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Abstract
Impact assessment is an important tool for policymakers. Pursuing sustainable farming
development, it is important to analyse and evaluate possibilities and obstacles of the
implementation of sustainable farming practices. The development of new policies requires indepth analysis and a thorough assessment of the impact of already implemented policy
measures (ex-post evaluation).This article aims to assess the ex-post economic impact of the
agri-environmental measure “Organic farming” on the performance of farming indicators. One
of the counterfactual ex-post impact assessment methods – Propensity score matching (PSM)
analysis – was used to achieve the goal set. This method allows assessing the effectiveness of the
implemented measure and adapting to research-based policy decisions considering the
possibilities of applying this measure in the future. We used Farm Accountancy Data Network
(FADN) – the most comprehensive economic information about the activities of farms – data to
evaluate an ex-post economic impact of the agri-environmental measure “Organic farming” in
Lithuania. The results of the research support us with new knowledge about the effectiveness of
the agri-environmental measure “Organic farming” in Lithuania and suggest the ways of their
improvement in the future. The research has revealed that organic farms became more
extensive, while conventional farms became more intensive during the period of 2007–2013.
Keywords: Agri-Environmental Measure “Organic farming”, Propensity Score Matching,
Sustainable Farming.
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1.Introduction
Scientific society acknowledges that agricultural activity and environmental protection are
closely related. Agriculture, as compared with other economic activities, has been and continues
to be the largest user of nature and natural resources. While producing output, the agricultural
sector has the potential positively or negatively affect the natural environment. Agricultural
production affects water, air and soil quality influences eco-systems and biodiversity and shapes
rural landscapes. Many of these environmental effects –can be considered either negative or
positive externalities or as public goods (Vojtech 2010). Agri-environmental policy measures
have been developed to reduce negative and to strengthen positive environmental effects.
Lithuanian scientists in the field of ecology and environment have noticed the tendency that in
recent years farmers have been trying to intensify production or, conversely, refuse to farm.
Scientists note that both of these tendencies are dangerous in terms of biodiversity conservation,
as they lead to ecosystem transformations and the loss of the most valuable species (Žekonienė
2002; Ignatavičius, Ložytė 2010; Agroekosistemų 2010; Kurlavičius 2010; Novikovaet al. 2017).
Therefore, sustainable farming and the prudent use of natural resources are crucial for the
provision of safe food for the present and future generations and for their quality of life.
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As it is outlined in the OECD-FAO Agricultural Outlook 2016-2025 (2016), the food and
agriculture systems fulfil a wide range of functions vital to the well-being of humanity. The
agricultural sector is expected to fulfil a variety of goals. First of all, it has to provide adequate
and reliable supplies of safe, healthy and nutritious food. The agricultural sector has to ensure
sufficient income for farmers. The society also expects to receive public goods, such as preserved
landscape and biodiversity, clean air, soil, and water. Agriculture is a key sector for the
achievement of many goals in the 2030 Agenda for Sustainable Development, which aims to end
poverty and hunger and promote prosperity and people’s wellbeing while protecting the
environment (OECD-FAO 2016). Governments of many countries in the world and international
organizations are interested in coordination of the above-mentioned objectives (Dėl
Nacionalinės 2003; Atnaujinta 2006; Lietuvos Kaimo Plėtros 2007; Natural Resources 2010;
Europos Sąjungos Sutarties 2012; Dėl paramos 2013; Europos Komisija 2014; United Nations
2015a; United Nations 2015b)
According to the recent FAO prospects (2017) (medium variant), the world’s population is
expected to grow to 9.7 billion by 2050 and 11.2 billion by 2100, while in 2015 it was – 7.3
billion. As a consequence, it will boost agricultural demand – in a scenario of modest economic
growth – by some 50 percent compared to 2013. Such an increase in food demand poses a
challenge for agriculture to feed the World. It requires commensurate shifts in agricultural
output and adding pressure on natural resources. Satisfying increased demands on agriculture
with existing farming practices are likely to lead to more intense competition for natural
resources, increased greenhouse gas emissions, and further deforestation and land degradation
(FAO 2017). Politicians and scientific society are looking for the ways to solve the problems
occurred.
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Sustainable farming from the natural environment point of view is vital for providing the
current and future generations with safe food products and the quality of life in general. The
relevance of the research is supported by the Agenda on “Transforming Our World: the 2030
Agenda for Sustainable Development” adopted in 2015 at a special UN Summit on Sustainable
Development (United Nations 2015b; United Nations 2015c), which refine the 2000 Millennium
Development Goals (United Nations 1992). Sustainable development strategies of the EU and
Lithuania focus on the reduction of impact on the environment in the key sectors of the
economy, including agriculture, by increasing eco-efficiency and integrating other measures
contributing to the preservation of the environment (Dėl Nacionalinės 2003; Atnaujinta ES
2006). The EU and Lithuanian documents regulating rural development are also being
developed and the provided measures are implemented in accordance with the principles of
sustainable development. The importance of agri-environmental measures is legitimized in the
EU regulations: from 2014 EU Member States must allocate at least 30 percent of total
European Agricultural Fund for Rural Development (EAFRD) contribution to the program.
Scientific discussion concerning the most appropriate farming practices in terms of
sustainability has become significant among policy decision-makers and practitioners in recent
years. One of the most widely applied sustainable farming practices is organic farming.Organic
farming is not the only farming practice that is sustainable, but others are relatively new, rare
and still, there is a problem with a shortage of data. Therefore, agri-environmental measure
“Organic farming” was selected for this research. Organic farming practices arewell known and
considered as a promising option to sustain both agricultural productivity and environment
(Delmotte et al. 2016; Jouziet al. 2016; Kirchmann et al. 2016; Tasca 2017). Organic farming
offers innovative conservation agriculture principles, including minimal soil disturbance
(reduced tillage, no-tillage, green manures), permanent soil cover and long crop rotation mean
duration of six years (Peigné et al. 2016). This helps to reduce the use of mineral fertilizers,
control weeds without the use of herbicides, without losses of yield. Organic farming is more
energy efficient compared to conventional almost for all types of crops when expressed in a unit
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of area. Results are more variable per unit of a product because of lower organic yields (Smith et
al. 2015). Although organic agriculture produces lower yields than conventional agriculture, it
better unites human health, environment, and socioeconomic objectives than conventional
farming practice (Crowder & Reganold 2015).
Compared with 1999, when 11 million hectares were organic, the organic land has increased
almost fivefold. In 2015, 6.5 million hectares, or almost 15 percent, more were reported
compared with 2014. This is mainly due to fact that 4.4 million additional hectares were
reported from Australia (FAO 2017). According to FAO (2017), 50.9 million hectares were under
organic agricultural management worldwide in 2015. Australia is the country with the most
organic agricultural land (22.7 million ha in 2015). It accounts for 44.6 percent of all organic
agricultural land in the world. It is worth to mention, that 97.0 percent of the farmland is
extensive grazing areas. The share of the organic agricultural land in the world was 1.1 percent in
2015. In Australia, the organic share of the total agricultural land in the same year was
5.6 percent, in the European Union – 6.2 percent and in Lithuania – 7.1 percent (FAO
2017,Willer, Lernoud 2017, Eurostat 2018).

2.Data and Methodology
The main element of the ex-post impact assessment is to create the opposite of the current
situation by using counterfactual analysis methods, such as propensity score matching analysis,
double difference analysis, combined propensity score matching and double difference analysis.
The essence of the matching methods is to construct counterfactual by creating control group
from a large group of non-participants that is as similar to the treatment group in terms of
observed characteristics not affected by the program. Each participant is matched with an
observationally similar nonparticipant, and then the average difference in outcomes across the
two groups is compared to get the program treatment effect (Khandker et al. 2010). Matching
estimators aim to overcome selection bias on observables by matching each treated individual
with one or more non-treated individuals that have similar observed characteristics, the
covariates 𝑋(Smith &Todd 2005, Arata & Sckokai 2016).
Ex-post economic impact assessment of the agri-environmental measure “Organic farming” is
carried out by comparing farms participating in the agri-environmental measure “Organic
farming” and not participating.
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By the purpose to develop an ex-post economic impact assessment methodology of agrienvironmental measures, we have examined three most common in the literature usedmethods
of counterfactual analysis (Table 1). Most counterfactual methods require a decent amount of
quality data for proper analysis, which remains a key challenge for evaluations (Artell et al.
2013). Therefore, we first examine if Lithuanian FADN data satisfies obligatory requirements.
Propensity score matching (PSM) is a useful approach when only observed characteristics are
believed to affect program participation. This method requires sufficient data on all factors
affecting participation in the policy measures of both participants and non-participants. It is
recommended to use the data from one source, ideally, if available pre-program baseline data on
participants and nonparticipants can be used (Khandker et al. 2010). Unfortunately, in
Lithuania pre-program baseline data on participants and nonparticipants is not available. On
the other hand, it is worth to mention that entering organic farming measure is not immediate,
but gradual – it has a transitional period of two years.As PSM analysis does not necessarily
require a baseline survey, this method can be used to evaluate ex-post economic impact
assessment of agri-environmental measure “Organic farming” in Lithuania.
The double-difference estimation technique (DID) typically uses panel data. The DID estimator
relies on a comparison of participants and non-participants before and after the intervention.
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For this reason, it cannot be used to evaluate ex-post economic impact assessment of agrienvironmental measure “Organic farming” in Lithuania.

The combined propensity score matching and difference in differences (PSM-DID) method
cannot be used to evaluate net benefits between participants and non-participants of the agrienvironmental measure “Organic farming” in Lithuania. As far as Lithuanian FADN database
provide not a sufficient number of the farms entered into the Organic Farming measure during
the period of 2007–2013, it is not possible to compare counterfactual of the same farms before
and after implementation of the Organic Farming measure. In our case, the sample of organic
farms entered the measure during 2007–2013 in fully balanced panel database, is too small –
7(10) farms only. Therefore, propensity score matching analysis method was used to achieve the
objective of the article.
Fully balanced panel farm-level data from the Farm Accountancy Data Network (FADN) was
used for this research. The data covers Rural Development Programme implementation period
of 2007–2013. Lithuanian FADN supply detailed data from 1 300 farms; however balanced
panel data is available from 279 farms, 31 of them were participating in the Organic Farming
measure.
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When assessing the impact of policy measures, it is necessary to evaluate the results that would
have been achieved if participants (T=1)of the measure were non-participants(T=0). The
individual treatment effect ∆ is calculated as a difference between potential outcomes of treated
𝑌1 and non-treated 𝑌0 farms:

The logit model of program participation was constructed and value of propensity score was
derived from it, where participation in agri-environmental measure “Organic farming” appears
as an endogenous variable. After the participation equation is estimated, the predicted values of
T from the participation equation can be derived. It is notable (Khandker et al.2010)that the
Global Academy of Health and Life sciences (GAHLS)

participation equation is not a determinants model, therefore estimations such as t-statistics
and the adjusted 𝑅 2are not informative and may be misleading. For this stage of PSM, causality
is not of as much interest as the correlation of X with T. While selection of X variables are likely
data driven and context specific, we follow Heckman, Ichimura, and Todd (1997, 1998)
suggestions: 1) the same survey instrument or source of data should be used for participants and
nonparticipants, if possible, 2) a representative sample survey of participants and nonparticipants can greatly improve the precision of the propensity score, and 3) the larger sample
of non-participants is, the more good matching will be facilitated. Nevertheless, including too
many X variables in the participation equation should also be avoided (Khandker et al.
2010).Also, it is important to identify the factors driving program participation (e.g.
surveys).Therefore, we use six main participation determining factors,proposed by
Kriščiukaitienė et al.(2013): utilised agricultural area, labour input, livestock units, land quality,
farmer’s age, and buildings and equipment.
The most common evaluation parameter is mean the impact of treatment treated (TT), which
estimates the average impact of the policy measure among those participating in it (Smith, Todd
2005):

The treatment effect of the program using these methods can either be represented as the
average treatment effect (ATE) or the average treatment effect on the treated (ATT). Typically,
researchers and evaluators can ensure only internal as opposed to the external validity of the
sample, so only the ATT can be estimated. The difference of the mean outcomes of the treated
and matched non-treated control group –PSM estimator for ATT – in general, can be written as
(Khandker et al. 2010; Caliendo & Kopeinig 2005; Arata & Sckokai 2016):

To assign participants to non-participants single nearest-neighbor matching without
replacement technique was used.
The non-participant with the value of𝑃𝑗 that is closest to𝑃𝑖 is selected as the match(Caliendo &
Kopeinig 2005; Smith & Todd 2005,Bartova & Hurnakova, 2016):

We compare farming results of participants and non-participants groups over the period.
Software “R” package “MatchIt” was used for PSM evaluation (Stuart et al. 2011).
3. Results and Discussion
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After the matching procedure conventional and organic farms “became similar” in terms of
utilised agricultural area, labour input, livestock units, land quality, farmer’s age, and buildings
and equipment. These factors in the literature (Kriščiukaitienė et al. 2013) are excluded as
determining farmers’ decisions to farm organically.
After the data analysis, we have noticed substantial structural changes in conventional and
organic farms during the period of 2007–2013. Conventional farm size in terms of the area has
decreased by 5.4 percent, but increased by 47 percent in terms of economic farm size (Table 2).
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Organic farm size in terms of the area has increased by a quarter, but only by 17 percent in terms
of economic farm size.

Considerable livestock units increased72 percent in conventional and 84 percent in organic
farms. Consequent expansion of meadows and pastures by 3.0 times in organic farms during the
period of 2007–2013 was observed, while livestock production became more intensive in
conventional farms. The increase of livestock units also caused buildings and equipment value
augmentation by1.8 times in organic farms and by 1.5 times in conventional farms. Consequent
increases of depreciation by 2.5 and 2.1 times respectively, was observed. These changes are
mostly related to the policy aims to strengthen agricultural competitiveness in the livestock
sector.

Page

28

Labour input decrease of 2.3 percent in conventional and 0.8 percent in organic farms, and
investments increase led to generate higher farm income per AWU by three quarters in
conventional and by a quarter in organic farms. A significant decrease of mineral (6.1 percent
points), organic (1.8 percent points) fertilizers, and crop protection products (1.0 percent point)
shares in variable costs during the period of 2007–2013 was observed in organic farms. This fact
together with a considerable increase of meadows and pastures in organic farms could lead farm
income per hectare decrease of 10 percent. In contrary, farm income per hectare increase by 1.5
times in conventional farms. Conventional farms farmers can generate higher income by
increasing productivity when allocating substantial shares of mineral fertilizers, crop protection
products in variable costs, and intensify livestock production.
Average treatment effect on the treated (ATT), i. e. effect of organic farming on farming results
was negative. Farm incomes were lower in organic farms than in conventional farms by
200 EUR/ha in 2007 and 493 EUR/ha in 2013. Overall average treatment effect on treated was 293 EUR/ha.

Global Academy of Health and Life sciences (GAHLS)

Figure 1: Comparison of Farm incomes in conventional and organic farms after
the matching procedure in 2007 and 2013, EUR per ha
It is worth to mention that subsidies had different trends in conventional and organic farms
during the period of 2007–2013 (Figure 1). Subsidies amount per UAA hectare during the
period in conventional farms has increased by 20 percent from 172 to 207 EUR/ha, while in
organic farms subsidies have decreased by 11 percent from 380 to 340 EUR/ha.
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In 2007, farm incomes with subsidies (FIS) in conventional and organic farms were similar: in
organic farms, they were by 15 EUR/ha (2.0 percent) higher than in conventional farms. But
during the period, together with different trends in farm income (FI) and subsidies (S) in
conventional and organic farms, the gap between farm incomes with subsidies (FIS) altogether
has emerged and has reached 387 EUR per UAA hectare. Such a development of FIS raises a
question: whether farmers will continue to develop organic farms when they are able to increase
their income per hectare more than by one third? The question should be dedicated to policymakers. As possible decisions could be named revision of compensatory payments amounts and
promotion of the implementation of technological innovations of organic farms.
It is obvious that organic farming is less profitable and the gap between farm income in organic
and conventional farms has increased during the period of seven years. Even farm income
without subsidies in conventional farms in 2013 became higher by 180 EUR/ha (25 percent)
than farm income with subsidies in organic farms.
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Farmers are seeking to maximize profits (Bertoni & Olper 2012), and the society would like to
consume high-quality and healthy food products at reasonable prices, preserve the unique
landscape and avoid air pollution. It is a fundamental challenge – to produce more for less
(Europos Komisija 2014, 2017).
It could be concluded, that in Lithuania increasing share of agricultural land occupied by
organic farming positively contributes to climate change, sustainable management of natural
resources, and countryside, but organic farming is not capable to ensure viable food production
that would contribute to feeding growing world’s population. We must accept the idea that is
suggested by Campbell et al. 2017 and Muller et al. 2017, that the problem needs interventions
inthe broader food system, such as food wastagereduction, dietary changes reducing animal
number and animal product consumption.
Conclusion
Propensity score matching (PSM) analysis was used to evaluate the ex-post economic impact of
agri-environmental measure “Organic farming” on the performance of farming indicators in
Lithuania, as far as other methods analysed did not satisfy data requirements.
Data analysis showed substantial structural changes in conventional and organic farms during
the period of 2007 2013. Conventional farm size in terms of the area has decreased by
5.4 percent, but increased by 47 percent in terms of economic farm size. Organic farm size in
terms of the area has increased by a quarter, but only by 17 percent in terms of economic farm
size.
The research has revealed that organic farms became more extensive, while conventional farms
became more intensive during the period of 2007–2013. The problem lies in the structure and
technologies of the organic farming.
Intensification of conventional farms is clearly visible in live stock production: livestock units
increase is 72 percent during the period of 2007–2013, but the area of meadows and pastures
has increased only by 13 percent.
Policy-makers should encourage livestock breeders to implement farming practices that reduce
the impact on the environment and climate change in the future.
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Continuous annual ex-post economic impact assessment of the agri-environmental measure
“Organic farming” on the performance of farming indicators would be desirable and could reveal
more facts concerning possibilities and obstacles of the implementation of sustainable farming
practices development.
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