best and worst case MACCs are shifted to the right, i.e. are even more efficient
than the baseline, i.e., achieve higher abatement at the same cost. Thus, the
strategy of cultivating nitrogen fixing legumes on set aside land is a cost proof
strategy in any climate change scenario.
 Second, probably due to the fact that we are at low pollution levels, marginal cost is
increasing in all climate change scenarios indicating that economies of scale in
controlling phosphorous pollution have been exhausted and the proposed
phosphorous pollution control measures operate as diseconomies.
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Figure 27. Marginal Abatement Cost Curves based on TP concentration for simple set aside mitigation measures (1 and 3).
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Figure 28. Marginal Abatement Cost Curves based on TP concentration for nitrogen fixing set aside mitigation measures (2 and 4).
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PART II: Disproportionality Analysis
5. Application of methodological approach
5.1 Justification of disproportionality analysis
Before undertaking a disproportionality exercise, which is both time and resource
consuming, one should be able to provide crude evidence that there is very likely to confront
a situation where the costs are very high and have an impact on certain segments of the
economy or the population. In our case study of the Louros catchment, there are two initial
arguments in favour of conducting a disproportionality exercise:
First, agriculture is the major target for pollution reduction measures and thus, there is a
clearly and narrowly defined economic activity. Within this activity there is a group of
economic agents that should bear the cost of compliance and more specifically those
farmers cultivating cotton, maize, medic and citrus fruit.
Second, the cost to comply is very different among cost bearers and between the two
environmental targets, i.e., nitrogen and phosphorous reductions. At a per hectare and
individual farmer base, for example, the cost to comply is 1.6 times higher for the most
costly to comply cultivation (cotton) in comparison to the less costly cultivation (medic). This
may induce the risk of pushing farmers to shift from the most costly to the less costly
cultivation and abandon, for example, cotton cultivation in the area. At a catchment scale,
however, the cost is clearly on farmers cultivating maize and medic because these two
cultivations take up more than 80% of the arable area of the catchment. Finally, as concerns
the environmental target, the cost of abating one kg of phosphorous is almost 1.4 times
higher than abating one kg of nitrogen.
Furthermore, the cost of controlling pollution even with the most efficient mitigation
measure (mitigation measure 2) is almost 5 million euros per year, a significantly high figure
taking into account the current recession and budgetary constraints.

5.2 Methodological approach to the identification of main benefits of
improved water quality
Based on the scientific evidence from published scientific work, and the consultation that
took place with stakeholders and scientists, an initial list of cost bearers and beneficiaries
was drawn (table 24). This initial list was then presented to the stakeholder workshop that
took place on the 20th of February, 2013. This workshop gave the opportunity to discuss in
detail and elicit not only the different cost bearers and beneficiaries but also the
mechanisms (instruments) and processes (market and non-market) by which these benefits
and costs could occur.
Details concerning with the stakeholder workshop can be found in Tasks 6.4 and 6.5 Interim
Report, “Workshop on the investigation of wider benefits of improving water quality, Louros
catchment, Greece”. Furthermore, a concise summary of these results is presented in part
5.3 below.
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Table 24: Initial list of costs and benefits discussed, Louros catchment
Cost-Bearers
Increased farm costs
Lower yields for crops (at least in the
short term)
Cost to the taxpayer (partly subsidized)

Beneficiaries
Recreation of local and urban population
Benefits for local businesses: increase in tourism
demand
Better market-prospects for local farm products,
produced in an environmentally-friendly way
and Better prospects for local fish farming and
fisheries

Administrative cost: design
monitoring of
measures
Cost to Amvrakikos Management Body

Water supply for the local population

5.3 Identification of cost-bearers and beneficiaries
According to workshop participants, the list of costs and cost bearers of mitigation measures
in Louros presented by the research team (Table 24) was quite comprehensive and perhaps
too detailed. They argued that the farm sector and especially cotton, maize, clover and citrus
farmers, which have already been facing significant competition, would be significantly
affected by the chosen mitigation measures. The application of the chosen mitigation
measures would lead to a significant decline in yields, production and farm incomes in these
particular crop activities. Taking into account the decoupled nature of CAP Pillar 1 support
and the recent cost-price squeeze that farmers are facing, it could lead to the abandonment
of farming activity; in turn, such a development would have significantly negative economywide knock on effects. Farm production costs could also increase if integrated pest
management is applied, but according to workshop participants, local farmers do not have
the skills to engage in such a production technique. Also, the lack of a comprehensive and
accurate soil map for the area, which would have facilitated the targeting of fertilizer
reduction makes costs even higher.
Other types of cost included in the Patras list did not seem to be very high in the
stakeholders’ agenda. Stakeholders agreed that there would be a cost to taxpayers if some
of the chosen mitigation measures were supported through agri-environmental measures;
however, they pointed out that this potential support is rather irrelevant, as it would be very
far from being able to compensate yield losses. In other words, they pointed out that the
shock on farm incomes would be much higher than agri-environmental measures support,
and hence, interest by farmers to apply for such measures would be marginal especially for
farmers in the cotton and maize cultivations. It was pointed out that “….most farmers will
abandon…”. Also, it is worth mentioning that according to stakeholder opinion, the
structural characteristics of local farmers (small holders, rather aged) and their very limited
feasibility to borrow in order to invest in the modernization of their farms constitute
additional factors which make abandonment very likely. Also, participants were far from
convinced about the efficiency and competence of monitoring system, so they did not pay
any notable attention to the possible increase of administration costs, which was included in
the list.
Though opinion on costs and cost bearers was quite unanimous, the same cannot be argued
as far as benefits and beneficiaries are concerned. Some participants pointed out that few
farmers would benefit from agri-environmental support, if of course some of the chosen
measures were to be supported by the Greek RDP. On the other hand, there was a
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consensus on the benefits associated with the local fish population and hence, local fish
farmers and fishermen. As nitrates increase plant vegetation and bind oxygen in
underground water, a decrease in the application of fertilizer would lead to an increase in
the fish population. Also, it was argued that environmental degradation in Louros has led to
a decrease of islets and dykes and thus, to a decline in the surface used for fish farming.
Thus, an improvement facilitated by amongst others, these specific measures, would
improve prospects for fish farms. Finally, stakeholders argued that an increase in fish
farming and fishing activity would lead to an increase in fish tourism in the area and
ultimately, to significantly positive income and employment repercussions for the local
economy.
Regarding benefits associated with recreation of the local population, participants argued
that the river generates the prospects for such benefits (e.g. canoe, swimming, etc.), but
these prospects are not really utilized. As far as tourism from urban areas is concerned, most
stakeholders suggested that there is a perception (by urban visitors) that environmental
conditions in the Louros area are very satisfactory; thus, the mitigation measures are not
really expected to affect these specific tourism flows and hence, would not lead to benefits
for local businesses associated with tourism. In this context, stakeholders emphasized the
lack of a coherent tourism development action plan for the area. Indicatively, they indicated
that institutional shortcomings in terms of tourism policy design has led into a very low
diffusion of tourism benefits in the Louros villages, which lack the necessary infrastructure
(e.g. accommodation and other facilities for tourism). As a result, the tourism flow in the
area is mostly associated with day visitors and, as a result, very few extra jobs have been
generated in the Louros area due to this activity.
A contrasting opinion on the above issue was expressed by the representatives of the Natura
2000 Amvrakikos Management Body. Representatives of this institution argued that the
environmental degradation of the river is a source of disrepute for the wider area and has
considerably negative effects for foreign tourism. They argued “that these environmental
problems are well-known to foreign visitors and thus, any efforts to market ecotourism do
not lead to the desired effects”. It is worth noting here that according to these stakeholders,
this negative reputation is not solely attributed to the environmental repercussions of farm
activity, but also (perhaps mostly) to illegal activities such as hunting and fishing. Also, both
lack of funding (i.e. institutional constraints) and local attitudes were argued to be the
reasons behind the inefficient monitoring of such activities.
Also, another positive effect with the chosen mitigation measures seems to be associated
with an improvement in the market prospects of farm products produced in the area
through environmentally friendly methods. Stakeholders argued that such an improvement
could be important especially for citrus fruit. However, a vast restructuring of the marketing
strategies and distribution channels was specified as a sine qua non condition for any
positive market prospects for these products. It was also argued that the above-mentioned
benefits associated with agricultural activity and fish farming could have important positive
effects for the local economy and also sustain the rural fabric in the area, as fishermen and
fish farmers can at the same time be pluriactive farmers and thus, be able to sustain their
living in the Louros area.
Finally, stakeholders agreed that an improvement in water quality would increase water
supply for the local population; regarding this issue it is worth mentioning that there is a
shortage of drinking water in the area, especially in the summer tourism season.
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5.4 Identification of spatial and temporal scales for disproportionality
analysis
The spatial scale of our analysis is dictated by data availability. Unfortunately, the
information we need from the most recent 2011 Census of Population is only available at
prefectural (sub-regional) scale and not at a lower commune level. The most crucial
information is the number of households in the area due to the fact that the benefit transfer
exercise is based on Willingness to Pay (WTP) estimates per household. Thus, it was decided
that, because benefits can be aggregated only at prefectural level, to include the prefectures
of Preveza and Arta which contain the most significant part of the population to be
benefited from water quality improvements in the Louros catchment.
We should also bear in mind that the Louros catchment is already at a good environmental
status and thus, achieving the WFD targets by 2015 does not impose an important
restriction. Furthermore, due to the fact that the proposed mitigation measures are annual
and do not involve the construction of infrastructure or other permanent facilities, the DA
exercise can be easily carried out for the period 2010-2015.
Figure 29 shows the location of the major Natura 2000 sites at Louro’s estuaries, i.e.,
Logarou, Tsoukalio and Rodia as well as the major urban centres of Arta and Preveza located
within a radius of 10Km from the centre of the Natura 2000 site (between Logarou and
Rodia).

5.5 Data sources
The major data sources used in the benefit transfer exercise include:
 the Greek Census of Population carried out in 2011 (section 6.1 below)
 the scientific works used for the benefit transfer exercise (section 6.1 below)
 Data on the Greek economy from the Greek Statistical Service (HELSTAT)
 the cost of mitigation measures under baseline and land use-climate change
scenarios presented in part I of this report
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Figure 29. The Louros estuaries and the major urban centres of Arta and Preveza.
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6. Economic efficiency assessment
6.1 Benefit assessment
6.1.1 Baseline benefit assessment
Due to budgetary constraints, it was not possible to run a primary valuation study for the
assessment of benefits, thus, the use of the Benefit Transfer method was selected. During
the scoping stage of the benefit transfer method, a number of studies were used in order to
isolate the most relevant ones. The examined researches used stated preferences methods
and were selected due to their similarities with the Louros catchments as concerns social,
economic and administrative reasons. Specifically the most relevant works included the
work of Koundouri (2011) for Cyprus, Birol et. al (2008; 2010) that refer again to Cyprus
water bodies and others in the vicinity of the Mediterranean region like Martin-Ortega et. al
(2009) for Spain, and Birol et. al. (2006) for Greece. Other recent works such as Kataria et al,
(2009) for Denmark, were excluded due to the disparity in relation to the Greek socioeconomic context with the one in more developed European economies such as the Danish
one.
The most relevant studies report Average WTP estimates per household in the area of 50 to
85 euros. For Spain, Martin-Ortega et al. (2009) found an Average WTP 81.2 € and 61.3€ for
moving to an excellent and good environmental status correspondingly. The research was
carried out for watershed and river. For Cyprus, Birol et al. (2008) found, for the Akrotiri lake
an average WTP of 18,25 CYP (approximately 31,39 Euros) for moving to an excellent status.
For Cyprus, Koundouri (2011) started with an environmental target of good status and
estimated average WTP to move to this target from bad and medium environmental
conditions. For Bad to Good she estimated an average WTP of 61.4 euros per household
while for medium to good the corresponding WTP estimate is 40.93. Taking into account
that Koundouri’s work is the most recent and most relevant to our case study and also the
fact that the Louros water body is already at good environmental status, we will use the
40.93 euros per household as a first estimate.
Table 25: Number of households in the regional units of Arta and Preveza.
Households
Regional unit of Arta
25,967
Regional Unit of Preveza
21,853
Total
47,820
Source: HELSTAT, Census of Population, 2011.
Environmental benefits are assumed to accrue equally to all households, thus, the total
benefits for one year are estimated to be 1,957,273 euros (by multiplying 47,820 households
with an average WTP per household at 40.93 euros representing a move from medium to
good environmental status). This is assumed to be a constant stream of benefits each year
from 2010 to 2015 (six years). The present value of the benefits can be calculated by using
an appropriate discount rate. Taking into account the long-run discount rates in Greece and
the social time preference for environmental projects, a 1.5% discount rate was used as a
starting point. This produced an aggregate benefit of 11,150,948 euros for the six years
under consideration.
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6.1.2 Sensitivity analysis of aggregate benefit estimates
For the Greek case study, the following three major sources of uncertainty deserve further
investigation and a sensitivity analysis:
 the chosen benefit measure as this is related to the Louros catchment current status
 the discounting rate
 the effects of recession and austerity programmes on benefits
Furthermore, the Louros case, combines water quality and habitats. The quality of the water
has a direct impact on the Natura 2000 site and thus, WTP for clean water also implies
higher nature conservation and biodiversity. It is well known from the relevant literature
that use values dominate total economic value for most environmental goods such as clean
water, reduced noise or cleaner air, while, non use values dominate total economic value of
actions concerning with biodiversity and habitats. Thus, we should bear in mind that, benefit
transfer from similar water quality related studies may underestimate the benefits at Louros
by overlooking the contribution of water quality to habitats and biodiversity. Thus, benefits
may be adjusted upwards to reflect this situation that is particularly true for Louros.
The benefit measure
The chosen benefit measure refers to the average WTP per household found in Cyprus for
moving from the medium to the good environmental status. One justified line of sensitivity
analysis would be to search the benefits for higher average WTP estimates, i.e., a 61.4 euros
as estimated for Cyprus and for moving from the bad to the medium environmental status
or the 81.2 euros estimated for Spain and for moving to the excellent environmental status.
Figure 30 shows the estimated aggregate benefits for the period 2010-2015 discounted with
a rate of 1.5% for the three alternative measures. Due to the very low discount rate that
practically leaves the present value of estimates unchanged, a doubling in the benefit
estimate, i.e. from 40.93 to 81.20 euros almost doubles the net present value of estimates.
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Figure 30. Aggregate benefits under alternative benefits
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As it was stated above, the use of progressively higher benefits is justified by the fact that
the chosen benefits estimates concern solely with water quality improvements while, in the
Louros case, these directly contribute to improved habitats conditions and biodiversity.
Discount rates
Despite the fact that ECB’s long-term rates are approaching zero, and taking into account
the economic situation in Greece and the social time preference to environmental projects
we adopted a basic discount rate of 1.5%. Figure 31 shows the aggregate discounted benefit
estimates of the basic scenario (average WTP per household at 40.93) with varying discount
rates up to 3.5%. It is evident that the choice of the discount rates especially at such low
levels, does not really affect the aggregate discounted benefits estimates. Even when
doubling the discount rate from 1.5% to 3.0%, the decrease in the aggregate discounted
benefits is almost 5%.
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Figure 31. Decreasing aggregate benefits under increasing discount rates.
Recession and austerity programmes
One of the major effects of recession and of the consequent application of strict austerity
programmes is the very abrupt loss of income both in terms of GDP as well as in terms of
income per person. In Greece, between 2008 and 2012, almost 20% of the country’s GDP
was lost, bringing the level of GDP back to 2002 levels (figure 32). Furthermore,
unemployment is rising to almost 30% by today. A recent research work attempted to
examine the income effects on global WTP for biodiversity using 145 WTP estimates from 46
contingent valuation studies (Jacobsen and Hanley, 2009). The authors purposefully include
studies from all over the world in order to capture the effects of differences in GDP (or
income) on WTP. They find an income elasticity of 0.38 when using either GDP per capita or
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household’s personal income. This is in general agreement that WTP income elasticities are
in between 0 and 1 (Hokby and Soderqvist, 2003).
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Figure 32. The evolution of Greece’s GDP, 2000-2012, at constant values (2005).
Even if it is too risky, we will attempt to examine the effects of recession and the consequent
loss of income on WTP estimates. Figure 33 shows the effects of recession by assuming a
0.38 and a 0.50 income elasticity on the benefit transfer of 40.93 and a 20% loss in GDP,
directly translated into 20% loss in income. These elasticities translate the estimated WTP
benefit transfer into 37.82 and 36.84 euros per household per year correspondingly.
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Figure 33. Aggregate discounted benefits under recession.
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It is evident in figure 33, that the loss of aggregate discounted benefits due to GDP loss is
much larger than the loss due to progressively increasing discounting rates. It is also evident
that the loss depends as much on GDP (here assumed constant at 20%) as on the estimated
elasticity of income. The assumed income elasticity has potential distributional effects that
are discussed in the next section 7 of this report.

6.2 Comparison of benefits with costs
6.2.1. Baseline scenario
The comparison of benefits and costs in our case is straightforward using the Net Present
Value (NPV) formula of a dual Cost Benefit Analysis (CBA) which assumes different discount
rates to different kinds of benefits (and costs) as:

Figure 34 shows the NPV of applying the most cost effective mitigation measure (mitigation
measure 2) when discount rates for benefits are progressively lower than discount rates for
costs (assumed to be market costs). The NPV is negative whatsoever and costs definitely
outweigh the benefits. When the discount rates are the same for environmental benefits
and market costs at 1.5%, the NPV is -16.34 million euros for the six year period of 20102015. This is due to the fact that the annual costs for applying mitigation measure 2 are up
to 4.8 million euros per year while benefits are low at 1.9 million euros per year. Even when
costs are discounted at 3% and 5%, the negative NPV continues to be very high (figure 34).
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Figure 34. NPV for dual CBA with costs discounted at progressively higher discount rates.
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What could equalize the present value of costs to the present value of benefits resulting to a
break-even action? One answer is in the increase of the benefits. In our benefit transfer
exercise, our basic assumption was that, the benefits accrue to locals mainly from using the
water resource. However, as it was discussed earlier, the Amvrakikos Natura 2000 site is
very much dependent on water quality and offers a unique, non-use, habitats and
biodiversity service to the whole of the country. In order to see how this assumption could
hold true, we assumed that the benefit estimate of 40.93 euros per household per year
could also reflect non-use values and progressively increased the number of households
benefiting from habitats and biodiversity due to increased water quality in Louros.
Breakeven, i.e., a NPV of zero, is reached when the number of households is almost tripled
up to 117,886. This is not an extremely strange result if we take into account the resonance
of Louros estuaries among environmentalists and scientists in Greece and Europe.
6.2.2 Climate and land change scenarios
It should be stated at the start of this section that the Louros catchment remains at good
environmental status under any of the climate and land use change scenarios discussed in
Part I of this report. Climate and land use change will have an impact on NPV estimations
due to the fact that the cost of mitigation measures changes radically. Climate changes and
land use changes induced by climate changes result to an increase in the areas of arable
land, especially cotton and maize of up to 15% for the worst scenario (A2 storyline), or up to
8% for the best scenario (B1 storyline). Again, the cost effective mitigation measure is
mitigation measure 2 implying the lowest possible costs.
Figure 35 shows the NPV of applying mitigation measure 2 under the best and worst climate
and land use change scenarios under three alternative benefit estimates and a 1.5% discount
rate for both benefits and costs.
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Figure 35. NPV for three alternative benefit estimates and for the best and worst climate
change scenarios.
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Land use change induced by climate change increases the negative NPV as the cost of
mitigation measure 2 increases to cover areas under the four cultivations that expand due to
climate change and increased demand. Again, if we consider the number of households
required to produce a breakeven result (net profits equalling net benefits) this goes up to
126,487 and 132,813 households per year for the best (B1) and worst (A2) storylines
correspondingly.
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7. Distributional effects, equity and affordability considerations
7.1 Distributional effects
7.1.1 Distributional effects: Benefits
Unfortunately, we do not have quantitative data to examine the distributional effects of the
benefits to the population. However, we can make two qualitative remarks. One concerns
with the selection of the target population and the other concerns with the distribution of
the benefits among the beneficiaries of the general population.
The selection of the local population to be the target population was based on the argument
that the majority of benefits are related to use values accrued to the local population from
improved water quality. However, the proposed mitigation measures improve both the
quality and the quantity of water that feeds the estuaries of Louros river and thus directly
affects habitats and biodiversity. As it was discussed earlier in this report, benefit estimates
for environmental goods (water, air, noise, etc) are based on use values while benefit
estimates for services such as habitats and biodiversity are based more on non-use values.
This notion of underestimating non-use values allows us to expand the target population
beyond the local population to, for example, environmentalists, scientists, etc. Thus, from a
spatial point of view, our benefit transfer exercise and the estimation of aggregated
discounted benefits overestimates the importance of locals and use values and
underestimates the non-locals and non-use values. As such, the distributional effects of
benefits are biased towards the local population.
Secondly, the distributional pattern of WTP estimates depends upon the income elasticity. If
income elasticity is less than one (as is the case with environmental services incorporating
non-use values and certainly the case for biodiversity) WTP are distributed regressively
among the beneficiaries. If the income elasticity is more than one, as it is sometimes the
case for environmental goods such as water quality, WTPs are distributed progressively. If
we assume that income elasticities are less than one and WTP is distributed regressively, this
means that an agri-environmental project like the one that is proposed for Louros, has the
possibility of benefiting poorer households more than rich households. This is due to the fact
that the proportion of WTP to income is decreasing as income rises and thus the
environmental improvement has proportionately higher benefits to poor groups than to rich
groups among the general population.
7.1.2 Distributional effects: Costs
Most of the arguments developed in this part are informed by the stakeholders’ workshop.
Workshop participants argued that the estimated costs of the mitigation measures reflect
reality and are highly disproportionate. Despite the fact that crop farmers have (according to
the stakeholders) already significantly adjusted and decreased fertilizer application (mostly
due to the economic recession and the increase in input costs), it is this sector, which if
these measures are applied, would bear all the cost (especially in terms of a significant
reduction of yields and output produced). Figure 36 re-confirms this argument. Especially
the cost of energy and the cost of fertilizers has increased significantly after the 2008/09
recession due to the imposition of an excise tax on fuel under the austerity programme for
the Greek economy. If we also take into account that fertilization and energy together make
up 1/3 of the total cost of Greek agriculture, then presumably, farmers have an argument.
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Figure 36. The evolution of the cost index for certain inputs to Greek agriculture.
Source: Eurostat (variable: apri_pi05_ina).
Despite opinion on the need for the crop sector to further decrease fertilizer application, this
prospect was judged as highly unfair, as there seems to be no cost for other activities which
(according to workshop participants) have been and still are very active polluters of Louros.
These activities include hog farming, poultry farming, municipal wastewater and waste,
while significant emphasis was given on the incompetence of the state authorities to
effectively monitor the operation of sewage sludge treatment plants (especially in the case
of hog farming) and urban waste management plants. Also, it was argued that state
authorities are not efficient in their efforts to remove polluters, which locate close to the
river.
Costs were judged to be disproportionate even within the crop sector, as the lack of a
comprehensive soil map for the area would lead to horizontal decreases of fertilizer
application. Also stakeholders argued that costs of water quality enhancing measures would
be rapid and immediate, while benefits would be long term and perhaps, uncertain.
Uncertainty in the benefits was associated with opinion that water quality improvement was
not the sole prerequisite for (e.g.) an increase in the activity of local business associated with
tourism or/and better market prospects for local farm products. In this context, the current
weak institutional environment does not seem to convince stakeholders that all the
necessary accompanying action (such as monitoring and inspecting polluting activities and
designing a coherent local development plan) would take place. Hence, benefits were
considered as vastly uncertain.
The above-mentioned uncertainty led to difference in opinions on the size and distribution
of benefits. Stakeholders associated with farming argued that benefits would be very small
compared to the vast cost of agricultural adjustment. On the other hand, representatives of
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the Amvrakikos Management Body thought that benefits associated with ecotourism and an
environmentally sound crop sector would be proportional and significantly higher than the
costs of the mitigation measures.

7.2 Affordability
Many farmers expressed the opinion that such costs are not affordable especially under the
squeeze of agricultural incomes in Greece since 2000. Indeed, agricultural incomes in 2012
have lost at least 15-20% of their 2000 value (figure 37) while entrepreneurial incomes
(indicator C) has lost more than 50%. It is reasonable that the imposition of such a heavy
cost on farmers will force them to shift to cultivations not included in the compliance
package (i.e., horticulture) or will force them to cease operation. In an economy that
currently runs an unemployment rate approaching 30% this will not be a socially acceptable
policy.
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Figure 37. The evolution of the agricultural income in Greece, 2000-2012.
Source: Eurostat, (Variable: aact_eaa06)
On the other hand, if the programmes are offered on a voluntary basis with a low
compensation, uptake rates will be extremely low and the overall impact negligible. The
Louros case, however, is not a clear case because baseline monitoring data and simulation
from INCA-N and INCA-P show that the water quality is at a good status. Thus, if farmers are
forced to new compliance levels of 25% or 30% reduction in fertilization, at least part of the
cost should be undertaken by society.
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Part III: Conclusions and Policy Implications
8. Discussion and conclusions
This report examined the cost effectiveness and disproportionality effects of applying
nitrogen and phosphorous reducing mitigation measures at the Louros catchment in Greece.
Louros river creates a very important catchment from both an environmental and economic
perspective. Louros estuaries form very important lagoons not only for Greece but for the
whole of Europe due to its location on a main corridor for migratory species. Louros river, its
estuaries and the Amvrakikos Gulf are protected under the Habitats Directive and the
Ramsar Convention. Louros waters are used as drinking water for major municipal centres
in the area, are used by aquaculture activities at the upland and industrial activities and fish
farming at the lowlands while the Amvrakikos gulf has the potential to develop important
tourism activities. Furthermore, amenities including eco or agro-tourism, bird watching and
game can be further developed.
The three lagoons formed at the Louros estuaries are, for a long time, assumed to suffer
from nitrification and agriculture was held responsible for the issue. Sporadic and
fragmented monitoring activities undertaken by the Ministry of Rural development and Food
or by independent researchers failed to reveal any significant, persistent and consistent
nitrification or phosphates pollution issues. However, in certain monitoring points and in
certain times, some pollution spikes were observed. Following public pressure, and not hard
scientific evidence, the Ministry of Rural Development and Food declared the Arta-Preveza
plain that includes the Louros and Arachthos watersheds a Nitrate Vulnerable Zone as early
as 1999. In 2006, the Ministry of Rural Development and Food announced a nitrification
control programme for the Arta-Preveza plain that would be financed by the 2007-2013
Common Support Framework for Greece and specifically by its “Baltatzis Programme” for
Rural Development. Due to the 2008/09 recession and following serious budgetary
constraints, the idea of applying the programme was practically abandoned. This incident
offered us a unique opportunity of examining the likely effects of an expressed and fully
articulated agri-environmental policy that was never applied in practice.
The mitigation measures proposed for this study imitate the measures originally offered by
the agri-environmental programme for Louros with two differences. First, we included,
besides the cultivations of cotton and maize, the cultivations of medic and citrus fruit that
could formulate potentially serious polluting activities. Second, we assumed different levels
of abatement under two different production processes (“technologies”). The first
production process allows for reductions in fertilizer application by means of set-aside land,
reduction in fertilization to the cultivated land and reduction in irrigation. The second
production process allows for equal levels of reductions in fertilizers but demands 5% set
aside margins, allows the set aside land to be rain fed cultivated by nitrogen fixing legumes,
and reduces irrigation. Following the formulation of measures, and due to the lack of access
to farm specific data, the cost of measures was estimated for a “typical – average” farm
using aggregate FADN-RICA accounting and production data informed by a widespread
consultation process with all stakeholders. The cost of reducing nitrogen and phosphorous
was estimated as cost per kg of the reduced nutrient and as cost per hectare of land under
each mitigation measure and cultivation. These were aggregated to the whole Louros
catchment taking into account the distribution of cultivations in the catchment.
In parallel, likely land use changes induced by climate change were drawn. Climate change
for the Louros catchment and its likely impacts on plant productivity and land use was drawn
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from a complete and coherent assessment study of climate change effects carried out by the
Central bank of Greece under the supervision of the Academy of Athens. Following the IPCC
storylines, four climate change scenarios were devised. For each climate change scenario the
future costs for applying the mitigation measures were re-estimated. Thus, we ended up
with the cost of reducing nitrogen and phosphorous under climate change estimated as cost
per Kg of the reduced nutrient and as cost per hectare of land under each mitigation
measure and cultivation. These were again aggregated to the whole Louros catchment
taking into account the distribution of cultivations in the catchment under climate change
induced land use changes.
Modelling of nutrients and sediment transport was based on INCA-N and INCA-P and was
carried out by WP5. Modelling was based on geological, climatic, hydrographic parameters
and agricultural activity data for the Louros catchment and monitoring data for nutrients.
Modelling provided a baseline (calibrated) estimate of nutrient concentrations without any
mitigation measures or land use and climate change. This showed very clearly, and in
accordance to monitoring data, that the water quality of the Louros catchment was in good
environmental status and under any definition of environmental standards. Thus, there was
not a need to apply a catchment wide agri-environmental programme, or at least, this was
not justified on the basis of non-point source pollution from agricultural activity. Modelling
also produced simulated concentrations for nutrients under the mitigation measures and
without any land use and climate change. These simulations showed that the application of
mitigation measures marginally improve the water quality. The baseline scenario (i.e., no
mitigation measures) also was simulated for climate change induced land use changes. Due
to the complexity and the burden of estimations for all alternative combinations of climate
change and mitigation measures models, only the baseline, best and worst scenarios are
presented. The best scenario follows the B1 IPCC storyline while the worst scenario follows
the A2 storyline. Climate change, increases nutrient concentrations but not as much as it
would have been expected from foreseen land use changes. This is due to the fact that
climate change, and especially expected higher temperatures, lower precipitation and
decrease runoff, reduce sediment and nutrient transport and increase the use of nutrients
by plants. Thus, the quality of water at Louros remains, under any environmental threshold
levels, at good status. When mitigation measures are applied to the climate change baseline
scenario, the reduction in nutrient concentration is marginal for nitrogen and more
significant (but still low) for phosphorous.
Despite the fact that the water quality in Louros is at good status under all environmental
thresholds and all alternative simulations, we decided to run the cost effectiveness analysis
(CEA) and disproportionality analysis (DA) exercises assuming that the agri-environmental
policy would have been applied, if recession had not occurred. So, instead of searching for
the most cost effective solution we could search for the least ineffective solution.
A major issue in carrying out the CEA is defining the abatement cost. The nitrates directive
defines environmental targets as the concentration of nitrogen in water with a paramount
target of 50 mg/l. Environmental chemical standards for the WFD application in Greece also
define good status according to the concentration of nutrients and other chemical inorganic
and organic substances or certain physical properties (e.g., pH and conductivity). In most
environmental studies, abatement efforts have a one-to-one or a linear relationship to
environmental standards. In other words, efforts to reduce CO2 emissions (abatement
process) can be directly translated to efforts for achieving environmental standards because
environmental targets are defined on the same scale, i.e., reduction of emissions measured
in tonnes. Reduction of noise by using appropriate controls again is measured in reduction of
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dB that is directly translated to environmental standards that are defined as levels of dB.
However, when we deal with non-point source pollution from transported nutrients, the
relation between abatement and environmental standards is not straight forward. To this
end, some researchers have used “leaching functions” to link fertilizer application to amount
of nutrients leaching from the filed into the watercourse. This approach, however, misses
the amount of nutrient lost with water transportation (e.g., deposited in the waterbed) and
assumes a homogenous leaching behaviour. In this work, we made use of the INCA-N and
INCA-P simulations to relate, empirically, fertilizer application (current and under mitigation
measures) to average yearly nutrient concentrations in water. Thus, we defined abatement
cost in its conventional form as euro per Kg of substance (N or P) not applied and as euro per
mg of N/l and μg of P/l reduced in the water concentration. The constructed abatement cost
curves relate abatement (cost per unit reduced in concentration) to environmental status
(concentration). Marginal Abatement Cost Curves are increasing, mitigation measures which
allow for the cultivation of the set aside land with nitrogen fixing legumes are less costly for
the same abatement levels or abate more at the same cost levels. However, when
abatement is measured by the concentration of the nutrient, both “technologies” abate the
same but the cultivation with nitrogen fixing legumes is less costly.
For the least cost solution for phosphorous (mitigation measure 2), abatement cost is at just
over 42 euros per hectare abating 54 Kg of phosphorous (not of fertilizer) per hectare.
Furthermore, watershed wide, for the reduction of Total Phosphorous concentration in
water by one μg/l to the (very low) level of 12 μg/l, it costs just above 412,000 euros. Thus,
the total cost of applying the most cost effective mitigation measure 2 is extremely high at
almost 4.8 million euros. When climate and land use changes are simulated, again the most
cost effective solution remains the mitigation measure that allows for nitrogen fixing
legumes to be cultivated on set aside land. The Marginal Abatement Cost Curves for either
the worst or the best climate change scenarios are to the right of the Marginal Abatement
Cost Curve for the baseline scenario when mitigation measures that allow for nitrogen fixing
legumes are considered. This implies that at the same cost, both under the worst and the
best scenario, abatement will be higher. Thus, the “technology” of cultivating nitrogen fixing
legumes on set aside land ensures that, under any climate change scenario, abatement will
be higher at any chosen cost level.
The DA requires the estimation of aggregate benefits discounted over a time period. Budget
constraints did not allow the estimation of benefits from a proper survey and the benefit
transfer methodology was applied. The benefit of 40.93 euros per household per year was
the most recent (2011) and socio-economically and physically relevant (Cyprus-water)
estimate that was available to us. With a target population of almost 48,000 households, for
the six year period of 2010-2015 and a discount rate of 1.5% (to reflect social preferences)
the starting aggregate benefits estimation was at around 2 million euros per annum or at a
discounted present value of 11.2 million. The aggregate benefits estimate is very sensitive to
the level and justification of the chosen benefit per household. For this reason various
benefits were used. Especially for Greece, the benefit also is sensitive to income. With
almost an average loss of income at around 20% during the last 5 years and income
elasticities ranging around 0.5 aggregate benefits are highly reduced. Aggregate benefits are
not highly sensitive to the chosen discount rate.
Taking into account the high cost of even the most cost-effective mitigation measure, it is
not surprising that we calculated a highly negative net present value at around -16 million
euros. However, our estimations are based on the assumption that benefits accrue to locals
due to the use of Louros water and thus refer mainly to use values. This argument misses
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the point that Louros water feeds the estuaries at Amvrakikos Gulf and that more and
cleaner water has a direct impact on habitats and biodiversity to the adjacent Natura 2000
site. This implies that we may not restrict the benefits to Louros inhabitants only but allow
other households (in Greece or Europe) to express non-use values for the Louros estuaries.
To reach a breakeven position of zero net present values (i.e., with discounted costs
equalling discounted benefits) the number of households should be tripled. Under any
climate and land use change, benefit estimate or discount rate the net present value is
negative, indicating that if such a project is undertaken, it would be highly disproportionate.
Disproportionality is related to both the benefits and the costs. For the benefits side,
disproportionality is raised along two dimensions. First, the spatial dimension of benefits;
The benefit transfer exercise and the estimation of aggregated discounted benefits
overestimates the importance of locals and use values and underestimates the non-locals
and non-use values. As such, the distributional effects of benefits are biased towards the
local population. Second is the disproportionality to incomes; The distributional pattern of
WTP estimates depends upon the income elasticity. If income elasticity is less than one (as is
the case with environmental services incorporating non-use values and certainly the case for
biodiversity) WTP are distributed regressively among the beneficiaries. If the income
elasticity is more than one, as it is sometimes the case for environmental goods such as
water quality, WTPs are distributed progressively. If we assume that income elasticities are
less than one and WTP is distributed regressively, this means that an agri-environmental
project like the one that is proposed for Louros, has the possibility of benefiting poorer
households more than rich households. This is due to the fact that the proportion of WTP to
income is decreasing as income rises and thus the environmental improvement has
proportionately higher benefits to poor groups than to rich groups among the general
population. Costs are disproportional because are accrued only to the agricultural activity.
Even within agriculture, costs are disproportionately distributed with the highest cost
undertaken by cotton and maize producers. Cost, in the current economic situation, is not
affordable by farmers and the imposition of such a policy without subsidisation for forgone
income would force a part of the farming population out of business.

9. Policy Implications and recommendations
Our case study in Louros focuses specifically on agricultural related measures for reducing
pollution and thus, these measures may be thought as forming a purely agri-environmental
policy. Thus, discussion in this part of the report will be restricted to agri-environmental
policies and measures.
In the EU, agri-environmental measures play a major role of rural development policy. Agrienvironment measures are part of the mandatory cross compliance policy and the codes of
good practise and formulate a significant part of Rural Development Programmes (RDPs).
For the period 2007-2013, agri-environment measures are part of axis 2 “Environment and
Land Management” and under the M214 measure on “Agri-environment payments”. Up to
the end of 2012 a total public expenditure of 37.4 billion has been programmed with an
EAFRD contribution of about 22.7 billion euros. This accounts for almost 25% of all
expenditures directed to RDPs in the EU. By the end of 2012, almost 38 million hectares
were under agri-environment management in the EU (figure 38). The programmes
supported under measure 214 include a wide range of commitments such as organic
agriculture, environmentally favourable extensification of farming, management of lowintensity pasture systems, integrated farm management, preservation of landscape and
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historical features such as hedgerows, ditches and woods, conservation of high-value
habitats and their associated biodiversity and many others.

Figure 38. Area under agri-environment management in the EU-27 (‘000 ha).
Source: ENRD
Our methodological framework makes a twofold contribution to policy considerations:
 it provides a model for integrating science and social science methodologies for
establishing, implementing and monitoring agri-environmental policy
 it provides a decision making process for avoiding errors that may impact a policy
either due to climate change (climate change proofing) or to other sources
A first consideration of agri-environmental policy is to set up a clearly defined issue/problem
requiring a solution. Very often, monitoring data, are not consistent, are fragmented (as it
was the case in Louros) and cannot be used to sustain arguments in favour of an agrienvironmental policy. However, as agriculture is an easy to blame victim, public pressure is
directed towards the agricultural activity and especially the use of fertilizers, forcing the
relevant regulating institutions to set up actions that are weakly supported by hard
evidence. Especially for non-point source nutrient pollution, the issue is very complex as it is
related, and to a certain extent defined by, levels of water abstraction, and the physical
features of the land and the soil. Many other potential polluters are kept of the frame either
because they comply with environmental standards (e.g., industrial wastes) or because they
lack infrastructure usually carried out by the state (e.g. waste water treatment plants). Agrienvironmental programmes are long-term ventures (usually committing farmers for more
than 5 years) and thus, the first stage of carefully setting up the problem is an extremely
crucial step.
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The second consideration is to provide alternative measures, on an obligatory or voluntarily
basis, that will ensure the complete solution or amelioration of the environmental problem
within the time horizon of the agri-environmental programme. However, since agrienvironmental measures involve usually a long-term engagement, policy designers should
ensure that their proposals are proofed against changes that may gradually be brought by
simple climate change or by land use changes induced, mainly, by climate change. One very
typical mistake in agri-environmental policy is to set up policy targets that are measured
differently from the way environmental standards are measured. The Louros case study
showed that abatement targets are not automatically translated into environmental
standards. There is not a point in achieving policy targets by e.g., abating an amount of
nutrients through reduced fertilization and failing to achieve environmental standards in
terms of the concentration of nutrients in water. This may be both an unnecessary burden to
farmers’ income and a waste of tax payer money.
Thus the first policy rule is to “express policy targets in the units used by the targeted
environmental standard”. This will force policy makers to an ex-ante assessment of their
proposed policy with science based nutrient transport models.
The second policy rule is to “climate change proof” the policy. Policy designers should
ensure that, due to the long term commitments of agri-environment programmes, the
proposed measures will continue to achieve compliance under expected changes such as
climate and land use changes, and will continue to be cost effective, i.e., they will continue
to achieve compliance with the lowest possible cost. This will force policy designers to
proposed mitigation measures that are “climate change proofed”, i.e., will achieve cost
efficient compliance under changing future conditions. Thus, measures would be designed in
a way to allow transition to a stricter abatement level if changes are unfavourable or to
looser abatement if changes are favourable with the lowest cost. This can be achieved by
using science based nutrient transport models that simulate nutrient concentrations under
changed environmental conditions. Thus, farmers would be a priori informed that, if
conditions change, they will have to adopt transitional measures.
The third policy rule is to “unravel and flag all wider and associated benefits”. If a proper
benefit assessment is carried out, especially for WFD related agri-environment programmes,
the habitats and biodiversity non-use values should be measured and the target population
should be expanded outside the limits of the local population and the benefits due to use
values.
The fourth policy rule is to “take account of disproportionality and affordability effects” and
establish firm grounds for possible departures from the Polluter-Pays-Principle.
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