A VYTAUTAS MAGNUS
loth INTERNATIONAL SCIENTIFIC CONFERENCE 7 ‘ =\ UN]VERS[TY
RURAL DEVELOPMENT 2021 / AGRICULTURE
CHALLENGES FOR SUSTAINABLE BIOECONOMY AND CLIMATE CHANGE ACA D EMY

21-23 September, 2021, Vytautas Magnus University Agriculture Academy. Lithuania

Proceedings of the 10t International Scientific Conference Rural Development 2021

Edited by assoc. prof. dr. Judita Cerniauskiené

ISSN 1822-3230 (Print)
ISSN 2345-0916 (Online)
Article DOI: http://doi.org/10.15544/RD.2021.066

IMPACT OF NITROGEN TAX ON NITROGEN USE IN LITHUANIA

Ausra NAUSEDIENE, Department of Applied Economics, Finance and Accounting, Faculty of Bioeconomy Development, Vytautas
Magnus University, K. Donelai¢io g. 58, LT-44248 Kaunas, Lithuania, ausra.nausediene@vdu.lt (corresponding author)

Andreas MEYER-AURICH, Leibniz Institute for Agricultural Engineering and Bioeconomy, Department of Technology Assessment and
Substance Cycles, Max-Eyth-Allee 100, 14469 Potsdam, Germany, AMeyer-Aurich@atb-potsdam.de

Astrida MICEIKIENE, Department of Applied Economics, Finance and Accounting, Faculty of Bioeconomy Development, Vytautas
Magnus University, K. Donelai¢io g. 58, LT-44248 Kaunas, Lithuania, astrida.miceikiene@vdu.lt

The use of nitrogen fertilizers inevitably causes external negative effects that can be mitigated by various means. This study focusses on
tax of mineral nitrogen fertilizer. A study “Farmers' Response to Rise in Mineral Fertilizer Price” investigates the potential response of
farmers to a possible tax on mineral nitrogen fertilizer use in Lithuania. Used survey method of data collection, therefore, a questionnaire
was conducted to ask farmers, how they would adapt their fertilizer practice to a mineral nitrogen fertilizer tax. Research object: the impact
of the nitrogen tax on nitrogen use. Research aim: to identify farmers’ response to changed prices for nitrogen fertilizer. Farmer’s responds
were used to model the reaction of farmers to a tax. The obtained results showed a negative reaction in terms of mineral nitrogen fertilizer
use to the rise in mineral fertilizer price. Furthermore, farmers tended to switch to crops with lower nitrogen fertilizer requirements. Price
elasticity of demand for mineral fertilizers founded inelastic.

Keywords: nitrogen mineral fertilizer, nitrogen tax, farmers’ response to the fertilizer price, price elasticity of demand for mineral
fertilizers, nitrogen use rates.

INTRODUCTION

Environmental pollution in agriculture has become one of the most sensitive topics of the last decade. The use of
nitrogen fertilizers inevitably causes external negative effects, but is inevitable due to the increasing food demand, limited
fertile lands and other factors. The EU has set out to become climate-neutral by 2050, and the European Green Deal strategy
defined in the Communication provides for reduction in the fertilizer use by promoting organic farming (Guyomard et al.,
2020). The programme of the Lithuanian Government anticipates 30% reduction in the GHG emissions by 2030 by applying
the measures that would help the agriculture become a less GHG-intensive sector. Generally, fertilizer use in Lithuania has to
comply with EU (Nitrate Directive) and national regulations and requires fertilization plans on each farm. In practice,
Lithuanian farmers are not forced to fully control the amount of mineral nitrogen added to the soil. Recommended nitrogen
norms are used according expected yield.

The researchers have noted that excessive use of nitrogen is environmentally damaging and causes pollution issues, as
the farmers are using excessive amounts of N fertilizers to maximize the profit from the sale of products (OECD, 2020; Finger,
2012; Rajsic & Weersink, 2008; Choi & Feinerman, 1995; Meyer-Aurich et al., 2010). The higher damage for nature comes
from mineral than organic fertilizers use, therefore attention should be focused on that first. It is difficult to control how much
organic fertilizer is used on farms. The use of organic fertilizer is mostly originated by the animal husbandry in the farms. By
EU regulation this is restricted to the amount of manure containing 170 kg N/ha (European Commission, 2018). Therefore, it
can be expected that farmers rather respond to economic incentives on mineral fertilizer application than on organic fertilizer
application. Since farmers as in a business seek generation of profit, existing price structures might create an incentive to use
nitrogen at higher than the recommended rates (Meyer-Aurich & Karatay, 2019). In some situations, plant demand for nitrogen
is not balanced by nitrogen rates and is not adjusted to the nitrogen amount already available in soil (Staugaitis et al., 2007).

Nitrogen tax is one of the financial instruments for reducing negative externalities and environmental pollution.
Mineral fertilizer use can potentially be controlled by imposing an nitrogen tax (Hellsten et al., 2019). A tax on nitrogen can
be regarded as an environmental tax, which are an economic measure performing respective social and environmental
functions. The environmental function involves preservation of the environment and reduction of the pollution (Ottaviani &
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Scialabba, 2011) rather than collection of additional revenues into the national budget (Verma & Gayithri, 2018). These taxes
are also based on the social function, namely, the polluters’ liability and the social damage resulting from the pollution that
creates the marginal social cost. Collected incomes from polluters could be allocated to compensate the externalities or
distributed back to the agricultural sector. In presence of a tax, it can be expected that farmers reduce their nitrogen fertilizer
use, but information about the response of farmers is scant.

The controversial nature of the N fertilizer tax has been determined by the insights developed by the researchers. The
first assumption made is that the price on goods or services may increase due to the tax applied and aimed at internalization
of the negative externalities (Streimikien¢ & Alisauskiené-Seskiené, 2013; Folkens et al., 2020; De Schutter, 2017; Freebairn,
2020), and the new product price that includes the tax is ultimately paid by the buyer rather than the polluter (Keeler et al.,
2016; Folkens et al., 2020). Nonetheless, the growing prices on fertilizers lead to reduced purchases (Brunelle et al., 2015)
and, consequently, lower GHG emissions as a result of the less intensive use of nitrogen fertilizers. The second insight is reflected
by the assumption that the price of the nitrogen fertilizer demand is inelastic to the tax (Finger, 2012; Andersen, 2009; Rougoor
et al., 2001; Drake, 1998; Schmidt et al., 2017; VVon Blottnitz et al., 2006; Quddus et al., 2008). The economic justification and
evidence obtained by empirical studies are insufficient neither for justification, nor for rejection of this position, and the research
studies related to nitrogen fertilizer taxation remain relevant as the research area.

This paper presents an empirical approach to estimate price elasticity of demand for mineral fertilizers through farmers’
reaction on nitrogen price changes. Research object: the impact of the nitrogen tax on nitrogen use. Research aim: to identify
farmers’ response 0N nitrogen use taking in account price changes regarding nitrogen tax. Price elasticity of demand for
mineral fertilizers allows to evaluate the nitrogen tax impact on nitrogen use and make recommendations for further
evaluations. This elasticity coefficient has been shown to be rather inelastic in many studies, also indicating a huge range of
possible elasticities (Hellsten et al., 2019; OECD, 2001; Finger, 2012; Rougoor et al., 2001; Schmidt et al., 2017; VVon Blottnitz
et al., 2006). Thus, economic incentives might have limited effects on purchase of mineral fertilizers, depending on the
elasticity of demand. The impact of nitrogen tax on nitrogen use is analyzed through price elasticity of demand in this study.

MATERIAL AND METHOD

In order to find out farmers’ possible response to changed prices for nitrogen fertilizer a questionnaire was set up. The
questionnaire “Farmers' Response to Rise in Mineral Fertilizer Price consisted of 8 questions, which consisted of the following
guidelines: type of farm, farm size, type of fertilizer using, use of nitrogen norms on yield, reduced amount of nitrogen in
reaction to increased price, comments. Basic demographic background of the farmers was not asked. The survey was
conducted from 16 August 2019 to 16 October 2019.

Survey questionnaires were distributed to farmers during a farmers accounting training at the VMU Agriculture
Academy in summer 2019. This training under a funded project invited farmers and others related with agriculture activity.
Questionnaires were spread for farmers directly by lecturers. In addition, the questionnaire was sent by email to the Lithuanian
Farmers Union for further distribution among farmers.

Data were processed in SPSS and Microsoft Excel programs. The price elasticity of demand was calculated for three
levels of taxes on fertilizer prices (25, 50 and 100 percent). For tax scenario respondents were asked to what percentage they
would reduce the purchase of nitrogen fertilizer. Nitrogen surplus was calculated according to determined nitrogen values.
Furthermore, the farmers were given opportunity for comments. The investigation was conducted at indicated stages (Fig. 1).
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A survey method was used to evaluate the response of farmers to changes in the prices of mineral fertilizers, including
that they may also be due to the nitrogen fertilizer tax. This type of research is conducted using a survey method, however,
there is a lack in this area of studies in order to develop the discussion or compare the results.

RESULTS AND DISCUSSIONS

Of 25 paper questionnaires distributed, 21 replies were received, of which 17 were fully filled out. The questionnaire,
which was sent by e-mail for Lithuanian Farmers Union, received ten online responses. There is ho knowledge about how many
farmers got that questionnaire by e-mail. The total number of respondents is 35 of which 28 fully filled out questionnaires.

The composition of farms in the survey is distributed as follows: general field cropping, mixed cropping (39.3%),
specialist cereals, oilseeds and protein crops (28.6%), field crops-grazing livestock, combined (14.3%), specialist dairying
(7.1%), horticulture and permanent crops, grazing livestock, specialist granivores (3,6 %) and no various crops and livestock
combined. Most farms agriculture area was up to 292 ha (79.3%), from 292 to 582 ha (10.3%), from 582 to 872 ha and from
1162 to 1452 ha (3.4%).

The type of fertilizer used was distributed as follows: only mineral (25.9%), more mineral than organic (44.4%), only
organic (11.1%), more organic than mineral (18.5%). On whether farmers use the recommended rates for N fertilization
answer distributed as follow: yes (81.4%), no (14.8%), other (3.7%). A link between of type of fertilizer and compliance with
recommended N fertilizer norms can be looked at: 83.3 % of respondents who use more mineral than organic fertilizers follow
recommendation for N fertilization rates. Farmers who use just mineral fertilizers 100% use recommended rates for N
fertilization, however, who use more organic than mineral does not follow recommended N rates (40%).
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Figure 2. Used nitrogen, yield and nitrogen surplus of 2019 yield

Farmers mainly used N fertilizers (N/kg) for oilseed rape, wheat, rye, sugar beet. Oilseed rape (28.6%) and wheat
(67.9%) were grown the mostly. The yield (t/ha) indicated 2019 had comparably low yields (Fig. 2). Nitrogen surplus
(nitrogen supply minus nitrogen withdrawal with the product) for the most planted crops range from -78 to 104 kg N/ha.
Calculated nitrogen surplus shows not only the environmental effects on yield but also nitrogen overuse.

In order to calculate the elasticity, it is needed to know farmers’ change in purchase of nitrogen fertilizers if prices
were increased by 25, 50 or 100%, according to a specific tax. The results showed that with increasing prices, farmers would
reduce nitrogen purchases (Fig. 3).
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Figure 3. Box plot of decreased purchase of the N increased price scenarios
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The range of responses increased with the tax. A tax of 25 % would result in a reduced purchase of fertilizer from 0 to
40 % less. If price increased by 50 %, farmers would buy from 20 to 50 % less. Accordingly, the last scenarios encourage to
buy less fertilizer. With the last one could be reached an area where refusing to buy any fertilizers or drastically reducing their
purchase.

On average, a price elasticity coefficient of demand was found approximately at 0.7 (Tab.1). The relationship between
price movement and purchase is inverse. Farmers would use less N fertilizers but even if the price is increased by 100 %, it
would not encourage them to refuse mineral fertilizer using, confirming the inelasticity of the demand, which has been stated
in earlier studies. The main difference between this study results and previous research is that the price elasticity coefficient
of demand is based on farmers’ opinions and reactions. Results show a bit lower inelasticity coefficient than in studies where
were applied calculations from statistical price changes and purchase statistics.

Table 1. Price elasticity coefficient of demand

Price change (%) Price elasticity coefficient of demand (on average)
25 0,69
50 0,66
100 0,7

Farmers expressed the opinion in the last open question for the comments. They claim that fertilizer prices are already
high. Some of them argue they would refuse agricultural activities if the nitrogen price increases very high. One important
aspect related to fertilizer price is farmers’ income which is related with such an input as fertilizers (“nitrogen fertilizers
increased yield by 70%). Is confronted with the opinion that farmers would change growing crops, e. g. would grow buckwheat
which according to them do not need mineral nitrogen fertilizer or refuse farming (“With the sharp rise in fertilizer prices, I
would not continue farming”). Farmers would refuse mineral nitrogen fertilizer and start using organic fertilizer and it might
have influence organic fertilizer demand. That would reach one of the main mineral nitrogen tax purpose. Some of respondents
have started decreasing mineral nitrogen using (“We have already reduced the use of nitrogen. In autumn we sow winter rape,
when it sprouts, we plow it”). There were farmers who ask tax exemption for mineral fertilizer.

CONCLUSIONS

This study has shown that an nitrogen tax in Lithuania might result in reduced fertilizer use among Lithuanian farmers.
The response to a tax would be limited to an elasticity of on average 0.7, confirming the inelasticity of demand, found in other
studies. The range of responses indicate that individual farmers probably would react differently, which should be taken into
account in further considerations. Nitrogen tax affects the economics of farming, even though the main purpose of an nitrogen
tax is not to collect money to the state budget but to reduce negative externalities associated with nitrogen use. Nitrogen tax
is a fiscal instrument for reducing environmental pollution and collected money should be brought back to the agriculture
sector as returns for farmers or mitigate the effects of environmental pollution. Farmers reaction to an nitrogen tax is negative,
it shows negative reaction to the increased fertilizers price. Nitrogen tax can reduce nitrogen use though economic, social and
environmental issues which should be taken into consideration.
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