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Abstract

Ecotourism is a form of tourism that can help overcome the problem of low welfare of local communities.
The digital cultural transformation that occurred in the era of revolution 4.0, especially during the COVID-19
pandemic, was able to change the entire cycle of the tourism ecosystem. Besides, several ecotourism
experiences have experienced a significant decline in tourist visits, including Bee Jay Bakau Resort
and Kampung Blekok ecotourism. This research aims to develop a digital marketing strategy for ecotourism
at Bee Jay Bakau Resort and Kampung Blekok to restore visitation levels after the COVID-19 pandemic.
This research uses a qualitative approach with SWOT analysis and is quantitatively calculated using
the Quantitative Strategic Planning Matrix (QSPM). Data were collected through interviews with ecotourism
managers including marketing employees, and HRD managers; visitors, local communities, Tourism Awareness
Groups, and the Environmental Service (DLH). Also, direct observation of the ecotourism conditions studied,
documentation, and literature studies. The research results show that the strengths and opportunities of BIBR
and Kampung Blekok are greater than the weaknesses and threats, so the strategy formulated is aggressive
(growth-oriented strategy). The strategic priority lies in optimizing the use of information technology
and social media as promotional media, especially the frequency of promotions. The strategy used is none
other than to increase the value of ecotourism as a form of growth so that it can compete with other ecotourism
in returning the level of tourist visits after the COVID-19 pandemic.
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Introduction

Tourism is an important factor in the economic
development of a region (Del P. Pablo-Romero
and Molina, 2013). Ecotourism development
is an alternative tourism development that can
help overcome the problem of minimal welfare
of local communities. It 1is the practice
of traveling to relatively rarely exploited natural
destinations to appreciate the natural environment,
gain knowledge about wildlife, and enjoy
the local culture in an authentic atmosphere while

preserving the environment at the destination (Lee
and Jan, 2019). The use of mangrove ecosystems
for ecotourism is in line with the shift in tourist
interest from old tourism, namely tourists who
only come to do tourism without any elements
of education and conservation, to new tourism,
namely tourists who come to do tourism that includes
elements of education and conservation (Sutjiatmi
and Edy, 2018). Bee Jay Bakau Resort (BJBR) is
a mangrove conservation ecotourism area located
in Mayangan Fishing Port, Probolinggo and has
been established since 2012. The tourist activities
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offered by BJBR include natural, historical, cultural,
culinary, shopping, and educational tourism. Apart
from offering beautiful natural views, especially
the sea, BJBR also has facilities such as a multi-
purpose meeting hall, cafe, swimming pool,
restaurant, bungalows as a beautiful place to stay
above sea level, lots of photo spots, education
on flora and fauna in BJBR ecotourism, several
playgrounds, and there is also a gift shop
with interesting products. Meanwhile, Kampung
Blekok, which is located in Klatakan Village,
Situbondo Regency, is the only ecotourism site
with thousands of fish birds living in the mangrove
conservation area of Kampung Blekok. The types
of fish birds in Kampung Blekok are very diverse,
including the blekok rice field (Ardeola speciosa),
the little egret (Egretta garzetta), the buffalo egret
(Bubulcus ibis), the gray night kowak (Nycticorax
nycticorax), the gray heron (Ardea cinerea),
the cangak red (Ardea purpurea), and sea cockroach
(Butorides striatus). This area is dominated
by mangrove forests at 60% (Dassucik et al., 2023).
This ecotourism exists as a form of awareness
of the importance of mangrove conservation
ecotourism which can be used as a protected
forest for the surrounding community. Apart
from that, the same as BJBR, the Kampung Blekok
ecotourism also offers views of the beach that
are no less beautiful, facilitated by a coffee shop,
and craft souvenir shop, typical of the surrounding
community as a shopping tour and educational
tour which allows tourists to interact directly
with mangroves from nurseries to making crafts.

The demand for natural tourism destinations
for physical and mental relaxation has increased
dramatically during and after the COVID-19
pandemic in many countries (Li et al., 2021).
With the beautiful natural scenery and value that
BIBR and Kampung Blekok offer to tourists,
this ecotourism should be able to bring in a lot
of new and old visitors after the COVID-19
pandemic. However, the number of tourists
visiting BJBR has gone down since 2019 (Fattah
et al., 2020). A similar thing was also experienced
by the Kampung Blekok tourist attraction, where
during the pandemic there was a decline in visitors.
This makes it difficult for managers to improve
and develop tourism and causes a reduction
in the income received (Khomsah et al., 2022).
In fact, in East Java, mangrove areas that contribute
to conservation still lack tourist travel programs
(Utami et al., 2022). The digital transformation
that has occurred in the recent 4.0 revolution
era has also been able to change the entire cycle

of the tourism ecosystem, including being the cause
of a shift in cyber and visual culture for tourists.
The impact of the shift in cyber culture that can
be seen from digital transformation in the era
of revolution 4.0 is a change in the decision-
making process for traveling (Eddyono et al.,
2021). Thus, changes in travel decision-making
require ecotourism destination managers to adapt
in managing digital marketing aspects of ecotourism
to meet tourist needs to recover the level of tourist
visits.

Mkwizu (2019) considers digital marketing
opportunities to be very valuable for tourism
industry. Digital technology has the potential
to improve performance while facilitating
ecotourism marketing activities. In addition, digital
technology functions as an effective medium
for generating ideas that drive ecotourism toward
sustainability (Bruce et al., 2023). Dassucik et al.
(2023) found that tourist information and comments
on social media can influence the decision
to visit an ecotourism destination. The COVID-19
pandemic has increased the use of social media
communication at a time when people cannot
leave their homes due to lockdown policies (Mele
etal., 2023). However, the current literature focuses
more on various factors such as brand image, brand
trust, relationship quality, and service quality
(Fu and Timothy, 2021). The lack of identified
research on how ecotourism destination marketing
managers utilize digital media during the global
health crisis (Mele et al, 2023) as one
of the ecotourism digital marketing strategies,
explains  the current lack of research
in the ecotourism marketing literature and this gap
needs to be addressed urgently.

It is important to understand the relationship
between marketing and ecotourism because
this will impact protected areas, conservation,
and local communities. Much controversy concerns
the marketing of ecotourism in its efforts to consider
the dual objectives of protected areas and local
communities on the one hand and the objectives
of the tourism industry on the other. Meanwhile,
ecotourism is also related to rural development.
Activities of ecotourism have the potential
to promote sustainable village development through
proceeds from conserving such facilities (Bonye
et al., 2021). It also can be a significant driver
of economic growth in rural areas. By attracting
tourists interested in natural environments
and cultural heritage, ecotourism generates
revenue through accommodation, food services,




local transportation, and guided tours (Boley
and Green, 2016; Das and Chatterjee, 2015).
This income can provide jobs and stimulate local
businesses, reducing poverty and enhancing
the overall economic well-being of rural
communities (Martinez et al., 2019; Snyman,
2017). In many developing countries, ecotourism
has become an essential source of income, enabling
communities to diversify their economies beyond
traditional agriculture (Das and Chatterjee, 2015;
Cobbinah et al., 2017). The growth of ecotourism
often necessitates the development of infrastructure
in rural areas, such as roads, communication
networks, and basic amenities (Cobbinah et al.,
2017;Martinezetal.,2019). While this infrastructure
is primarily intended to support tourism, it can
also benefit local residents by improving access
to education, healthcare, and other essential services
(Snyman, 2017; Das and Chatterjee, 2015). Better
infrastructure can help integrate rural communities
into the broader economy and enhance their quality
of life (Boley and Green, 2016; Martinez et al.,
2019).

This research aims to develop an ecotourism
digital marketing strategy towards appropriate
sustainability with the target of increasing tourist
visits after the COVID-19 pandemic using strengths,
weaknesses, opportunities, and threats (SWOT)
analysis. SWOT analysis uses systematic thinking
and comprehensive diagnosis to prioritize solutions
by considering heterogeneous stakeholders
and their diverse perceptions (Joshi et al., 2018).
By wusing SWOT analysis, we can develop
appropriate  ecotourism marketing strategies
by considering internal and external factors.
A single SWOT-TOWS-based planning
tool is widely applied in planning processes
in various scientific disciplines but is not sufficient
for decision-making (Sahani, 2021). To overcome
this problem, the Quantitative Strategic Planning
Matrix (QSPM) approach was adopted for
further analysis to find the best priority strategy
in ecotourism planning. The QSPM method
follows three steps in the decision-making process
such as: i) constructing a model; ii) comparing
criteria, alternatives, and weight calculations;
and iii) priority synthesis (Papapostolou et al.,
2020).

Materials and methods

Research location and time

This research was carried out from July to August
2023 and conducted in two mangrove conservation
ecotourism areas, namely, Bee Jay Bakau Resort

(BJBR) which is located in Mangunharjo Village,
Mayangan District, Probolinggo City, East
Java (Figure 1) and Kampung Blekok which
is located in Klatakan Village, Kendit District,
Regency. Situbondo, East Java (Figure 2). Bee
Jay Bakau Resort (BJBR) is located on the coast
of Mayangan Fishing Port, north of the Probolinggo
City square. Before it was built as a tourist spot,
the coastal area was mangrove forest land that
was not well maintained and full of rubbish. This
mangrove forest area is the final disposal site
for the Banger River, so the condition is a turbid
and unhealthy environment even though it is located
inastrategic area. Theidea arose to create the Bee Jay
Bakau Resort (BJBR) tourist attraction based
on the strategic conditions of the area.

The second location is Kampung Blekok which
is a new tourist attraction developed in Klatakan
Village, Kendit District, Situbondo Regency. This
tourism was developed through an ecotourism
concept based on community-based tourism (CBT).
This is because the mangrove conservation area
covering an area of approximately 6 hectares is
a place where Blekok birds with various species
live.

Rusmarch Location Map
Beee Jay Bakeu Resort (BIBR)
Mangrmwe Ecotnurism, Probolingga ity

é.m (R ——
T

[ Aoricustural Giren

0] viizge: admisiation

Qo o oy Bakau feson (18R]
Vargrove: Exvipersn, Protelinggn Oty

é L0 0 L D00 005 140
[ =" =i

Lagand
W ot
[
Dmigation
Comtie
0 Laks
L et
[ Aot Gaden
[ Witsge Asrinimimyson
P
WKy Biekck Masgeowe Bcatutin, Stubomk Hegeey

Source: Dataprocessed byauthors in ArcGIS

Figure 2: Kampung Blekok Ecotourism Research Site.




Research method

This research is descriptive research
with a qualitative and quantitative approach
that objectively describes the actual state
of the research object and is analyzed qualitatively
and quantitatively using SWOT analysis
to formulate ecotourism digital marketing
development strategies and QSPM to determine
the priority strategies used. So, the results obtained
are very reliable, can be applied practically,
and increase the possibility of success
of the planned strategy (Bui et al., 2020).

Expert-based assessment is a highly recommended
approach in research worldwide (Paliogiannis
et al.,, 2019; Miller et al., 2020). Therefore,
interviews with experienced experts and scholars
in the tourism industry to project development
strategy models have broad implications (Reichstein
and Harting, 2018) in determining evaluation criteria
and suitability for the issues raised. The way to get
research respondents is to use a purposive sampling
technique, with the criteria that respondents are
directly involved or have a deep understanding
of ecotourism at Bee Jay Bakau Resort
and Kampung Blekok, especially its marketing.

Data collection

Data was collected through a survey method
using a questionnaire instrument and semi-
structured interviews. Additionally, observation
and documentation were carried out to gather
data related to ecotourism marketing strategy.
The interviewees consisted of ecotourism managers,
ecotourism marketing employees, ecotourism
visitors, local communities, the Kampung Blekok
Tourism  Awareness Group (POKDARWIS),
and Situbondo Regency Environmental Service
(DLH) employees. This data aims to answer
research objectives on factors that can influence
the sustainability of mangrove ecotourism in BJBR
and Kampung Blekok, especially from a marketing
perspective. The data collected is supported
by literature studies such as books, articles,
and other relevant information.

Data analysis

The development of a strategy or organization
can be formulated after taking into account
a combination of internal and external factors. Both
factors must be considered in the SWOT analysis.
SWOT analysis is the development of relationships
or interactions between internal elements, namely
strengths and weaknesses against external elements,
namely opportunities and threats. The following are

the steps that must be taken in a SWOT analysis
according to Salim and Siswanto (2019):

1. Identifying variables related to ecotourism
marketing strategies development;

Classify internal and external variables;
Determine the weight of each variable;

Determine the scale or rating of the variables;

vk v

Determine the value or score of each SWOT
aspect;

6. Calculating strength posture and competitive
posture;

7. Describe the strategic position in the SWOT
quadrant; and

8. Determine ecotourism marketing strategies
development.

Factors are assigned coefficients between 0 and 1,
indicating their significance in measuring strengths,
opportunities, weaknesses, and threats. This
coefficient represents the importance of a factor,
whether it is an internal strength/weakness
or an external opportunity/threat. Each factor
is rated on a scale of 1 to 4, with 1 being a basic
weakness, 2 being a minor weakness, 3 being
a strength, and 4 being a greater strength/
opportunity/threat. The final score for each factor is
determined by multiplying its weight by its rating.
If the value is greater than 1.5, it implies that
the weaknesses outweigh the strengths; if
the value is less than 1.5, it indicates that
the strengths outweigh the weaknesses (Salim
and Siswanto, 2019; Mallick et al., 2020).

The Quantitative Strategic Planning Matrix (QPM)
is an analytical tool used to compare alternative
actions. QSPM is widely used to simplify decision-
making or problem-solving processes. Most efforts
select the best strategy using input from other
management techniques and easy components.
This analysis is introduced to identify several
marketing strategies needed to increase tourist
visits which are listed below with several effective
and quantitative measurements. The summation
of the total attractiveness score (STAS) is carried
out to determine the relative attractiveness of each
key factor and related individual strategies (Mallick
et al., 2020).

The QSPM stages are divided into three stages
to make the most objective decisions using as
many facts as possible (Figure 3). The first step
in the overall strategic management analysis is
identifying key strategic factors. This can be
done using IFAS and EFAS. The IFAS Matrix is
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Figure 3: Stages of SWOT-QSPM analysis for digital marketing strategy development: mangrove
ecotourism

a strategic management tool for auditing
or evaluating key strengths and weaknesses
in functional areas of a business. The EFAS
matrix method is a strategic management tool
often used to assess, visualize, and prioritize
the opportunities and threats facing businesses
today. The IFAS and EFAS matrices are
strategy formulation tools that can be used
to evaluate how a company is performing in relation
to identified internal strengths and weaknesses.
After identifying and analyzing key strategic factors
as input to QSPM, the most attractive strategy can
be formulated. This can be done using strategic
management tools in stage 2 which in this research
uses SWOT analysis. The strategic management
method at stage 1 is carried out to determine
the main strategic factors. Based on the results
of the analysis in stage 2, it is used to formulate
possible strategies. Next, in stage 3, through
comparison of alternative QSPM  strategies,
the one that best suits the objectives of this research
is selected. Stage 2 provides the information
needed by researchers to prepare a QSPM
conceptually, QSPM in stage 3 determines
the relative attractiveness of the various strategies
that have been created based on the extent
to which external and internal key success factors
are utilized or improved. The relative attractiveness
of each strategy is calculated by determining
the cumulative impact of each external and internal
critical success factor (Ghorbani et al., 2015).

Results and discussion

Internal Factors Analysis Strategy (IFAS)

Regarding strengths and weaknesses, 7 strength
factors and 7 weakness factors were identified

for the internal factor analysis strategy (IFAS).
The weight allocated to the BJBR strength factor is
between 0.03 - 0.16 and the rating ranges between
3 and 4. The BJBR weakness factor has a rating
between 1 - 3 and the allocated weight is between
0.03 - 0.10. Where the BIBR ecotourism ticket price
factor has the highest score with a value of 0.48
on strengths and the lack of promotional updates
via social media has the lowest score on BIBR's
weaknesses with a value of 0.03. The final IFAS
BJBR identification score was 2.22 for strengths
and 0.82 for weaknesses (Table 1). So, the value
of BJBR's internal factors shows that strengths are
superior to weaknesses.

The weight allocated to the strength factor
of Kampung Blekok is between 0.04 - 0.15
and the rating ranges between 3 and 4. The weakness
factor of Kampung Blekok has a rating between
1 - 4 and the allocated weight is between
0.02 - 0.11. Where the Kampung Blekok ecotourism
ticket price factor has the highest score with a value
of 0.6 on strengths and non-routine promotion
via TV and print media has the lowest score
on the weaknesses of Kampung Blekok
with a value of 0.02. The final IFAS identification
score for Kampung Blekok was 1.89 for strengths
and 1.54 for weaknesses (Table 1). So, the value
of Kampung Blekok's internal factors shows that
strengths are still superior to weaknesses.




Bee Jay Bakau Resort Kampung Blekok
Internal Factors Weight | Rating Score Weight | Rating Score
Strength 2,22 1,89
- The variety of tourist and educational objects at the BeeJay
Bakau Resort/Blekok Village ecotourism 0.09 4 0.36 0.07 4 0.28
- Ther.e are per-season promos as part of the content on social 0.09 4 036 0.06 3 0.18
media
- The service of the tour crew at the BeeJay Bakau Resort/
Blekok Village ecotourism is carried out in a friendly manner 0.03 3 0.09 0.04 4 0.16
- Ecotourism BeeJ'ay Bakau ResorF/I.(ampung Blekok provides 0.07 3 0.21 0.07 3 0.21
event and gathering venues for visitors
- The managers and employees are committed to promoting
ecotourism at BeeJay Bakau Resort/Blekok Village (online 0.09 4 0.36 0.06 3 0.18
and offline)
- BeelJay Bakau Resort/Kampung Blekok Ecotourism has
wide-reaching promotional media in the form of Instagram, 0.09 4 0.36 0.07 4 0.28
Facebook, YouTube, & Website
- BeelJay Bakau Resort/Blekok Village ecotourism ticket prices 0.16 3 0.48 0.15 4 0.60
are relatively affordable
‘Weakness 0.82 1.54
- Less intensive promotions carried out 0.02 1 0.02 0.07 3 0.21
- Customer surveys still use traditional methods 0.02 1 0.02 0.04 2 0.08
- Don't have a professional marketing team yet 0.07 2 0.14 0.11 4 0.44
- Lack of promotional updates via social media 0.03 1 0.03 0.08 3 0.24
- Promotion via TV and print media is not routine (incidental) 0.05 2 0.10 0.02 1 0.02
- Limited funding to support marketing activities 0.07 3 0.21 0.07 4 0.28
- The use of information technology and social media has not
been optimal to promote ecotourism at BeeJay Bakau Resort/ 0.10 3 0.30 0.09 3 0.27
Blekok Village

Source: Author computation, 2023

Table 1: Internal Factors Analysis Strategy (IFAS) on BJBR and Kampung Blekok Ecotourism.

External Factors Analysis Strategy (EFAS)

There are 7 factors related to opportunities
and 7 factors identified as threats in the external
factor analysis strategy (EFAS). Regarding
the opportunities for BJBR and Kampung Blekok
both weight 0.07 - 0.13 with a rating of between
3 and 4. The back-to-nature tourism trend is
the influence of the opportunity with the highest
ore (0.52) as an opportunity for BIBR
and Kampung Blekok which can be used to develop
marketing strategies. Meanwhile, the BJBR threat
weights 0.02 and 0.09 with a rating of between 1 - 4.
This is different from Kampung Blekok where
the threat weight is between 0.02 - 0.08 with a rating
of between 1 - 3. The emergence of ecotourism
competitors who have objects A more innovative
and attractive tourist attraction is a threat that does
not affect the ecotourism of BJBR and Kampung
Blekok with the lowest score (0.03) (Table 2).

The final EFAS BJBR identification score is 2.44
for opportunities and 0.84 for threats, while 2.73 is
the final score for Kampung Blekok's opportunities
and threats with a score of 0.68. So, the value
of the external factors of BJBR and Kampung
Blekok shows that the influence of opportunities is
higher than the influence of threats.




Bee Jay Bakau Resort Kampung Blekok
External Factors Bobot Rating Skor Bobot Rating Skor
Opportunity 2.44 2.73
- There is digital marketlng t;chnolpg}{ in the 5.0 era that can 01 4 0.4 0.07 3 0.21
support ecotourism promotion activities
- The avgllal?lllty of socml. me(.ha for massive and cheap 0.1 4 0.4 0.1 4 0.4
dissemination of ecotourism information
- There is a back-to-nature tourism trend
ere is a back-to-nature tourism tren 013 4 0.52 013 4 0.52
- here are accommodation facilities available around the Bee
Jay Bakau Resort/Kampung Blekok ecotourism location 0.09 3 0.27 0.1 4 04
- AVal.lablllty of fac111t1es for promotion through broadcast 0.08 3 0.24 0.1 4 04
media (TV, radio)
- Availability of facilities for promotion through print media 0.07 3 0.21 0.1 4 0.4
- Easy internet access t(? search. for and share information 0.1 4 0.4 01 4 0.4
related to ecotourism in real-time
Threat 0.84 0.68
- The ma.rket}ng techpology developed by competing 0.03 5 0.06 0.02 5 0.04
ecotourists 1s superior
- The emergence of ecqtourlsm competlt.ors who have more 0.03 1 0.03 0.03 1 0.03
innovative and attractive tourist attractions
- In short, the length of stay or the length of stay of tourists
in the area around the Bee Jay Bakau Resort/Kampung 0.03 2 0.06 0.03 2 0.06
Blekok ecotourism area
- Minimal investment in supporting activities in the tourism
sector at Bee Jay Bakau Resort/Kampung Blekok 0.02 2 0.04 0.02 2 0.04
- There are few ecotourism visitors on days other than 0.07 4 0.28 0.05 3 0.15
weekends
- Ther_e isa ten_dency for tourists to turn to other more popular 0.09 3 0.27 0.08 3 0.24
tourist attractions
- Varying pefople s understanding of the importance 0.05 5 0.1 0.06 2 0.12
of ecotourism

Source: Author computation, 2023

Table 2. External Factor Analysis Strategy (EFAS) on BJBR and Kampung Blekok Ecotourism.

Development of Ecotourism Marketing Strategy

SWOT analysis is used effectively after selecting
and evaluating the most important internal
and external factors for developing a mangrove
ecotourism marketing strategy. To analyze SWOT,
it is necessary to determine strength posture
and competitive posture first. The SWOT model
analysis is shown by the SO, ST, WO, and WT
pairwise matrices which determine the validation
of the SWOT model for marketing strategies
in the research area (Table 3). The results
of the SWOT analysis show that the strength
the weaknesses and the influence of opportunities
for BJBR and Kampung Blekok is also greater than
the threats, so it can be concluded that the position
of the mangrove ecotourism marketing strategy
of BJBR and Kampung Blekok is in quadrant I,
where in this position the strategy is appropriate.
used is the S-O strategy, namely using current

strengths to take advantage of existing
opportunities. Specifically, you can use the SWOT
analysis calculations in Table 3 to see the SWOT
coordinates of each ecotourism where the BJBR
coordinates are at points x = 1.4 and y = 1.6
while Kampung Blekok is at coordinates x = 0.35
and y = 2.05.

This condition is a very favorable situation
where this position has positive strengths
and opportunities. So, the strategy implemented
is to support aggressive policies (growth-oriented
strategy). This indicates a very strong and potential
strategy. Therefore, researchers use a SWOT model
based on strategic planning that utilizes existing
strengths and opportunities, namely by creating
a strength-opportunity (SO) strategy:

SO-1: Upgrading ecotourism digital promotional
media to follow 5.0 technology which continues




IFAS EFAS
BJBR Kampung Blekok BJBR Kampung Blekok
Categories Total Score | Categories Total Score | Categories Total Score | Categories Total Score
Strength (S) 222 Strength (S) 1.89 Opportunity (O) 2.44 Opportunity (O) 2.73
Weakness (W) 0.82 Weakness (W) 1.54 Threat (T) 0.84 Threat (T) 0.68
Total (S-W) 1.4 0.35 Total (O-T) 1.6 2.05

Source: Author computation, 2023

Table 3: SWOT Analysis of Marketing Strategy on BJBR and Kampung Blekok.

to develop and current trends. The continuous
introduction of technological evolution, especially
new trends such as the Internet of Things,
into the daily lives of tourists has broken down
barriers such as geographical or time boundaries.
Digital marketing allows marketers to measure
the results of their actions accurately (even
in real time). This facilitates any changes to energy
promotional materials or consumer targeting
to optimize communications or advertising
(Dimitrios et al., 2023).

SO-2: Optimize the use of information technology
and social media as promotional media, especially
the frequency of promotions. Digital marketing
allows travelers to engage with destinations and
local communities. Social media applications
such as Facebook, YouTube, Twitter, Instagram,
Snapchat, LinkedIn, Telegram, and WhatsApp
Business are often used as digital marketing
interactions to encourage consumers to research
and plan their travel destinations (Toral et al., 2018;
Stylidis, 2022).

SO-3: Conduct many comparative studies
with other ecotourists to learn from each other
regarding digital marketing. The challenge
for ecotourism marketing regarding digital
marketing, is staffing the digital marketing
department with the right professionals, as the staff
must know how to manage digital communication
and advertising channels, and will be systematically
informed about the new possibilities constantly
offered by technology (Ahmed et al, 2017).
By conducting many comparative studies
with other ecotourists who have implemented digital
marketing, there will be many things that can be
learned from each other and applied to the digital
marketing of each ecotourism that perhaps have
not been implemented so far and have the potential
to increase the level of tourist visits without
having to spend a large budget. This comparative
study activity can be carried out offline or online
to reduce costs, such as joint IG live, podcast content
and the like. Apart from comparative studies, this
activity can also be used as a form of promotion

and establishing cooperation between ecotourists.

SO-4: Highlight the strengths and uniqueness
of each ecotourism as interesting marketing
content. Using digital marketing with relevant
and interesting content to promote a destination
through high-quality images, videos and blog
posts can influence potential tourists to choose
a destination over others (Toral et al., 2018; Kim
and Kim, 2020).

SO-5: Establish and strengthen cooperation
with local ecotourism, surrounding communities,
and local government agencies or institutions
in creating new programs such as education and
tourism packages. Nickerson et al. (2016) linked
sustainable tourist behavior to other important
attributes for destination marketers, revealing that
sustainable tourists spend more money, stay longer,
and contribute to the tourist destination's triple
bottom line.

SO-6: Utilize other electronic media (TV, radio
and print media) in promoting ecotourism.
Promoting a positive image of a destination
through social media and other channels can
help create positive perceptions among tourists
(Fuand Timothy, 2021) and therefore reflect the level
of individual feelings (positive or negative) towards
a behavior of interest (Armutcu et al., 2023).

Quantitative Strategic Planning Matrix (QSPM)

The QSPM strategy is formulated based
on Strength and Opportunity (SO) and arranged
using the SWOT matrix method. It is calculated
by adding up the total attractiveness scores in each
category (by column) of the QSPM (Table 4).
The calculated STAS score shows which score is
the most attractive considering all external
and internal factors. Where the Attractiveness
Score (AS) and Total Attractiveness Scores (TAS)
in QSPM consist of how attractive each factor is
in relation to each alternative strategy. The range
of attractive scores (AS) includes 1 = not
interesting, 2 = not interesting, 3 = quite interesting,
and 4 = interesting.




Strategy

Factors | Bobot SO1 SO2 SO3 SO 4 SO5 SO 6

AS TAS AS TAS AS TAS AS TAS AS TAS AS TAS
S1 0.09 4 0.36 3 0.27 3 0.27 4 0.36 4 0.36 3 0.27
S2 0.09 3 0.27 3 0.27 4 0.36 4 0.36 4 0.36 3 0.27
S3 0.03 4 0.12 4 0.12 4 0.12 4 0.12 4 0.12 3 0.09
S4 0.07 4 0.28 3 0.21 3 0.21 4 0.28 3 0.21 3 0.21
S5 0.09 3 0.27 4 0.36 4 0.36 4 0.36 3 0.27 3 0.27
S6 0.09 3 0.27 4 0.36 3 0.27 4 0.36 4 0.36 3 0.27
S7 0.16 4 0.64 4 0.64 3 0.48 4 0.64 3 0.48 4 0.64
Wi 0.02 3 0.06 3 0.06 4 0.08 3 0.06 4 0.08 3 0.06
w2 0.02 3 0.06 3 0.06 4 0.08 3 0.06 3 0.06 3 0.06
W3 0.07 3 0.21 3 0.21 4 0.28 4 0.28 4 0.28 3 0.21
w4 0.03 3 0.09 4 0.12 4 0.12 3 0.09 4 0.12 3 0.09
W5 0.05 4 0.2 4 0.2 4 0.2 4 0.2 4 0.2 3 0.15
W6 0.07 4 0.28 4 0.28 3 0.21 3 0.21 3 0.21 3 0.21
W7 0.1 3 0.3 3 0.3 3 0.3 3 0.3 3 0.3 3 0.3
Ol 0.1 4 0.4 4 0.4 3 0.3 3 0.3 3 0.3 4 0.4
02 0.1 3 0.3 4 0.4 3 0.3 3 0.3 3 0.3 3 0.3
03 0.13 4 0.52 3 0.39 4 0.52 4 0.52 3 0.39 3 0.39
04 0.09 3 0.27 3 0.27 4 0.36 4 0.36 3 0.27 3 0.27
05 0.08 4 0.32 3 0.24 3 0.24 3 0.24 4 0.32 4 0.32
06 0.07 4 0.28 3 0.21 3 0.21 3 0.21 4 0.28 4 0.28
o7 0.1 3 0.3 3 0.3 3 0.3 4 0.4 4 0.4 3 0.3
Tl 0.03 3 0.09 3 0.09 3 0.09 4 0.12 4 0.12 4 0.12
T2 0.03 4 0.12 3 0.09 3 0.09 4 0.12 4 0.12 4 0.12
T3 0.03 4 0.12 4 0.12 3 0.09 4 0.12 4 0.12 4 0.12
T4 0.02 4 0.08 4 0.08 3 0.06 3 0.06 3 0.06 3 0.06
T5 0.07 3 0.21 4 0.28 3 0.21 3 0.21 3 0.21 3 0.21
T6 0.09 3 0.27 3 0.27 3 0.27 4 0.36 3 0.27 3 0.27
T7 0.05 3 0.15 3 0.15 3 0.15 3 0.15 3 0.15 3 0.15
Priority index 6.84 6.75 6.53 7.15 6.72 6.41

Note: Description: S1 (1 Strength), S2 (2" Strength), S3 (3 Strength), S4 (4'h Strength), S5 (5* Strength), S6 (6! Strength),

S7 (7*h Strength), W1 (1*t Weakness), W2 (2" Weakness), W3 (3rd Weakness), W4 (4" Weakness), W5 (5" Weakness),

W6 ( 6th Weakness), W7 (7" Weakness), O1 (1* Opportunity), O2 (2™ Opportunity), O3 (3* Opportunity), O4 (4'h Opportunity),
05 (4" Opportunity -5), O6 (6t" Opportunity), O7 (7" Opportunity), T1 (1t Threat), T2 (2" Threat), T3 (3'd Threat), T4 (4'h Threat),
T5 (5" Threat), T6 (6™ Threat), T7 (7" Threat), SO1(1* Strength-Opportunity), SO2 (2™ Strength-Opportunity), SO3 (Strength- 3t
Opportunity), SO4 (4'h Strength-Opportunity), SO5 (5% Strength-Opportunity), SO6 (6 Strength-Opportunity).

Source: Author compilation, 2023

Table 4: Quantitative Strategic Planning Matrix (QSPM) for Digital Marketing Strategy Development on BJBR and Kampung Blekok.

The BJBR and Kampung Blekok mangrove
ecotourism marketing strategies development are
classified according to their priorities and strategic
weights in the SWOT matrix and attractiveness
scores in the QSPM approach. The strategy
with the highest appeal is highlighting the strengths
and uniqueness of each ecotourism as one
of the attractive marketing content with a score
of 7.15, followed by upgrading ecotourism digital
promotional media following technology 5.0 which
continues to develop with a total attraction value
of 6.84 and in third place. The top position is
occupied by the strategy of optimizing the use

of information technology and social media
as promotional media, especially promotional
frequency (6.75). Even though all of these strategies
look real, the SO-4, SO-1, and SO-2 strategies
which obtained the highest total attractiveness
score could be the best strategy for developing
a mangrove ecotourism marketing strategy
to increase the number of tourist visits after
the COVID-19 pandemic. In addition, the SO-5,
SO-3, and SO-6 strategies are interesting but require
more feasibility to achieve sustainability goals
in the field of mangrove ecotourism marketing
strategies development in the future. In other




words, SO-4, SO-1, and SO-2 strategies can be
implemented as soon as possible as short-term
marketing strategies and using SO-5, SO-3,
and SO-6 strategies as long-term marketing
strategies that can be implemented after seeing
the results of developments in the main strategies
that must be carried out first.

While the QSPM method offers a systematic
approach to prioritizing strategies by evaluating
attractiveness scores for each factor, it has certain
limitations that must be acknowledged. First,
the method is highly dependent on the subjectivity
of the attractiveness scores (AS) and the Total
Attractiveness Scores (TAS), which may vary based
on the evaluator’s judgment or bias. The weighting
of factors is also subjective and may not always
reflect their true relative importance in real-world
scenarios. Additionally, the QSPM method does
not account for the dynamic and evolving nature
of external environments or unforeseen changes
inmarketconditions, whichcouldinfluencetheactual
success of a given strategy. For example, external
threats such as sudden changes in tourism trends
or technological disruptions could alter
the feasibility and attractiveness of the strategies
identified in this study. Furthermore, the QSPM
does not fully consider the practical challenges
and resource constraints that may affect
the implementation of the identified strategies,
particularly for smaller or less-resourced ecotourism
businesses.

Therefore, while the strategies identified in this
analysis, especially the SO-4, SO-1, and SO-2
strategies show promise, it is important to recognize
that their actual effectiveness may depend
on various uncontrollable factors. To mitigate these
limitations, it is recommended that future studies
incorporate more.

Discussion

This study aims to design a relevant digital
marketing strategy for mangrove ecotourism
in the post-COVID-19 era, considering the unique
empirical situation of each ecotourism site.
The findings highlight a significant downturn
in visitor numbers at coastal ecotourism sites
like BJBR and Kampung Blekok, particularly
during non-weekend days, as well as a decline
in promotional activities, both online and offline.
This disruption in visitation and marketing
efforts underscores the challenges faced by these
ecotourism destinations, many of which were
already struggling with a lack of professionalism
and inconsistent promotional strategies.

SWOT analysis of BJBR and Kampung Blekok
reveals that these ecotourism destinations
still possess considerable strengths, such as
picturesque natural attractions, affordable ticket
prices, community involvement in lodging,
and the availability of social media platforms.
However, these strengths are underutilized,
and the primary strategic opportunity identified is
the need to optimize the use of information
technology and social media. Enhancing
the frequency and quality of digital promotions,
particularly  through targeted social media
campaigns, emerges as the most critical priority
to revitalize tourism post-pandemic.

This study’s findings are consistent with broader
global trends in the tourism industry, particularly
the growing importance of digital marketing
in influencing travel decisions. Numerous global
studies have shown that a significant portion
of travel decisions is influenced by information
found on digital platforms. Research by Magano
and Cunha (2020); Islam (2021); de Amorim et al.
(2022); Khan et al. (2022) emphasizes the critical
role of online travel websites and social media
in shaping traveler choices. The ease of access
to information on platforms such as websites and
social media is an essential factor that drives tourists
to select particular destinations. For example, Lam
et al. (2020) discuss the positive impact of online
co-creation platforms on enhancing destination
attractiveness and customer satisfaction, which
directly supports the case for utilizing digital
marketing strategies in ecotourism.

Moreover, Racherla and Friske (2012), highlight
that easy-to-access content about tourist attractions
playsakeyrole in tourists’ decision-making process,
facilitating the re-selection of destinations. This
research supports the notion that digital presence
is paramount in fostering repeat visits and brand
loyalty. Our findings align with this perspective,
reinforcing the importance of developing a digital
marketing strategy that not only increases visibility
but also engages travelers in interactive ways.

The integration of Information and Communication
Technology (ICT) into tourism marketing has been
recognized globally as a critical driver for post-
pandemic recovery. By digitizing promotional
activities, such as utilizing social media
for targeted campaigns, ecotourism destinations
can reach a broader audience more efficiently
and cost-effectively. This shift to digital platforms
enables the promotion of tourism products
and services, facilitates the booking of travel




packages, and allows for the collection of valuable
data on tourists' preferences and behaviors.
Such digital transformations have been linked
to improved engagement, as evidenced
by studies from Yuniarta et al. (2023) and Sujono
et al. (2023) which confirm that enhanced online
interactions lead to higher customer acquisition
and satisfaction, ultimately generating greater
revenue for ecotourism operators.

In line with global best practices, the research
by Armutcu et al. (2023) calls for developing
an online content strategy that resonates
with tourists' psychological needs, influences social
media usage, and confirms their expectations. This
comprehensive approach not only drives visitor
satisfaction but also stimulates a higher intention
to visit, which is particularly crucial for destinations
recovering  from  the  downturn  caused
by the COVID-19 pandemic.

The findings of this study suggest that optimizing
digital marketing efforts, particularly through
social media platforms, and integrating Information
and Communication Technology (ICT)
into operations can help BJBR and Kampung
Blekok ecotourism destinations leverage global
digital trends to enhance visitor engagement,
facilitate recovery, and foster sustainable growth
in the post-pandemic era. The significant potential
for digital interactions to revitalize ecotourism
underscores the broader implication that digital
marketing strategies are no longer optional
but essential for ensuring the sustainability
of ecotourism worldwide.

Moreover, these findings are not only relevant
to BJBR and Kampung Blekok but also align
with broader global trends in ecotourism
marketing. They highlight the growing importance
of digital platforms and social media in driving
tourism recovery, as destinations around the world
increasingly rely on digital marketing strategies
to engage a global audience. Research has
shown that an active digital presence and online
engagement are critical for destinations to remain
competitive and attract international visitors
(Magano and Cunha, 2020; Lam et al., 2020).
The strategies proposed for these local ecotourism
sites—particularly the emphasis on optimizing
information technology and social media—reflect
these global trends, emphasizing the necessity
of embracing digital transformation in tourism
marketing.

Additionally, the study reinforces the importance
of sustainability in ecotourism marketing, a key

priority for ecotourism destinations worldwide.
As travelers increasingly seek environmentally
responsible experiences, effectively communicating
sustainability efforts through digital channels
becomes vital. By integrating both local
and global trends, this study not only offers
a roadmap for enhancing the marketing strategies
of BJBR and Kampung Blekok but also contributes
to the broader conversation on how digital marketing
can help ecotourism destinations improve visibility,
engage diverse audiences, and promote sustainable
tourism practices. These findings provide valuable
insights for ecotourism stakeholders globally,
illustrating how digital marketing strategies can
address local challenges while aligning with global
tourism trends.

The identified trends, particularly the growing
reliance on digital marketing and social media
in ecotourism, also have important practical
implications for strategic planning and marketing
activities. Ecotourism managers can leverage these
trends to design more targeted and cost-effective
marketing campaigns, using digital platforms
to reach a global audience and foster stronger
customer engagement. By aligning their strategies
with these digital trends, ecotourism destinations
can not only enhance their competitiveness but also
ensure long-term sustainability through increased
visibility and stronger connections with potential
tourists. This approach will be crucial for adapting
to the evolving tourism landscape and securing
the future growth of ecotourism in the digital era.

In addition to the findings on digital marketing
trends, it is important to recognize the growing
global interest in sustainable tourism and the need
for climate change adaptation in ecotourism.
As tourists increasingly prioritize environmental
responsibility, there is a strong demand
for ecotourism  destinations to integrate
sustainability into their offerings. This shift
presents an opportunity for destinations like BJBR
and Kampung Blekok to align their marketing
strategies with sustainable tourism practices, such
as promoting eco-friendly activities, supporting
conservation efforts, and showcasing their
commitment to climate adaptation.

The integration of sustainability into digital
marketing strategies can not only attract a more
conscientious traveler but also enhance the long-
term  viability of ecotourism destinations.
As climate change increasingly affects coastal
regions and ecosystems, ecotourism destinations
must adapt to these changes by implementing




resilience measures and promoting them in their
marketing. By focusing on sustainability
and climate change adaptation in their marketing
messages, these destinations can strengthen their
brand and appeal to a global audience that values
environmental stewardship.

Conclusion

This  study  provides  valuable  insights
into the development of digital marketing strategies
for mangrove ecotourism at BJBR and Kampung
Blekok, with a focus on enhancing visitor numbers
in the post-pandemic era. By applying the SWOT
analysis, we identified that both ecotourism sites are
positioned in quadrant I, which indicates a favorable
situation for utilizing strengths to capitalize
on available opportunities. The findings suggest
that the most effective approach for developing
digital marketing strategies is the application
of aggressive and vertical integrity strategies,
allowing these ecotourism sites to compete
with other destinations. Among the six Strength-
Opportunity (S-O) strategies identified, the highest
priority is optimizing the use of information
technology and social media as promotional media,
particularly increasing the frequency of promotions.

These findings contribute to the existing body
of knowledge by emphasizing the critical role
of digital marketing in the recovery and growth
of ecotourism, especially after the COVID-19
pandemic. The research highlights the importance
of leveraging digital platforms, such as social
media, to effectively engage potential tourists
and increase brand visibility. Moreover, it
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underscores the relevance of Information
and Communication Technology (ICT) in creating
dynamic, cost-effective marketing campaigns
tailored to the needs of modern travelers.

Furthermore, this study aligns with global trends
in the tourism sector, where digital marketing
and social media have become key drivers
of travel decisions (Magano & Cunha, 2020; Islam,
2021; de Amorim et al.,, 2022). It contributes
to the literature on ecotourism by proposing
actionable strategies for ecotourism destinations
to enhance their competitive advantage and visitor
engagement in the digital era. Practically, the study
provides a roadmap for ecotourism managers
to implement strategies that not only boost short-
term tourist visits but also establish long-term
sustainability in the marketing of mangrove
ecotourism.

Overall, this research contributes
to the understanding of digital marketing’s impact
on ecotourism, offering both theoretical insights
and practical guidance for future marketing
strategies. It suggests that, by effectively utilizing
digital tools and focusing on strategic promotions,
mangrove ecotourism can recover and thrive
in an increasingly competitive and digitalized
tourism market.
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Abstract

This study examined the impact of livelihood diversification on the economic performance of rural households
in Nasarawa state, Nigeria. Multistage sampling procedure was used to select 390 respondents. Endogenous
switching regression model was employed to carry out the impact analysis of diversified agricultural
and non-agricultural activities on rural households’ economic performance of which income, poverty gap,
and severity were indicators. The empirical findings revealed that rural household’s age, gender, level
of education, access to market, membership of cooperatives, access to public transport and rural-urban
seasonal migration significantly influenced income, while gender, level of education, household size, access
to farmland, access to market, membership of cooperative and entrepreneurial skills significantly influenced
rural households’ poverty gap and severity. Improved income of rural households in the study area promotes
agricultural activities which is the mainstay of their economy. In conclusion, livelihood diversification
improves living standard and reduces poverty for rural families and their communities.
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Introduction

Agriculture is the mainstay of the economy
of the rural households in the study area as it
plays a great role in the development of the area.
Diversifying agriculture results to enhancing
the welfare and income of the rural households.
But exacerbating climatic conditions such as erratic
rainfall, rising temperatures (Cooke and Jonathan,
2016), over grazing in the far north, desertification,
incessant violent clashes between herdsmen
and farmers and prevailing Boko Haram insurgency
in the North-Central and North East (International
Crisis Group, 2017) pushes poorer smallholders
to seek alternative incomes in the non/off farm
sector. These alternative incomes are used to revive
the fallen agricultural activities in the study area.
It was reported that coping with the changing
situation, smallholder farmers in the North Central
and North East in Nigeria are adopting both on-
farm (planting drought-tolerant crops and mixed

farming) and off/non-farm diversification strategies.
According to Baird and Hartter (2017),
households across the developing countries are
trying to diversify their livelihood activities to secure
fromrisksandcopewitheconomicandenvironmental
shocks. Diversified livelihood combines both
agricultural and  non-agricultural  activities
to survive and improve the standard of living.
Livelihood diversification plays a crucial role
in promoting economic growth and reducing
rural poverty in developing countries (Loison,
2019). It is the process of providing alternative
job. It marks a vital role in sustainable ecological
development and rural poverty reduction (Liu
and Lan, 2015).

Rural livelihood diversification is the process
by which rural households construct an increasingly
diverse portfolio of activities and assets in order
to survive and to improve their standard of living
(Khatun and Roy 2012). The rural livelihood
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diversification into farming, off- farming
and non-farming is one of the rural households’
strategies for boosting agricultural activities
and for survival in the study area. The rural
people diversify into farm and non-farm activities
to explore opportunities through which they
increase and stabilize their incomes or to supplement
farming in order to improve the welfare or living
standard of their household (Wondim, 2019). Rural
people have diversified their livelihood means
and income earning portfolio across farm, non-farm
and off-farm activities. Thus, non-farm income
generating activities have become an essential
component of livelihood strategies among rural
households ((Bezu, Barretand Holden, 2012; Khatun
and Roy 2012; Agyeman, Asuming-Brempong
and Onumah, (2014). According to Ovwigho
(2014), the rural farm families usually engage
in different non-farm income generating activities
apparently to balance the shortfall of income due
to the seasonality of primary agricultural production
and create a continuous stream of income to cater
for the various household needs. The rural
householdsinthestudyareasurvive farmproductivity
crisis by engaging in a variety of activities, thus
generating income and other consumption goods
to meet the needs of the family. The Nigerian rural
households may have enough reasons to diversify
their income. Firstly, factors such as inconsistent
government policies, poor processing techniques,
poor storage facilities, bad road networks
and natural disasters which negatively impact
on farmers’ productivity, drives income
diversification in Nigeria so as to boost agriculture
(Msoo and Goodness, 2014). Secondly, Cooke
and Jonathan (2016) argued that Nigerian farmers
finds it very difficult to access quality agricultural
inputs, such as seeds, pesticides, fertilizer and credit
needed to scale up their farm operations. Thirdly,
the Nigerian labour productivity per worker is
about three times higher in the non-farm sector
than the farm sector and the non-farm sector boast
of higher average income than incomes
from the farm sector (Djido and Shiferaw, 2018).

To the best of my knowledge, empirical studies
on the impact of livelihood diversification on rural
households’ economic performance using income,
poverty gap and severity appear to be infrequent
in the North central area of Nigeria. Therefore,
there was the need to carry out this study
in Nasarawa State, which developed a structure
that measured the impact of diversified farming,
off-farming and non-farming activities looking
at improving income which will help support
the mainstay of their economy. Endogenous
switching Regression model approach (Lokshin

and Sajaia, 2004) was used in this study to examine
the impact. Also examined were the determinants
of livelihood diversification where the parameters
for economic performance considered in this study
were income, poverty gap and severity. This paper
adds to the literature by giving recent information
on the impact of livelihood diversification
on economic performance in North Central part
of Nigeria using income, poverty gap and severity
as measurement. There has not been detailed impact
analysis of livelihood diversification on economic
performance of rural households of recent using
parameters like income, poverty gap and severity
as measurement which this study has given proper
attention.

The interesting research topic examined livelihood
diversification as a survival strategy and a means
to improve economic performance of rural
households with the following research questions.
Firstly, what are the determinants responsible
for livelihood diversification amongst rural
households in Nasarawa State, Nigeria? What is
the impact of livelihood diversification on rural
households’ income, poverty gap and poverty
severity in the study area? The specific objectives
of this research are to analyse the impact estimate
of determinants on livelihood diversification,
also, impact estimate of livelihood diversification
on income, poverty gap and poverty severity using
Endogenous Switching Regression (ESR) model.
The remaining sections of this paper include
materials and methods, results and discussion,
and conclusions

Materials and methods

Study area

The study was carried out in Nasarawa State,
North Central Nigeria. The State has Latitude 80°
- 90°30°N (approx.) and longitude 70° - 90°30’E
(approx) and covers a land area of about 32,500 km?
(Nasarawa State Ministry of Information, 2012)
with a population of about 2.13 million (National
Population Commission, 2016) with average
growth rate of 2.5%. Agriculture is the mainstay
of its economy with the production of varieties
of cash crops throughout the year. Some
of the inhabitants of the State are fish farmers while
most of them cultivate food crops such as grains
and legumes, root and tubers, vegetables and fruits.

Data collection and sampling procedure

Data used for this study were collected from primary
source through administration of a well-structured
questionnaire on rural households in the study




area. A multistage sampling technique was adopted
for the study. The thirteen (13) Local Government
Areas (LGAs) of the state were selected.
At the first stage, three (3) communities were
randomly selected from each of the LGAs
in the state, making a total of thirty nine (39)
communities. Thereafter, at the second stage,
a random sampling technique was used to select
eleven (11) rural households from each community
to give a sample size of four hundred and twenty
nine (429) rural households. Out of the 429
responses, 390 were valid and complete.

Data analytical procedure

Endogenous Switching Regression Model was used
for the analysis of the data.

Empirical specifications
Endogenous Switching Regression (ESR) model

In the process of estimating the impact of livelihood
diversification on the economic performance
of rural households using ESR framework, a two-
stage estimation procedure is involved. In the first
stage, the model for the determinants of livelihood
diversification is estimated that is the adoption
decision to diversify is estimated in order
to determine the factors that influenced
diversification. The second stage involved
the estimation of relationship between the outcome
variables and a set of explanatory variables
specified for two regimes of diversified and non-
diversified rural households. The diversified
and non-diversified rural households are represented
byy, andy, respectively, while the unobserved is
denoted by /"=y, - y,. The function that specifies
the households is:

._{1if11f’>1 W
' {0 otherwise

The basic relationship used is income, poverty
gap and poverty severity from diversification
status and it is stated in relation to a vector
of household independent variables (Z) in a latent
variable framework. The relationship, which is
the determinants of livelihood diversification
in the first stage, is expressed as follows;

I" =aZ +p, (2)

where [ is a dichotomous variable with 1=diversified
rural houscholds and 0 otherwise, Z represents
all observable determinants rural households,
for example, household characteristics, o is a vector
of parameters to be estimated, u is the error
term with mean zero. The relationship being

considered in examining the impact of livelihood
diversification on income, poverty gap and poverty
severity assumes that vector of outcome variable
is a linear function of a vector of explanatory
variables (Z) and diversification status which is
a dichotomous variable explanatory variables (/).
The relationship can be expressed as follows;

Y, kp+ly+u, €)
where variable y, is a vector of outcome variable,
K_is a vector of farm and household characteristics,
[ is the diversification status, x, is a random
error term while § and y are vector of parameters
estimated.

In the course of carrying out impact evaluation,
the study was only aware of the observed
attributes declared by the respondents, while
other unobservable factors are known to only
the respondents. In view of this, selection bias
ensues if error terms of the outcome
equation, (1) in the Equation 2 and selection
equation (¢) in the Equation 1 are influenced
by unobservable factors. Endogenous Switching
Regression model approach which was developed
by Lokshin and Sajaia (2004) was employed
in order to concurrently estimate the determinants
and impact of livelihood diversification
with consideration being given to observable
and unobservable factors. The specifications
for the two regimes in the second stage are
as follows;

Regime 1 (Diversification):

Yy =Bx,te, (4a)
Regime 2 (Non-Diversification):
y2i = ﬂ1x2i + 821’ (4b)

where y, and y, are outcome variables
for rural households that diversified and did not
diversify respectively; x is a vector of household
characteristics; f is a vector of parameters to be
estimated and ¢ is the error term.

The structure of the ESR model gives room
for an intersection (overlap) of Z in the Equation 2
and f of the Equations (4a) and (4b). However,
it is important that at least one variable in Z does
not appear in f for the purpose of identification.
Therefore, this suggests that the same set of variables
are used to estimate selection and outcome equation
but with additional one variable in the former.
Access to non-farm and off-farm job information is
used as a valid instrument as it is expected to affect
diversification status and not the outcomes.




As explained by Heckman (1979), the selectivity
terms used in the selection equation which represent
4, and /A, for rural household that diversified
and did not diversify respectively, covariance terms
o, and o, are included in the Equation 4a and 4b
which resulted to equation 5a and 5b below;

Vi :x1ﬁ+o-]sil + Q)il ifli =1
Vi :x2ﬂ+0-25/12+®i2 ifli =0

(5a)
(5b)

The ESR model was used to examine the impact
of livelihood diversification on rural households’
outcome variables (income, poverty severity
and poverty gap) by comparing the expected
outcomes of rural households who are diversified
with the expected outcomes of the counterfactual
hypothetical cases that rural households who were
diversified are not diversified. The expected values
of the outcome Y on diversified and non-diversified
can be expressed as follows:

E(Y/l =1)=xB +ogl -8, (62)

EY /Il =1)=xpi2 +0,A2 -9, (6b)
According to Lokshin and Sajaia (2004), Average
Treatment effect on the Treated (ATT) is a change
in the outcome due to diversification adoption.
In this case, ATT is expressed in terms of livelihood
diversification status, which is expressed as follows
in the Equation 7 as the difference in the expected
outcomes from equations 6a and 6b.

ATT=E(Y /I=1)-EY /I=1)=x(B, -B,) +

+ Aole - 02¢) (7
Table 1 shows the list of variables in the Econometric
Analysis.

Results and discussion

The Full Information Maximum Likelihood
(FIML) results of the Endogenous Switching
Regression Model (ESRM) for income,
poverty gap and poverty severity are presented

! Variable

Description Measurement

Dependent variables

Livelihood Diversification (LD)
Income
Poverty gap

Poverty severity

If household engages in livelihood diversification
Income per household
Poverty gap per household

Poverty severity per household

(Yes =1; No=0)
Naira
Number

Number

Independent variables

Personal characteristics

Gender

Age

Level of education

Membership of cooperative societies
Household size members

Access to farmland

Access to credit

Access to market

Access to public transport
Access entrepreneurial skills
Access to jobs information.

Rural-urban seasonal migration opportunity

Bad weather occurrence

Gender of household head

Age of respondents

Education of respondents

Household membership of cooperatives
Number of household members working

If had access to farmland

If had received informal credits

If had access to market

If had access to public transport

If had received entrepreneurial skills
If had access to jobs information

If had experienced seasonal migration

Weather shock experience such as late onset
of rains, rises in temperature, heavy rainfall
and other unseasonable weather which are as
a result of the consequences of climate change

experienced in the previous year

(Male=1, Female=2)

Years

Years

(Yes =1; No=0)
Number
(Yes=1; No=0)

(Yes =1; No=0)
(Yes =1; No=0)
(Yes=1; No=0)

(Yes =1; No=0)
(Yes =1; No=0)
(Yes =1; No=0)

(Yes=1, No=0)

Source: Own processing

Table 1: List of variables in the Econometric Analysis.




in Table 2, 3 and 4. The Wald tests confirmed joint
significance of the error correlation coefficients
in both selection and outcome equations.
The significant correlation coefficients
of the selection equation and the outcome equations
(Income, Poverty gap and Poverty severity)
for participants in livelihood diversification
indicated the presence of self-selection in engaging
in livelihood diversification. Table 5 presents
expected values of various outcomes under actual
and counterfactual conditions and resulting
treatment effects.

The likelihood ratio tests for joint independence
of the equations in endogenous switching
regression model revealed that the equations are
dependent. This implies that the models were not
jointly independent and not estimated differently,
which explains the empirical approach applied
in this study. Therefore, the use of ESR model,
which accounts for both observable
and unobservable factors, was suitable for this
study as explained by (Lokshin and Sajaia, 2004).
The estimated coefficients of the correlation term
(rl and r2) were statistically significant in all
the regimes. The result showed that there was
selection bias due to unobservable factors
in livelthood diversification. The negative
and significant sign for ‘r’ implies that there was
a positive selection bias which suggests that rural
households that diversified have higher probability
of having increased income and reduced poverty
gap and severity.

Determinants of adoption

The results from the selection equation are presented
in Tables 2, 3 and 4 together due to the fact that
the empirical results in the selection equation
can be interpreted as normal probit coefficients.
It is worthy of note that estimates for variables
with the same name in the selection equation
(probability of adopting livelihood diversification)
have similar effects on the dependent variable.
Results of the estimation of the determinants
of livelihood diversification in the study area
suggest that level of education, membership
of cooperatives and rural to urban seasonal migration
are the main drivers behind rural households’
engagement in  livelihood  diversification.
The factors are positive and statistically significant
at 1% which shows that, the claim of these factors
promoting  livelihood diversification cannot
be rejected. It was also observed that gender
and access to market were found to be significantly
positive at 5%. Other factors such as access
to farmland, entrepreneurial skills and bad weather
were observed to have positive correlation

with engagement with livelihood diversification.
1% (highly statistically significant) and 5%
(statistically significant) significance level do
not have enough evidence to reject the claim
that determinants of rural households improve
livelihood diversification.

As shown in the results, level of education implies
that the probability of being diversified tends
to increase as level of education increases. This
means that increase in the level of education
by 1% enables the rural dwellers to have improved
agricultural practices and also engage in various
livelihood activities as some non-farm and off-farm
jobs demand a minimal level of education. This is
in line with Amare and Shiferaw (2017), that said
empirical literature shows that education allows
households to overcome barriers to diversification
and provides incentives for expansion of livelihood
options both within and outside agriculture.
Membership of cooperative indicates that being
a member of cooperative society increases
the probability of diversifying livelihood amongst
the households. This is possible because cooperative
societies in the rural arecas help to enhance
and establish livelihood activities. Cooperative
societies distribute farming inputs and also,
introduce their members to sustainable agricultural
practices and business opportunities and gives
loan to start-up businesses. This is supported
by Oloyede (2008) who said the recognition
of cooperatives as self-help organizations
with capacity to improve livelihood is global
and wide spread. Rural to urban seasonal migration
exposes rural households’ farmers to different
technology which helps to improve agricultural
practices and also influence diversification
into off-farm and non-farm activities. This
seasonal migration is mostly during the dry season,
off farming season. This is in line with Barrett al et.
(2001), who said rural households in Nigeria engage
in economic activities when migrated. However,
gender was found to significantly and positively
influence the decision of livelihood diversification
in the study area at 5% level. The implication
of this scenario is that being a male rural
household’s head increases the probability of having
livelihood diversification. This may be as a result
of the cultural practices among the respondents
that give men power over and access to productive
resources. This confirms the report of Mulwa
et al. (2017) that gender variable is a positive
and significant factor in rural household decision
making in the adoption innovative practices, such
as household income improvement. Also, access
to market was found to be positive and significant
to influence the decision to diversify livelihood




in the study area at 5%. The implication of the result
is that access to market increases the likelihood
of being diversified. However, improved market
accessibility ~ will  enhance  diversification
into production of different crops, rearing of animals
and involvement in various economic activities
by the respondents. Prowse (2015) asserted that
distance to markets determines and influences
income diversification in rural areas.

Age is a major negative driver in engaging
in livelihood diversification as increase in age
significantly reduces the likelihood to engage
in livelihood diversification by 1%. Age
ofthehousehold’shead had anegative and significant
coefficient with rural households’ decisions
tolivelihood diversification, suggesting thatincrease
in age of the respondent decreases the probability
of choosing diversified livelihood. This concurs
with Asfir (2016) who reported the effect of age
of the rural farmers on diversification and pointed
out that as the farmers get older, they become more
resistant to new ideas, information and technology
to better farming activities. Job information
about livelihood diversification into on-farm,
off-farm and non-farm by rural households tends
to increase the likelihood of having diversified
livelihood. However, it is worthy to note that the
aim of the selection equation is not to perfectly
explain diversified livelihood but to account
for unobserved heterogeneity that could course
bias. It is for this reason that one or more valid
instruments must be included in the selection
equation and the instrument used in his study is
job information about livelihood diversification.
The instrument variable, access to job information
was found to be positive and influenced the choice
of diversification significantly. Job information
about livelihood diversification in farming, off-farm
and non-farm by rural households tends to increase
the likelihood of having diversified livelihood.
This implies that having access to job information
on farming and non/off farm activities increases
the likelihood of livelihood diversification as there
are job opportunities. This is in line with Shujaat
Farooq and Zunaira Younais (2018) who said
access to employment information are provided
for more than half of the rural population,
contributing to reduction in poverty and equity.

Impact estimate of determinants on rural
households’ income

The estimates in the outcome equation
in the columns for diversified and non-diversified
in Table 2 generally show the impact of livelihood

diversification on rural household income.
The impact estimates showed that the key variables
behind rural households’ increased income
for diversified rural households are gender, level
of education and rural to urban seasonal migrations
which are significantly positive at 1% while access
to market and membership of cooperative are
significantly positive at 5%. Age was found to be
the major negative driver that reduces income
in the study area. The key variables for increased
income of non-diversified rural households is
access to market which is significantly positive
at 1% while age is at 5% and gender at 10%.
The negative main driver for income of non-
diversified rural houscholds’ is rural to urban
seasonal migration, found negative at 1%
and significant. 1% (highly statistically significant)
and 5% (statistically significant) significance level
do not have enough evidence to reject the claim
that the determinants increase income of rural
households. 10% significance level has enough
evidence to reject the claim that determinants
increase income.

The result of the impact estimates states that
age had negative but significant relationship
with the income of the diversified respondents
while the income of non-diversified respondents
was positive and significantly influenced by age.
This implies that, as the age of the rural households’
increases, the income of diversified respondents
falls while the income of non-diversified
respondents rises. This finding concurs with Roslan
and Siti (2011) and Ike (2015) who separately noted
that the older the farmer, the less the probability
for him/her to participate in any employment.
The positive and statistically significant coefficients
of gender of both diversified and non-diversified
respectively showed that male household heads
in the study had more income than their female
counterparts in the two groups (diversified
and non-diversified livelihoods). Level of education
of diversified rural households tends to increase
income. This showed that the more educated
the rural households the better they participate
in employment opportunities. This is in accordance
with McMichael (2008) who stated that the new
agriculture for development replaces smallholder
knowledge with corporate inputs for development.
Also, households with higher education are
more likely to participate in wider employment
opportunities offered by the non-farm and urban
sectors. The positive and statistically significant
coefficients of access to market increases income
for diversified and non-diversified households.




Variables Selection Income of Diversified Households : Income of Non-Diversified Households
U Coefficient | Z-Valie | Coefficient | Z-Value Coefficient Z-Value
| Age -0.055%%% 1 291 0010 i 195 0.019%* 227
pro L e v i B
! Level of Education T ogeree 1 334 G 003 L 315 i oo i 033
THoushold Size o001 oo ET o021 om0 0.67
e v & v e S S T S o
UAccess toMarket 1 0123+ 207 03541 223 : 0.938*+x 452
mlvl'e'mbership of Cooperatives 0714*** .............. 2 56 ...... 0.147%* 2.01 -0.114 0.93
r—— e ; e e o
{ Access to Public ransport Fooas Y 0.043 T 00s i -0005 1.82
40078 Tosors T 60 P 0059 245
.......... e -
0233 T 0079 0.3
10.899 36.7 10.121 23.19
-0.652%%+ 14.92 : :
03118 498 :
""" -0.569%+% 9
''''' 0.15 0.48

Log likelihood = -115.681

Note: *** ** * means significant at 1%, 5% and 10% respectively
Source: Own processing

Table 2: Full information maximum likelihood estimates of endogenous switching regression model for livelihood diversification
and impact on rural households’ income.

Abdiassa (2017) reported a similar result that rural
household heads having access to market centres
has higher involvement in livelihood diversification
and could diversify their sources of income.

Impact estimate of determinants on rural
households’ poverty gap

As indicated in Table 3, the impact estimate
of determinants on rural households’ poverty gap
shows that the main drivers of the diversified
rural households are level of education and rural
to urban seasonal migration which increases
the probability of reducing poverty gap at 1% while
membership of cooperative increases the probability
of reducing poverty gap by at 5% and access
to farmland at 10%. The main drivers for non-
diversified rural households that increase
the probability of reducing poverty gap at 1%

However, being a member of the cooperative
increases the income of the respondents that
diversified livelihood. This is in accordance
with ILO (2014) who reported that the services
of cooperatives help pull members out of poverty.
While rural-urban seasonal migration increases
income of diversified respondents and increases
the likelihood of non-diversified income to fall.
It can be interpreted that the more the respondents

migrate the higher the income and the lower
the income of non-diversified households.
The results show that migration is a source
of income to the rural households because seasonal
migration to urban areas is driven by search
for work to earn cash as they see no visible options
for moving out poverty within their locality.. This
is in agreement with Clement and Timothy (2014)
that said migration is one of the households’ sources
of income used to alleviate unforeseen shocks.

are gender and level of education while access
to farmland is at 5% and access to market
at 10% respectively. Household size was found
to be positive and significant at 1% and a main
driver ~ which  reduces the  probability
of poverty severity. 1% and 5% significance level
do not have enough evidence to reject the claim that
the determinants increase the reduction of poverty
gap amongst the rural households. 10% significance
level has enough evidence to reject the claim that




. . Poverty Gap of Diversified Poverty Gap of Non-Diversified
: Variables Selection Households Households
Coefficient Z-Value Coefficient
-0.055%** 0.91 -0.005
0.294%* 0.65 0.763%**
0.797%*** 3.38 -0.056%**
-0.001 0.74 0.030%**
0.004 1.82
0.123%* 1.44
0.714%%* 2.19
-0.229 0.021 : 0.20
-0.043 : 0.144 1.34
4.097%%* 6.31 -3.302%%* 6.63
0.246 0.57 -0.004 0.04
0450 i P04 H 1.05
Access to Job Information 0.296** H
{ Constant §-0411 Poozarree 6.39
Insl Po0081ex 3.70 : :
¢ Ri : 0.792%** 2.39 :

test of independent: chi? (1) = 15%**

{ Log likelihood = -137.872

-0.071%*

-0.128%*

Note: **%, ** * means significant at 1%, 5% and 10% respectively

Source: Own processing

Table 3: Full information maximum likelihood estimates of endogenous switching regression model for livelihood diversification
and impact on rural households’ poverty gap.

determinants reduce poverty gap.

The impact estimate of determinants on rural
households’ poverty gap shows that gender disparity
amongst the non-diversified rural household
negatively affects the household economic success
to a significant degree. This shows that gender
differences in access to resources and status usually
favour men and often institutionalized through
tradition and social norms. This is in agreement
with Joe-Ukamuke (2019) who reported that
promoting gender equality is widely recognised
globally in contributing to agricultural productivity
and food security. The level of education increases
the probability of reducing poverty gap. This
implies that the fall in the level of education
widens the poverty gap of the respondents as rural
farmers find it difficult to accept new technology.
The results denote that education is an important
factor to reduce poverty in the study area. This is
in accordance with Omodero and Azubike (2016)
who said education is way out of economic problem
in the rural areas. Also, increase in household
size increases poverty gap for the non-diversified
in the study area. The result explains that poverty

levels increases with larger size of households
that have not diversified farming, off-farm
and non-farm activities. This study is in accordance
with Anyanwu (2014) who said there is a positive
correlation between the levels of poverty
and the size of the household. Poverty is lowest
among single-person households and increases
with the number of members of the households.

Farmland increases the likelihood of reducing
poverty. The reason for this could be attributed
to inherited farmland or farmland owned
by the family as essential means of livelihood
for rural households but is also one of the most
important assets that can be the principal source
of poverty reduction. This is in accordance
with Akinyemi, B.E,, Mushunje, A., and Sinnett,
D. (2019) who explained that land availability
is fundamentally crucial to efficient agricultural
production, food security and poverty alleviation
in Sub-Saharan Africa where rural households
have limited access to productive land. Access
to farmland is essential to improving the rural
farming households in Nigeria. Market accessibility
increases the likelihood of reducing poverty gap




for the non-diversified in the study. The result
explains that non-diversified respondents who are
into farming need to be able to access markets
to sell their products. Unavailability of this market
increases the poverty gap for the non-diversified
respondents in the study area. According
to Akaakohol and Aye (2014), distance to market
is negatively related to diversification. Reliable
market access boosts farm productivity, increases
incomes and strengthens food security. It can
contribute to reducing poverty and hunger for rural
families and their communities.

Being a member of the cooperative increases
the likelihood of reducing poverty gap. The results
showed that, rural households whose livelihoods
are diversified or not diversified should be members
of the cooperatives so as to have access to financial
support to secure farming inputs and also to do
other businesses. This is in accordance with Ma
and Abdulai (2016) who said existing studies
suggest that cooperatives can help reduce
market failures and improve access to financial
resources without stringent interest rates or harsh
conditions. Rural-urban seasonal migration tends
to increase the likelihood of reducing poverty gap
in the study area if they diversify on-farm, off-
farm and non-farm activities. The results show that
to have diversified livelihoods may be as a result
ofmigration from rural to urban in search of job when
there is low agricultural productivity. Amrevurayire
and Ojeh (2016) contrary reported that migration
reduces the availability of skilled professionals
to work on developmental projects aimed
at developing rural areas, furthermore, the notion
that better working conditions are only found
in major cities, entices unskilled people to leave
rural areas, hence prominent rural sector industries
such as agriculture and extraction may find it
cumbersome to attract the required labour, especially
with the notion that rural salaries are not in line
with those of urban areas. Having acquired skills
for other kinds of job reduces poverty gap of non-
diversified respondents when faced with challenges
onfarm.ThisisinlinewithNaudes(2008)whosaidthat
the role of rural entrepreneurship in the development
process is an effective entrepreneurship venture
which fosters the production of wealth for a nation,
creates jobs that utilise human resources and also
reduces economic waste.

Impact estimate of determinants on rural
households’ poverty severity

As indicated in Table 4, the impact estimate
of determinants on rural households’ poverty
severity shows the negative main drivers that

decrease the probability of reducing poverty
severity of diversified rural households by 1%
which are level of education and rural to urban
seasonal migration while access to farmland
and membership of cooperative negatively
and significantly reduce poverty level by 5%.
Household size and membership of cooperative
from non-diversified rural households on poverty
severity was found significant and positive at 5%
while the main driver which is unavailability
of market increases the probability of poverty
severity at 5%. However, gender and level
of education were found to be 10% significant.
1% and 5% significance level do not have
enough evidence to reject the claim that
the determinants increase the reduction of poverty
severity amongst the rural households. 10%
significance level has enough evidence to reject
the claim that determinants reduce poverty severity.

The impact estimates of determinants on rural
households’ poverty severity showed that
gender outcome equation of the non-diversified
respondents was found to be significant
but negative which means that, male non-diversified
respondents experienced less poverty severity than
their female colleagues. This is in accordance with
Beyene (2008) that stated male headed households
have more access to opportunities than female
headed households. The probability of diversifying
is expected to be positive for the former. The level
of education was seen to be negative and significant
for the diversified and non-diversified respondents.
This implies that increase in the level of education
reduces poverty severity of the respondents. This
is in accordance with Yizengaw et al., (2015) who
said the more educated households’ heads are
the more diversified activities they would have.
The positive and significant effect of households
size on poverty severity for non-diversified
indicates that increase in household size increases
poverty severity for the non-diversified respondents.
The result explains that the more the household
size, the more likely is the burden of the jobless
household members on those employed and hence
poverty increases with increased household size.
This is in accordance with a study by Orbeta (2005)
who revealed that extra children have a negative
impact on the welfare of household, especially
in the case of poor households. Another result
indicates that access to farmland was significant
but negative for diversified and undiversified rural
households. This implies that, poverty severity
increases for respondents that do not acquire
farmland. This result explains that, availability
of farmland is also a source of income distribution
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Table 4: Full information maximum likelihood estimates of endogenous switching regression model for livelihood diversification
and impact on rural households’ poverty severity.

and very necessary for the diversified respondents
who solely rely on non-farm. The results show
that farmland is not only for farming but can be
used for other economic activities. Meanwhile,
Ali and Deininger (2015) stated that empirical
research suggests that land availability and tenure
security are important factors in the growth of rural
economies. Land ownership motivates investments
labour and other resources in land so as to diversify
sustain productivity and maintain the value of that
land.

The estimate of market accessibility was found
to be significant but negative for the non-diversified
rural households. The result explains that non-
diversified respondents who are into farming need
to be able to access markets to sell their products.
Unavailability of this market increases the poverty
severity for the non-diversified. This is in agreement
with Frelat et al., (2016) who said greater market
access through better quality road infrastructure is
central to advancing the well-being of rural farming
populations in many developing countries. Also,
the coefficient of membership of cooperatives was
found to be statistically significant but negative
for both the diversified and non-diversified

respondents. This implies that membership
of cooperatives tends to reduce poverty severity.
The results showed that, member of cooperatives
experience the ease of funding their businesses
and obtaining inputs for farming. This is
in accordance with Sugden et al., (2021) who
said cooperative facilitate collective purchase
of inputs and marketing of produce, which lower
the cost of production, enhance bargaining power
for favourable prices and build resilience. While
rural-urban seasonal migration was found to be
significant to poverty severity of the diversified
respondents. This means that migration
was identified as a survival strategy utilized
by the rural dwellers. This is in agreement
with Ajaero and Onokala (2013) who stated that
the regression analysis carried out showed that
rural-urban migration contributes significantly
towards the development of rural communities.

Endogenous Switching Regression:
Treatment Effects (ATT)

Average

In Table 5, the case of the impact of livelihood
diversification on income showed that livelihood
diversification increased income for both diversified




i Variables Diversified Non-diversified ATT
Income

"].)“i'\'/'ersiﬁed Houseilolds ....... 8A43(')' ...... 4A41(')' ....... ATT = 4"(')2***

Non- Diversified ﬁouseholds ....... 6.532'3' ...... 3.202" ....... ATU = 3.'3'3
Poverty Gap

"l.)“i'\'/'ersiﬁed House}lolds ....... 0.44(')' ...... 0.615" ....... ATT = -0 175%*
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Poverty Severity

"I.)“i'\'/'ersiﬁed House}lolds ....... 0.283" ...... 0.48§' ....... ATT =- 6:206**

Non— Diversified ﬁouseholds o 0.123" ...... 0298" o ATU = —0'1'75

Source: Own processing

Table 5: Expected Outcome, Treatment and Heterogeneity Effects.

and non-diversified rural households. For instance,
diversification of livelihood increased the income
of the respondents as indicated by the positive
and significant value of ATT. This shows how
important livelihood diversification is among
the respondents.

In the case of poverty gap, the results show
that being diversified is capable of reducing
the poverty gap. The ATT was negatively significant
which implies that diversification of livelihood
would reduce poverty gap among the respondents
that diversified their livelihood. The positive
value of base heterogeneity implies that there is
the existence of some sources of heterogeneity that
make diversified respondents less productive than
non-diversified respondents.

While in the case of poverty severity, the results
show that being diversified is capable of reducing
the poverty severity. The ATT was negatively
significant, which implies that diversification
of livelihood would reduce poverty severity among
the respondents that diversified their livelihood.
The positive value of base heterogeneity implies
that there is the existence of some sources
of heterogeneity that makes diversified respondents
less productive than non-diversified respondents.

Conclusion

Endogenous Switching Regression model was used
to estimate livelihood diversification and impact
of diversification on rural households’ economic
performance. It is indicated in this study that
livelihood diversification strategies had positive
and statically significant influence on the rural
households’ economic performance. The empirical
findings revealed that rural household’s age, gender,
level of education, access to market, membership
of cooperatives, access to public transport

and rural urban-migration significantly influenced
income of rural households while gender, level
of education, household size, access to farmland,
access to market, membership of cooperative
and entrepreneurial skills significantly influenced
rural households poverty gap and severity.

Following the empirical findings from this study,
the following conclusions are made:

1. Livelihood diversification should be
encouraged among rural  households
in Nasarawa State of Nigeria because of its
positive effect on household income, poverty
gap and severity.

2. Government and NGOs should give more
support in protecting the rural households’
life and properties and also support
the development of formal and informal
capacity building at the local level
to enhance human assets of rural households
and make them adopt new technology
in agriculture which will promote Climate
Smart Agriculture, off-farm and non-farm
opportunities;

3. Government should ensure that rural
development programmes are effectively
implemented, monitored and evaluated. This
will go a long way in ensuring an enabling
rural environment in terms of provision
of adequate rural infrastructure that is very
important for livelihood diversification;

4. Private investors and  development
partners should be encouraged to invest
in rural areas. This will help tremendously
in the fight against unemployment among
rural  households  during  off-season
of agriculture and;

5. Enabling rural environment should also




be provided by the government and NGOs
in terms of extension worker services,
establishment of cooperative society,
access to other livelihood assets, reduction
in  vulnerability, training, provision
of infrastructural facilities such as good

roads, electricity, communication networks
and farm inputs, marketing facilities,
agrometeorological services as well as other
programmes that will enable rural households
to sustain their livelihoods at both seasons
of the year.
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Abstract

The high amount of food loss and waste significantly challenges the sustainable development. The agriculture
needs rapid and fundamental transformation to enhance its efficient and sustainabile operation. However,
to measure precisely the effect of the new policies and practices is also difficult. The present study analyses
the applied methods’ data sources, as one of the key factors regarding the effective estimation of food loss
and waste. By conducting a systematic literature review using the PRISMA approach, a lack of scientific
focus was found related to the new data collection methods. Based on the selected articles reasonably slight
amount joined the application of image processing to food loss estimation related purposes. The reviewed
studies principally used the image-based solutions for the prevention and reduction of on-farm food loss.
This recognition lighted up the application of image processing in agriculture, but only the thematic map
analysis revealed the privileged status of ’plant disease detection” within the studied area. The results suggest
the possibility of applying image-based data sources to quantify food loss. Even though the limitations
of agricultural image processing, the application of new data sources, and methods could considerably
improve the accuracy of food loss and waste quantification in addition to the operation on farm level in short

term.
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Introduction

The issue of food loss and waste (FLW) is a critical
global concern, that presents considerable obstacles
to sustainability, food security, and economic
development. Based on the estimation of the Food
and Agriculture Organization of the United Nations
(FAO) one-third of all food produced for human
consumption is lost or wasted globally (FAO, 2011).
FLW contributes among others to greenhouse
gas emissions (Abbade, 2023; Guo et al., 2020;
Khatri-Chhetri et al., 2022; Zhu et al., 2023) water
pollution (Abbade, 2020; Marston et al., 2021;
Sun et al., 2022) and land degradation (Capone
et al., 2020; Pagani et al., 2020; Sun et al., 2022).
Its economic costs are also significant, estimated
to exceed USD 400 billion from harvest up to,
but not including retail (FAO, 2019). The share
of FLW along the value chain differ significantly
related to the various crop (Corrado and Sala,
2018; Dal’ Magro and Talamini, 2019; Hartikainen
et al., 2018) and the geographical location
(Anriquez et al., 2021; Ishangulyyev et al., 2019;
KC et al., 2016). The usage of different concepts

and approaches also makes the navigation
in the field of FLW more complicated (Boiteau
and Pingali, 2023; Chaboud and Daviron, 2017,
Ellison et al., 2019), in addition, some studies
often combine and analyze the different stages
of the food supply chains together (Chauhan
et al., 2021; Luo et al., 2022). The above briefly
mentioned issues are some of the reasons why,
accurate and comprehensive quantification of FLW
remains a complicated task. Various methodologies
are utilized to measure FLW (Shee et al., 2022),
including field surveys (Johnson et al., 2018),
household interviews (Redlingshofer et al., 2017),
dataanalysis (Garcia-Herrero etal.,2018), economic
modeling (Soltani et al., 2020) or development
of own methods (Delgado et al., 2021). Although
these approaches are tailored to specific products
and stages of the supply chain, the challenges
related to quantification are still significant.
The lack of standardized methodologies, the quality
data, and the complexity of the topic demands
the adoption of innovative approaches and research
strategies. The development of new and more robust
quantification methods, the integration of data
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from diverse sources, and the use of advanced
statistical techniques are all avenues for enhancing
the understanding of FLW. The current study is
focused on the preharvest and harvesting loss.
These stages cover the losses in crops caused
among others by pests, weather, weeds, crops left
in the field, or poor harvesting techniques before
and during harvesting (Delgado et al., 2017).
The present research aimed to discover and propose
a new data collection method for the precision
evaluation of food loss based on published
scientific works, in addition to fostering
the scientific discussion of the new data collection
and quantification methods.

Materials and methods

To gainadeep insightinto foodloss,acomprehensive
collection of relevant articles was gathered
from three respected online databases; Science
Direct, Scopus, and Web of Science. The possibilities
related to the keywords were restricted, while
in Science Direct the application of astrix is not
allowed anymore, and the utilization of more than
eight operators is also prohibited. Considering
the constraints, the following search query
could cover the widest range of relevant results
("food loss") AND ("estimate" OR "measure"
OR "calculate" OR "evaluate" OR "declare" OR
"method" OR '"technique"). The title, abstract,
or keywords must contain the previously mentioned
expressions. The study focused exclusively
on  English-language  research.  References
from the studied works were also examined,
but no relevant studies were found. This could
be due to the specialized nature of the topic.
The selected articles had to significantly differ
in the data collection method compared
to the traditional (survey, interview, weighing)
approach. Other sources (grey literature) could not
be involved.

Related to the determination of food loss various
methods are defined, although given stages like
preharvest are often out of their range (Boiteau
and Pingali, 2023). Proposed and widely
implemented estimations focus on the post-
harvest stages (Koester and Galaktionova, 2021),
but even associated with these activities modern
image-based solutions are not broadly studied.
The well-known organizations (FAO, World
Business Council for Sustainable Development,
World Resources Institute, United Nations
Environment  Programme,  World  Health
Organization, International Food Policy Research
Institute) either do not address this or seek to provide

more accurate estimation methods by refining
traditional data collection practices, methods.
Connected to the current concepts (FAO, 2011)
numerous criticisms have stressed their inaccuracy.
Spang et al.,, (2019) identified inconsistencies
and gaps in the definitions of FLW, noting substantial
data deficiencies, particularly regarding food types
and stages of the food supply chain. Redlingshofer
et al., (2017) expressed skepticism regarding FLW
quantification databases and methodologies. A part
of their concerns lies in the application of FAO
and USDA definitions, which exclusively pertain
to edible, safe, and nutritious food. Xue et al.,
(2017) also stressed the significant discrepancies
in nationally-focused estimates of food loss
and waste. Among the estimates they examined,
numerous did not conduct new measurements;
rather they applied outdated or surrogate data
from other countries. The authors emphasize that
the deficiency of data is not solely a global concern;
the majority of countries lack comprehensive food
loss and waste data. However new data collection
approach has not been suggested.

To reveal innovative alternatives a systematic
literature review was conducted. Among
the scientific databases, 1010 articles fulfilled
the above-described criteria. The systematic
literature review was managed by Rayyan
(Rayyan, 2023) — an online platform for this
purpose —, applying the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses
(PRISMA) methodology. The aim of it is
to recognize the motivation, method, and result
of the examined article. Initially, it was introduced
in 2009, and later in 2020, it was extended (Page
et al.,, 2021). The first stage is pinpointing
the research query, succeeded by the formulation
of a search strategy to locate relevant databases.
In the next phase the publications' title, abstract,
or in given cases full text is checked. Based
on the defined conditions, the studies are categorized
(Moher, 2009). In the final analysis, a detailed
evaluation of the selected articles is undertaken,
and the most pertinent publications to the research
aim are carefully separated (Swartz, 2011). Based
on the above briefly demonstrated approach, multi-
round screening (Figure 1) was applied.
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Figure 1: Pathway of the research.

In the first round, the duplicates were selected.
This resulted in the elimination of 373 works,
so 637 studies created the base of the analysis.
After these were filtered out by Rayyan (Rayyan,
2023) started the initial screening which resulted
in 114 excluded articles. This stage was followed
by the in-depth analysis of the remaining 523 studies,
to identify the diverse areas within the estimation
of food loss. Considering the growing number
of articles related to the Sustainable Development
Goals (SDGs) in addition the recent rise in food
prices could stimulate high interest related to this
topic. These phenomena could explain why a large
number of weakly connected works were excluded
from the further study. Within the analyzed works
the following main research directions were
identified: theory (177), preservation technology
(128), food loss and waste estimation (87),
environmental impact (76), application of food
waste (34), and classical methods (18). The present
study covers all the related publications until 14
November 2023. Although PRISMA is a widely
used research method, it, and therefore this article,
has its limitations. The work relies on three major
academic databases and using a restricted set
of keywords. As a result, some significant studies
on food loss estimation might have been overlooked,
particularly those that use alternative phrasing
or published in journals that are not indexed by these
sources. Grey literature often provides valuable
insights and data that are not available in peer-
reviewed academic publications. However, finding

these is challenging. Moreover, the exclusive focus
on English-language studies, potentially excluding
relevant research conducted in other languages.
Finally, the study's time constraint, which only
covers publications up until 14 November
2023, limits its ability to capture the most recent
developments in this rapidly evolving field.

Results and discussion

Related reviews

To justify the relevance and growing interest
related to food loss, the published reviews were
analyzed in depth. The search method was similar
to the one explained above, but this time reviews
were included only. The high number of publications
provides the opportunity for proper classification
to reveal the main directions within the studied area.
However, a review of innovative data-collecting
methods has not been published as seen in Figure 2.
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Figure 2: The distribution of review articles by year and topic.

The emerging interest could be traced back to 2017,
a year after the SDGs came into force. The sorted
works rather focus on areas like food processing
or theory, where often the challenges and obstacles
in addition to the good and bad practices are
presented. The need for a proper dataset has not
been critically reviewed.

Academic papers

The articles excluded from the in-depth review
and grouped into the cluster of "food loss and waste
estimation" were screened to expose the most
widely applied methods. The mapping of these
articles in Figure 3. showed the leading position
of the European studies.
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Figure 3: The share of applied methods in the FLW studies.

The high number of sector/supply chain
and countrywide (in addition to international)
studies in L&W can suggest the endeavor
of generalizability, although these rough estimations
are mostly based on mathematically improved
estimations (database), publications, or surveys.
The high number of these works distorts the diagram
since the L&W studies involved all the stages
of the chain and were based on more than one source
of information. From the food loss-related studies
the high share of the preharvest, and harvest phase
is distinct. The application of questionnaires is quite
common, albeit many of the studies are frequently
founded on weighing. The resource intensity
of the latter technique is unquestionable, but
to date, no other method of comparable effectiveness
has been used in the reviewed studies.

While traditional methods such as weighing
and questionnaires are prevalent in food loss
studies, there is growing opportunties in more
advanced, data-driven approaches. Although
precision agriculture has been widely studied,
the use of computer vision specifically for food
loss estimation has not been comprehensively
explored. One of the few relevant studies in this
field is written by is Hassanzadeh et al., (2022),
where unmanned aerial systems (UASs) made
images were analyzed to evaluate pod size crop
maturity. This work aimed to facilitate identifying
the optimal harvesting date, to reduce food loss at
farm level. The study was conducted in Geneva,
NY, USA for the summer 2019, and in Seneca,
NY for the summer 2020. There were 18 plots
in the latter-mentioned area, while in the other
location, 24 were created. The size of each plot
was 1.5 m long and 0.75 m wide, where six

different cultivar of snap bean was cultivated. They
were sowed around 4 cm deep and 20-26 plants
were placed per meter. The images were made
by the hyperspectral imager (“Nano Hyperspec”,
Headwall Photonics, USA) was equipped
on a DJI Matrice-600 quadcopter that flew five
times each year during the crop pod formation.
In the study, five key stages were defined
and utilized to preprocess and analyze the gathered
data. The preprocessing phase involved activities
such as calibrating to reflectance, extracting
plots and identifying vegetation, reducing noise,
and preparing the data. In the analysis phase,
the preprocessed data underwent the application
of a feature selection library. The authors contrasted
their method’s outcomes to the top-performing test
(RF-Kaiser-B3) on simulated annealing, comparing
it with eight frequently utilized vegetation indices.
Where their findings demonstrated superior
performance compared to the others. So, this
research demonstrated that accurately evaluating
the maturity of snap beans in the growth stage
for large-sieve cultivars (based on unmanned
aerial systems made images), such as Huntington
and Venture, is feasible when distinguishing
between those ready for harvest.

Similarly to the previous work, the study of Wang
et al., (2023) focused on (drone)image-based
harvest data prediction of broccoli. The research
was conducted on the farm of the Institute
for Sustainable Agro-ecosystem Services (ISAS),
Tokyo, Japan in 2020 and 2021. Throughout
the two-year trial, the identical broccoli variety
(Jet dome) was cultivated, with the same field
management practices. However, the plot size was
reduced in the second year from 0.2 ha to 0.1 ha.




In conformity with the commercial regimes through
the machine planting the seedlings were 35 cm apart
from each and rows of seedlings were separated
by a distance of 70 cm. The images were made
by DJI Phantom 4 v2 and, DJI Mavic 2 Pro in 2020
while in 2021 DJI Phantom 4 RTK was used.
The resolution of all the pictures was 5472x3648
pixels. After the data collection and data
preprocessing,  broccoli  position  detection,
broccoli head segmentation, and broccoli head
size calculation were conducted. Compared
to the previous work the researchers even developed
a model to predict the optimal harvest time,
so maximize the income, and minimize the food
loss. In the studied case one day shift in harvest date
(compared to the forecasted one) could have led
to a significant income loss of up to 20%. Even
though this study concentrated on broccoli,
according to the authors the framework lightly
could be adopted to similar vegetables like cabbage,
cauliflower, or artichoke. Although this outstanding
work shows up several technical improvements
it has some limitations too. Plant phenotyping is
a big challenge in image processing, and this issue
can be seen here too. To solve temporarily this
problem only those broccoli heads were studied
in the research that were clearly visible. Some
manual inspection is also needed for seedling
position detection, detection of omissions,
duplications, and drifts. Although many farmers
own some general IT knowledge, this model is
neither fully automated nor app-based which
requires some more background in the field
of computer science. As the source code is open-
access, the further development of this work is
supported and encouraged by the authors.

Not only vegetable cultivations were studied
by image processing. The research of Assuncao
et al., (2022) applied a deep learning approach
to detect peaches supporting the yield estimation.
The analyzed pictures were made by an Eken HOR
camera (5472x3648 pixels). All the photos were
taken in the same orchard - whose fruits were
yellowish - located in Beira Interior, Portugal.
To train the model 200 photos with 1934 annotated
fruits were used. To test it 40 pictures with 410
annotated peaches from the same farm and some
images from another orchard with reddish peaches
were taken to see the generalisability of the R-CNN
based model. The study revealed the great potential
of using the R-CNN model for peach detection.
The difficulties belonging to an uncontrolled
environment like light changes, occluded
or bunches of fruits were well managed. In addition,

the change of fruit and leave colors was handled
by this robust deep learning technique too.

The examination revealed a scarce existence
of relevant literature applying new data collection
methods for food loss evaluation purposes.
According to the studied works and their references,
the recent image-based approach is being studied
in agriculture. However, the focus of these articles
differs from the current research's direction.
The studies focus on preventing and reducing on-
farm food loss, rather than quantifying it. The very
small number of connected studies suggests that
the application of image processing in this area is
still in its early stages.

To examine the landscape of the image-based
research directions related the farming issues
a thematic map was made. The purpose of this
figure is to understand the current state and reveal
the future of the studied field. By analyzing
the connections between groups of abstracts,
thematic analysis revealed underlying themes,
that have specific attributes, namely, density
and centrality (Aria and Cuccurullo, 2017).
The latter measures how closely related different
topics are to each other, while density measures
how interconnected the nodes within the topic
are. These two properties together determine
a topic's development and importance. The more
connections a topic has, the more important it is.
Similarly, the more interconnected the nodes,
the more cohesive the research field is (Agbo et al.,
2021). On the map, each circle symbolizes
a group of related terms, and the circle's size reflects
the number of terms it encapsulates. The map could
be divided into sections (Q1-Q4). The driving
themes are located in the upper right quadrant
(Q1). The highly specialized matters are found
in the upper left corner (Q2). The emerging
or disappearing issues are presented in the lower
left area (Q3), and the lower right section (Q4)
shows the underlying themes (Yu and Muifioz-
Justicia, 2020). To collect relevant studies
the "image-based" AND "agriculture" search
query was used in the same scientific databases.
After the data cleaning, 433 work created the base
of the thematic map (Figure 4).
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Figure 4: The thematic map of image-based studies in the agriculture.

The analysis of more than four hundred articles
outlined the most relevant factors. The map
made visible in the Q4 section the essential need
for “remote sensing data”, which is the basis
and very important for the further development
of the studied field. It is not surprising, since this
is the information source of the studies. In section
Q3 the emerging or declining themes are presented.
In the current case the extremely small circle
of ”support vector machine” is located here.
The support vector machines (SVMs) are
supervised machine learning algorithms dedicated
to classification and pattern recognition tasks
(Otchere et al., 2021). These functions make
them ideal for analyzing agricultural images.
The widespread of drones, satellites, and other
imaging technologies (Hall and Wahab, 2021),
the development of machine learning algorithms
(Alzubi et al., 2018), the growing demand
for precision agriculture (Sishodia et al., 2020),
and even the decreased computational costs (Xie
et al., 2021) rather support the rise, than the fall
of the cluster. At the junction of highly specialized
matters (Q2) and emerging or disappearing issues
(Q3) located a bit bigger circle, the so-called
“difference vegetation index”. The DVIs (difference
vegetation indices) are a type of vegetation index
that measures the disparity in reflectance between
two different wavelengths of light (Huang et al.,
2021). In agriculture this ability is utilized among
others for monitoring crop growth and development
(Mandal et al., 2020), detecting and mapping
vegetation (Rokni and Musa, 2019), estimating
crop yield (Ji et al., 2021), or identifying areas
of nutrient deficiency (Sharifi, 2020). This
group has less centrality but is compensated
with a relatively higher level of interconnection.

In the top right corner (Ql) positioned
the biggest cluster. According to the thematic map
"convolutional neural network" is the driving
theme in the studied field. The centrality
and the density of CNN (convolutional neural
network) are fairly high, which could be explained
by the excellent suitability for for image-based
analysis of this deep learning algorithm (Indolia
et al., 2018). The sandwiched lay of the "plant
disease detection" cluster on the borders
of the niche (Q2) and driving (Q1) sections shows
up the one indeed agricultural related matter
of the analyzed studies. Even though "plant disease
detection" is prioritized, the results further support
the assumption that image-based data sources could
also be applied to quantify food loss. However,
the new data collection method has not only
great potential but also significant hurdles. One
of the primary barriers lies in the complex nature
of plant phenotyping. Not only adapting the method
to different types of plants can be challenging,
butalso analysing the plants belonging to a particular
species. Given that the visual characteristics
of a species can vary significantly due to factors
such as genetic diversity, environmental conditions,
diseases or pests. These variations can make
it difficult for image processing algorithms
to accurately identify and classify different
plant stages or anomalies. Another challenge is
the potential for errors in data collection
and processing. Despite advancements in UAS
technology, factors such as atmospheric conditions,
camera calibration, and image quality can
introduce noise and distortions into the collected
data. These errors can impact the accuracy
of subsequent analyses and predictions. Moreover,
the development of robust image processing




algorithms requires extensive training data, which
can be time-consuming and resource-intensive
to  acquire.  Furthermore, the  practical
implementation of image-based food loss estimation
systems in real-world agricultural settings can be
hindered by factors such as cost, technical expertise,
and infrastructure requirements. While the initial
investment in UASs and image processing software
may be substantial, the ongoing operational costs
associated with data collection and analysis must
also be considered. The successful deployment
of these systems often requires specialized technical
knowledge and skills, which may not be readily
available to all farmers. A key concern in the use
of image processing particularly related to data
ownership, privacy, and security. As drones
and advanced imaging systems capture vast
amounts of detailed data from farms, questions
arise about who controls this information. Farmers
may face challenges in ensuring their data remains
secure, especially when third-party platforms
or cloud services are involved in data processing.
Some of the arguments pro and con the new data
collection method are presented in Table 1.

Pro Con

It reduces the labor

need, through provides It requires some I'T

Labor a remote and fast tool Sk]”?’ and may some
on-site checks.
for food loss assessment.
It can achieve high Accuracy can bF
. s affected by various
Accuracy accuracy in quantifying
factors (e.g. crop,
food loss.
weather).
It can be easily scaled It depends on the quality
Scalability to cover large areas and quantity of training

and multiple crops. data.

It can provide insights
into the causes of food
loss, which can inform
targeted interventions.

It requires specialized
equipment and raises
data privacy concerns.

Implementation

Source: own elaboration, 2023

Table 1: Some advantages and disadvantages of the image-based
food loss quantification.

However, it is crucial to consider the farms'
characterisitcs ~ before = the  implementation
of the proposed image-based solution. Since,
applying image processing to different agricultural
systems, such as mixed cropping or agroforestry,
presents unique challenges. In such systems,
multiple crops or trees are grown in close proximity,
making it harder to isolate and analyze individual
plants. In mountainous regions or hilly landscapes,
capturing consistent, high-quality aerial images
can be more difficult due to elevation changes
and shadows cast by the terrain. Moreover, a different
approach could be needed for certain species
(e.g. wheat, rice, and maize), as their development

based on internal characteristics, rather than
purely visual ones. Over time the hardware
and software-related challenges could be mitigated,
further improving the adequacy of the image-based
approach. But to do so consideration and consistent
research of the addressed area would be needed.

Conclusion

Agriculture has a critical role in achieving
the Sustainable Development Goals. Through
its effective operation, multiple SDGs could be
neared and addressed simultaneously. However,
to measure proper the effect of the new practices
and policies adequate methodologies are needed.
Lately, the widely adapted approaches are rethought,
developed, and discussed, but the information
sources of the food loss and waste estimations
are sporadically studied. The traditional methods
such as weighing and surveys, are often inaccurate
or labor-intensive. Directly the studied articles
did not reveal new data collection methods
related to food loss and waste quantification.
However, through the smart farming concept,
the application of  image processing
in the preharvest, and harvesting phases gets
identified for food loss reduction purposes.
The comprehensive exploration of the newly
specified area highlighted its infancy. The driving
theme in this field seems to be the "convolutional
neural networks", which is a deep learning
algorithm dedicated to image analysis. However,
the rise of "support vector machines" is also
visible. Related to the farming issues, only "plant
disease detection" appeared, thus designating
the main research direction in the studied area. Even
though the proposed method is in its early stage,
it can be highly beneficial for farmers to monitor
crop health, estimate food loss, and optimize
harvesting processes. The latest technology enables
more accurate and real-time data collection, which
can lead to better decision-making on the farm.
So the overall yield and profit of the farmers
could be improved. By integrating image-based
data collection, agriculture becomes more data-
driven, reducing the labour involved in farming
and enhancing sustainability. The ability
to prevent food loss at the preharvest stage is
critical for improving efficiency and reducing
the environmental impact of agriculture.
These advancements can help the agricultural
sector meet the growing global demand
for food while minimizing resource consumption
and environmental damage. However, several
areas warrant further research to fully realize
the benefits of this technology. It is essential




to explore the potential of image-based food
loss estimation for a wider range of crops
and agricultural systems. While the studies
focused on specific crops, the future’s principles
and techniques have to be suitable to apply on other
agricultural commodities too. The development
of more robust and accurate plant phenotyping
algorithms is critical for the success. Even
the studies made significant strides, there is still
room for improvement in distinguishing between
different plant stages, detecting anomalies,
and accounting for variations in plant appearance.
Another important research direction is to focus
on addressing the practical challenges associated
with implementing image-based food loss

estimation systems in real-world agricultural
settings. This includes developing user-friendly
interfaces, reducing the cost of hardware
and software -what would be particularly relevant
for developing regions-, and ensuring the reliability
and scalability of these systems. Additionally,
efforts should be made to address data privacy
concerns and develop secure and ethical data
management  practices.  Policymakers  play
a crucial role in creating an enabling environment
for this method. By providing funding for research
and development, and implementing supportive
regulations, they could facilitate the widespread
use of this method.
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The smallholder farmers come across various constraints in cultivation of agriproducts and face number
of challenges in marketing the agrifoods in Indonesia that assists in sustaining the market position.
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Introduction

In contemporary times, there is an increasing trend
towards renewable energy, even in Indonesia's
agricultural sector (Raihan, 2023). Renewable
energy has taken on an increasingly important role
in maintaining the environment and agriculture
itself (Nendissa et al., 2022). When discussing
the purchase of sustainable agricultural products
in Indonesia, understanding consumer intentions
regarding the use of renewable energy becomes
very important (Avicenna & Febriani, 2021).
Renewable energy can be a key catalyst
in encouraging consumers to support sustainable
agricultural products.

Furthermore, the global challenges related
to Renewable Energy Intentions in the Purchase

of Agricultural Products in Indonesia are an urgent
issue that requires immediate attention (Syamni
et al., 2021). In Indonesia, the agricultural product
sector plays a significant role in the country's
economy but often relies on conventional energy
sources that have a significant environmental
impact (Tiawon & Miar, 2023). The use of fossil
fuels at various stages of production, processing,
and  distribution of agricultural products
in Indonesia contributes to greenhouse gas
emissions and potential air pollution. Moreover,
the high dependence on fossil energy sources
makes Indonesia vulnerable to fluctuations
in global energy prices and supplies, which
threatens the country's economic stability and food
security (Faizah & Husaeni, 2018).

However, there are substantial opportunities
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in adopting renewable energy sources in the context
of Indonesia's agricultural product sector (Zulkifli
et al.,, 2019). The potential use of renewable
resources such as solar energy and biomass
promises to reduce environmental impact, decrease
dependence on fossil resources, and enhance
economic resilience (Silalahi et al., 2021).

The implementation of renewable energy
in Indonesia can create job opportunities, stimulate
green technology innovation, and improve
international ~ reputation in  environmental
sustainability (Langer et al., 2021). This research
is important to understand how the intention
to use renewable energy influences the purchasing
decisions of agricultural products, which can
shape sustainable policies in this sector (Udin,
2020). The European Union seeks to reduce its
climate footprint through common agricultural
policies  (Schiermeier, 2019). About 38%
of the global land surface is used for cultivation,
but the demand for agricultural products is
expected to increase by 100%. Economic growth
adds pressure to agricultural systems, resulting
in biodiversity loss (Beckmann et al., 2019). Land
intensification and chemical use threaten species,
with the main challenge being to meet biomass
demand while preserving ecosystems (Seppelt
et al., 2016).

Economic activity and development lead to market
participation by farmers, indicating better income
and improved food security in rural communities
(Kennedy, 2018). Small farmers have sought
to increase their market access in the face of existing
markets and can attract agricultural and economic
development. Market access must be enhanced due
to its significant importance in increasing small
farmers' market participation. The agricultural
sector is one of the most prominent in terms
of income and job provision, with 70% of the
world's poor in rural areas related to agriculture.
Small farmers contribute significantly to food
security, equitable income distribution,
and economic growth (Poole, 2017).

Farmers face constraints such as physical access
to markets and lack of market information
(Sambodo et al., 2022). Traditional food crops rely
on market information due to weak connections
with formal markets, thus increasing small
farmers' income requires expanding relationships
with formal markets. Small farmers' participation
in rice markets is shrinking due to constraints such
as remote areas, poor transportation, weak market
infrastructure, high transaction costs, and lack

of quick access to major markets. Lack
of information between exchange partners
also hinders agricultural success, thus reliable
market information access needs to be improved
foreffective decision-making (Makhuraetal.,2001).
Small farmers have small production surpluses,
high exposure to risk, and high transaction costs,
so most sell their products in local markets. Lack
of marketing knowledge leads to the sale of harvests
at lower prices (Gyau et al., 2016). In South Asia
and Sub-Saharan Africa, 60% of farmers own less
than 1 hectare of land, and 80% own less than
2 hectares (Kyaw et al., 2018). Urgent action
is needed to enhance small farmers' economic
activities to ensure higher competitiveness, such
as in Myanmar where many small farmers produce
rice on less than 5 hectares of land (Lowder et al.,
2016).

Studies assessing global and domestic drivers
of the agri-food sector show that international
markets face challenges and unexpected changes
due to unsustainability in production, distribution,
and consumption, as well as poor food governance.
This hampers agricultural sustainability and access
to sufficient, safe, and nutritious food. Issues
faced include globalization, economic turbulence,
climate change, population growth, food security,
malnutrition, resource scarcity, and ecosystem loss.
Improved market connections, trade initiatives,
and consumer awareness of quality food are needed.
The WTO criticizes subsidy reductions affecting
small farmers, but governments in China, India,
and Indonesia support their agricultural sectors
to increase domestic supply (Borsellino et al.,
2020).

Previous literature highlights factors influencing
farmers' market orientation intentions, impacting
market participation and economic activity.
Vegetable crops, which are more profitable than
cereal crops, contribute to market participation
and economic development in Indonesia.
The agricultural sector supports economic
achievement, growth, and poverty reduction,
thus urgent policies for this sector in developing
countries are needed (Tiawon & Miar, 2023).
Effective use of agricultural land and supportive
agricultural products require proper planning
and development. Farmers must change practices
and crops to high-value crop production to increase
profits and face challenges. Innovative initiatives
are needed to develop the agricultural sector, reduce
economic burdens, consider ecological risks,
and increase profit ratios (Ikerd, 2011).




Vegetable production increases global agribusiness
productivity and is more profitable than rice
or cereal. In Indonesia, vegetables such as tomatoes,
shallots, and chili peppers are important in the diet
and economy, with many farmers shifting from rice
to chili due to higher profits (Mariyono, 2018).
Although vegetable production 1is increasing,
its global market share is still low, requiring
improvements in cultivation, plant availability,
and irrigation. Production expansion can be
achieved by promoting a commercial mindset
and intensive farming methods (Mariyono, 2019D).
This research investigates the relationship between
product quality, customer orientation, farmer
knowledge, and the environment on purchasing
decisions in Indonesia's agricultural sector,
and the moderating role of intentions to use
renewable energy. This expands the understanding
of sustainable agricultural product purchasing and
the importance of environmental preservation,
offering insights into the interaction of these factors
and innovation in agricultural sustainability.

Literature review

The Indonesian economy depends
upon the agriculture sector, so therefore there
is need to consider the innovative initiatives
in agriculture sector and needs to implement
the creative ideas for development of agrifoods
and expansion of businesses. The reduction
of locally produced agriproducts has weakened
the innovation and innovative initiatives,
the consumers found to be concerned with
quality and safety for local products. The absence
of'interest of consumers in purchasing of local goods
are due to poor or low quality agrifood products,
the lower level of differentiation, inappropriate
segment identification and developmental aspect
towards the products and clients (Chamhuri
and Batt, 2015). The local agriproducts found
to be of lower quality in Indonesia as compare
to imported goods, the government and businesses
must align their strategy for ensuring
the quality of agriproducts and integrate the interest
of community and prioritize the quality issues
of local products. The Indonesian government
has to regulate the policies for agriproducts due
to presidential instructions, and Minister
of Economic Affairs strengthened the policies
for utilization of local products. The government
initiated the trend and projected the slogan
of ACI (I Love Indonesian Products to improve
the understanding and manufacture the quality
goods for locally-produced products, that

also enable the government to create the jobs
and domestic production (Wahyudi et al., 2019).

Product quality and purchase decision

The manufacturing sector of Indonesia has become
an important pillar for the economy of the country
as automobiles open their offices worldwide
to increase production capacity and bring
significant contributions to the national economy.
The excellent efforts and progress shown
in Indonesia's automobile industry have resulted
in increased car production and a growing
sales market, which in turn has contributed
to the gross domestic product ((Lertkornkitja,
2017, Hidayatno et al., 2019). Southeast Asia
controls 43% of automobile sales, and Indonesia
is ranked second with a 34% market share (Negara
and Hidayat, 2021). It is predicted that Indonesia
has the capacity to grab market share at a higher
pace and the capability to emerge as a leading
market share holder in Southeast Asia (Susilo,
2018). The quality must be improved and a strong
brand name established to maintain both domestic
and international business expansion (Reschiwati
et al., 2021). Competitors have significant
market shares in Indonesia, with Japanese
companies dominating the market. Studies have
examined purchase decisions in Indonesia related
to automotive firms, indicating that product quality
tends to increase purchase decisions, influenced
by perceived value (Budiono et al., 2021).
The quality of the product affects customers’
perception and perceived flow, which in turn
influences their satisfaction and intentions (Sarjono
et al., 2021). The performance of the product that
matches the expectations of customers to a specific
satisfaction level is influenced by the quality
of the product (Nagaraja, 2012, Dhanani
and Hasnain, 2002). The features of the quality
of a specific product have the ability to satisfy
consumers by fulfilling their needs (Amri, 2022).

The agriculture sector of Indonesia produces
the large-scale agriproducts that are different
in quality and quantity perspective, there is specific
appearance of such agriproducts of Indonesia
in terms of different aspects such as water contents,
duration of cultivation, storage of agriproducts,
maturity of industry, size of products and outputs,
the firms face challenges related to all aspects
in local as well as in international markets.
The unique flavor of Indonesian agriproducts
attracts the customers and they pay the primum price
for such high-quality agriproducts. The consumers




prefer the quality of such agrifoods and pay
for freshness and quality. Moreover, the consumer
prefers specific products that relates to the culture
and taste including fruits and rice. The purchase
decision of consumers depends upon the various
factors including culture, psychological perspective
and lifestyle factor that also influenced
by the trends in food industry (Campbell, 2013).
Rice is considered as staple food in Indonesian
market and is an important in food security,
the production of rice has increased the annual
average 2.34%  during last decade due
to enhancement in production and due
to government policies, such as direct support.
The production of rice in Indonesia must be capable
of meeting the need and demand of consumers
in terms of safety, quantity and quality, the increased
income of consumers lead to increase the demand
for quality. On the other hand, there are other
factors including education, female labor force,
urbanization and along with current transportation
and communications advances, influence consumer
preferences. The consumers focused on the balance
of quality, aesthetics, nutrition, and participation
of the workforce, which encourages the consumers
to adopt food from specific brands. The current
marketing competitive strategy for the production
of rice in Indonesia is very keen and includes
the rice producers, the traders of rice around
the world, and the distribution of imported rice
(Timmer, 1974). The higher production of rice
and superior varieties of rice have been focused
on spreading in the market to meet customer
demand (Simatupang and Timmer, 2008).
The diversification of such varieties of rice leads
towards the nature and quality of rice production
intended to be sold in the market (Panuju, Mizuno
and Trisasongko, 2013). The study has been
conducted on the consumers of agriproducts
of Indonesia in Jakarta province to assess
the factors that influence the locally-produced
agriproducts (Wahyudi et al., 2019). The study
revealed that a number of factors gained attention
in such a scenario, including gender, age,
occupation, education, income, product
characteristics, price, and promotion, all of which
influenced the frequency of buying by the consumer
(Mucharam et al., 2020). There is a need to increase
the quality of locally-produced agriproducts
and devise effective and appropriate marketing
strategies by lowering the price of products
compared to imported rice. The promotion must
be attractive to increase the frequency of purchases
of such agriproducts in Indonesia (Moslehpour,
Kien and Danyfisla, 2014).

The above literature assists in

the following hypothesis:

devising

H1: The product quality of Agriproducts
in Indonesia influences the purchase decisions
of consumers in Indonesian markets

Customer orientation and purchase decisions

The degree to which a firm implement the marketing
approach and concept for strategic development
and tactical marketing decisions in expressed
as the market orientation. The superior customer
value can be achieved through the effective
implementation of market and customer
orientation. The competitive capacity is also
considered that play role in assessing the market
situation and effective market orientation enhance
the financial performance. The prior literature
has explored the relationship between effective
market orientation and value chain, that found
to be influential that effective marketing approach
increase the value for customers and influence
the performance. The customer orientation is
considered as a philosophy within value chain that
suggest various factors to create the value by serving
the ultimate customers’ need and strategically
coordination with other participants for creation
of superior value. The literature has explained that
effective coordination enables firms to generate
and share the benefits, the competitiveness of whole
chain that influenced by the market intelligence
(Ayele et al., 2012).

The are various number of research papers have
been conducted to explore the impact of market
and customer orientation, it has been reported that
innovation is necessary for being high performance
organizations (Nasution et al., 2011). The positive
relationship has been occurred in literature between
customer and performance, the market orientation
found to be impactful on innovative capabilities
by understanding the they need of customers that
increase the efficiency and enhances the sales
and profitability. The studies have been found that
expressed the customer and competitor orientation
that positively associated with innovative
capabilities (Grinstein, 2008). The customer
and competitors have the tendency to increase
the willingness of firm for development of newly
emerging products. It has been found that strong
relationship has been reported between customer
orientation and innovation initiated by the firm
for achievement of specific performance standards
(Newman et al., 2016).

The studies have also expressed that customer




orientation and inter-functional that influence
the financial chain performance, the information
acquisition process is necessary for knowledge
creation about the markets to spread the accurate
information related to potentially important
issues. It has been reported that inter-functional
coordination and communication enable the firms
to gain the knowledge that assist the firms to gain
insight the markets through utilization of effective
knowledge management. The inter-function
coordination has the tendency to establish
the various functional units to create the conditions
for applying the market information through
business initiatives. The study has reported that
competitive orientation, customer orientation
and inter-functional coordination influence
the innovation and enhances the performance
of organizations (Ho et al., 2018).

There is scarcity of research on exploring
the relationship between customer orientation
and purchase decisions, the researcher hasn’t
come across any study that has already explained
the relationship, so therefore, this study found to be
one of the pioneers to explain the role of customer
orientation and purchase decisions. The following
hypothesis is derived:

H2: Customer Orientation significantly influences
the Purchase Decisions of customers in Indonesian
markets

Farmer’s knowledge and purchase decision

The emerging economies depends upon the strong
sectors such as the strengthen and sustainable
agriculture sector to be consistent, the poor
population dominate the other population,
the agribusiness and agriproducts has the tendency
to move the economic circle of the country due
to its significant importance. The large number
of people found to be engaged with agricultural
business and activities, the huge population is
engaged in agriculture industry specifically related
to the farming. The smallholder farmers are found
in huge number that are engaged in agricultural
activities to contributes in the economy and play
crucial role in fulfilling the need for food, vegetable
and food related items for whole population
in Indonesia. The research studies have been
conducted that assessed the impact of different
farming commodity on welfare of the farmers,
the socio-economic, the technical aspect
and the institutional factors that influence
the farmer’s decision for engaging in intensive
farming Java, Indonesia. The Indonesian economy
largely depends upon the agriproducts, this is also
a motivation to conduct this present study as well,

that appropriate marketing tactics may enable
the firms and countries to harvest the large-
scale benefits. The agriculture sector provides
the employment and dominate with 58% population
associated with agriculture and 75% people are
poor (McCulloch, 2008). The agriculture sector
constituted 24.5% of gross domestic product
and employed 54.8% of total workforce. The sector
significantly contributes in economic strength
of the country. The Indonesia is famous
for five vegetables that are cultivated and grown
in Indonesia including production of chilli.
The highest share of chilli in Indonesian
agriproducts that value and contribute the existing
financial strength (Statistik and Pokok, 2019).

This study incorporated the farmers’ knowledge
that is referred as age, education, experiences
and training. The family size, farming size
and land tenancy and fragmentation is also
considered as important factor in economic
wellbeing of the farmers that further contribute
in gross domestic products. The prior literature
has also expressed the role of credit access,
the technological adoption, intensive farming
and farmer’s welfare, that further leads
to the performance and financial wellbeing
of farmers. The study focused on the telephones,
marketplace, credit sources, traders, market
information, farmers’ knowledge, and household
endowment  that play  significant  roles
in the welfare of farmers (Matous, Todo
and Pratiwi, 2015, Rahayu and Riyanto, 2020).
The direct and indirect influences of various
variables explain the farmers’ welfare through
intensive farming (Mariyono, 2019a). Access
to credit and financial services significantly impacts
agricultural productivity and farmers' welfare
(Nuryartono, 2007, Wibowo, 2015). Improved
market information and the use of mobile phones
are associated with better market outcomes
and increased welfare for farmers (Matous, Todo
and Pratiwi, 2015). Furthermore, household
endowments such as education and land ownership
have been found to significantly affect farmers'
welfare (Skoufias and Olivieri, 2013). These
factors highlight the complex interplay of resources
and information in enhancing the economic
conditions of farming households (Nuryati et al.,
2019), Achmad and Diniyati, 2018).

This study incorporated the farmers’ knowledge
that influence the intention of individuals
to purchase the specific goods, this study argues
that farmers’ knowledge expected to the important
and striking factor in explaining the purchase
decision. There is scarcity of research on farmers’




knowledge, the farmers’ knowledge also includes
the knowledge about the marketing policies
and marketing approach to attract the customers.
The following hypothesis is derived on the base
of above literature.

H3: Farmers’ knowledge influences the ppurchase

decision related to the agricultural sector
of Indonesia

Perceived environmental knowledge
and purchase decisions

This study incorporates the environmental

concern and knowledge about environment among
the farmers to assess their concerns towards
environmental protection and adopt the renewable
energy resources. It is expected that requirement
for energy predicted to be increased by 30%
up to year 2035 due to rapid increase in population,
requirement and due to rapid economic growth.
The fossil fuels met the existing demand and one-
quarter of demand is fulfilled that causes destruction
of ozone layer (Scheffran et al., 2020). The carbon
emission has been increased by 50% due
to heavy industrialization, and now decarbonizing
is necessary as well as agricultural production
system that mitigate the greenhouse gas emission
and limit the or reduce the global warning while
ensuring the climate stabilization (Rissman et al.,
2020). The current energy usage that is being utilized
by food system is not sustainable, the usage of fossil
fuels in agriculture affects and put long-lasting
consequences on the environment (Zafeiriou et al.,
2018).

The governments are striving for goal achievement
for implementation of energy-smart food system
that helps to remove the dependency on fossil fuels
for energy security and assists in higher production
of agriproducts. The increasing demand of energy
for production and reduction in pollution can be
fulfilled by the green energy resources, the solar
energy is considered as sustainable energy, that
is pollution free and inexhaustible and also plays
significant role in providing the clear and clean
energy. The usage of solar energy is acceptable
for electricity in domestic, industrial, commercial
and agricultural projects without creating any
pollution or negative impact on the environment.
The solar energy should be implemented
in agricultural projects for operation of farms
to control the environmental agriculture (Xue,
2017). Environmental knowledge is such
an important factor in determining the consumer
behavior that influence the usage of renewable
energy resources. The people or the firms having

environmental concerns and knowledge expected
to act more environmentally friendly and adopt
ecological behavior (Chan et al., 2014). It has
been occurred in the literature that environmental
knowledge positively related to the intention
to purchase energy conservation products
for production of agricultural products. It has been
also found and reported that emission reduction
behavior positively related to environmental
knowledge (Chan et al., 2014; Ngo et al., 2009).

Similarly, the current study argues that perceived
environmental knowledge has the tendency
to influence the purchase decisions. The above
literature and assumption of the study assist
in devising the following hypothesis.

H4: Perceived environmental knowledge influences
the purchase decision related to the agricultural
sector of Indonesia

Moderating role of intention to use renewable
energy

This study incorporates the important factor
of intention to use renewable energy, the moderation
effect of intention to use renewable energy is
assessed in the study between exogenous
and endogenous constructs. The innovative
capability has the tendency to influence
the purchase decisions and has the capacity
to influence the relationship between various
variables. The agriculture production is not
vulnerable to climate changes but plays significant
role in production of green house gas emission that
drive climate shifts. The agricultural contributes
to the greenhouse emissions, the agricultural sector
reported to be emits up to 30% of greenhouse gas
emissions worldwide due to equipment and inputs
(Lombardi et al., 2017).

The utilization of renewable energy considered
as an important initiative during farming
and greening aspect reduce the greenhouse
emissions and avoid alternative source of energy
foragriculture through adoption and implementation
of applications. There are number of barriers that
have been highlighted for usage of alternative
energy. The literature has expressed the intention
as third layer and it has been reported as lack
of community acceptance for adoption of alternate
source of energy. The willingness of an individual
for specific action considered as intention
and intention to use renewable energy sources
for effective purchase decisions (Huijts et al., 2012).
There are number of influential variables that affect
the intention by positive effect, negative effect,




perceived cost, perceived benefits and perceived
risk (Bozorgparvar et al., 2018).

The intention to use renewable resources brings
the newly emerging ideas that are related
to organizational activities that develop the new
process, product or services. The prior literature
has focused on the diverse types of innovation
including new products, new services, and new
technology or the process. The introduction
of the products or services that are demanded
in  highly turbulent business environment
and innovation is considered as an important aspect
to sustain in the markets and to compete on the base
of innovative initiatives to meet the customers’
demand and market needs. The achievement of such
large-scale change and innovation that alter
the existing practices in terms of features
or the change in processes through implementation
of the newly emerging technological techniques
for effective production process (Lukas and Ferrell,
2000). The firms strive for upgrading and renovation
of existing processes to ensure the latest features
in the products and services to maintain and sustain
the market position. The innovation in processes
relates to the upgradation of existing practices
and process for achievement of organizational goals
to maximize the benefits, the processes of managing
the raw material, adoption of new equipment,
and adoption of latest technologies to alter
the existing processes that create the value (Ho
et al., 2018).

The literature has embarked on the intention
to adopt innovation for business performance,
it has been argued that innovation is chance
for firms to harvest the long-term benefits
through implementation of innovative initiatives.
The engagement of firms in innovation, technology
adoption and entreprencurial activities helps
to survive in the competition and assists
in competitive advantage. The innovation provides
grounds to the firms to avoid price competition,
it also helps to access the new marketing approach
and create the new demand to enhance the business
performance, the financial metrics, the turnover,

profits, and the stock prices to develop
the strategic approach. The positive relationship
has been depicted between innovation and business
performance, the study has reported positive
relationship between innovation and business
performance, the firms’ effort prevent competitors
to enter in markets or to gain the market share,
the successful innovation enable the firms
to create the customers loyalty by strengthening

the  positional  advantages  that  brings
the improvements to the existing processes (Moreau
and Herd, 2010; Cheng et al., 2014).

Contrary, the negative effects of innovation related
to adopt the renewable energy are also reported
including greater expenditure, greater resources
consumption, distribution of resources and less
equitable. There are mid findings of the innovation
are reported in the literature, this study intends
to determine the moderating role of intention
to use renewable energy between independent
and dependent variables. The researcher argues
that innovation initiatives for intention to use
renewable energy has the tendency to strengthen
the relationship between customers orientation
and purchase decision, between product quality
and purchase decision and between farmers’
knowledge and purchase decisions. So therefore,
the following hypotheses are devised:

HS5: Intention to use renewable energy influences
the purchase decision in agricultural products
in Indonesia consumer markets

H6: Intention to use renewable energy moderates
the relationship between product quality
and purchase decisions

H7: Intention to use renewable energy moderates
the relationship between customer orientation
and purchase decisions

HS8: Intention to use renewable energy moderates
the relationship between farmers’ knowledge
and purchase decisions

H9: Intention to use renewable energy moderates
the relationship between perceived environment
knowledge and purchase decisions.

Research framework
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Figure 1: Research framework.




Materials and methods

This study examined the purchase decisions
of vegetable customers in four different regions
of Indonesia, including Blitar and Kediri in East
Java, as well as Tabanan and Bangli in Bali.
These regions were selected because they are
vegetable producers and contribute to commercial
farming. These regions have diverse characteristics
of farming systems and marketing channels that
shape agribusiness. This research is quantitative,
with data collected through an adopted questionnaire
using a simple random sampling technique,
and a sample of 380 customers was selected based
on Krejcie and Morgan (1970).

The purchase decision measurement scale
with seven indicators refers to the research by Ali
(2019). The product quality measurement scale
with four indicators was adopted from the study
by Waluya et al. (2019). The customer orientation
measurement scale with five indicators was taken
from the research by Ho et al. (2018). The farmers'
knowledge measurement scale with six indicators
was adopted from the paper by Mariyono (2019).
The innovation measurement scale with three
indicators was adopted from the study by Ho
et al. (2018). The three indicators of perceived
environmental knowledge were taken
from the study by Elahi et al. (2022). The four
indicators of intention to use renewable energy
were adopted from the research by Bozorgparvar
et al. (2018). All indicators for each variable were
assessed on a five-point scale ranging from 1
to 5, where 1 is strongly disagree, 2 is disagree,
3 is neutral, 4 is agree, and 5 is strongly agree. Data
were analyzed using Smart-PLS in two phases.

The first phase is the measurement model
assessment. At this stage, analysis is conducted
to assess the reliability and validity of the constructs.
Reliability tests include Cronbach’s Alpha
and Composite Reliability to ensure the internal
consistency of the indicators. Average Variance
Extracted (AVE) is used to assess convergent
validity, with an AVE value greater than 0.5 (Hair
et al., 2014). The Fornell-Larcker Criterion
and Cross Loadings are used to test discriminant
validity, ensuring that indicators correlate more
strongly with the constructs they measure than
with other constructs (Fornell and Larcker, 1981).

The second phase is the structural model
assessment. At this stage, analysis is conducted
to investigate the relationships between constructs
within the research framework. Bootstrapping

with resampling of 5000 subsamples is used to test
the statistical significance of the path coefficients,
ensuring that the t-statistic values exceed 1.96
for significance at the 5% level (Henseler et al.,
2009). This model allows researchers to identify
and validate factors that influence purchase
decisions, product quality, customer orientation,
farmers' knowledge, innovation, perceived
environmental knowledge, and the intention to use
renewable energy. With this method, the research
results can provide comprehensive insights
into consumer preferences and behavior
in the agribusiness context in the studied regions.

Results and discussion

This phase addresses the analysis of collected
data, the Smart-PLS was employed to investigate
the hypothesized relationships of research
framework. = The  first  section  consists
of measurement model assessment, and second
phase consists of structural equation model.

Measurement model assessment

The Table 1 below demonstrates the Cronbach
alpha, composite reliability and average variance
extracted, the value for Cronbach alpha must remain
higher than 0.70, similarly the CR must be higher
than 0.70, and value for AVE should be higher than
0.50, and factor loading must remain higher then
0.50 for acceptability of reliability of the construct
(Hair Jr. et al., 2021). The values in Table 1 satisfies
the reliability and validity constraints.

Constructs Cl;glﬁ:c}l CR AVE
Purchase Decisions (PD) 0.834 0.887 | 0.524
Intention to use RE 0.853 0.876 | 0.710
Product Quality (PQ) 0.940 0.824 | 0.734

Customer Orientation 0862 0877 | 0.642

(CO)

Farmers’ Knowledge

(FK) 0.927 0.942 | 0.732
Perceived Environmental

Knowledge (PEK) 0.818 0.941 | 0.734

Note: PD (Purchase Decision), [uRE (Intention to Use
Renewable Energy), (PQ) Product Quality, CO (Customer
Orientation), FK (Farmers’ Knowledge), PEK (Perceived
Environment Knowledge)

Source: Author
Table 1: Alpha, CR and AVE.

The reliability and wvalidity of the constructs
were assessed using the PLS algorithm method
of Smart-PLS. Cronbach's alpha values for all




constructs exceed the threshold of 0.70, indicating
strong internal consistency. Specifically, Purchase
Decisions (PD) has a Cronbach's alpha of 0.834,
Intention to Use Renewable Energy (IuRE) is
0.853, Product Quality (PQ) is 0.940, Customer
Orientation (CO) is 0.862, Farmers' Knowledge
(FK) is 0.927, and Perceived Environmental
Knowledge (PEK) is 0.818. These values confirm
the reliability of the measurement scales used.

Composite reliability (CR) values also exceed
the recommended threshold of 0.70 for all
constructs, further supporting the reliability
of the measures. The CR values are 0.887 for PD,
0.876 for TuRE, 0.824 for PQ, 0.877 for CO,
0.942 for FK, and 0.941 for PEK. These high CR
values indicate that the items consistently measure
the intended constructs.

The Average Variance Extracted (AVE) values,
which should be higher than 0.50, also meet
the criteria for all constructs. The AVE values
are 0.524 for PD, 0.710 for IuRE, 0.734 for PQ,
0.642 for CO, 0.732 for FK, and 0.734 for PEK.
These values demonstrate good convergent validity,
indicating that the constructs capture the majority
of variance from their indicators.

Discriminant validity

The Table 2 shows the discriminant validity.
The values in Table 1 satisfies the criteria
for discriminant validity.

This section examined the discriminant validity
of the constructs, the square root of AVE must
remain higher than the correlation value of other
constructs, the intersectional values or diagonal
values must remain higher than other values
of same column, the intersectional values shows
the square root of AVE, and remaining values
show the correlation value under the criteria
of (Fornell and Larcker, 1981). The Table 2 shows

the discriminant validity.
The Figure 2 shows the measurement model.
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Note: PD (Purchase Decision), [uRE (Intention to Use
Renewable Energy), (PQ) Product Quality, CO (Customer
Orientation), FK (Farmers’ Knowledge), PEK (Perceived
Environment Knowledge)

Source: Author

Figure 2: Measurement model Assessment.

Structural Equation Model (SEM)

This section of the research paper investigates
the relationship between variables by employing
the SEM and through utilization of bootstrapping
method. The relationships between variables are
examined on the base of f value, t-value and p-value.
The criteria for significance of the relationship is
based on the values of different items, the B value
shows the direction of relationship, t-value must
remain higher than 1.96 for achievement of level
of significance and p-value should be lower than
0.05 as 5% error margin is suggested in social
sciences (Hair Jr. et al., 2014).

The study has four direct relationships to be
investigated and three moderating hypothesized
relationship. All the relationships are investigated

Constructs CcO FK IuRE PD PQ PEK
CcO 0.801

FK 0.545 0.856

IuRE 0.735 0.445 0.843

PD 0.700 0.491 0.650 0.724

PQ 0.663 0.440 0.617 0.677 0.921

PEK 0.553 0.796 0.635 0.561 0.448 0.856

Note: PD (Purchase Decision), IuRE (Intention to Use Renewable Energy), (PQ) Product
Quality, CO (Customer Orientation), FK (Farmers’ Knowledge), PEK (Perceived Environment

Knowledge)

Source: Author

Table 2: Discriminant validity.




on above mentioned criteria. The Table 3 below
presents the results of the direct relationships.

Hypotheses i} t-value p-value | Remarks
PQ—PD 0.329 3.460 0.001 Sig
CO—PD 0.278 2.345 0.019 Sig
FK—PD 0.086 1.019 0.308 In-sig
IuRE—PD 0.197 1.963 0.041 Sig
PEK—PD 0.141 1.971 0.002 Sig

Note: PD (Purchase Decision), [uRE (Intention to Use Renewable
Energy), (PQ) Product Quality, CO (Customer Orientation),
FK (Farmers’ Knowledge), PEK (Perceived Environment
Knowledge)

Source: Author

Table 3: Direct Relationship.

The results from the SEM analysis in Table 3
provide a clear understanding of the direct
relationships  between  various independent
variables and purchase decisions. Each hypothesis
has been tested for significance, as indicated by the 3
coefficients, t-values, and p-values. The relationship
between product quality and purchase decision
is significant and positive (B = 0.329, t = 3.460,
p=0.001). This indicates that higher product quality
significantly increases the likelihood of consumers
making a purchase. The result underscores
the importance of maintaining high-quality
standards in products to influence consumer
purchase behavior positively. Companies should
focus on enhancing product quality through
rigorous quality control, innovation, and the use
of high-grade materials to attract and retain
customers.

Customer orientation also shows a significant
and positive effect on purchase decisions
(B =0.278, t = 2.345, p = 0.019). This suggests
that businesses that prioritize customer needs
and satisfaction can significantly influence their
customers' purchasing decisions. It highlights
the need for companies to adopt a customer-
centric approach, actively engaging with customer
feedback, and continuously improving their service
offerings to meet customer expectations effectively.

In contrast, the relationship between farmers'
knowledge and purchase decision is not significant
(B = 0.086, t = 1.019, p = 0.308). This result
implies that the knowledge of farmers does not
directly influence consumers' purchasing decisions
in this context. While farmers' knowledge is crucial
for improving agricultural practices and product
quality, it may not be a direct factor considered
by consumers when making purchase decisions.
Consumers are more likely to be influenced
by the visible attributes of the product and their
overall experience.

The intention to use renewable energy has
a significant positive impact on purchase decisions
(B = 0.197, t = 1.963, p = 0.041). This finding
reflects the growing importance of sustainability
in consumer decision-making processes. Consumers
who are inclined to use renewable energy are more
likely to make purchasing decisions that align
with their environmental values. This suggests
that companies promoting renewable energy
and sustainable practices can attract a segment
of environmentally conscious consumers.

Perceived environmental knowledge significantly
affects purchase decisions (B = 0.141, t = 1.971,
p=0.002). Consumers who are more knowledgeable
about environmental issues are more likely to make
purchase decisions that support sustainability.
This emphasizes the role of consumer education
in promoting sustainable consumption. Companies
should invest in educating their customers about
the environmental benefits of their products
to encourage more informed and responsible
purchasing behaviors.

The analysis reveals that product quality, customer
orientation, intention to use renewable energy,
and perceived environmental knowledge all
significantly influence purchase decisions. These
findings provide valuable insights for businesses
aiming to enhance their marketing strategies
by focusing on these critical factors. Companies
should strive to maintain high product quality,
adopt customer-centric approaches, promote
renewable energy use, and educate consumers
about environmental issues to drive purchase
decisions effectively.

This section presents the moderating analysis
of the innovation between  exogenous
and endogenous constructs, this research paper
has three moderating variables. The Table 4
demonstrates the results of the moderating
variables. The Iu in Table 4 demonstrates
the structural equation model.

Hypotheses B t-value | p-value | Remarks
PQ*IuRE—PD 0.226 | 2.336 0.020 Sig
CO*IuRE —PD | 0.229 | 2.126 0.034 Sig
FK*IuRE —PD | 0.077 | 0.810 0.418 In-Sig
PEK*IuRE—PD | 0.981 | 1.981 0.004 Sig
PEK—PD 0.141 | 1.971 0.002 Sig

Note: PD (Purchase Decision), [uRE (Intention to Use Renewable
Energy), (PQ) Product Quality, CO (Customer Orientation),
FK (Farmers’ Knowledge), PEK (Perceived Environment
Knowledge)

Source: Author

Table 4: Moderation assessment.




The SEM analysis results in Table 4 provide insights
into the moderation effects of the intention to use
renewable energy on the relationships between
product quality, customer orientation, farmers'
knowledge, perceived environmental knowledge,
and purchase decision. First, the interaction between
product quality and the intention to use renewable
energy has been found to have a significant positive
effect on purchase decisions (f = 0.226, t = 2.336,
p =0.020). This result suggests that consumers who
have a high intention to use renewable energy place
an even greater emphasis on product quality when
making their purchasing choices. The implication
is clear: for companies targeting environmentally
conscious consumers, ensuring high product
quality is paramount. Such consumers are likely
to be more discerning and demand higher quality
standards, reinforcing the need for businesses
to maintain rigorous quality control and innovation
in their products.

The interaction between customer orientation
and the intention to use renewable energy also
shows a significant positive effect on purchase
decisions (f = 0.229, t = 2.126, p = 0.034). This
finding indicates that the intention to use renewable
energy enhances the impact of customer orientation
on purchase decisions. Companies that prioritize
customer satisfaction and are responsive to customer
needs can more effectively influence the purchasing
decisions of consumers inclined towards renewable
energy. This underlines the importance of adopting
a customer-centric approach, where understanding
and meeting the specific needs and preferences
of environmentally conscious customers can lead
to increased purchase intentions.

In contrast, the interaction between farmers'
knowledge and the intention to use renewable
energy does not have a significant effect on purchase
decision (B = 0.077, t = 0.810, p = 0.418). This
outcome suggests that while farmers' knowledge
is crucial for sustainable agricultural practices,
it does not directly influence the purchase decisions
of consumers in the context of renewable energy
intentions. Consumers may value the end product's
quality and sustainability credentials more than
the specific knowledge of the producers. Thus,
the focus should perhaps be more on how
the products are marketed and less on the production
process itself from the consumer's perspective.

Furthermore, the interaction between perceived
environmental knowledge and the intention
to use renewable energy significantly enhances
purchase decisions (B = 0981, t = 1.981,

p = 0.004). Consumers who are well-informed
about environmental issues and are committed
to using renewable energy are more likely to make
purchasing decisions that support sustainability.
This highlights the importance of environmental
education and awareness in shaping consumer
behavior. Companies that effectively communicate
the environmental benefits of their products
and educate consumers on sustainability issues
can foster stronger purchase intentions among
environmentally conscious consumers.

The moderation assessment reveals  that
the intention to use renewable energy significantly
amplifies the effects of product quality, customer
orientation, and  perceived  environmental
knowledge on purchase decisions. These findings
suggest that companies should strategically
focus on these areas to attract and retain
environmentally conscious consumers. Ensuring
high product quality, adopting customer-centric
practices, and enhancing consumer knowledge
about environmental issues are critical strategies
for success in this market segment. Conversely,
the non-significant interaction between farmers'
knowledge and renewable energy intentions
indicates that other factors may be more influential
in driving purchase decisions in this context.
Overall, these insights provide a comprehensive
understanding of how various factors and their
interactions  influence  consumer  behavior
in the realm of renewable energy and sustainability.

Discussion and managerial implications

This study explores the direct relationships
between product quality, customer orientation,
farmers' knowledge, intention to use renewable
energy, and perceived environmental knowledge
on purchase decisions. Product quality was
found to have a significant and positive impact
on consumer purchase decisions. This indicates that
improving product quality increases the likelihood
of consumer purchases. This finding aligns
with  previous research that emphasizes
the importance of product quality in influencing
consumer purchase decisions (Hong, 2019).
In marketing, product quality enhancement
can be achieved through various means such
as improved quality control, product innovation,
and the use of high-quality raw materials. High
product quality not only boosts customer satisfaction
but also fosters brand loyalty and competitive
differentiation in an increasingly competitive
market. Therefore, companies must ensure
that their products meet high-quality standards




and consistently deliver
to customers (Zeithaml, 1988).

quality  products

Customer orientation also has a significant
and positive impact on purchase decisions.
Companies that focus on customer satisfaction
and needs tend to increase purchase decisions.
This finding is consistent with research showing
that customer orientation is a key factor
in effective marketing strategies (Elbarky et. al.,
2023b). Customer orientation means companies
must proactively understand customer needs,
provide excellent service, and build long-term
relationships with customers. It also involves
the ability of companies to adapt to customer
feedback and develop products and services
that match market preferences. Thus, customer
orientation can be a cornerstone of successful
marketing strategies (Narver and Slater, 1990).

Farmers' knowledge did not show a significant
impact on purchase decisions. This indicates that
farmers' knowledge does not play a crucial role
in consumer purchase decisions in this context.
This finding may be due to other factors that more
dominantly influence consumer purchase decisions
(Wasaya et al., 2021). While farmers' knowledge
is essential for improving product quality
and production efficiency, from a consumer
perspective, this factor may not directly impact
purchase decisions. Consumers are more likely
influenced by more directly visible and experienced
aspects, such as the final product quality and service
experience (Grunert, 2005).

The intention to use renewable energy also has
a significant and positive impact on purchase
decisions. Consumers who intend to use renewable
energy are more likely to make purchase
decisions. This is relevant to the growing trend
of awareness about sustainability and clean

energy. Increased environmental awareness
among consumers has become a major
driver in purchase decisions. Consumers

who are aware of the environmental impact
of their choices are more likely to choose eco-
friendly products and support sustainable
practices. Therefore, companies that promote
the use of renewable energy and sustainable
practices can attract environmentally conscious
consumer segments (Leonidou et al., 2013).

Perceived environmental knowledge also shows
a significant and positive impact on purchase
decisions. Consumers with better environmental
knowledge are more likely to make purchase
decisions that support sustainability. This study

supports previous findings on the importance
of environmental knowledge in influencing green
purchase behavior (Elbarky, 2023a). Perceived
environmental knowledge includes consumers'
understanding of environmental issues, the impact
of products and services on the environment,
and the importance of sustainability. More
knowledgeable consumers tend to prefer products
with lower environmental impact and support
sustainable practices (Chen and Chang, 2013).

Moderation between product quality
and the intention to wuse renewable energy
on purchase decisions shows significant results.
This indicates that the intention to use renewable
energy strengthens the impact of product quality
on purchase decisions. This supports the finding that
consumers with a high intention to use renewable
energy are more influenced by product quality
in making purchase decisions. In other words,
product quality becomes more important
for consumers who have high awareness
of renewable energy. This shows that to attract
consumers who care about renewable energy,
companies must ensure that their products are
not only of high quality but also environmentally
friendly.

Furthermore, moderation between customer
orientation and the intention to use renewable
energy on purchase decisions is also significant.
Companies that are customer-oriented will be
more effective in influencing purchase decisions
of consumers who intend to use renewable
energy. This finding supports the importance
of customer orientation in marketing strategies
for green products (Yu and Lee, 2019). Strong
customer orientation allows companies to better
align their products and services with the needs
and preferences of environmentally conscious
consumers. This can include providing clear
information about the environmental benefits
of products, offering responsive customer service
to environmental queries, and ensuring that
business practices support sustainability (Lemon
and Verhoef, 2016).

However, moderation between farmers' knowledge
and the intention to wuse renewable energy
on purchase decisions is not significant. This
indicates that the intention to use renewable
energy does not strengthen the impact of farmers'
knowledge on purchase decisions in this context
(Ma and Chang, 2022). While farmers' knowledge
is important for sustainable farming practices
and efficient production, this factor does not seem




to play a significant role in the purchase decisions
of consumers who intend to use renewable energy.
This may suggest that consumers are more focused
on the end-product attributes and how the product
contributes to environmental sustainability rather
than the production process itself (Schmitt et al.,
2019).

Lastly, moderation between perceived
environmental knowledge and the intention
to use renewable energy on purchase decisions
shows significant results. Consumers with high
environmental knowledge and the intention to use
renewable energy are more likely to make purchase
decisions that support sustainability (Sobocinska
et al., 2022). This indicates that good
environmental knowledge and the intention
to support renewable energy mutually reinforce
each other in influencing purchase decisions.
Consumers who have a deep understanding
of environmental issues and are committed
to using renewable energy tend to be more selective
in choosing products that support their
sustainability goals (Peattie, 2010).

This study highlights the importance of product
quality, customer orientation, and perceived
environmental knowledge in influencing consumer
purchase decisions. Additionally, the intention
to use renewable energy strengthens the impact
of these factors on purchase decisions. These
findings  provide insights for  marketers
and producers in developing effective marketing
strategies for green and renewable energy products.

This study confirms that product quality, customer
orientation, and  perceived  environmental
knowledge are crucial factors influencing consumer
purchase decisions. Marketers and producers
should pay attention to these factors in their efforts
to attract and retain customers. Furthermore,
with  the increasing consumer awareness
of sustainability and renewable energy, companies
need to ensure that their products are not only
high quality but also environmentally friendly.
This can be achieved through continuous
innovation, the use of eco-friendly raw materials,
and the implementation of sustainable business
practices (Nendissa et al., 2021).

Strong customer orientation also plays a vital

role in  influencing  purchase  decisions
of  environmentally  conscious  consumers.
Companies should focus on understanding

customer needs, providing superior service,
and building long-term relationships with customers
(Wati et al., 2021). Additionally, companies need

to invest in environmental education for consumers
to enhance their knowledge and awareness
of environmental issues. By doing so, consumers
will be more likely to make purchase decisions that
support sustainability (Tomycho et al., 2020).

This study also shows that the intention to use
renewable energy is a significant factor moderating
the impact of product quality and customer
orientation on purchase decisions (Pokorna et al.,
2015). Therefore, companies should promote
theuse ofrenewable energy and sustainable practices
in their marketing efforts. This will help attract
environmentally conscious consumer segments
and enhance the company's competitiveness
in the market (Van Phuong et al., 2021).

Moreover, companies should continually monitor
and evaluate the effectiveness of their marketing
strategies. With a data-driven approach, companies
can make necessary adjustments to ensure that
their strategies remain relevant and effective
in addressing market changes and consumer
preferences (Pilai et al., 2018). Continuous
evaluation will help companies remain competitive
and responsive to the evolving needs of consumers
(Spicka et al., 2021).

In the long term, the adoption of sustainable
practices and strong customer orientation will
help companies build a positive reputation among
consumers and achieve competitive advantage
in an increasingly dynamic market (Zdrahal
et al., 2020). Therefore, the findings from this
study should be seriously considered by marketers
and producers in developing their marketing
strategies for green and renewable energy products
(Havlikova and Kolarova, 2015).

Thus, this study significantly contributes
to understanding the factors influencing consumer
purchase decisions in the context of sustainability
and renewable energy. It provides practical
guidance for companies to develop more effective
and sustainable marketing strategies, which not only
enhance sales but also support global sustainability
goals (Hamulczuk et al., 2021).

As attention to environmental issues increases,
companies need to take proactive steps to ensure
that they meet consumer expectations and contribute
positively to the environment (Richterova et al.,
2021). This includes product innovation, quality
improvement, strong customer orientation,
and the adoption of sustainable business practices.
With this approach, companies can build stronger
relationships with customers, enhance loyalty,




and achieve long-term success in an increasingly
competitive market (Kraj¢irova et al., 2019).

Therefore, this study is relevant not only
for academics but also for practitioners in the fields
of marketing and management. By applying these
findings, companies can improve the effectiveness
of their marketing strategies and contribute
to environmental sustainability (Simpachova
Pechrova and Simpach, 2024).

Implementing marketing strategies that focus
on sustainability and customer orientation will help
companies address market challenges and meet
the expectations of increasingly environmentally
conscious consumers. Thus, this study provides
valuable insights for developing more sustainable
business strategies focused on customer needs.

The managerial implications of this study are
crucial for companies seeking to enhance consumer
purchase decisions through improved product
quality, customer orientation, and sustainable
practices. First, companies need to prioritize
improving product quality. The finding that product
quality has a significant impact on purchase
decisions indicates that investment in developing
high-quality products is an effective strategy
to increase sales. Companies can achieve this
through continuous innovation, strict quality
control, and the use of high-quality raw materials.
Additionally, companies should consistently
monitor customer feedback to make necessary
improvements to meet or exceed consumer
expectations.

Customer orientation should also be at the center
of the company's managerial strategy. The finding
that customer orientation significantly impacts
purchase decisions underscores the importance
for companies to understand and meet customer
needs and preferences. This can be achieved through
personalized marketing approaches, superior
customer service, and product development based
on in-depth market research. This strategy will
help companies build long-term relationships
with customers and enhance customer loyalty.

Next, companies should leverage consumers'
intention to use renewable energy as an opportunity
to enhance purchase decisions. The finding that
the intention to use renewable energy strengthens
the impact of product quality and customer
orientation on purchase decisions indicates that
companies can attract environmentally conscious
consumers by offering eco-friendly products.
Companies need to communicate their commitment

to sustainability through marketing campaigns that
highlight the use of renewable energy and other
eco-friendly practices.

Companies should also strengthen their efforts
to enhance consumer environmental knowledge.
Perceivedenvironmental knowledge hasasignificant
impact on purchase decisions, so companies need
to invest in environmental education for consumers.
This can be done through information campaigns
explaining the environmental benefits of their
products, as well as educational initiatives that
involve consumers in eco-friendly activities.
By increasing consumer environmental knowledge,
companies can encourage more sustainable
purchase decisions.

Furthermore, companies need to adopt sustainable
practices in all aspects of their operations. This
includes the use of sustainable raw materials,
reducing carbon emissions, and energy efficiency
in production processes. By demonstrating
a genuine commitment to sustainability, companies
can build a positive reputation in the eyes
of consumers who are increasingly concerned
about environmental issues. These sustainable
practices not only enhance product appeal but also
can result in greater operational efficiency and cost
savings in the long term.

Marketing strategies should also be tailored
to attract different consumer segments. Consumers
with a high intention to use renewable energy
may be more responsive to messages emphasizing
product quality and sustainability. Therefore,
companies should develop marketing messages
tailored to the preferences and values of different
consumer segments. This segmented approach
will enable companies to more effectively reach
and influence various consumer groups.

Companies should also consider forming strategic
partnerships with other organizations that share
a similar vision for sustainability. For example,
collaborating with environmental organizations
or governments to develop eco-friendly initiatives
can enhance the company's credibility and expand
their marketing reach. These partnerships can
include certification programs, joint research
projects, or co-marketing campaigns that highlight
the company's commitment to sustainability.

Finally, companies should continuously monitor
and evaluate the effectiveness of their managerial
and marketing strategies. This involves collecting
data and analyzing performance to understand
the impact of various initiatives on consumer




purchase decisions. With a data-driven approach,
companies can make necessary adjustments
to ensure that their strategies remain relevant
and effective in addressing market changes
and consumer preferences. Continuous
evaluation will help companies stay competitive
and responsive to evolving consumer needs.
By integrating the findings of this study
into managerial strategies, companies can enhance
consumer purchase decisions, build customer
loyalty, and achieve competitive advantage
in an increasingly dynamic and sustainability-
oriented market.

Limitation and future research avenues

Every study has the limitations that is being faced
by the researcher during conducting the empirical
evidences. The study is limited to the agriproducts
produced in the different regions of the Indonesia,
the future studies may consider the comparative
study with production of fruits and may be
with neighboring competitive countries. The study
was limited to marketing perspective and considered
only product quality, customer orientation,
farmers’ knowledge and perceived environment
knowledge that influence the purchase decision
of'such agriproducts, the future studies may consider
the technological advancements for cultivation,
location of farmlands and infrastructural issues
to occupy the markets on time to fulfill the needs.

Conclusions

This research focuses on locally produced
agricultural products in Indonesia, which play
a significant role in the economic conditions
of local producers. There is a dire need
for appropriate marketing strategies to sustain
market positions and maintain surplus income
and commodities. The study incorporated
characteristics of locally produced agricultural
products, including vegetables and rice, in four
different regions of Indonesia. The findings of this
study are particularly relevant for producers as they
provide insights into designing effective marketing
strategies by ensuring product quality, customer
orientation, farmers' knowledge, and perceived
environmental knowledge, all of which influence
consumer purchase decisions. Additionally,
the intention to use renewable energy plays
a moderating role in these relationships.

The results indicate that product quality, customer
orientation, intention to use renewable energy,
and environmental knowledge significantly

influence  purchase  decisions.  Specifically,
hypotheses H1, H2, H4, and H5 are statistically
significant. However, the direct relationship
between farmers' knowledge and purchase decisions
is reported as insignificant. This suggests that
while enhancing farmers' knowledge is important,
it alone may not directly drive consumer purchase
decisions unless coupled with other factors
like product quality and customer orientation.
The intention to use renewable energy strengthens
the relationship between product quality, customer
orientation, and purchase decisions, indicating that
the intention to use renewable energy moderates
the relationship between exogenous and endogenous
constructs in this study. However, no moderation is
reported between farmers' knowledge and purchase
decisions through innovation.

Given these findings, the government should focus
on supportive policies that encourage innovative
initiatives, ensure product quality, consider
customer needs and demands, and specifically
enhance farmers' knowledge regarding production
techniques that influence purchase decisions.
These policies could include training programs
for farmers, subsidies for adopting renewable
energy technologies, and initiatives to improve
the overall quality and marketability of local
agricultural  products. This research  has
significant potential to contribute meaningfully
to the understanding and  development
of practices that support the use of renewable
energy in Indonesia's agricultural sector.
By promoting renewable energy, the agricultural
sector can  become more sustainable
and environmentally friendly, which is increasingly
important in the context of global climate change.

Future research can build on these findings
by developing more specific marketing strategies
for local agricultural products, taking into account
factors such as climate change, the latest agricultural
technologies, and global market dynamics. Further
studies could explore the impact of various
government policies on the adoption of renewable
energy in the agricultural sector and assess
the effectiveness of training programs for farmers
to enhance their knowledge of innovative
production techniques. Additionally, future studies
could delve deeper into how changes in consumer
preferences affect the demand for local agricultural
products and how sustainability can be better
integrated into the agricultural supply chain.

Moreover,  research  should also  focus
on the socio-economic impacts of adopting




renewable energy in agriculture, examining how it
affects the livelihoods of farmers, especially in rural
areas. By understanding these impacts, policymakers
can design more effective interventions that not
only promote sustainable agricultural practices
but also improve the economic well-being of local
producers. The integration of renewable energy
in agriculture could lead to a more resilient
agricultural sector, capable of withstanding
environmental and economic challenges.

In summary, this study highlights the importance
of comprehensive marketing strategies that include

product quality, customer orientation, and the use
of renewable energy to influence consumer purchase
decisions. The findings suggest that while farmers'
knowledge is crucial, it needs to be complemented
with other factors to drive consumer behavior
effectively. The government's role is critical
in supporting these initiatives through appropriate
policies and programs. Future research should
continue to explore these areas to further
enhance the sustainability and economic viability
of the agricultural sector in Indonesia.
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Introduction

The efficacy of monetary policy in stabilising food
prices has been called into question by policymakers
in light of the recent high and volatile food inflation
in developed and developing countries. The recent
increase in both the unpredictability and scale
of food price inflation in developed and developing
countries has raised doubts about the efficacy
of monetary policy in controlling food prices.
A theoretical framework for determining the most
effective monetary policy to affect food inflation
may be found in the literature (Pourroy et al., 2016;
Anand et al., 2015; Catao and Chang, 2015; Soto,
2003; and Aoki, 2001). There has been an extensive
amount of study on the link between monetary
policy and inflation, but less on food inflation.

Policymakers are struggling to address the challenge
of reducing food price shocks, as there are concerns
that conventional monetary tools may not be
sufficient for this task. While monetary restrictions
may not have a direct impact on food inflation,
they can significantly affect non-food prices
and the overall economic output. Policymakers

are considering how monetary policy affects food
shocks, especially with increased uncertainty
and inflation expectations due to spikes in food
inflation. In impoverished nations, food insecurity
contributes to an increase in infant and child
mortality as well as malnutrition (de Brauw, 2011;
Kidane and Woldemichael, 2020). The rapid
and uncontrolled acceleration of inflation has
been one of the biggest challenges for farmers
in the commodity, energy and food markets
(Belinska et al., 2023). The need to understand
the connection between monetary policy and food
prices is becoming more urgent as rising food prices
disproportionately affect lower-income households.
Elucidating this connection not only enhances
our comprehension of economic mechanisms but
also enhances public policy discussions, directing
actions aimed at reducing the negative impacts
of food inflation.

Hungary serves as a case study because
within the European Union, food prices in Hungary
are also particularly high. For comparison, in June
2023, average inflation in the European Union
was 5.5%, food price growth was 11.6%, while
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the Hungarian data for the same period
for the general price level was 19.9%, and food
price growth was 29.3% annualised. The current
situation is not a temporary shock, with food price
growth consistently above 10% since January 2022,
and above 20% since June 2022, exceeding 40%
for six months. Such a price increase will affect
lower-income households much more severely than
those on higher incomes (Figure 1).

This study aims to examine the effectiveness
of monetary policy in stabilising food price
inflation, with a specific focus on Hungary.
We use the Nonlinear Autoregressive Distributed
Lag (NARDL) model to analyse the intricate
connection between monetary policy shocks
and food inflation from January 2007 to December
2023. We aim to use thorough empirical analysis
to gain insights into the factors influencing
food price changes and provide useful guidance
for policymakers dealing with the challenge
of reducing the negative effects of rising food
prices.

Review of related literature

Empirical studies on the impact of monetary policy
on food inflation reveal a complex relationship,
reflecting diverse outcomes across different
countries and economic contexts. In India, research
has directly examined the impact of monetary
policy on food inflation. Anand et al. (2014) found
that restrictive monetary policy effectively lowers
food inflation. Kumar and Dash (2020) observed
that monetary policy reduces inflation more
in the industrial sector than in agriculture, and that
tightening monetary policy promotes disaggregated
food inflation. Holtemoller and Mallick (2016)
reported that increasing interest rates reduces food

price inflation in India, whereas Samal and Goyari
(2022) indicated that monetary policy stabilizes
food inflation. The transmission of monetary policy
through exchange rate and asset price channels
raises food inflation across all quantiles, while bank
credit and interest rate channels reduce it at lower
inflation rates in the lower and middle quantiles.
Samal et al. (2022) found that per capita income,
money supply, global food prices, and agricultural
wages are positively and significantly impacted
food price inflation in both the short and long-run.

Ali et al. (2022) investegated the impact
of monetary policy on food inflation in Pakistan.
They found that monetary policy and transportation
prices remain highly significant across all quantiles,
exhibiting a positive impact on food inflation.
Thus restrictive monetary policy leads to higher
flood inflation in the country. Their related paper
found that monetary policy has limited short-term
impact on food inflation in Pakistan due to inelastic
food demand and supply constraints. However,
in the long run, changes in money supply
and interest rates significantly influence food prices
(Ali et al., 2023).

In African context Iddrisu and Alagidede (2020)
examined South African food prices, revealing that
restrictive monetary policy increases food price
uncertainty. Iddrisu and Alagidede (2021) found
similar results for Ghana, where monetary policy
tightening heightened food price uncertainty.

Bhattacharya and Jain (2020) expanded the scope
to 16 advanced and emerging economies
from 2006 to 2016, finding that unexpected
monetary tightening increases food inflation via
the cost of production channel.
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Figure 1: Evolution of food price inflation and 3-month bond rate.




In sum, empirical studies suggest that while tighter
monetary policy generally reduces aggregate
commodity prices, its effect on food inflation
is more varied and context-dependent. Factors
such as country-specific economic structures,
the responsiveness of agricultural versus industrial
prices, and the channels through which monetary
policy operates (such as exchange rates, interest
rates, and production costs) all play crucial roles
in shaping the outcomes. Notice that there is no
canonical theoretical background in the empirical
literature, and studies using different empirical
approaches including VAR (Vector Autoregressive
models), quantile regression and NARDL models.

Materials and methods

The variables for empirical analysis are based
on recent literature (Bhattacharya and Jain, 2020;
Iddrisu and Alagidede, 2020, 2021; Samal et al.,
2022). In studies examining the relationship
between food inflation and monetary policy,
economic output is frequently utilized as a key
variable, with Gross Domestic Product (GDP)
(e.g., Iddrisu and Alagidede, 2020; Kumar
and Dash, 2020). Economic output levels serve
as key indicators of a nation's economic health.
In an economy, rising disposable incomes often
spur increased inflation, including food inflation,
as consumer demand grows. For a small,
open economy such as Hungary, the strength
of the national currency is an important
macroeconomic variable. Hungary's external
food trade is predominantly conducted with EU
Member States and neighboring European nations,
with transactions largely denominated in euros.
Consequently, the Hungarian forint/euro exchange
rate significantly influences imported food prices.
Empirical models frequently incorporate foreign
currency prices as variables (e.g., Holtemdller
and Mallick, 2016; Umar and Umar, 2022; Ismaya
and Anugrah, 2018). In many studies, the monetary
policy variable is represented by the three-month
government bond rate, which reflects changes
in monetary policy (Bhattacharya and Jain, 2020;
Iddrisu and Alagidede, 2020; Samal and Goyari,
2022).

We use monthly data from the Hungarian Central
Statistical Office and the Hungarian National Bank
for the period January 2007 to December 2023.
The main variables are the Hungarian food inflation
(CPIfood), the Hungarian economic output (GDP),
the Hungarian forint/euro exchange rate (Euro),
and the monetary policy variable (Policy), which is
the three-month Hungarian government bond yield.
All variables in the empirical analysis are included
in the natural logarithm. Descriptive statistics
of variables are shown in Table 1. InPolicy exhibits

the least variability, implying stable monetary
policy. InCPIfood also shows low variability,
suggesting stable food inflation. In contrast, InGDP
has the highest standard deviation, indicating
greater variability in economic output. InGDP has
the widest range, reflecting significant fluctuations
in economic output. InEuro shows moderate
range and variability, pointing to exchange rate
volatility. InCPIfood and InPolicy have narrower
ranges, indicating relative stability in food inflation
and bond yields, respectively (Table 1).

Variable Obs | Mean Std. dev. | Min Max
InCPIfood | 204 |4.672 | 0.082 4.575 5.006
InGDP 204 | 15.997 |0.308 15.487 | 16.823
InEuro 204 |5.732 | 0.128 5.447 6.037
InPolicy 204 |4.645 |0.036 4.605 4.740

Source: own calculation

Table 1: Descriptive statistics.

Unit root tests are the first step in the NARDL
analysis process. Financial and macroeconomic
variables  frequently  show  non-stationarity
or trending behaviour in the mean. Unit root tests
are statistically used to test the variables used
in this study for (non)stationarity. We employ three
unit root tests: Elliott-Rothenberg-Stock (1996),
Phillips-Perron (1988) test and Zivot-Andrews
(2002) wunit root test with structural breaks.
The optimal lag structure of the Elliott-Rothenberg-
Stock test is chosen based on the Akaike Information
Criterion. The optimal lag structure of the Phillips—
Perron test is chosen based on the Newey—West
bandwidth with Bartlett weights. The optimal lag
structure of the Zivot and Andrews (2002) test was
selected based on the Akaike information criterion.
As can be seen from Figure 1, taking into account
the breaks in the time series improves the estimation
accuracy.

The analysis used a NARDL (Nonlinear
AutoRegressive Distributed Lag) model to examine
the research problem. The NARDL is a statistical
model used to analyse the relationship between
time series data when the relationship between
variables is non-linear and asymmetric. To check
for non-linearity, we employ the BDS (Brock-
Dechert-Scheinkman) test. The BDS test tests
the time series for deviations from the assumptions
of independence and identity of distribution (IID).

The NARDL model includes both autoregressive
(AR) and moving average (MA) terms.
The NARDL model can be used to separate positive
and negative effects on the dependent variable
in both the short and long run. The NARDL model
is assuming stationarity, which has been verified




by unit root tests. The most common application
of NARDL is to understand the relationships
between different macroeconomic time series.
Examining the asymmetric effect between variables
provides a way to measure how the dependent
variable changes as each variable decreases
and increases. When relationships are not
symmetric, economic and monetary policy makers
need to take this effect into account. The asymmetric
long-run equilibrium can be defined as follows:

vy =RBTxt + R7x; + & (1)
where y, is the dependent variable, x," and x~ are
the partial cumulative sum processes of positive
and negative changes in the dependent variables
(x), 8" and f8 represent the asymmetric long-run
parameter, ¢, is the random error term. The NARDL
model can be posed as follows when we combine
model (1) with the unconstrained linear ARDL
(p, q) specification:

Ay, =ag+rye_ +0%xt + 0 x7, +

p—1 q-1
1 Z TAy,_; + Z(nj’Ax?’_j +; A ;) + g
=1 j=0

()

where y, is the dependent variable (InCPIfood),
x, represents the independent variables (InGDP,
InEuro, InPolicy), and the superscripts + and -
denote positive and negative partial sum processes,
respectively. The lag lengths p and q are chosen
based on the Akaike Information Criterion (AIC).

where Z?;& ﬂ:;' and Z;T:—Ul m; represent the short-
run asymmetry of Ax, and the parameterizations

of the long-run asymmetry are as follows:

ot _ 6~
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Diagnostic tests for heteroskedasticity,

autocorrelation, and model stability are performed
to ensure the robustness of the estimates.
The natural logarithms of all variables were used

in the modelling, as shown in the descriptive
statistics (Table 1).

The statistical method chosen has several advantages
over OLS estimation: (1) First, the relationship
between most macroeconomic variables is non-
linear; (2) Second, heteroskedasticity is better
handled, and therefore the estimation is more
reliable; (3) Last but not least, autocorrelation is
better handled than the traditional OLS model.
The estimation were done with STATA MP 17.

Results and discussion

The various unit root test results for the variables
utilised in the analysis, both at the Ilevel
and at first difference, are shown in Table 2.
The Elliott-Rothenberg-Stock unit root test is based
on the Akaike information criterion lag. Results
show that, the first difference of all variables can
be considered as stationary, which is important
for NARDL modelling.

Table 3 shows the results of the Zivot-Andrews unit
root test with structural break (intercept and trend).
The results of the Zivot-Andrews unit root test are
the same as the results of the Elliott-Rothenberg-
Stock and Phillips-Perron tests in Table 2,
i.e. the first difference of the variables is
stationary. Hereafter, the first differences are used
in the models. The results of the structural break test
(break date) can be used for modelling. A dummy
variable can be created, denoted by 1 from the time
series break date, to measure the effect of the time
series break and to separate it.

After testing for unit root tests, we estimated
the linear model and employed BDS independence
test Broock et al. (1996) on residuals to check
non-linearity. The results confirm that of the series
is not identically and independently distributed
which confirms the presence of asymmetries
(Table 4). Therefore, it is necessary to the employ
dynamic asymmetric framework for the analysis
of the nonlinear relationship between food inflation
and macroeconomic variables in Hungary.

Elliott-Rothenberg-Stock (AIC)

Phillips-Perron

intercept intercept, trend intercept intercept, trend
{Level | Firstdift. | Level | Firstdiff. | Level | Firstdiff. | Level | TFirstdiff.
InCPIfood i -1.258 | -3.508*** | -1.322 [ -3.800%** | -2.312 -6.680 *** | -2.427 -6.658%**
. 27]8 i _0353“ _3]46** ........ 0 020 ........ - 5644*** _40]2*** ....... _5648***
IEuro | 2.145 | -4.196%% | 1012 | -6.116%** | -1.077 | -11417%%% | -3.050 *** | 11 3gg%%*
e _1140 e _1605“ 3457***_1497 ...... - 13178*** _1207 ........... _]3225***

Note: *** p<0.01; ** p<0.05; * p<0.1

Source: own calculation

Table 2: Unit-root tests.




Level First diff.
:  min, tstatistics | break date  { min. t-statistics_{ _break date i
lnfoodepi | -5.256%** i 2013m7 i -5.106*** :  2021mé6
e e

InPolicy

2018m6 -5.039%xx 2 2021m6

Note: Critical values: 1%: -5.57; 5%: -5.08; 10%: -4.82

**% p<0.01; ** p<0.05; * p<0.1
Source: own calculation

Table 3: Zivot-Andrews unit root test with structural break (intercept and trend).

BDS statistic at different dinemsions

2 3

4 5 6

InCPIfood 23.968*** 1 25192%**

26.773%** 1 29.108%** 1 32.339%**

53.919%%% t 56.341*** 1 59.55]%**
InEuro 39.435%**% 1 41.637*** 1 44498%**
: InPolicy PO48.287¥¥* 1 5]1.389%**

55.215%*%% & 60.761%** i 68.280%**

Source: own calculation

Table 4: BDS tests.

The results of the unit root tests show that
the first difference of all variables can be considered
stationary, the BDS tests show that asymmetry is
present in the data, therefore, we can thoroughly
estimate the NARDL model.

The NARDL short-run coefficients of the inflation
equation are presented in Table 5, while
the computed long-run coefficients and asymmetric
tests are presented in Table 6. The Bounds-test
for Nonlinear Cointegration rejects the null
hypothesis of no cointegration. In the long run,
food prices show a downward trend (/ncpifood ),
while in the short run, the stickiness of inflation is
typical, with positive coefficients (Dincpifood ;
Dlincpifood, ) The fall in GDP in period t-1
(InGDP ;; InGDP ") also reduces food prices.
In the short run, GDP growth (D/InGDP*) decreases
food prices. In the case of the HUFEUR exchange
rate (DInEuro ;), a fall in the exchange rate
(strengthening of the forint) increases food prices,
an effect that is the same in the short and long run.
An increase in the monetary policy variable
(InPolicy ") increases food prices in the long run,
indicating inefficiency of monetary policy, as prices
do not fall during the monetary policy tightening
period. The effects of monetary policy tightening
in African countries contrast with the trends
observed in Hungary and globally (e.g., Iddrisu
and Alagidede, 2020; 2021). Despite efforts
to manage monetary policy, both food prices
and overall price levels have escalated. This
phenomenon can be attributed to several
factors, including rising costs on the supply side

and inflation expectations, which undermine
the efficacy of monetary policy.

A significant factor influencing this dynamic is
Hungary's role in foreign trade. As a net exporter
of basic food commodities like wheat and maize,
Hungary imports a substantial amount of processed
food products. This trade structure affects
the domestic food inflation response to monetary
policy changes.

Contrary to common findings in similar studies,
monetary policy in Hungary appears to have
a neutral impact on food inflation in the short
run. Most research typically finds that tightening
monetary policy suppresses price increases
(e.g., Kumar and Dash, 2020; Anand et al., 2014).
Several reasons may explain this neutrality. First,
as a small and open economy, Hungary's capacity
to counteract international trends 1is limited.
The economies examined in the literature where
restrictive monetary policy successfully curbs
food inflation are generally more powerful than
Hungary's. Moreover, the inelastic demand for food
and the higher proportion of food in Hungarian
household consumption compared to the EU
average further diminish the impact of monetary
policy on food inflation.

We also estimated the model incorporating structural
break identified by the Zivot-Andrews unit root
test as dummy variable. We find that the structural
break dummy variables were not significant,
and the model did not show cointegration within
the NARDL framework. The insignificance




of the structural break dummy variables
and the lack of cointegration within the NARDL
framework suggest that structural breaks do not
meaningfully impact the relationship between
the variables in our model. This indicates that
the observed dynamics are stable over time,
and the effects of monetary policy on food inflation
are not influenced by these structural changes.

Coefficient
Incpifood t-1 -0.133%%*
InGDP" t-1 -0.036**
InGDP- t-1 -0.077**
InEuro* t-1 -0.009
InEuro t-1 0.067
InPolicy" t-1 0.168%*
InPolicy" t-1 0.137
Dlncpifood t-1 0.375%**
Dincpifood t-2 0.129
Dincpifood t-3 0.304%**
DInGDP* -0.202%*
DInGDP" t-1 0.212
DInGDP* t-2 -0.168
DInGDP* t-3 0.017
DInGDP- -0.039
DInGDP- t-1 0.179
DInGDP- t-2 -0.046
DInGDP- t-3 0.087
DInEuro’ 0.046
DInEuro* t-1 -0.086
DInEuro* t-2 -0.071
DInEuro* t-3 -0.028
DInEuro® -0.117
DiInEuro-t-1 0.122
DInEuro t-2 0.335%**
DInEuro- t-3 0.125
DInPolicy* 0.266
DinPolicy" t-1 0.399
DlnPolicy* t-2 0.451*
DinPolicy" t-3 0.32
dInPolicy 0.065
dinPolicy t-1 0.412
dInPolicy t-2 -0.33
dInPolicy" t-3 0.114
constant 0.630%**
N 200
R? 0.6408
Bound test Value
F- statistics -4.5976%**
t-statistics 5.5643%**

Note: *** p<0.01; ** p<0.05; * p<0.1
Source: own calculation

Table 5: Results of NARDL model.

Table 6 displays the outcomes of the short-
and long-term asymmetry tests as well as the long-
term impacts of the positive and negative shocks.
The proxy variable for monetary policy (InPolicy)
is positive and significant for the long-run positive
shocks, meaning that tightening monetary policy
over time raises food prices which is in line
with Samal et al. (2022). Negative shocks do not
significantly have the same effect. On the other
hand, for the long-run negative shocks, at 95%
confidence level, food inflation rises with a decline
in GDP, at 90% confidence level, food inflation
decreases with an increase in GDP in the long
run. The results show that there is no statistically
proven relationship between food prices
and the EUR exchange rate. Results on asymmetry
imply that over the long term, asymmetry affects
GDP and exchane rate; for example, the direction
of a shock affects how food prices respond to it.
This effect is only seen for exchange rate (InEUR)
in the short run.

The monetary policy variable was found to be
symmetric, while the variable was significant only
for long-run positive shocks, i.e. positive shocks
(tightening) increase food prices in the long run.
In a high or rising inflation environment, monetary
policy tightening is found to have the opposite
effect on food prices. With rising food prices,
lower income households are at risk. High general
inflation causes the real value of wages to fall while
food prices rise due to tightening monetary policy.
The situation is not improved by the asymmetric
effect, the results suggest that monetary policy
easing does not reduce food prices in the long run.

The results in Table 6 demonstrate that
the asymmetry persists over an extended period
of time, as shown the graphs in Figure 2.
The asymmetric effect for GDP shows a decline
in the very short run (3-4 months), then increases
steadily until months 13-14 and stabilises around
months 17-18 with low volatility. That is,
in the long run, GDP growth increases food
prices more than GDP decline reduces them.
The exchange rate asymmetry is negative
throughout the period. Up to months 8-9,
asymmetry increases, the negative shock reduces
food prices, but this trend reverses and at month
18 asymmetry is at its lowest, but still negative.
Thereafter, asymmetry settles to a broadly stable
level. Monetary policy asymmetry (LNBOND
on LNFOODCPI) increases in the short run, peaks
around months 6-7 and then steadily decreases
and staticizes around 0, i.e. there is no asymmetry
in the long run.




Long-run effect [+] Long-run effect [-]

coef. F-stat P value coef. F-stat P value
InGDP -0.271 3.646 0.058 0.583 6.624 0.011
InEuro -0.065 .07426 0.786 -0.501 2.063 0.153
InPolicy 1.270 9.713 0.002 -1.030 1.212 0.273

Long-run asymmetry Short-run asymmetry

F-stat P value F-stat P value
InGDP 11.26 0.001 2.696 0.103
InEuro 3.818 0.052 3.519 0.062
InPolicy 0.065 0.8 1.85 0.176

Note: *** p<0.01; ** p<0.05; * p<0.1
Source: own calculation

Table 6: Results of asymmetric effects.
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Figure 2: Cumulative effects on food price index.

Conclusion

Our study using the NARDL model provides
detailed insights into the complex connection
between monetary policy and food price inflation,
offering important guidance for policymakers
dealing with the task of managing food price
fluctuations. Our main findings are following.
Estimations indicate that monetary policy exerts
a positive and significant impact on long-run
positive shocks, suggesting that tightening monetary
policy elevates food prices, corroborating prior
research. Conversely, negative shocks do not yield

the same effect. In the long run, food inflation rises
with GDP declines and decreases
with the strengthening of the Hungarian forint
against the euro, although the relationship between
food prices and the EUR exchange rate is not
statistically significant.

The monetary policy variable demonstrates
symmetry, with asymmetric effects only observed
for long-run positive shocks. In environments
characterized by high or rising inflation, monetary
policy tightening paradoxically increases food
prices. This asymmetric effect persists over




an extended period, with GDP growth driving food
prices up more than GDP declines bring them down.
The exchange rate asymmetry remains negative
throughout the period, increasing until months 8-9
and decreasing by month 18, while the exchange
rate shows no long-run asymmetry.

Our results offers some policy implications. These
findings suggest that policymakers should exercise
caution when tightening monetary policy to control
food price inflation, as it may inadvertently elevate
food prices, particularly in the long term. This
counterintuitive response emphasizes the need
for a balanced approach to avoid exacerbating
food inflation. Effective management of food
price inflation necessitates an integrated strategy
combining monetary and fiscal policy measures.
Given the substantial share of disposable income
that Hungarian households allocate to food,
targeted fiscal interventions are essential to mitigate
the adverse effects of food inflation. Addressing
structural issues within the agricultural sector,
enhancing productivity, and building resilience
against external disruptions are imperative.

Corresponding author:
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Toth Kalman u. 4., 1097 Budapest, Hungary

Investments in agricultural infrastructure, research
and development, and social safety nets are crucial
for bolstering food security and reducing household
vulnerability to food price volatility. he impact
of monetary policy on food inflation is influenced
by global economic conditions, exchange rate
fluctuations, and supply chain interruptions. Thus,
policy responses must be adaptable to these external
factors.

Finally, future research directions could
include examining inter-country food trade
and incorporating additional variables to measure
the robustness of monetary policy effects.
Comparing Hungary’s outcomes with those
of similarly sized countries could yield further
valuable insights into managing food price inflation.
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Abstract

Phenomics research, driven by advancements in imaging and image processing, enables high-throughput
measurements of plant traits, providing insights into growth, tissue development, and biochemical states.
However, data accuracy is critical to reliable outcomes, especially in complex methods like 3D reconstruction
and hyperspectral imaging. This study demonstrates the role of Quality Management Systems (QMS)
in enhancing the research process in plant phenotyping. The study emphasizes the importance of a robust data
quality assurance pipeline, focusing on error identification and improving data labeling processes through
semi-automation. Root Cause Analysis (RCA) was employed to address discrepancies in annotated datasets
and identify critical issues, such as misalignment in experimental protocols and operational errors, including
the misplacement of irrigation hoses during data collection. Corrective actions, such as photo documentation
and procedural revisions, significantly improved data quality. Additionally, algorithmic support streamlined
the annotation process, increasing efficiency and data reliability. This integrated approach underscores
the necessity of quality control in research, especially for geographically distributed teams working under
variable conditions, and highlights the broader applicability of QMS in optimizing research outputs.
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Introduction biological parameters of the observed plants.

A prerequisite for such accuracy is a high-quality
Phenomics research has benefited database. Errors in data are the basis for poor-
from the methods and devices allowing quality outputs or erroneous research conclusions.

the high throughput measurements of plant traits
at different levels, including growth-related traits,
cells and tissue development, and biochemical
and physiological states. Imaging and image
processing  developments  enable  capturing
how these traits vary over time. Advancements
in parallel and automated image acquisition allow
for processing images of large plant populations
under specific growth conditions. Image-processing
capabilities enable 3D reconstruction of image
data and automated quantification of biological
features. (Simek et al., 2015) These advancements
allow modeling at the systems level (Dhondt
et al., 2013; Fiorani and Schurr, 2013; Kartal et al.,
2021; Paulus, 2019; Pongpiyapaiboon et al., 2023;
Sozzani et al., 2014; Vadez et al., 2015).

The goal of using digital methods is to achieve
the best possible accuracy in identifying the

To achieve the best possible research results,
it is necessary to pay attention to the quality
of the entire research process (Ronanki et al., 2022).

The application of Quality Management Systems
(QMS) in plant phenotyping research plays a pivotal
role in ensuring data accuracy and consistency,
especially with the increasing complexity
of hyperspectral imaging and sensor-based
techniques. For instance, a quality assurance
pipeline developed for hyperspectral imaging
systems ensures that spatial and spectral quality
parameters are accurately maintained, enabling
reliable detection of plant diseases such as
Cercospora Leaf Spot through convolutional
neural network (CNN)-supported data analysis.
This  quality-assured approach is  crucial
for evaluating and refining imaging systems
in real-time plant health monitoring (Detring
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et al., 2024). Another critical aspect of QMS
in plant phenotyping is data management,
essential for handling the vast amounts of digital
data generated by automated sensing systems.

Ensuring that data-sharing practices align
with FAIR (Findability, Accessibility,
Interoperability, and Reusability) principles

can enhance the reproducibility and efficiency
of research processes. (Ugochukwu and Phillips,
2022) The integration of advanced phenotyping
methods, such as 3D reconstruction and leaf
surface estimation, further highlights the need for
robust data collection and analysis quality control
to optimize workflows and reduce processing times
(Daiki and Noshita, 2024).

The application of Quality Management Systems
in the research process ensures consistent standards,
minimizes errors, and enhances the reliability
of outcomes. In clinical and public health research,
QMS is essential to maintain protocol integrity,
prevent deviations, and uphold the credibility
of research findings. By implementing systematic
procedures, research teams can ensure rigorous
data quality and operational efficiency (Isere
and Omorogbe, 2024). Additionally, in biomedical
laboratories, QMS helps address quality issues, such
asresultstabilityandreplicationcrises, by optimizing
research processes and increasing effectiveness
and efficiency. Despite initial resistance due
to resource allocation and bureaucracy concerns,
QMS offers significant advantages in process
control and reliability.(Briinschwitz and Kleymann-
Hilmes, 2024) Furthermore, operations research
methods integrated with QMS in engineering
and industrial contexts enable continuous
improvement through mathematical modeling
and optimization techniques, ensuring product
and service quality across all phases (Parker, 2024).
The application of QMS in research laboratories,
such as in the petroleum industry, improves client
satisfaction, reduces failure rates, and fosters
industry-academia collaboration, providing
a robust framework for process optimization
and innovation (Vianna et al., 2022).

This article's main objective is to apply the quality

management system in the research process
to increase the quality of outputs.

Material and methods

Our research in the field of plant phenotyping
is conducted by an international team located
worldwide in various places and time zones.
Researchers are located in the Czech Republic
(The Czech University of Life Sciences),
the Netherlands (Phenospex), India (ICRISAT
- The International Crops Research Institute
for the Semi-Arid Tropics), and Turkey (Cukurova
University)

The research aims to estimate plant traits from 3D
scans of plants acquired by the high-throughput
phenotyping platform LeasyScan (built using
Phenospex PlantEye F600 sensor). Subsequently,
individual plant detection, organs, and other
analyses are performed mainly using 3D computer
vision methods. Obtaining 3D models outdoors
brings efficiency to the entire research process.
It does not require excessive manipulation
with plants. Part of the process involves manually
annotating datasets to train the artificial neural
network models. The general scheme of the entire
research is depicted in Figure 1.

The research commenced following the task
assignment. Time sessions were set up for regular
meetings where interim results were reviewed,
schedules were discussed, and next steps were
suggested. Control mechanisms were also part
of the regular consultations. The method
of selecting and checking a sample of data was
chosen for control. The conclusions from the data
control were regularly consulted, and measures
were taken to correct the identified deficiencies.

The following procedure was chosen for the data
flow: Data acquisition -> Data preprocessing ->
Data Annotation. Data acquisition was performed
in India using the LeasyScan platform. The source
data was then stored and managed by Phenospex's
Hortcontrol system, which is also available
using BrAPI. Validated algorithms were used for

etting up and performing the' algorithmic

experiment, data preprocessing

o

Turkey

source data store

\’1d 3

human

data preprocessing
@

Czech republic, India

algorithmic data evaluation and
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analysis

Czech republic, Turkey

Source: Author

Figure 1: The general scheme of the entire research.




data preprocessing. The preprocessing consists
of several steps, i.e., rotation, merging,
voxelization, smoothing, and soil segmentation.
The subsequent data annotation step was performed
using the Segments.ai environment. All procedures
were rechecked and verified (Multi-Sensor Data
Labeling Platform for Robotics and AV | Segments.
Ai, n.d.; Phenospex - Smart Plant Analysis
and Phenotyping Systems, n.d.).

Over time, it became clear that the set rules
needed to be revised to ensure the overall quality
of the research process. Weaknesses in the quality
of the data, rather than in the quality of the steps
used, were identified. Regular online meetings
of all groups and information sharing, including
the control mechanisms, are still needed to eliminate
the deficiencies.

The primary source of deficiencies was identified
in the data annotation process for generating
test and control datasets using artificial neural
networks. The number of annotated plants
for the ground-truth did not match the predictions.
The first step to correcting this situation was
to increase the qualification of persons designated
for data labeling through regular training and more
detailed checks. It turned out that this procedure
only solved the consequences and not the source
of the error. It was evident that it was necessary
to revise the entire research process and find
the source of the inaccuracies.

The control mechanisms, consisting of the selection
of samples and their control, needed to be revised,
and it was decided that it was necessary to find
a way to check all the acquired data. At the same
time, it was essential to check all steps to exclude
the possibility of multiple sources of errors. To avoid
further problems in the future, the methodological
procedure expressed in Figure 2 Plan to improve
the research process was chosen.

Detailed analysis of
research process,
groups and their
participants

Identificatiqn of Strengthening of
- errors, establishment - control mechanisms.
of measurable based on new
indicators findings

Source: Author

Figure 2: Plan to improve research process.

It was important for the whole process to choose
a method to identify the bottleneck. During
the discussion, it became clear that the methods
used are mainly focused on the commercial area
or processes in the public sector. Their application
in research is only partially obvious. Most methods

focus on streamlining the process regarding time,
costs, or risk analysis. Some methods are extensive,
and their application would require longer (ISO).
A common attribute of these methods is creating
a detailed procedure diagram in various formats.
This procedure is then supplemented with tools
and procedures to detect deficiencies and thereby
increase the quality of the entire process.
The diagram expresses the sequence of causes
and effects and the influence of the main actors.
(Bali et al., 2021; ISO 9001:2015 - Quality
Management Systems - Requirements, n.d.; Serrat,
2017; Shook, 2008; Starzynska and Hamrol, 2013;
Venkatasubramanian et al., 2003) The display
allows a better understanding of the sequence
of events and the identification of critical points.
The methods then focus on these and increase quality
by applying appropriate control mechanisms.
It is a suitable tool to express the quality
of the process in a measurable quantity. In practice,
this may be time, the number of erroneous outputs,
or a combination of similar values. Based on such
a criterion, the success of the applied method can
then be evaluated. An overview of the methods is
shown in Figure 3 (Tari and Sabater, 2004a).

The assessment of which method is appropriate
depends on the perspective of the participants
and the definition of the target parameters. Finally,
the point of view of the greatest possible generality
in use and applicability for scientific research
was chosen. From this point of view, the root
case analysis method was chosen. A Root Cause
Analysis (RCA) is the process of identifying
the most fundamental reason for the problem,
which, if eliminated or corrected, would prevent
the problem from reoccurring. Various techniques
for analysis can be used for this method,
and therefore, its application is suitable for multiple
environments, including high-risk industries
such as medicine or drug development (Andersen
and Fagerhaug, 2000; Percarpio et al., 2008;
Andersen, B. and Fagerhaug, T. (2006); Wilson
et al., 1993; Yuniarto, 2012).

Creating a measurable parameter expressing
the source data's quality and accuracy proved
essential. In addition to the position in 3D
space, the data from the device also contained
information about the point's color. A method based
on the height parameter of individual points (z-axis
value) was chosen for the check. The points in each
data sample were divided into 2 groups according
to height. The division had the following
assumptions:
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Figure 3: Overview of the methods.

- Group 1 may contain points belonging
to the color of soil and flower pots

- Group 2 may contain points in a color
belonging only to plants

Subsequently, the color in individual groups was
checked algorithmically for all samples. It turned
out that in Group 2, there were points whose
color did not correspond to the points of plants.
This finding was supplemented by the knowledge
from the manual labeling of samples, where some
points and shapes could not be labeled as parts
of plants. The number of points not corresponding
to plants in group 2 was determined as a measurable
data quality criterion. This finding focused
the research team's attention on preparing
and implementing experiments when obtaining
source data. In addition to creating a quantifiable
indicator expressing the quality of the data, we
focused on the entire research process.

Results and discussion

To apply RCA in our research, we created
a process diagram. Our problem was the quality
of the source data. After the analysis, we identified
4 arcas that impact the source data. These were
the technologies used, the settings of individual
experiments, the execution of separate experiments,
and the data processing methods. In these areas, any
shortcomings could affect the quality of the data.
We set up control mechanisms to verify the correct
functioning in all areas. Some control mechanisms
are determined by the type of area. For technical
equipment, this meant performing a setting check

and calibration. To set up individual experiments,
we conducted discussions with everyone involved
in the settings. In the area of experiment execution,
we conducted more detailed operator training.
For processing methods, we prepared control
outputs of the algorithms used to verify their
functioning. However, we were unable to improve
the quality of the data. After a detailed analysis
of the experiment execution, it was found that
the operators needed to adhere sufficiently
to the established procedures. To rectify this
situation, a requirement for photographic time
documentation of each experiment was introduced.
The documentation showed that the irrigation hoses
(black color) were carelessly placed, causing their
points to overlap with the source data (Figure 4).

Source: Author

Figure 4: Irrigation hoses.




After correcting errors in the execution
of experiments and implementing photo
documentation control, the source data quality
increased. After corrective actions, we selected
and reviewed a new data set of acquired data.
It no longer showed anomalies in the 2™ group
of points. The entire RCA tree diagram is shown
in Figure 5.

Taking photo documentation and storing it for each
experiment brought success by revealing the cause
of the insufficient data quality. After discussing
why the entire process of conducting experiments
needed to be set up from the beginning, including
photo documentation, it turned out that the reason
was technical complexity. It was necessary
to install a photo device for the outdoor scanner and
connect it to the data storage. This measure seemed
expensive and unnecessary.

Finding the error also resulted in another discovery:

y
Source
data

quality

;nsatisfa ctory

data
modification

unsatisfactory data labeling speed and labeling
data quality. We discovered that trained operators
still need help accurately labeling the designated
class of objects. After an analysis, we changed
the marking procedure so that the operators' duty
was to mark only defined categories of plant
organs (leaves, bay leaves, stems, and petiole)
and to record the belonging of the parts to a specific
plantin the form of recording identifiers in numerical
terms. An algorithm was subsequently written
to mark the whole plant, automatically generating
this mark. Further streamlining of the labeling
process was found in dropping the labeling of object
detection points and replacing this process
with an algorithm that produces this labeling
automatically from labeled parts. These changes
made it possible to include a larger group
of operators in the labeling process, thereby
speeding up the entire labeling process. The set
procedure is shown in Figure 6.
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Figure 5: Root cause analysis tree diagram.

-

~

Segments.ai ]
pointclouds
/ labeling data J\ Cuboid
h Python code annotations of plants

—_—
Pointcloud :
label

( Gt ’ Manual labeling

. 4

9

Source: Author

)
\ Plants parts data V

generating cuboids ,

and parts for neural
network

J

Figure 6: Semi-automated labeling process.




Source: Author

Figure 7: Visual control of labeling data.

Automatic cuboid generation also proved helpful
in detecting incorrect labeling. The labeling process
was supplemented with images of the generated
cuboids, enabling more efficient control. Visual
identification of suspicious samples was much
more accessible. See Figure 7.

Conclusion

The mentioned research project is part of broader
research in plant phenotyping using artificial
intelligence. Our findings showed that using critical
insight in the research process is very beneficial.
The quality of research outputs directly depends
on the data quality used. Our research takes
place in an international team, geographically
separated and in different time zones. The nature
of the experiments performed does not allow
their exact repetition. Cultivation of plants
for experimental purposes in an outdoor
environment cannot be repeated with identical
conditions. All this makes it challenging to identify
the sources of errors and inaccuracies. Creating
a measurable parameter to express data quality
was a guide to finding the source of errors.
In the outdoor plant scanning environment,
the acquired data is less rich than in the case of indoor
scanning. Therefore, the highest possible quality
of the source data was achieved important. The use
of optimization methods for improving quality
is mainly concentrated in the area of the process
in the sphere of production, trade, and services.

Their use in a research environment is more
challenging. The hierarchy of research teams is
not strictly defined, and the results often depend
on individual abilities, ideas, and creativity.
The fact that we were not satisfied with the original
quality of the data and implemented procedures
to increase the quality of the entire process moved
us to a higher level. At the same time, we increased
the efficiency of part of the process (labeling),
and this shortened the time frame and expanded
the database for generating higher-quality research
outputs. An important factor was also the fact that
we introduced measures in source data quality
in the following areas.
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Abstract

Accurate prediction of Reference Evapotranspiration (ETO0) is vital for optimizing irrigation, thereby
facilitating efficient water management and agricultural planning. This study compares three distinct methods
for predicting ETO using the FAO Penman-Monteith (FAO-PM), leveraging daily weather data collected
over a span of 38 years, from 1984 to 2022. The first approach involves predicting ETO directly based
on actual ETO values, while the second hybrid approach uses Recurrent Neural Networks (RNN) to predict
Net Radiation, Temperature, Wind speed, and Dew Point Temperature. These predicted values are then
utilized in the FAO-PM equation to calculate ETO (RNN-FAO-PM). The third approach is another hybrid
method that combines RNN for predicting the weather parameters, followed by the application of a well-
trained Random Forest (RF) model that uses the predicted weather parameters as features to predict ETO
(RNN-RF). The performance of each method is evaluated using various metrics, including Mean Absolute
Error (MAE), Root Mean Square Error (RMSE), and R-squared (R2) values for both training and testing
datasets. The results of this study reveal that the hybrid approaches demonstrate comparable performance
for long-term prediction of ETO0 of the period Spanning from 2020 to 2022 (3 years). These hybrid approaches
slightly outperform the RNN method when applied solely on the ETO time series. This finding contributes
to the research in the area of water resource management, specifically in the context of irrigation optimization.
It provides valuable insights that can inform agricultural decision-making in the Beni Mellal region, enabling
more efficient and effective use of water resources for irrigation purposes..
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input in various methods. Indeed, it is the central
component and playing a vital role in optimizing
irrigation management (Liu and Yang, 2021),
ETO serves as the foundation for calculating
Crop Evapotranspiration (ETc), a key component

Introduction

Optimizing irrigation is crucial in agriculture
for enhancing crop yield, conserving water,
and minimizing environmental impacts. Especially

in the region of Beni Mellal, where agriculture
is the main source of income, in addition
to the region having unprecedented consecutive
years of insufficient rainfall. This has significantly
affected the water levels in the dams, making
it crucial to have a clear vision of long-term
variations and anticipate on daily basis the required
water for proper irrigation. ETO plays a central role
in determining the appropriate water application
and timing of irrigation sessions. ETO holds
paramount significance as it stands as a crucial

in the soil water balance equation (Hou et al.,
2022) (Mininnia et al. 2022), water budget (Das
et al., 2023), a reference point for plant indicators
(Livellara et al., 2011), and decision support
systems (DSS) (Olberz et al., 2018) (Khatua
and Pasupalak, 2018). Understanding and utilizing
ETO can improve water use efficiency, reduce waste,
and enhance crop productivity. The importance
of ETO in irrigation management cannot be
overstated, and it is essential for farmers
and researchers to continue exploring new ways
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to utilize ETO to improve irrigation practices. This
study aims to compare three methods for predicting
ETO with the goal of identifying the most effective
method. The methods under investigation are:
Direct prediction of ETO from actual ETO values
using RNN, Hybrid RNN-FAO-PM and Hybrid
RNN-RF.

This following literature review highlights
the significance of ETO estimation and explores
the potential of machine learning techniques
in studying ETO patterns. It discusses specific

methods for different implementations,
and the effectiveness of hybrid models
and  simplified determination  approaches.

In the following study (Yildirim et al., 2023),
the authors employ machine learning methods,
including the k-nearest neighbor algorithm,
multigene genetic programming, and support
vector regression (SVR), to predict daily ETO
in various regions, including Tiirkiye. In another
study (Ling et al.,, 2023) the authors focus
on rubber plantations and propose the "Kc-ET0"
method, which demonstrates good performance
and acceptable precision, particularly in the dry
season. The authors of a separate study (Zheng
etal., 2023) suggest a strategy based on Multivariate
Variational Mode Decomposition hybridized
with Soft Feature Filter and Gated Recurrent Unit
(GRU) to predict one-day daily ETO. This strategy
outperforms other models such as Long Short-
Term Memory (LSTM), BiLSTM, RNN, BiRNN,
and BiGRU, proving to be the most accurate
for predicting one-day ahead ETO. In the realm
of sustainable agricultural development, the authors
(Bashir et al., 2023) highlight the importance
of ETO for the preservation of irrigation water.
They suggest machine learning approaches
to simplify ETO determination with limited
parameters, achieving high precision
and correlation with the FAO-56 Penman-Monteith
(FAO-56 PM) method. The precision of ETO
estimated by reanalysis products, such as CLDAS
and ERAS, is evaluated in another study (Yu
etal., 2023). These products demonstrate acceptable
precision in China, with CLDAS estimates showing
higher spatial and temporal consistency with site
observations. In Egypt, where climates range
from arid to semi-arid and there are challenges
related to a lack of meteorological data and future
information on ET0. The authors (Elbeltagi et al.,
2023) investigate the use of machine learning
models such as linear regression (LR), random
subspace (RSS), additive regression (AR),
and reduced error pruning tree (REPTree) to
precisely estimate ETO. Among these models,

REPTree demonstrates the best performance.
The authors of a different study (Saggi et al., 2023)
explore various machine learning models, including
Extreme Machine Learning (ELM), Multi-layer
Perceptrons-Neural Network (MLP), and Support
Vector Machine (SVM), for modeling daily ETO.
An ensemble method with SVM demonstrates good
precision in predicting the daily ET0. Addressing
the challenges faced by irrigation district managers.
The authors (Gonzalez Perea et al., 2023) develop
a hybrid model combining Fuzzy Logic (FL),
Genetic Algorithm (GA), LSTM encoder-decoder,
and dense or fully connected neural networks
(DNN) for the one-week forecasting of irrigation
water demand at the irrigation district scale.
The potential of ETO as a key variable for irrigation
management, agricultural planning, and modeling
different hydrological processes is emphasized
in another study (Adnan et al., 2020), the authors
validate temperature-based heuristic models such
as group method of data handling neural network
(GMDHNN), multivariate adaptive regression
spline (MARS), and M5 model tree (M5Tree)
for estimating monthly ET0. Among these models,
the GMDHNN model provides the best accuracy.
In regard of This research (Amirashayeri et al.,
2023) it focus on accurately predicting ETO using
machine learning models and empirical equations.
The study compares the performance of an artificial
neural network (ANN) model and a tree model
(MT) with two empirical equations. Additionally,
a preprocessing algorithm called ensemble
empirical mode decomposition (EEMD) is used
to enhance the prediction accuracy of the MT model
and eliminate time-series noises. The results show
that the MT model outperforms the ANN model,
and the incorporation of EEMD significantly
improves the MT model's performance. Overall,
this research highlights the potential of machine
learning models and the EEMD algorithm
in accurately predicting ET0, which has important
implications for managing agricultural water needs
and irrigation systems. Based on the analysis
of various studies, including the one included
in the literature review, it is evident that there is
a lack of long-term prediction of ETO with various
combinations. In order to address this gap,
we propose three methods. The first method utilizes
a forecasting technique based on the temporal
dependencies of the ETO time series using RNN.
By considering the historical patterns and trends
in the ETO data, the RNN model can make
predictions for future time periods. The second
method involves a hybrid model that combines
the impractical equation FAO-PM method




with RNN. By integrating this equation with RNN,
which can capture the temporal dependencies,
we can enhance the accuracy of long-term ETO
predictions. The third method combines RNN
with RF, another machine learning algorithm
known for its ability to handle complex datasets.
By leveraging the strengths of both RNN and RF,
we can further improve the accuracy and robustness
of long-term ETO predictions. These three methods
aim to address the lack of long-term ETO prediction
by utilizing different approaches and models,
considering temporal dependencies, integrating
practical equations, and leveraging the power
of machine learning algorithms to provide more
accurate and reliable predictions for ETO in various
combinations.

Materials and methods

The FAO-PM method is widely recognized
as the standard approach for estimating ETO
backed by the Food and Agriculture Organization
of the United Nations as the sole method
for determining ETO (Allen etal. 2000; Allen, 1977).
The ETO formula refines the original Penman-
Monteith equation, incorporating aerodynamic
and surface resistance for accurate
evapotranspiration estimation. The equation (1) is:
0.408A(R, — G) + y%uz (es —ey)

ET0 = A+y(1+034uy) 1

Where:

ETO: Reference Evapotranspiration [mm day-1].

Rn:  net radiation at the crop surface [MJ m-2
day-1].

G: soil heat flux density [MJ m-2 day-1].

T: air temperature at 2 m height [°C].

u2:  wind speed at 2 m height [m s-1].

es: saturation vapour pressure [kPa].

ea: actual vapour pressure [kPa].

es-ea: saturation vapour pressure deficit [kPal].

A: slope vapour pressure curve [kPa °C-1].
v: psychrometric constant [kPa °C-1],
the psychrometric constant is rounded
to 0.067 kPa/°C.

Because of it efficiency to approximate grass ET0
at various locations, in addition to accounting
for various meteorological parameters, such as
Net Radiation, Temperature, Wind speed, and Dew
Point Temperature. in addition to various studies
whom Backed-up it efficiency (Jayashree et al.,

2023; Eliades et al., 2022). To estimate ET0 using
the FAO-PM method, we utilized four weather
parameters: all-sky surface shortwave upward
irradiance and the all-sky surface shortwave
downward irradiance [MJ m-2 day-1], mean
Temperature at 2 meters above the ground [°C],
Dew Point Temperature [°C], and Wind speed
at 2 meters height [m s-1]. These parameters
are obtained from Modern-Era Retrospective
Analysis for Research and Applications, Version
2 (MERRA-2). The FAO-PM method requires
several calculations, such as determining the slope
of the saturation vapor pressure curve (A)
and the actual vapor pressure (ea) and Mean
saturation vapour pressure (es) using temperature-
dependent equations. The actual vapor pressure is
calculated based on the Dew Point Temperature.
given by (Equation 2):

17.27 Tye

€, = 0.61086Xp [m

(2
The saturation vapor pressure is intricately tied
to the air temperature, and its calculation
is elucidated by the following relationship
(Equation 3):

17.27T 3)

€ = 061086Xp [m

In regard to the slope of saturation vapor pressure
curve (A) is computed using Temperature data
(Equation 4):

17.27 T
i 4098 [0.6108exp (W)] @)
(T + 237.3)?
Where
A: slope of saturation vapour pressure curve
at air temperature T [kPa °C-1].
T: air temperature [°C].
exp[]: base of natural logarithm.
Net radiation is derived by subtracting

the all-sky surface shortwave upward irradiance
from the all-sky surface shortwave downward
irradiance. For daily ETO calculations, the soil
heat flux is considered =zero, as its impact
on the daily ETO is negligible compared to Net
Radiation and other energy fluxes.

We develop predictive RNNs models using
historical daily values from January 1, 1984
to November 30, 2022 in total 14213 records
this time series is split as the following sets:
12792 records for training (90%), 1421 records




for testing (10%) in addiction to conserving
10% of the training set to make a validation set.
The data is further prepared for the LSTM model
using the look-back period of 8. Upon performing
a grid search to determine optimal parameters
the LSTM and GRU models were implemented
with identical parameter settings due to their
similar response patterns to any changes
in parameters, resulting in either improvement
or deterioration of the models. The RNN model is
then created using the Sequential API. The RNN
model consists of either a GRU or LSTM layer
with 256 units, followed by a Dense layer
with 64 units, and finally a Dense layer with a single
unit. The activation function used is ReLU.
The model is compiled using the Adam optimizer
with a learning rate of 0.001 was utilized
in conjunction with the learning rate scheduler.
Moreover, the loss function is MSE. The model is
then trained using a batch size of 64 and a validation
split of 0.1. The training is performed for 20000
epochs, with the model checkpoint as a callback.
A model checkpoint is created to save the model
after each epoch, the 20000 models are saved then
base on the validation loss values the best model
is applied on the time series. The meteorological
parameters are namely Net Radiation, Temperature,
Dew point, Wind speed collected from MERRA-2,
And the daily-calculated ETO values are based
on the FAO-PM approach.

The first method, consist of directly predicting
of ETO from actual ETO values, this method being
the simplest and most straightforward. It involves
around simply predicting ETO directly from actual
ETO values. This is done using two RNN namely
GRU and LSTM. We shall compare the result using
three metric namely MAE, RMSE and R2.

The second method, the hybrid RNN- FAO-PM
method, this method first involves predicting
individual weather parameters required
for the FAO-PM method using both GRU
and LSTM models. The weather parameters to be
predicted include Net Radiation, air temperature,
dew point temperature, and wind speed. Based
on the performance metrics of MAE, RMSE,
and R2, the best prediction model between
GRU and LSTM is seclected for each weather
parameter. After choosing the best RNN algorithm
from the two, the predicted weather parameters
are then used to calculate ETO using the FAO-PM
method.

The third method, we employed a RF regression
model to predict ETO using the predicted four

weather parameters as features namely Net
Radiation, Temperature, Wind speed, and Dew
Point Temperature. To evaluate the RF model's
performance during training and estimate its ability
to generalize to new data, we used Time Series
Cross-Validation with 5 folds. In this approach,
the training set is divided into 5 contiguous blocks,
and the model is trained and evaluated 5 times,
with each block being wused for testing
and validation. The average MAE across all five
iterations is used to assess the model's performance
during training. After the RF model proved it
efficacy, we supplemented it with the predicted
weather parameters from RNN. This combined
RNN-RF approach aimed to leverage the strengths
of combined models, with the RNN capturing
complex temporal patterns in the weather data
and the RF model providing ETO predictions
based on the predicted weather parameters acting
as features

Results and discussion

Weather forecasting
algorithms

using deep learning

The first method is the most straight forward, two
deep learning algorithms GRU and LSTM, were
employed to predict ETO. The performance of these
models is evaluated using three metrics: MAE,
RMSE, and R2. Table 1 presents a comparison
based on the values obtained from the best
parameters found during a three-year prediction
period spanning from 2020 to 2022. Comparing
the performance of the two RNNs models, The GRU
model appears to be more effective in predicting
the component of the water cycle ETO compared
to the LSTM model, as evidenced by the lower MAE
and RMSE for both the training and testing datasets
and higher R2 values. The Figure 1 illustrates
the comparison between the actual and predicted
ETO values for the entire year of 2020. The x-axis
represents the ETO values in millimeters per day,
while the y-axis represents the time period, ranging
from January to December. The overall trend
of the predicted values closely follows the actual
ETO values, it is clear that the predicted values do
not demonstrate a similar level of decrease during
periods characterized by sudden drops in ETO.




Actual and Predicted ETO using GRU for the Year 2020
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Figure 1: Comparison of actual and predicted ETO values for the year 2020 using GRU.

Component Dee.p Number of MAE RMSE R2

of the water learning o ] . ] . ]

cycle algorithm epochs Training Testing Training Testing Training Testing

ETO GRU 24 0.7247 0.6937 1.0953 1.0403 0.7536 0.7649
LSTM 29 0.7254 0.6958 1.1030 1.0532 0.7501 0.7609

Source: Authors

Table 1: Evaluation of GRU and LSTM models for ETO prediction period spanning from 2021 to 2022.

Hybrid approaches

Weather Forecasting Using Deep Learning
Algorithms

In the pursuit of accurate ETO prediction, two
hybrid approaches were developed. The RNN-
FAO-PM, is designed to forecast the weather
parameters then calculation ETO using the FAO-
PM method. The RNN-RF employs a RF model
to predict ETO, utilizing as features the following
Net Radiation, Temperature, Wind speed,
and Dew Point Temperature. To provide reliable
input for these approaches, weather parameters
are predicted using two deep learning algorithms:
GRU and LSTM. The performance of these
models is evaluated using MAE, RMSE, R2 values
for both training and testing datasets the results are
shared in Table 2.

The analysis of the predicted four weather using
deep learning algorithms GRU and LSTM,
reveals several key insights. The prediction
of Net Radiation, as depicted in Figure 2,
is quite satisfactory. The overall trend
of the predicted values closely mirrors the actual
values, demonstrating the model's ability
to capture the general patterns of Net Radiation.
However, during periods of sudden drops in Net
Radiation, the predicted values do not exhibit
the same magnitude of decrease as the actual
values. This discrepancy suggests that the model

may struggle to accurately capture extreme
fluctuations in Net Radiation, a limitation that
warrants further investigation. The prediction
of Temperature, on the other hand, is exceptional.
Both GRU and LSTM algorithms yield low MAE
and RMSE values for both training and testing,
indicating a high degree of accuracy in predicting
Temperature.  Figure 3, which illustrates
the Temperature predictions, further corroborates
this observation by showing a close alignment
between the predicted and actual values.
The prediction of Wind speed, as shown
in Figure 4, is generally good as it follows
the main patterns. However, the model's
performance  diminishes when it comes
to  accurately predicting extreme  highs
and lows in Wind speed. This is evident
from the higher MAE and RMSE values
for Wind speed compared to Temperature,
indicating a higher degree of error in these
predictions. The prediction of Dew Point
Temperature, represented in Figure 5, is also good,
albeit not as accurate as Temperature. The MAE
and RMSE values for Dew Point Temperature
are slightly higher compared to Temperature,
indicating that the models had slightly higher errors
in predicting Dew Point Temperature. However,
the models still exhibited relatively low errors,
suggesting that they were able to capture the overall
patterns and variations in Dew Point Temperature.




Weather Deep. Number MAE RMSE R2
arameter learning of epochs | Traini Testi Traini Testi Traini Testi
P algorithm raining esting raining esting raining esting

o GRU 29 0.4948 0.4710 0.7547 0.7134 0.7469 0.7625

Net Radiation
LSTM 30 0.4934 0.4722 0.7528 0.7165 0.7481 0.7605
GRU 70 1.2296 1.2639 1.6065 1.6440 0.9559 0.9533

Temperature
LSTM 67 1.2341 1.2695 1.6053 1.6473 0.9559 0.9531
) GRU 61 0.2648 0.2511 0.3919 0.3533 0.3426 0.3594

Wind speed
LSTM 32 0.2671 0.2511 0.3979 0.3555 0.3225 0.3516
Dew Point GRU 81 1.6368 1.5913 2.1243 2.1097 0.7362 0.7610
Temperature LSTM 55 1.6357 1.5935 2.1271 2.1123 0.7355 0.7604

Source: Authors

Table 2: Performance evaluation of GRU and LSTM models for weather parameter prediction in the period

spanning from 2021 to 2022.

Actual and Predicted Net Radiation using GRU for the Year 2020
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Figure 2: Comparison of actual and predicted net radiation values for the year 2020 using GRU.

Actual and Predicted Temperature at 2 meters using GRU for the Year 2020
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Figure 3: Comparison of actual and predicted temperature values for the year 2020 using GRU.




Actual and Predicted Wind Speed at 2 meters using GRU for the Year 2020
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Figure 4: Comparison of actual and predicted wind speed values for the year 2020 using GRU.

Actual and Predicted Dew Point Temperature at 2 meters using GRU for the Year 2020
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Figure 5: Comparison of actual and predicted dew point temperature values for the year 2020 using GRU.

The hybrid model: using Deep Learning-based
prediction of weather parameters to calculate
ETO using the FAO-PM method (GRU-FAO-
PM)

After choosing the best RNN algorithm for each
individual weather parameter, the predicted
weather parameters were used as input to calculate
ETO wusing the FAO-PM method. The MAE
and RMSE, R2 values indicated in Table 3
obtained when comparing actual ETO vs predicted
ETO for the Period Spanning from 2020 to 2022.
The MAE of 0.6873 and RMSE of 1.0422
demonstrate a reasonably accurate prediction
of ETO and the same remark persists the ETO
values are not well predicted in cases of sudden
drops. Refer to Figure 6 for a comparison of actual
and predicted ETO using GRU-FAO-PM.

Model MAE RMSE R2
ETO GRU-FAO-
(in mm) M 0.6873 1.0422 0.7640

Source: Authors

Table 3: Performance metrics of a Hybrid Deep Learning-Based
Approach for ETO prediction using the FAO-PM method
for the period spanning from 2020 to 2022.




Actual and Predicted ETO using GRU-FAO-PM for the Year 2020
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Figure 6. Comparison of actual and predicted ETO values for the year 2020 using GRU-FAO-PM.

The Hybrid model: RF based prediction of ET0
from predicted weather parameters using GRU
(GRU-RF)

A two-step approach is employed to predict
ETO using weather parameters. First, the RNN
models is used to predict weather parameters: Net
Radiation, Temperature, Wind speed, and Dew
Point Temperature using GRU. These predicted
weather parameters were then used as input features
for a RF regression model to predict ETO.
The model's performance on both the testing
and validation sets is consistently strong across
all metrics as shown in Table 4, which is a good
indication that it is not overfitting and can
generalize well to new data. Additionally, the use
of Time Series Cross-Validation with 5 folds during
training helps to ensure that the model is robust
and can handle different time periods in the data.

The performance of the combined GRU-RF model
in predicting ETO is assessed using various metrics
indicated in The Table 5. With a MAE of 0.6873,
the model's predictions, on average, deviate
from the actual ETO values by a relatively small
margin. This highlights the overall accuracy
of the model. Furthermore, the R2 value of 0.7642
indicates that the model can explain approximately
76.42% of the variance in the actual ETO data,
suggesting a reasonably good fit to the data
and the model's ability to capture a significant
portion of the underlying patterns in ET0. These
results show that the model is effective in predicting
ETO and has potential for further optimization
and improvement. Refer to Figure 7 for a comparison
of actual and predicted ET0 using GRU-RF.

Label MAE RMSE R2

Features Tes- | Vali- | Tes- | vali- | Tes- | vaii-
ting dation ting dation ting dation

Net

Radiation,
Temperature, ETO 0.0069 | 0.0063 | 0.0114 | 0.0093 | 0.9999 | 0.9999
Wind speed,
Temperature

Source: Authors

Table 4: Performance metrics of RF regression Mmdel for ETO
prediction using predicted RNN model as features for the period
spanning from 2020 to 2022.

Model MAE RMSE R2

ETO

. GRU-RF 0.6873 1.0418 0.7642
(in mm)

Source: Authors

Table 5. Performance metrics of hybrid random RF-based pre-
diction of ETO from predicted weather parameters using GRU.

Having the same MAE, RMSE, and R2 values
indicates that both hybrid approaches are equally
effective in predicting ET0. This suggests that
the use of RNN for predicting weather parameters,
followed by either the FAO-PM equation or a RF
model, yields comparable results. There are several
reasons why both approaches yielded similar MAE,
RMSE, and R2 values. Firstly, the RNN used
for weather prediction proved to be effective,
providing reliable inputs for subsequent steps.
The RNN's architecture and training process
allowed it to accurately model the sequential nature
of weather data. Secondly, both the FAO-PM
equation and the RF model are well-established
and robust methods for estimating ETO when
provided with relevant input parameters.
The accurate weather predictions from the RNN




Actual and Predicted ETO using GRU-RF for the Year 2020
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Figure 7: Comparison of actual and predicted ETO values for the year 2020 using GRU-RF.

served as valuable inputs for leveraging
the strengths of these models. Thirdly, the datasets
used for training and evaluation contained
sufficient and representative data, enabling both
approaches to learn the wunderlying patterns
and relationships effectively. This facilitated good
generalization to unseen data. Lastly, its important
to keep in mind while the evaluation metrics
(MAE, RMSE, R2) provide an overall assessment
of model performance, they may not capture subtle
differences in prediction distributions or localized
errors and biases.

Conclusion

This paper explore three methods for predicting
ETO over a period of three years. The methods
included using a GRU model, a hybrid model
combining RF with GRU (GRU-RF), and another
hybrid model combining deep learning-based
weather parameter prediction with the FAO-PM
method (GRU-FAO-PM). The results of the study
indicated that the GRU model performed well
in predicting net radiation, although it struggled

Corresponding author:
Hamza Jdi

in cases of sudden drops in values. On the other
hand, temperature and Dew Point Temperature
predictions were found to be accurate. Wind Speed
prediction, while relatively good, was identified
as the weakest. In terms of predicting ETO, all
three methods showed good overall performance.
However, similar to Net Radiation, they faced
challenges in accurately predicting values during
sudden drops. Notably, the hybrid approaches
GRU-RF and GRU-FAO-PM demonstrated better
performance compared to the standalone GRU
model, with similar MAE and RMSE values.
In future work, we will explore several avenues
in order to further improve the prediction accuracy
of ETO and address the challenges associated with
predicting sudden drops in values, particularly
for Net Radiation. One potential direction is
to investigate alternative algorithms that may offer
better performance in capturing these fluctuations
such the Transformer-based models that leverages
self-attention to capture the complex temporal
dynamics in the time series through using Temporal
Fusion Transformer mode
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Abstract

This study sought to analyze risk efficient income and examine its effect on subscription and subscription
intensity of weather index insurance (WII). Data was obtained from food crop farmers who were randomly
sampled from the Upper West Region; and further, the T-MOTAD and Negative binomial hurdle model
were estimated to arrive at the study findings. The study fills methodological gap by estimating the negative
binomial hurdle and Zero-inflated negative binomial models as advancement of the Poisson regression
model. Further, AIC, BIC, Log-likelihood, rootogram as well as the Vuong test were employed to ascertain
the empirical superiorities of the estimated models to the data set. Results show that the risk efficient
plans’ incomes of GHS9403.42 ($854.08) and GHS9835.10 ($893.29) are higher than that of the income
of GHS7412.97 ($673.29) from the farmer’s optimal plans. Also, about two-third of farmers have subscribed
to the weather index insurance in the study area; for intensity of subscription, 0.39ha on average out
of every hectare of land cultivated is covered with the weather index insurance. The negative binomial
hurdle model showed empirical superiority for the fit of the data set. The farmer’s decision to subscribe
and their subscription intensity of the weather index insurance are significantly influence by age, sex, farm
size, experience, education, insurance prompt payment, extension service, credit access and risk efficient
income. It is recommended that farmers should adopt the risk efficient plan to earn higher income to be able
to afford WII premium, as this will increase their subscription intensity.
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Introduction

In Ghana, the agricultural sector is dominated
by smallholder farmers and is mostly rain-fed,
characterized by production and climate risk
(Abdul-Razak and Kruse, 2017). Traditionally,
these smallholder farmers have informally
managed both production and climatic risk in their
own way, but this has always led to their incurring
losses (Antwi, 2016). Ellis (2017) noted that
the Government of Ghana and other stakeholders
in the agricultural and insurance sector
upon realizing this, piloted and implemented
the weather index-based insurance in the Upper
West Region. The weather index insurance policy
covers food crops such as maize, millet, sorghum,
soya bean and groundnut and uses climate indicators
to predict losses to the farmer (Amponsah et al.,

2018). This was done to give the farmers access
to a market-based risk management policy that
could cater for the risks that is beyond their
control (GAIP, 2013). Despite the significance
of'the weather index insurance policy, its penetration
level is still very low in the Upper West Region.
The factors identified are lack of awareness,
insurance prompt payment, lack of preferred
attributes, and a key among them is the low income
level of the farmers (Akinola, 2014; Fiala, 2017,
Addey et al., 2020; Feng et al., 2021).

Udoetal. (2015) asserted that to increase the income
level of farmers in the events of production risk,
a risk optimum farm plan is required. A risk
optimum farm plan can be an effective support
policy for weather index insurance and serve
as an effective channel for farm credit facilities
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and advisory services, as well as agricultural risk
management intervention (Koufie, 2020; Dai et al.,
2023). Therefore, this study bridges the literature
gap by providing a rigorous empirical evidence
to know the risk efficient income obtained
from the risk optimum farm plan, subscription
and subscription intensity of the weather index
insurance and the interaction between the risk
efficient income, subscription and subscription
intensity of the weather index insurance. The study
also bridges the methodological gap by making
Poisson regression model as base model
and compare it with advanced count models such
as the negative binomial hurdle model, and the zero-
inflated negative binomial model. The study went
further to empirically test the three selected count
models to see which one among them is the best
fit model for the study, using Akaike Information
Criteria (AIC), Bayesian Information Criteria
(BIC), Log-like hood ratio test, Vuong statistical
test and a rootogram.

Materials and methods
Study area, sampling procedure and sample size

The study was conducted in the Upper West
region of Ghana, and a multi-stage sampling
technique was used to select the food crop farmers
for the study. The first stage was to purposively
select the Wa Municipality and Wa West district.
The second stage involved grouping all the twenty-
six (26) major farming communities in the selected
districts and randomly selecting sixteen (16)
out of the twenty-six (26) communities using
the lottery method. At stage three, proportionate
sampling was used to select the 64 percent
subscribers and 36 percent non-subscribers
from the 16 selected farming communities.
At the end of the sampling proceedure, 450
food crop farmers constituting 287 subscribers
and 163 non-subscribers became the sample
for the analysis.

Data collection and analysis

A face-to-face interview was conducted using
a structured questionnaire to obtain cross-sectional
data from the 450 food crop farmers who decided
to be part of the survey. The Data was analysed
using R statistical software version 4.04 and LiPS
software.

Empirical estimation of Target MOTAD model
for the study

In the context of this study, to formulate

the actual Target-MOTAD problem, we first analyse
the LP problem of the study without including
risk constraint in the model. This was done
by maximizing the expected gross margin E(GM)
of the decision variables (x) subject to resource
constraint. In this study, we defined the decision
variables (x) as hectares of land to be allocated
to the various crop enterprises. The various
crop enterprises used in this study were maize,
groundnut, soya bean and sorghum as these are
the major food crop enterprises produced
in the study area (Dembele, 2018). Therefore,
the optimum income obtained from the LP
model now becomes the Target Income
for the Target-MOTAD model. The Target-
MOTAD is analysed by including a risk constraint
into the LP model and setting the Target income.
Therefore, mathematically the Target-MOTAD
for this study is given as:

Maximize: E(GM) = ¢;X; + CoXot C3X3 + C4Xy

(D
Subject to: Resource constraint
g1 Xq + 15X, +a33%3 314X S by
(Land constraint) 2)
81Xy + 85Xy +833X3 + 834X, < by
(Labour constraint ) 3)
31Xy + 35Xy +a33X3 + 234X, < by
(Capital constraint) 4)
a41X; +a4,X, +a43X3 Ha54%X, < by
(Fertilizer Constraint) ®)]
Risk constraint
Xi1CGixy+y, =T . wherer=1...m (6)
r=1DrYr = A %
Xy, Xq, X5, ... 2 0. (Non —negativity constraint)
(®)

Where gross margin E(GM) of the decision
variables (xj) represent the difference between
the total revenue and the total variable cost (which
comprised of labor cost and inputs cost during
the production season). x, = maize, x, = groundnut,
x, = soyabeans, x, = sorghum (a, ,a ,,a  anda,)
are the hectares of land apportion to maize,
groundnut, soya bean and sorghum respectively.
(a,,, a,,, a,, and a,,) represent the labor days
(man-days) apportion to maize, groundnut, soya




bean and sorghum.( a8, a5, and a, ) represent
the amount of capital (GHS) apportioned to maize,
groundnut, soya bean and sorghum respectively.
(a,, a,, a,, and a,) represent kg/hectare
of fertilizer apportioned to maize, groundnut,
soya bean and sorghum. Also, b, represent
the total hectares of land available to the farmer,
b, represent the total labor days(man-days) available
to the farmer, b, represent the total capital (GHS)
available to the farmer for production activity
and b, represent the total amount of fertilizer (kg)
available to farmer. (c,, c,, ¢, and c,) is the gross
margin obtain by maize, groundnut, soya bean
and sorghum enterprises. 7 = the optimum income
obtained from the LP model without risk constraint
(Target gross margin). s is the total number of time
period considered. C,, is the expected gross margin
of the j enterprise in the r time period or farming
season. y_is the deviation below the target income
(7) in time period . 4 is the maximum amount
of short fall in the gross margin permitted.
Therefore, the model solution was feasible and risk
efficient plans (II and IIT) were obtained.

Empirical model estimation for the count
regression model

The study employed the count regression model
to analyse the risk-efficient income and risk
aversion levels of farmers with regard to their
subscription and subscription intensity of weather
index insurance. The count model comprises
two component modelling processes. The first is
the binary stage, which employs the binary model,
and the second is the truncated stage, which utilises
the truncated model. In the initial stage, which
is the binary stage, the respondent is presented
with the option of subscribing to weather index
insurance products or not. Given that the initial
stage is the binary decision stage, the probit
model was employed. With regard to the second
stage, the study employed the zero-truncated
negative binomial model to analyse the intensity
of subscription. The empirical model for this study
is specified as follows:

Binomial model with probit link function:

Subscription, = S + 8 Age, + f,Sex. + B.Edu, +
+ p,Maritalstatus, + f Farmsize, +
+ p Experience, + f.FBO. + p HHsize +
+ BoIns.Prompt paytm + B, Ins.Awarnes, +
+ B, Weather.info. + B, Ext.Serv, +
+ B, CreditAcess, + f, RiskEf.Inc, )

Truncated Negative Binomial Model:

Sub.Intensity, = 8 + B Age, + f,Sex, + f.Edu, +
+ B ,Maritalstatus, + f Farmsize, +
+ B Experience, + f.FBO, + B HHsize +
+ ByIns.Prompt paytm + B, Ins.Awarnes, +
+ B, Weather.info, + 8, Ext.Serv, +
+ B, CreditAcess, + f, RiskEf Inc, (10)

Study variable
Dependent variable

The nature of the dependent variable was
a continues variable. The dependent variable
was measured as the ratio of land insured
over the total number of land cultivated. Hence,
for the purpose of estimation, the dependent variable
was converted into a count variable (0,1,2,3,...10),
(Kalmijn, 2012). This was done by first multiplying
the dependent variable, which is ratio in nature
by 10 (for instance 0.25 x 10 =2.5). The second
part is to approximate the continues values
into the nearest whole number (for instance,
2.5 ~ 3 and 2.2~2). Therefore, the dependent
variable is now count variable (number of land
insured) and requires the use of count models
for its estimation.

Explanatory Variables

Sex of farmer (coded as male 1, female 0), Marital
status (coded as married = 1, not married = 0),
education (years of education), household size
(number of persons in the household), FBO access
(Yes=1orNo=2), Experience (years), Risk efficient
income (T-MOTAD- amount), Weather Information
(Yes = 1, No = 0), Insurance awareness (Yes = 1,
No = 0), Extension service (Yes = 1, No = 0),
Insurance prompt payment = Yes = 1, No = 0),
and Credit access (Yes = 1, No = 0).

Results and discussion

Existing plan, optimum plan and risk efficient
farm plans on various crops

The major four crop enterprise mix produced
in the area became the basis for the farmer’s plan
and the LP/T-MOTAD selected crop mix. These
were maize, sorghum, soya bean and groundnut
(GSS, 2016). Table 1 presents the results
of the farmer’s plan (I), risk efficient farm plans
(IT and III) and profit maximization plan (IV).
The result from Table 1 shows that the farmer’s
plan (I) is to produce maize (0.54 hectare), soya
bean (1.00 hectare), groundnut (0.56 hectare)




and sorghum (0.5 hectare) to obtain an expected
incomeofGH¢7,412.97' ($673.29).FromtheTable 1,
the result of the profit maximization plan (IV)
also shows that to obtain the optimum income
of GH¢11168.10 ($1014.36), the farmer should
produce 1.50 hectares of soya bean and 0.74 hectare
of groundnut. Comparably, the profit maximization
plan (IV) gives the farmer about 33.62% increase
in income more than the farmer’s plan (I).
From the Table 1, the risk efficient farm plan
(IT and IIT) shows that the farmer should produce
soya bean and sorghum in their respective
hectares (1.50 ha and 0.33 ha (Plan II) /1.50 ha
and 0.42 ha (Plan III) to obtain a risk efficient income
of GH¢9,403.42 ($854.08) and GH¢9,835.10
($893.29) respectively. The risk efficient
income obtained by the risk efficient farm plans
(Il and III) is higher than the farmer’s plan

by 21.17% and 24.63% respectively. This implies
that the farmer can obtain an increased income
with less level of risk. However, comparing the risk
efficient plans (1T and I1T) and the profit maximization
plan (IV), there is a significant decrease in income
by 15.80% and 11.94% (risk efficient farm plan
IT and III) respectively. This significant decrease
in the risk efficient farm plans (II and III) is known
to be the risk premium for averting a riskier plan.

Subscription of the Weather Index Insurance
Product

From the Figure 1, out of 450 food crop farmers
interviewed, 287 (64%) noted that they have
subscribed to the Weather Index Insurance
policy. Approximately 36% (163) of the farmers
interviewed also noted that they have not
subscribed to the Weather Index. The farmers
interviewed asserted that their low income, lack
of preferred attributes, and prompt payments,

! As of August, 2023, when the data was taken, the exchange rate
was approximately GH¢ 11.01 to 1 USD. NB: Current exchange rate
is GH¢ 14.33 to 1 USD ( Source: https://www.bog.gov.gh/economic-

data/exchange-rate/).

among other factors, is what is constraining them
from subscribing to the weather insurance.

Farmer’s Risk Efficient Risk Efficient | Profit Maximization
Plan (I) Plan (II) Plan (I1I) Plan (IV)
Optimal Value (GH¢) 7412..97 9403.42 9835.10 11168.10
Enterprises
Maize (ha) 0.54 0.00 0.00
PP e 0.0.(.) .........
P S 1.5.(.) .........
P . ()~4'é .........
e G pha P 1'9.2 .........

Source: Field survey, (2023)
Table 1: Farmer’s Plan, Optimum Plan and Risk Efficient Plan of Crops.

B Subscribers
O Non Subscribers

36.2%

Source: Field survey, (2023)

Figure 1: Distribution of subscribers and non-subscribers
of WII in UWR.




Subscription Intensity of the Weather Index
Insurance Product

From Table 2, the average land size owned
by the farmers is 2.60 ha which is higher than
the national average farm size of 2.20 ha
for smallholder farmers (MoFA, 2015).
The plausible reason is that farmers do not
have enough income as well as credit access to
expand their farm production activity. Table 2,
the average land size insured against these climate
extremes using the weather index insurance was
0.65 ha out of the 1.67 ha used for cultivation.
Therefore, the subscription intensity of the weather
index insurance is 0.39 ha (Area of land insured
per land cultivated). By implication it means that
for every hectare of farm size cultivated, the farmer
insures 0.39 ha. The plausible reason is that most
of the farmers interviewed asserted that they are
constrained financially, making it difficult to expand
their land insured.

. . i Subscription
Agricultural activity i Mean : Intensity
Area of land insured using WII 0.65
(Hectares)

Area of land cultivated (He s) 1.67
Subscription Intensity of Weather 0.39
Index Insurance

Source: Field survey, (2023)

Table 2: Subscription Intensity of the Weather Index Insurance
Product.

Best Fit Model between PRM ZINBM NBDHM
using AIC, BIC, LL

In reference to the Table 5 which present the results
of the PRM, NBHM and ZINBM in estimating
the effect of risk optimum income on subscription
and subscription intensity of the WII. The AIC,
BIC, and LL from the three count models (PRM,
NBHM and ZINBM) employed in the Table 5
have been presented in the Table 3. The results
in the Table 3 is to show the performance of all
the three count models employed in the study.
The results show that NBHM has AIC and BIC
values comparatively smaller than that of ZINBM
which values are also smaller than that of PRM
(i.e. 2557.469<2559.325<10851.4 for AIC
and 2693.074<2694.930<10917.15 in the case
of BIC). As the model with the minimum
computed AIC and BIC, NBHM appears to have
empirical superiority than ZINBM which is also
empirically superior than PRM. Further, the Log-
Likelihood results in the Table 3 also portray

that NBHM has the biggest log likelihood value
of -1246 compared with -1247 for ZINBM and that
of PRM which is -5410. This also suggests that
NBHM has empirical superiority for the data set
than ZINBM and PRM respectively.

Count Models AIC BIC lik;(i)foo d
PRM i 108514 10917.15 i  -5410
ZINBM 2559.325 2694.930 -1247
NBHM 2557.469 2693.074 i -1246

Source: Field survey, (2023)

Table 3: Best Fit Model between PRM ZINBM NBDHM using
AIC, BIC, Log-likelihood

Vuong test results based on pair comparisons
of PRM, NBHM and ZINBM

In the study, PRM was paired as first model
with NBHM and ZINBM respectively. Further,
the ZINBM was paired as first model with NBHM.
The results are presented in the Table 4. The results
in Table 4 show that all the computed Vuong
test z-statistic values are negative and highly
significant. The Vuong test result of -20.2716***
between the Poisson Regression Model (PRM)
and the Negative Binomial Hurdle Model (NBHM),
implies that NBHM is preferred statistically
to PRM. Similarly, test result of -20.2669%**
between Poisson Regression Model (PRM)
and Zero-Inflated Negative Binomial Model
(ZINBM), implies that The ZINBM is statistically
preferred to the PRM. Also, between the Negative
Binomial Hurdle Model (NBHM) and the Zero
Inflated Negative Binomial Model (ZINBM),
the Vuong test result of -2.3414*** indicates
that NBHM is preferred statistically to ZINBM.
Given the study results, Negative Binomial Hurdle
Model (NBHM) is selected as the best count model
in dealing with excess zeros and over dispersion
in the weather index insurance data set.

Count Regression Models \Z]tl;:fi:;sct p-value
PRM vs NBHM §-20.2716%%% 1 2.22e-16
TG o e B
P Cevae e e S e

Source: Field survey, (2023)

Table 4: Vuong test results based on pair comparisons of PRM,
NBHM and ZINBM.

Hanging rootogram of the PRM, NBHM
and ZINBM for the study’s count data

Following the discussions from the Table 3
and the Table 4 in finding the best fit model




for the study, that could address the issue of excess
zero, under and over dispersion in the WII data set.
This study went further to use a hanging rootogram
to show which among the three count regression
models best fits the study’s count data, addresses
excess zeros, and treats over and under dispersion
in the count data. This is shown in the Figure 2.
From Figure 2, Poisson Regression Model (PRM)
is at the top-left, Negative Binomial Hurdle
Model (NBHM) to the top-right and Zero-inflated
Negative Binomial Model (ZINBM) to the bottom
left. The rootogram for PRM (top-left) shows that
the counts (1, and 2) are over fitted while zero (0)
and most count from 3 going are under fitted. This
clearly shows over dispersion and a high number
of under dispersion in the data. Therefore, a clear
lack of fit for zero (0) count means that there is still
a possibility of excess zeros in the study’s count
data.

Also, the rootogram for ZINBM (bottom-left) shows
that there is under fitting of zero (0) and counts
(3 going) indicating the presence of excess zeros
and under dispersion in the count data.
Comparably, the Zero-inflated Negative Binomial
Model (ZINBM) is a much better fit than
the Poisson Regression Model (PRM). However,
the rootogram for NBHM (top-right) shows that
the model perfectly fits the count zero (0). This
clearly indicates that NBHM completely treats
the excess zeros. Also, the deviations between
the observed frequencies and the predicted
frequencies are quiet small for most of the positive
counts. Which means that NBHM is the best fit
model.

Risk Efficient Income on Subscription
and Subscription Intensity of Weather Insurance

In reference to the Table 3 which shows
the results of (AIC, BIC, and Log-likelihood),
The table 4 which shows the results of the Vuong
statistical test and the Figure 2 which presents
the results of the rootogram, all results show that
the Negative Binomial hurdle model is the best
model for this study rather than its competing
models (PRM and ZINBM). Therefore, the results
of the NBHM on the effect of risk efficient income
on subscription and subscription intensity presented
in the Table 5 is discussed. From the Table 5,
the results of the Negative Binomial Hurdle Model
(NBHM) indicate the estimate with their associated
standard errors in bracket. In the first regression
stage of the NBHM (Zero-hurdle model),
the results show that variables such as the age
of a farmer, sex, farm size, insurance prompt
payment, extension service, credit access
and risk efficient income are statistically significant
in influencing food crop farmer’s decision
to subscribe to the weather index insurance.
In the second regression stage of the NBHM (Count
model), the results show that age, sex, education,
farm size, experience, FBO, household size,
insurance prompt payment, insurance awareness,
credit access, risk efficient income are the variables
that are statistically significant in influencing
the intensity of farmer’s subscription to the weather
index insurance.

From the Table 5, the results of zero hurdle
and count model of the NBHM show that the age
of a farmer has a negative relationship
with subscription and subscription intensity
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Figure 2: Hanging rootogram of different count models for the study’s count data (0, 1,2,3,4....10).




and is significant at 1% and 10% respectively.
This implies that older food crop farmers have
extensive knowledge and skills, have dealt
with many crop failures and losses, and have gained
a lot of experience dealing with risky situations
such as climatic or production risk. Therefore, they
are more likely not to subscribe to the weather
index insurance, let alone increase the number
of subscriptions. The results of the zero-hurdle
model of the NBHM show that farm size has
a negative effect on the subscription for WII
insurance and is statistically significant at 5%. This
implies, it is more likely that a hectare increase
in farm size will reduce the number of people
who will subscribe to the weather insurance
product. Also, the results of the zero-hurdle model
of the NBHM show that access to extension
services is found to have a positive effect
on the subscription of WII and is statistically
significant at 5% level. This implies that increasing
extension service access to farmers is more likely
to increase the number of farmers who will
subscribe to the weather insurance product. This is
consistent with a study by Ankrah et al. (2021).

Accordingly, from the Table 5, the results
of the count model of NBHM, show that insurance
awareness was found to have a negative relationship
with subscription intensity of WII and is statistically
significant at 1% level. This implies that, it is likely
they may be aware of the WII but do not have
the purchasing power to increase their subscription

intensity. Insurance prompt payment has a positive
effect on subscription intensity of the WII and is
significant at 10%. This means, it is likely that
immediate payment of insurance compensation will
attract food crop farmers to increase the proportion
of the land size insured. Access to credit was found
to have a positive relationship with subscription
and subscription intensity, and 1is statistically
significant at 1% and 5%, respectively. This
implies that making credit available to the farmers
to be able to access is likely to increase the number
of farm lands they will insure.

From the Table 5, the results of the zero-hurdle
model of NBHM show that risk efficient income
has a positive and statistically significant effect
on subscription of weather index insurance
product. This implies that an increase in the income
of the farmer (Risk efficient income) is likely
to increase the number of farmers who will
subscribe to the insurance product. Interestingly,
the count model results of the NBHM shows
anegative coefficient for risk efficient income and is
statistically significant at 1% level. This means that
as the farmer gets a higher income (risk efficient
income) than his farm income, it is likely he will no
longer be willing to expand the land size insured.
The plausible reason is that financial situations
are getting better and therefore it serves as enough
security to carter for the cost of any unforeseen
circumstance.

Source: Field survey, (2023)

Table 5: Risk Efficient Income and Risk Aversion on Subscription and Subscription Intensity Weather Index-Based Insurance.

(To be continued).

Subscription of Weather Index-Based Insurance Subscription Intensity of Weather Index-Based
Insurance
Variable NBHM ZINBM NBHM ZINBM
PRM (Zero Hurdle) (Zero Model) PRM (Count Model) (Count) Model
Intercent 6.9861%** 7.9162%** -12.8891*** - 3.9678%** 3.9679%**
P (0.1808) -1.3987 (2.4122) - (0.2479) (0.2479)

Age -0.0316%** -0.0467*** -0.0777*** - -0.0046* -0.0046*
(0.0017) (0.0113) (0.019) - (0.0027) (0.0027)

Sex -0.3563*** -0.6582%*** 1.1078%%*%* - -0.0522%* -0.0522%*
(0.023) (0.1798) (0.3093) - (0.0317) (0.0317)

Education 0.0490%** -0.0487 0.0822 - 0.0784%** 0.0784%**
(0.0116) (0.0806) (0.1378) - (0.0159) (0.0159)

Farm Size -0.0202%*** -0.0938** 0.1478* - 0.0220%* 0.0220%*
(0.0051) (0.0400) (0.0672) - (0.0068) (0.0068)

Farm Experience 0.0122%** 0.0044 -0.0087 - 0.0118** 0.0118**
(0.0027) (0.0176) (0.0294) - (0.0039) (0.0039)

FBO 0.0744%*%* 0.0021 -0.0289 - 0.0724* 0.0724*
(0.0240) (0.1596) (0.2681) - (0.0313) (0.0313)

Household Size -0.0177*** -0.0265 0.0407 - -0.0109* -0.0109*
(0.0043) (0.0280) (0.0476) - (0.0061) (0.0061)




Subscription of Weather Index-Based Insurance Subscription Intensity of Weather Index-Based
Insurance
Variable NBHM ZINBM NBHM ZINBM
PRM (Zero Hurdle) (Zero Model) PRM (Count Model) (Count) Model
Insurance Prompt -0.0848*** 0.3191%* 0.5356* - 0.0565* 0.0565*
(0.0215) (0.1485) (0.2493) - (0.0279) (0.0279)
Insurance Awareness : -0.1308%** -0.0726 0.1105 - -0.1374%%%* -0.1374%%%*
(0.0210) (0.1443) (0.2397) - (0.0292) (0.0292)
Weather Information : 0.1272%%%* 0.3386%* -0.5164* - -0.0316 -0.0316
(0.0200) (0.1474) (0.2473) - (0.0296) (0.0296)
Extension Service 0.1910%** 0.2925%* -0.5021* - 0.0255 0.0255
(0.0211) (0.1442) (0.2418) - (0.0275) (0.0275)
Credit Access 0.3328%** 0.5372%%%* -0.8782%** - 0.0638* 0.0638*
(0.0220) (0.1560) (0.2602) - (0.0287) (0.0287)
Risk Efficient Inc. -0.2872* 0.5209%** 0.8430%** - -0.0602* -0.0602*
(0.0178) (0.1372) (0.2359) - (0.0246) (0.0246)
Log (Theta) - 4.1618%x* 4.1618%%*
- (0.2170) (0.2170)
AIC 10851.4 2557.469 2559.325
BIC 10917.15 2693.074 2694.93
: Log-likelihood -5409.7 1 -1245.735 1 -1246.662

Source: Field survey, (2023)

Table 5: Risk Efficient Income and Risk Aversion on Subscription and Subscription Intensity Weather Index-Based Insurance.
(Continuation).

Conclusion

Farm income, aside from other factors, remains
a key challenge when it comes to the subscription
and subscription intensity of the weather
index insurance. The paper bridges a literature
and methodological gap by looking at risk
efficient income obtained using the stochastic risk
optimization model (T-MOTAD). The paper also
analyses subscription and subscription intensity
of weather index insurance. It further analyses
the influence of the risk efficient income, prompt
payout, insurance awareness, weather information,
credit access and extension service among factors
on subscription and subscription intensity using
the negative binomial hurdle model. Furthermore,
the study empirically tested the Negative Binomial
Hurdle Model and two other count models
(Poisson Regression Model and Zero-inflated
Negative Binomial Model) using the AIC, BIC,
Log-likelihood ratio test and Vuong statistical test
to determine which among them is the best fit
model for the study. The result from the T-MOTAD
shows that the risk optimum plan was for the farmer
to produce soya beans and sorghum to obtain a risk
efficient income. The results from subscription
and intensity also show thatabout 64% of the farmers
have subscribed to the weather index insurance.

Therefore, the proportion of the farm insured
per land cultivated by the subscribers was 0.39 ha.
The results from the negative binomial hurdle model
shows that factors such as risk efficient income,
insurance prompt payout, credit access, extension
service, education, age, farm size and experience
are statistically significant in influencing food crop
farmer’s subscription and subscription intensity
of the weather index insurance.

The study contributes to the literature by adding
to the limited number of studies on subscription,
and subscription intensity. This study is unique
as it integrates a risk-efficient farm plan
with subscription of the weather index insurance
product as a support policy, marking it the first
initiative of its kind within the Ghana empirical
context. The study also bridged the methodological
gap by testing the empirical superiority
of the negative binomial hurdle model
and the zero-inflated negative binomial model
as advancements over the Poisson regression model
in analyzing the study’s count data. This will benefit
the research community in that it will provide
a reference literature for further work relating
to subscription and subscription intensity as well
as risk optimum farm plan. This study suggests
collaboration between government agencies,
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Abstract

The agriculture and food industry faces many challenges, including a shortage of skilled and seasonal workers,
low productivity, and a demographic shift towards an ageing agricultural population. The agricultural
productivity and efficiency of Central and Eastern European countries, including Hungary, are relatively low
compared to that of Western Europe. This study explores the complex landscape of agricultural employment
in Hungary by analysing its situation and challenges that are in line with international standards. Using
national- and company-level data, the study applies an analytical framework comprising descriptive statistics
and anon-parametric Kruskal-Wallis test to explore patterns and trends in the sector’s performance. In Hungary,
more than 70% of farm managers are over 45 years old. Furthermore, despite the increase in the number
of people with an agricultural education, around 150,000 farms still rely on experience-based management.
We identify statistically verifiable and notable differences in the investigated indicators (sales revenue
in proportion to number of employees, wage efficiency, personnel expenses per capita, assets value per capita)
according to the founding period (pre-1989, 1989-2004, post-2004). The study concludes by arguing
for generational change, better agricultural education and emphasis on the concentration of skills and capital
within families as a sustainable solution, thereby addressing the complex challenges of the agricultural labour
market and creating flexibility in the sector by attracting younger and educated people.
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Introduction

In recent years, climate change, the fourth
industrial revolution, and the growing middle
class globally have posed increasingly greater
challenges for agriculture and the food industry
(Iglesias et al., 2012; Prisecaru, 2016; Wheeler
and Von Braun, 2013). These challenges
have appeared simultaneously on the market
and with regard to technology. It is a market-related
problem that in EU countries and, more narrowly,
Central and Eastern European (CEE) ones,
the development and productivity of the food
industry exceeds that in Hungary (Bozsik and
Magda, 2018; Fogarasi, 2007; Latruffe et al., 2012).
A completely new technological environment
is expected to be decisive in the coming years.
At the same time, agriculture and the food industry

play a significant role in CEE and the Hungarian
economy for historical reasons and due
to geographical location (Harangi-Rakos and Szabd,
2013; Ritter, 2004).

Despite their decreasing number, family farms are
still crucial elements of agricultural employment
in many developed countries (Klikocka et al.,
2021; Smedzik-Ambrozy et al., 2021). In Western
and Northern Europe, the average size of farms
is increasing due to greater efficiency pressure
on modern farms (Hubert, 2018; Rye et al., 2018).
Along with the increase in farm size, non-family
employmentalso appears in the agricultural industry,
especially in Central and Eastern Europe, although
the number of family members working on family
farms is decreasing (they prefer to work in other
sectors of the economy). Family labour can be more
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favourably replaced using seasonal workers than
workers with permanent contracts (e.g., income
tax is more favourable with short-term contracts;
several programs support seasonal work) (Alarcon,
2021; Darpeix et al., 2014). In the case of Central
and Eastern Europe, several studies (Biernat-
Jarka, 2015; Dries and Swinnen, 2002; Gorny
and Kaczmarczyk, 2018; Labrianidis and Sykas,
2009) have highlighted that, due to structural
change, the number of farms of less than five
hectares (mainly family farms) has decreased
to the greatest extent, as size significantly influences
productivity. In turn, the number of immigrant
seasonal workers is increasing in agriculture,
including in Poland. During the high season,
80-90% of the workforce employed on Polish
farms are immigrant workers, mainly from Ukraine
(Gorny and Kaczmarczyk, 2018). The proportion
of migrant workers in agriculture is also rising
in Greece; the primary reason is the movement
of young people and women from the agricultural
sector to other, more profitable sectors
(Papadopoulos etal., 2021). In the case of Romanian
agriculture (Mateoc-Sirb et al., 2014; Tocco
et al., 2012), the presence of a Western European
agricultural model cannot yet be observed since
agriculture accounts for a very large share
of GDP and family farms are dominant and employ
a significant amount of people. However, as in all
European countries, in Romania young and skilled
people are more likely to leave agriculture.

One primary means of increasing labour
productivity is reducing the labour cost associated
with creating agricultural products. For this,
the use of new equipment and new technologies
is essential, which may affect the workforce.
Therefore, the development of human capital
is essential in agriculture as well (Babenko
and Vasilyeva, 2017). American farmers report
that the recent wave of mechanisation and
digitisation will reduce the use of migrant labour
in agriculture (Carolan, 2020, D’Antoni et al.,
2012), while according to German farmers, it
will take a long time for machines to completely
replace migrant workers (Prause, 2021). The rapid
development of technology and smart agriculture
and the collection and processing of an incredible
amount of data require different knowledge
and skills from agricultural workers than before.
One of the most essential means of managing
this change is education, which, however, must
also adapt to this challenge (e.g., practice-
oriented or dual training). Having professionals
with the right knowledge and experience has become
crucial. At the same time, it should also be noted

that the education of the agricultural workforce
is generally lower than in other sectors (Dries
and Swinnen, 2002; Goérny and Kaczmarczyk,
2018), and members of the highly educated
workforce often do not spend a long time
in the agricultural sector, instead looking for job
opportunities in non-agricultural sectors (Bousmah
and Grenier, 2022, Tocco et al., 2012, Unay-
Gailhard and Bojnec, 2019).

As in other sectors, important goals include
increasing profits and productivity. The need
to increase productivity is further reinforced
by the generally widely observed labour shortage
in developed countries. Agricultural investment,
innovation and capital per employee are directly
correlated with agricultural gross domestic
product per employee, highlighting the importance
of investing in raising labour productivity
(Herrendorf and Schoellman, 2015). In addition,
decreases in labour due to technological
developments require increasing employees' level
of education (Babenko and Vasilyeva, 2017).
However, the productivity of agricultural land
grows more slowly than the increase in labour
force, and growth in agricultural productivity
lags behind that of input-producing sectors,
which is especially true for smaller producers
(Kotodziejczak, 2020). As a result, it is necessary
to concentrate production, optimise the production
structure, develop technology, and support young
people in starting agricultural activities (Kuznets
and Murphy, 1966; Duarte and Restuccia, 2010).

Kijek et al. (2020) examined the EU Member States
based on agricultural productivity. The authors
constructed three groups: countries with low-
(the new Member States, except for Cyprus, Malta,
and Slovenia), medium- (Greece, Italy, Portugal,
Spain, and Cyprus, Malta, and Slovenia) and high-
(the remaining old Member States) productivity.
In the first two groups (low and medium), the values
gradually converged within the groups, while
the differences increased within the third group
(high productivity), i.e., economic and structural
conditions are very important from this point
of view. The role of agriculture and the food
industry is more significant in the new
Member States of the EU than in the old ones,
but the opportunities for employment growth are
limited in the case of both groups of countries
(Donnellan and Hanrahan, 2017). Another regional
difference is that the role of the food industry
in gross added value is typically greater in the old
Member States, while the share of agriculture is
more significant in the new Member States.




Hungary's transition from a centrally planned
economy to a market-oriented one in the 1990s
brought forth challenges and opportunities
regarding the efficiency of agricultural employment.
The agricultural workforce in Hungary has
experienced a steady decline, primarily due
to  modernisation and structural changes
in the sector. The level of education and skills
among Hungarian agricultural workers is integral
to employment efficiency (Mészaros and Szabd,
2014). The mechanisation and adoption of modern
agricultural  technologies have significantly
enhanced labour efficiency (Schmitz and Moss,
2015). Sectoral productivity, capital accumulation,
and total factor productivity contribute to sectoral
performance, especially in key areas of the sector
(Yasmin et al.,, 2019). Efficiency analyses
of agriculture in Central and Eastern Europe,
and mainly in Hungary, show less efficiency
and less labour productivity in comparison
to the EU-15 (Nowak et al., 2015; Doki¢ et al.,
2022), and a decreasing trend over time (Kocisova,
2015). Different specialisation patterns and policy
measures (e.g., subsidies) in the Central
and Eastern European countries contribute to filling
this gap (Gorny and Kaczmarczyk, 2018; Csaki
and Jambor, 2019).

Overall, the efficiency of agricultural employment
in Hungary and other countries is influenced
by a combination of the following factors: structural
changes, education level, adoption of technology,
investment, and government policies, each playing
a significant role in shaping the productivity
and competitiveness of the sector. In recent years,
the listed problems have not been solved due
to the fragmentation of the production structure
of Hungarian agriculture, the ageing farming
community, urbanisation and the migration
of the rural population, the relatively low
agricultural incomes, and the  spread
of  the coronavirus pandemic along
with the Russian-Ukrainian conflict. The purpose
of the present study is to assess the situation
and challenges of Hungarian agricultural
employment in line with international standards
and to provide relevant policy recommendations
concerning the new challenges of agricultural
employment and the education system. In this
paper, the authors address the following questions:
(1) How is agricultural employment developing
in Hungary and? (2) What are the main trends
in agricultural employment? (23) What challenges
does Hungarian agricultural employment face?
(34) What are the differences between companies
operating in Hungarian agriculture in terms

of time of foundation? We answer these questions
in the Results and Discussion section. Finally,
the last section provides conclusions and policy
implications, notes limitations, and suggests future
research based on the article.

Materials and methods

In this chapter, we describe the structure
of the database selected and the methodological
approaches used for the analysis. First,
the Hungarian agricultural employment situation is
analysed based on national data from the Hungarian
Central Statistical Office (HCSO). More specifically,
descriptive statistics are calculated, with the help
of the Excel and SPSS softwares, for the period
from 2011 to 2020. However, this 9-year period was
selected for the examination of the national data,
since company-level data were available for three
years (2011, 2015, 2020) obtained from OPTEN
Informatics Ltd. In the first part of the paper
(see Results and Discussion), the distribution
of people employed in Hungary by economic
sector, the number of Hungarian agricultural
employees, the gender and age distribution
of Hungarian agriculture, and the education level
of farm managers were investigated. In this part,
we seek to answer the following research questions:
How is agricultural employment developing
in Hungary and what are the main trends
in agricultural employment? What challenges does
Hungarian agricultural employment face?

We also used a company-level database containing
23,414 observations referring to various Hungarian
agricultural enterprises. This firm-level data
comes from OPTEN Informatics Ltd., which
provides company data and information services.
The OPTEN database contains the following
variables about the companies: (1) name,
(2) headquarters, (3) number of locations, (4) main
activity, (5) headcount data, (6) location according
to county, (7) net sales revenue, (8) equity,
(9) personnel expenses, (10) assets, (11) year
of foundation, and (12) the year the financial report
was prepared.

Table 1 provides comprehensive details
of the accounting data received from OPTEN,
expressed in nominal prices for the examined
enterprises. The indicators in this series relate
directly and indirectly to the balance sheet,
through the profit after tax. These indicators show
a significant dispersion, reflecting the variability
within the data. In order to deal with this variability
and to achieve a more accurate representation,




Mean (Standard deviation)
Accounting data [5% trimmed mean]
(thousands of HUF) (median)
2011 2015 2020
609,814 (3,579,851) 615,641 (3,904,126) 715,060 (4,860,263)
Net revenue [226,993] [214,551] [232,726]
(90,713) (84,675) (91,368)
52,292 (234,960) 57,524 (296,722) 67,246 (380,480)
Personnel expenses [21,372] [22,307] [26,593]
(9,305) (10,018) (12,457)
582,415 (2,272,136) 629,476 (2,495,063) 794,104 (3,700,645)
Assets [287,529) [301,197] [353,081]
(114,388) (109,886) (131,318)
288,074 (1,039,840) 334,334 (1,149,360) 428,493 (1,582,843)
Owners’ equity [148,433] [168,898] [207,170]
(45,589) (49,786) (67,374)

Source: Author’s composition based on Opten (2023)

Table 1: Accounting data of the examined agricultural enterprises.

a 5% reduced average has been calculated
by excluding the extreme values at the beginning
and at the end of the data series. This adjustment
results in a significantly corrected and refined
comparison that provides insights, similar
to the median.

In the second part of the article (see Results
and Discussion ), the main emphasis is on presenting
the basic characteristics of the companies
(e.g., distribution of investigated enterprises
by county or agricultural sector, the number
of employees), as well as conducting a variance
analysis for some accounting indicators (sales
revenue in proportion to number of employees,
wage efficiency, personnel expenses per capita,
value of assets per capita) according to the founding
period. Three years (2011, 2015, 2020) have been
analysed, due to the data collection and transfer
of OPTEN, highlighting the differences between
the periods.

Descriptive statistics and non-parametric Kruskal-
Wallis tests, in the case of the company data
received from OPTEN, were applied using Excel
and SPSS software. The Kruskal-Wallis test is
used to determine whether there is a significant
difference between three or more groups when
the conditions of normal distribution are not met
and the variances between independent samples
are unequal. The Kruskal-Wallis test works
by ranking data and then comparing the sum
of the data ranks between groups. If there is
no difference between the groups, then
the differences between the statistical values
calculated as the sum of the rankings of each group
are random (Ostertagova et al., 2014, Breslow,
1970). In this paper, with the help of the Kruskal-
Wallis test, a statistically significant (at the 5% level)

difference was investigated in the above mentioned
indicators in line with year of foundation (pre-
1989, 1989-2004, post-2004). These periods and
years were chosen because Hungary had a political
and economic system change in 1989
and the country became the member
of the European Union in 2004. Kruskal-Wallis
test was used to answer the research question
of ‘What are the differences between companies
operating in Hungarian agriculture in terms of time
of foundation?’.

Results and discussion

The situation of Hungarian agricultural
employment - based on national data

In Hungary, the democratic transformations that
occurred in 1989-1990 fundamentally changed
the organisation of the economy and society,
accompanied by the appearance and permanence
of unemployment. On the one hand, the number
of economically inactive people increased,;
on the other hand, production fell. The economic
activity of the population decreased due
to the closure and transformation of wvarious
companies and  (production)  cooperatives.
According to Halmos (2006), nearly one and a half
million jobs were lost between 1989 and 1992,
and the number of employed people continued
to decrease until 1997. After the regime change,
the structure of employment was radically
transformed; the weight of the classical production
sectors decreased, while the role of the service
sector increased. This transformation resulted
in a substantial reduction in the number of workers
in agriculture.

Using the data of the Hungarian Central Statistical




Office (HCSO), we sought to find out the trends
in agricultural employment in Hungary between
2011 and 2020. The proportion was nearly two-
thirds, approximately 30% in the industrial
sector, and only 4.74% in the agricultural industry
(Figure 1). The number of people employed
in the agricultural sector has increased
from 186,5 thousand in 2011 to 213,9 thousand
in 2020, indicating the important role
of the sector in the labour mark. However, the share
of agricultural employment in total employment
has slightly decreased from 4.78% in 2011
to 4.65% in 2020, indicating an expansion in other
sectors. Based on Avincz et al. (2002), the number
of people living from agriculture, or those connected
to it at some level, may be much higher than
in the official statistics. The share of the agricultural
workforce in the EU varies across Member States,
with a generally decreasing trend due to factors
such as ageing and rural-to-urban migration,
particularly among the younger generation seeking
higher-paying employment (Popescu et al., 2021).
In general, a small share of agricultural employment
is a feature of European countries (Garrone et al.,
2019, Megyesiova, 2021). Empirical evidence
on the impact of subsidies on agricultural
employment is mixed, with some studies showing
positive effects (Breustedt and Glauben, 2007,
Olper et al., 2014), while others find no or negative
effects (Berlinschi et al., 2014). However,
the CAP-related budgetary cost of maintaining jobs
in agriculture is very high (Garrone et al., 2019).

Observing the distribution of employment by area,
most people work in the Northern and Southern
Great Plains and Southern Transdanubia (Table 2).
The latter two regions are classically rural
areas where the share of agriculture in GDP is

the highest. After the regime change, relations
between settlements were also transformed. Due
to urbanisation, the labour force began to flow
from rural (mainly agricultural) areas to towns. This
process has affected the proportion of agricultural
employees in villages and small towns since
larger ones attract workforce from neighbouring
settlements. As a result, most inhabitants do not
participate in local production (Weber, 2014).

In addition to changes at national level, the data
were used to examine how agricultural employment
has changed at regional level. Regionally,
agriculture is significant in all regions of Hungary
except Budapest, where agricultural employment
is lowest, but increased slightly from 3.1 thousand
in2011 to 4.5 thousand in 2020. In Central Hungary,
the number of agricultural employees remained
stable, but their share decreased. In Central
Transdanubia region, the number of employees
increased but their share decreased slightly.
In Western Transdanubia, the number of employees
remained stable but its share decreased, indicating
a declining role of agriculture.

In South Transdanubia, fluctuations in the number
of agricultural workers were observed. In Northern
Hungary, the share of agricultural workers
decreased, despite fluctuations in the number
of employees. The Northern Great Plain showed
a steady increase in both the number and the share
of agricultural workers, highlighting the growing
importance of agriculture in this region.
The Southern Plain has also seen a steady
increase in the number of agricultural employees,
maintaining its dominant role in the region's labour
market. The latter two regions are classically
rural areas where the share of agriculture in GDP
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Source: Author’s composition based on HCSO (2023) data

Figure 1: Distribution of people employed in Hungary by economic sector
(thousands of people).




is the highest. After the regime change in 1989-
1990, relations between settlements were also
transformed. Due to urbanisation, the labour force
began to migrate from rural (mainly agricultural)
areas to towns. This process has affected
the proportion of agricultural employees in villages
and small towns since larger ones attract workforce
from neighbouring settlements. As a result, most
inhabitants do not participate in local agricultural
production processes (Weber, 2014).

Overall, the increase in the number of agricultural
workers points to the continued importance
and stability of the agricultural sector in the different
regions of Hungary, despite a slight decline in its
share of total employment. This may indicate
a diversification of the economy, with other
industries developing alongside agriculture.

In Hungary, there have been no significant changes
in terms of gender since men have always been
disproportionately represented in agriculture due
to the predominantly physical nature of the industry

(Figure 2). In 2010 and 2011, after a continuous
decrease, the proportion of men started to increase
again and reached 76%. Since 2015, the proportion
of men compared to women has continuously
decreased; in 2020, 26.5% of the employed were
women. It is clear from the literature that women
are engaged in monotonous, less appreciated
and less profitable agricultural activities (de Castro
et al., 2020; Cortignani et al., 2020).

In addition to changes at national level, the data
were used to examine how agricultural employment
has changed at regional level. The age structure
of agriculture (Figure 3) is very different from that
of other sectors, as the proportion of the older age
group is outstanding. While in 2011 and 2015,
55-64-year-olds were in the majority, by 2020,
the over-65s accounted for 35% of managers
of agricultural enterprises. Twenty-seven per cent
of managers are between the ages of 60 and 69,
but the age group between 70 and 75 also
accounts for a significant 10%. Overall, more

2011 2015 2020
e thomsand peopte | "7 | howsand peogte | 5" | ramsand peogte | 1"
Budapest 3.1 0.41% 3,7 0.44% 4.5 0.51%
Central Hungary 12.6 2.48% 12.5 2.22% 13 2.02%
Central Transdanubia 19.6 4.26% 23.1 4.61% 22.8 4.39%
Western Transdanubia 23.6 5.56% 23.5 5.07% 23.7 4.76%
Southern Transdanubia 25.6 7.59% 30.2 8.17% 28.6 7.64%
Northern Hungary 17.1 4.24% 20.5 4.43% 18.5 3.83%
Northern Great Plain 38.5 7.35% 43.1 7.14% 48.7 7.59%
Southern Great Plain 47.6 9.63% 50.1 9.28% 54.2 9.59%
Total 186.5 4.78% 205.3 4.74% 213.9 4.65%

Source: Author’s composition based on HCSO (2023)

Table 2: Number of domestic employees in Hungary by region (2011, 2015, 2020).
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Figure 2: Gender distribution in Hungarian agriculture.




than 80% of farm leaders are between 45 and 74
years old in 2020. Demographic challenges pose
a significant social obstacle for family farms,
which is particularly evident concerning the issue
of ageing managers, as predominantly observed
in developed nations. Approximately one-third
of family farm managers in the European Union
are 65 or older, with notable percentages observed
in specific countries such as Portugal (50%),
Romania (44%), Cyprus (43%), and Italy (40%).
Young farm managers (under 40) accounted
for only about 10% of all managers (Eurostat,
2019). Overall, the increase in the share
of the older generation and the decrease
in the share of the younger generation indicate
that the agricultural sector is a highly ageing.
The ageing workforce is leading to structural
changes in the agricultural sector, and concerns
are being raised about its negative impact
on the food economy. However, it should be noted
that the survey is intended to show the manager
of the farm. It is possible that a part of the younger
generation is also active on family farms, but they
are not participating in the management of farms.
Younger farmers are associated with more efficient
production practices (Leonard et al.,, 2017).
Additionally, Potter and Lobley (1992) highlight
that old age 1is linked to the transition
from intensive to  extensive  production
and the potential disappearance of family farms,
especially when the successor is unknown.
The challenge of ageing and inter-generational
succession in the EU may impact the sustainability
of family farming and rural areas.

Regarding the education of people employed
in agriculture, only 5.5% of workers in 1990,
7.2% in 1996, and almost 7.7% in 2001 had
completed higher education (Avincz et al., 2002).

Among those managing farms, by 2020 (compared
to 2011), the proportion without agricultural
training or education had decreased by nearly
20% (Figure 4). Although the number of managers
with agricultural qualifications has increased, there
are approximately 150,000 farms that are managed
based on experience alone. The education level
of the agricultural workforce is generally lower
than in other sectors (Dries and Swinnen, 2002,
Gorny and Kaczmarczyk, 2018), and members
of the highly educated workforce typically do
not stay long in the agricultural sector, largely
for financial reasons (Tocco et al., 2012, Bousmah
and Grenier, 2022).

The intensive  mechanisation, automation,
and robotisation that can also be observed
in agriculture make it increasingly necessary
to employ a workforce with new types of knowledge.
Instead of manual workers, there is a growing
need for specialists who can handle and service
machines, which requires the development of other
skills through education and technology-oriented
training (Carolan, 2020). Operating constantly
developing agricultural technology requires
higher level qualifications (Puticova and Mezera,
2008). Additionally, education and various forms
oftraining have a vital role to play in the employment
of the workforce this frees up (Marinoudi et al.,
2019).

Today, the younger generation has access to more
learning and educational opportunities, which
significantly impacts generational change. Farrell
et al. (2021) observed that young individuals
who leave farming for educational pursuits have
the option to return, especially, if they receive
subsidies or central support in agricultural areas
of interest, such as organic farming. According
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Source: Author’s composition based on HCSO (2023)

Figure 3: Age distribution of farm managers in agricultural enterprises.




to Popa and Turek Rahoveanu (2021), education
plays a crucial role in the decision to start
or continue farming, with highly educated young
farmers more likely to seek investment and farm
establishment support. Popescu (2021) found
a link between productivity and farmers' education,
concluding that young people are keen to enhance
their knowledge to improve their skills. Various
studies have highlighted the increasing skill
levels of farmers and the role of education
in generational change and rural development (Elahi
et al., 2022; Osterhoudt, 2018).In addition, Heider
et al. (2021) identified the lack of modernization
and development as another barrier to generational
change. Chiswell and Lobley (2018) noted that older
farmers often struggle to delegate farm management
tasks, whilemodernization and digitalization offer
solutions, as digitalizing administrative tasks allows
young people to be more involved in daily farm
operations. The adoption of innovative practices,

precision agriculture, Agriculture 4.0 (or 5.0),
and more sustainable farming methods can
encourage the younger generation to take over farms
and improve farm viability (Farrell et al. 2021).
Modernization can enhance working conditions
in agriculture and make the sector more appealing
to young people. Research consistently shows
that young people are more inclined to modernize
the agricultural economy, with financial support
being a critical factor (Karttunen et al., 2016;
Widiyanti et al., 2018).

Comparison of the distribution according to age
and education shows that more younger people
have completed higher education (between
25-44 years), and the older a manager is, the greater
the probability that they will not have completed
agricultural education (Figure 5). According
to Karacsony (2010), the low level of education
of those employed in agriculture has hindered
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Figure 4: Distribution of farm managers by education.
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Figure 5: Age distribution of farm managers by education and age, 2020.




the development opportunities of Hungary's
agriculture. Despite the increase in professional
qualifications, today, middle-aged farmers who
do not have a professional qualification (or other
work experience outside of agriculture) have quite
limited options and, if possible, want to continue
farming until their retirement. In contrast,
ifmembers of the younger, more educated generation
decide not to continue agricultural production,
the structure of the agricultural workforce may
undergo a significant transformation. This process
is hindering the necessary restructuring processes
in several Central and Eastern European countries
(Ritter, 2018).

The situation of Hungarian agricultural
employment based on company data

The distribution of the examined enterprises
by county is shown in Table 3. In the analysed
sample, the largest proportion of enterprises were
based in Pest, Bacs-Kiskun and Hajdu-Bihar
counties and Budapest. In contrast, the smallest
proportion is located in Nograd, Komarom-
Esztergom, Fejér and Heves counties.

County 2010 | 2015 | 2020
Distribution (%)
Bacs-Kiskun 9.80 9.47 8.91
Baranya 4.93 543 5.72
Békés 6.66 5.81 5.55
Borsod-Abauj-Zemplén 4.94 5.28 5.26
Budapest 6.08 7.46 7.89
Csongrad 435 435 4.55
Fejér 2.52 2.49 2.73
Gy6r-Moson-Sopron 5.14 4.89 4.71
Hajda-Bihar 7.91 7.36 7.32
Heves 2.62 2.58 2.36
Jasz-Nagykun-Szolnok 5.14 4.98 5.17
Komarom-Esztergom 2.37 2.27 2.18
Nograd 1.23 1.06 1.05
Pest 12.91 12.70 12.59
Somogy 4.87 4.90 5.13
Szabolcs-Szatmar-Bereg 4.99 4.92 4.98
Tolna 3.49 3.70 3.87
Vas 3.31 3.15 2.98
Veszprém 3.74 3.80 3.86
Zala 2.97 3.40 3.19
No data 0.03 0.00 0.00

Note: Counties with the largest proportion of agricultural
businesses are shown in bold. Counties with the smallest
proportion of businesses are shown in italics.

Source: Author’s composition based on OPTEN (2023)

Table 3: Distribution of enterprises by county in Hungary.

Table 4  provides  descriptive  statistics
about the number of employees and the year
of establishment of the companies. Regarding
the number of employed people, the standard
deviation is notable, which indicates that the degree
of heterogeneity in the sample is high. A decrease
in the number of employed people was typical
during the analysed period, while in terms
of the year of foundation, enterprises established
after 1989 dominate. Market-based companies
established after the regime change clearly
operate and perform better than non-market-based
companies established before 1989 (Martin, 2002).

Mean (standard deviation)
2011 2015 2020

23.99 19.77 | 17.40
(79.95) | (70.44) | (70.55)

Distribution (%)

Number of employees

Year of establishment

2011 2015 2020

-1989 2.89 1.6 1.26
1989-2004 77.2 59.7 49.36
2004- 19.91 38.7 49.38

Source: Author’s composition based on Opten (2023)

Table 4: Descriptive statistics of Hungarian agricultural
companies in the sample.

The distribution of the investigated enterprises
according to sector is illustrated in Figure 6.
The proportion of enterprises in crop production
and the food industry is the largest, and those
in the horticultural sector the smallest
in the analysed sample.

In terms of the number of employees by sector,
crop production does not stand out significantly
(Figure 7), which shows that this sector is not overly
labour-intensive, and mechanisation is present
to a high degree.
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Figure 6: Distribution of investigated enterprises by agricultural sector in Hungary.
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Figure 7: Development of number of employees by sector in Hungary.

Variance analysis based on

of establishment

period

In the next stage of our analysis, we investigated
whether there is a statistically verifiable (significant
at the 5% level) difference in the indicators (sales
revenue in proportion to number of employees,
wage efficiency, personnel expenses per capita,
and assets value per capita) according
to the founding period (-1989, 1989-2004, 2004-).

A significant difference at the 5% level was found
between the period of foundation and sales revenue
in relation to number of employees for the three
years (Table 5). There are significant differences
inrevenue per employee by the year of establishment,
highlighting how economic and political changes
have affected business productivity over time.
Enterprises established between 1989 and 2004
had consistently higher turnover per employee
than those established before 1989 and after 2004.
In 2011, enterprises established between 1989

and 2004 performed better in terms of turnover
per employee, significantly  outperforming
enterprises established before 1989 and after 2004.
This period benefited from the immediate effects
of market reforms following the collapse
of socialism and integration into the European
Union, which boosted business growth through
an inflow of resources and modernisation efforts.

The trend of outstanding performance
of the 1989-2004 cohort continued in 2015. These
enterprises maintained their leading position
in terms of turnover per employee, underlining
the lasting benefits of the various support
programmes initiated during and after economic
restructuring and EU accession. The ranking
scores of companies from this period remained
significantly higher than those of companies
established in the other periods, confirming the idea
that the initial reforms and support programmes
have had a long-lasting positive impact




Category Test statistics | Average rank value (pairvaisstes:s:rils:)i::ison) Period of comparison
2011

-1989 2307.82 -1.37 (-1989) — (2004-)

1989-2004 8.65% 2647.31 -1.98 (-1989) — (1989-2004)

2004- 2544.26 2.34 (2004-) — (1989-2004)
2015

-1989 3066.90 =22 (-1989) — (2004-)

1989-2004 34.98* 3727.53 -3.63* (-1989) — (1989-2004)

2004- 3470.54 5.03* (2004-) — (1989-2004)
2020

-1989 3318.04 -4.17* (-1989) — (2004-)

1989-2004 22.15% 4132.81 -4.64* (-1989) — (1989-2004)

2004- 4059.64 1.34 (2004-) — (1989-2004)

Note: *Significant at the 5% level.
Source: Author’s composition based on Opten (2023)

Table 5: Variance analysis: period of establishment of companies in relation to sales revenue in proportion to number
of employees.

on the productivity of companies.

By 2020, the dominance of firms from 1989-
2004 in terms of turnover per employee has
been maintained, although the gap between them
and firms established in other periods has started
to narrow. In particular, enterprises born before
1989 showed the most significant improvement
in their turnover per employee. This improvement
is probably due to the extensive restructuring
and investments made in the previous decades,
which allowed these older companies to catch
up with more recently established companies.

The improved performance of enterprises created
between 1989 and 2004 can be attributed to several
key factors. Market reforms following the collapse
of socialism created a more favourable business
environment, while the inflow of EU funds provided
financial support for growth and modernisation.
These firms were able to take advantage of these
benefits, resulting in higher productivity levels.
In contrast, companies established before 1989 had
to undergo significant restructuring to adapt to new
market conditions, which initially hampered their
productivity.

In addition, the creation of larger farms
in the period 1989-2004 also contributed
to the better performance of enterprises from this
period. Although smaller farms, which are more
prevalent in Hungary, have achieved faster growth
rates, they remain generally less productive than
their larger counterparts. This differentiation
between smaller and larger farms further explains
the differences in turnover per employee between

different periods. Overall, the results show how
historical economic and political changes have
had a long-lasting impact on business productivity,
with the period 1989-2004 proving to be
a particularly favourable for business creation
and growth.

What are the key factors driving the differences
in wage efficiency among Hungarian enterprises
founded in different periods? The analysis in Table 6
shows significant differences in wage efficiency
between different categories of companies,
at the 5% significance level. Enterprises
established before 1989 have significantly lower
wage efficiency than those established after 1989.
In 2011, data showed that the wage efficiency
of firms established before 1989 was significantly
lower compared to those established later, while
firms established after 1989 were more efficient
in their use of labour costs. This trend continued
in 2020, where pre-1989 enterprises show
the lowest wage efficiency. In contrast, enterprises
born between 1989 and 2004 showed the highest
efficiency, closely followed by those which born
after 2004. The lower wage efficiency observed
in pre-1989 enterprises underlines the long-
term impact of socialist economic policy, which
often prioritised employment over productivity.
In contrast, post-1989 born enterprises benefited
from market-driven incentives and EU support,
leading to more efficient practices and better use
of labour costs. However, despite these
improvements, overall wage efficiency in Hungarian
agriculture remains significantly below Western
European standards. On average, a Hungarian




Category Test statistics | Average rank value (pairrffissteszzflils[:;c:ison) Period of comparison
2011

-1989 1857.07 -3.56* (-1989) — (2004-)

1989-2004 12.97* 2623.89 -3.40% (-1989) — (1989-2004)

2004- 2664.81 -0.94 (2004-) — (1989-2004)
2015

-1989 2462.37 -5.10% (-1989) — (2004-)

1989-2004 26.97* 3645.48 -5.19% (-1989) — (1989-2004)

2004- 3630.42 0.30 (2004-) — (1989-2004)
2020

-1989 2679.21 -7.10% (-1989) — (2004-)

1989-2004 53.47% 4109.55 -6.47* (-1989) — (1989-2004)

2004- 4260.63 -2.78% (2004-) — (1989-2004)

Note: *Significant at the 5% level.
Source: Author’s composition based on Opten (2023)

Table 6: Variance analysis: founding period of companies in relation to wage efficiency.

farm worker produces roughly half as much as
his or her Western European counterpart. Despite
the major events of the past decades and Hungary's
accession to the EU, this trend does not show any
significant improvement, as detailed by Csaki
and Jambor (2018). The persistence of this gap
highlights the continuing challenges in achieving
parity with productivity levels in Western Europe,
indicating that further reforms and support are
needed to improve the efficiency and productivity
of Hungarian agriculture.

Per capita personnel expenditure  shows
the average expenditure on staff, reflecting
the level of investment in human resources.
How do different periods of establishment
influence per capita personnel expenditure among
Hungarian enterprises, and what factors contribute
to the varying levels of investment in human capital
across these periods? Table 7 shows significant
differences between enterprises created in different
periods. Enterprises created after 1989 had higher
per capita personnel expenditure in 2011 than
those created before, and the average ranking
values suggest that enterprises created after 1989
put more emphasis on investment in human
resources. This trend was maintained in 2015,
with enterprises created after 1989 continuing
to have higher per capita personnel expenditure,
reflecting efforts to improve the quality
and productivity of their workforce. By 2020,
the pattern remained consistent, with per capita
personnel expenditure being highest for enterprises
created after 2004, followed by enterprises created
between 1989 and 2004, and lowest for enterprises
created before 1989.

The higher per capita personnel costs of enterprises
after 1989 reflect a strategic shift towards
investment in human capital, driven by the need
to remain competitive in a more market-oriented
and technologically advanced agricultural sector.
These enterprises are likely to take advantage
of market incentives and potential EU support
to increase their labour skills and productivity.
In contrast, older enterprises, established before
1989, are often constrained by legacy structures
and have limited access to capital, resulting in lower
investment in labour. Their lack of investment
in human capital may prevent them from competing
effectively with more modern, better financed
enterprises. The general trend underlines
the importance of investing in human capital
to increase productivity and competitiveness
in the agricultural sector, especially, in adapting
to today's market and technological demands.

In the following paragraph, we seek to answer
the question: What factors have influenced
the differences in per capita asset values among
Hungarian enterprises founded in different
periods, and How have historical and economic
contexts shaped the capital investment patterns
and modernisation efforts in these enterprises?

The value of assets per capita, which serves
as an indicator of capital intensity, shows significant
differences between enterprises founded in different
periods, as detailed in Table 8. In 2011, enterprises
founded between 1989 and 2004 had a higher value
of assets per capita compared to enterprises founded
before 1989 and after 2004, indicating a concerted
effort towards modernisation and capital investment




Category Test statistics | Average rank value (pairrffissteszzflils[:;c:ison) Period of comparison
2011

-1989 2081.65 -3.17* (-1989) — (2004-)

1989-2004 10.08* 2605.95 -3.06* (-1989) — (1989-2004)

2004- 2630.50 -0.56 (2004-) — (1989-2004)
2015

-1989 2866.39 -3.75% (-1989) — (2004-)

1989-2004 24.13% 3681.85 -4.48* (-1989) — (1989-2004)

2004- 3555.45 2.47* (2004-) — (1989-2004)
2020

-1989 3542.33 -3.00% (-1989) — (2004-)

1989-2004 10.72% 4116.76 -3.26% (-1989) — (1989-2004)

2004- 4076.55 0.70 (2004-) — (1989-2004)

Note: *Significant at the 5% level.
Source: Author’s composition based on Opten (2023)

Table 7: Variance analysis: period of establishment of companies in relation to personnel expenses per capita.

Category Test statistics | Average rank value (pair?gzs::is;::ison) Period of comparison
2011

-1989 2462.46 0.81 (-1989) — (2004-)

1989-2004 100.93* 2763.47 10.01* (-1989) — (1989-2004)

2004- 2323.14 -1.76 (2004-) — (1989-2004)
2015

-1989 3671.23 2.54% (-1989) — (2004-)

1989-2004 170.10%* 3871.18 13.04* (-1989) — (1989-2004)

2004- 3204.83 -1.10 (2004-) — (1989-2004)
2020

-1989 3916.87 0.74 (-1989) — (2004-)

1989-2004 79.16* 4269.39 8.84* (-1989) — (1989-2004)

2004- 3784.79 -2.01 (2004-) — (1989-2004)

Note: *Significant at the 5% level.
Source: Author’s composition based on Opten (2023)

Table 8. Variance analysis: period of establishment of companies in relation to value of assets per capita

during this transitional period. This trend continued
in 2015 and 2020, with enterprises from the 1989-
2004 period consistently maintaining the highest
per capita asset values. This sustained advantage
can be attributed to the significant investments made
during Hungary's transition from planned economy
to a market economy and accession to the European
Union, which provided substantial financial support
and incentives for infrastructure development
and modernization initiatives. However, pre-1989
enterprises struggled with inherited structural
weaknesses and limited resources for substantial
capital investment, resulting in relatively lower
per capita asset values. Meanwhile, post-2004
enterprises, despite their relative newness
and potential flexibility, have not yet reached

the same level of capital intensity, probably due
to a more competitive financing environment
and changing market dynamics. These results
underscore the profound impact of the historical
and economic context on the capital investment
patterns of Hungarian agriculture, highlighting
the critical role of targeted investment in promoting
modernisation and enhancing competitiveness.

In 2022, agricultural income, measured according
to the income of deflated factors per annual work
unit (AWU) expressed as an index, increased
by 12.5% compared to 2021. This rise was driven
by a higher factor income (+10.3%) achieved
with less total agricultural labour input, which
decreased by -1.9%. Across the EU, many Member




States recorded increased or unchanged income
per AWU, with notable rises for several key
agricultural producers. Conversely, the sharpest
declines were observed in Romania (-26.0%),
Portugal (-11.7%), Malta (-8.7%), and Lithuania
(-8.0%). Overall, agricultural income per AWU
for the EU in 2022 continued its upward trend
since 2009, reflecting both a steady factor income
and, notably in 2022, a sharp increase (Eurostat,
2023).

Recommendations and policy implications

Overall, the labour  shortage  observed
in the agricultural and food industry is not a unique
phenomenon, as these sectors face challenges
similar to other sectors of the economy (Causa et al.,
2022; Bollérot, 2002). In the agricultural sectors
where the demand for manual labour is greater
(e.g., the fruit or vegetable sector or animal
husbandry), the lack of skilled or even career-
starting labour is more pronounced. The wage
demands of newly graduated applicants
with no experience are unrealistic, even for those
applying for simpler jobs. The supply of skilled
labour (e.g., workers who know and can use
precision technology, plant protection methods,
or animal health specialists) is constantly
decreasing. At the same time, the operation
of modern machines requires an increasingly
higher level of training (Erickson et al., 2018).
A significant proportion of the older generation
of workers does not know how to learn or does
not want to finance the transition to modern
technologies. Technological development
and digitisation and its impact on transformation
can make the entire sector much more attractive
to labour market participants. However,
attracting young people to the sector cannot be
considered easy in other countries either (Som et al.,
2018).

Companies attempt to overcome the problem
of a lack of suitably qualified and experienced
workforce by choosing from those less qualified
and inexperienced during the selection process
and then bringing employees up to the required
professional level with the help of internal training
since their education is usually not adequate
in many cases (Carolan, 2020). Greater emphasis
should be placed on teaching skills that are often
sought after (e.g., GIS, laboratory tests, the use
of differentsoftware). However, rapid technological
development can be observed in the sector,
and constantly staying up to date is an unrealistic
expectation for secondary or higher education.
Mid-year or summer internships are essential

for acquiring the necessary practical knowledge,
which training should not be allowed to deteriorate
but be  systematically  organised  under
the supervision of the state or business
chambers. At individual companies, participants
of mandatory internships can represent a labour
supply. There are already good examples
of industry-university cooperation and dual
training in many countries (Ankrah and Omar,
2015), including in Hungary (e.g., cooperation
between Audi and Istvan Széchenyi University
in Gyé6r). However, there should be many more
such initiatives modelled on very well-functioning
dual training.

Continuous generational change can be observed,
and fluctuation is constantly present in the sector
(Borda et al., 2023). At the same time, the career
path model lacks harmony with the limitations
associated  with natural ageing processes
and the performance of activities, for example.
In many cases, exploiting retired people's
professional and life experiences and transferring
these to appropriate groups is not even called
for. With retirement, significant accumulated
experiential ~ knowledge leaves  companies
and sectors. Another aspect of generational change
concerns management. A significant number
of domestically owned agricultural companies
and food manufacturers are under family control.
They typically started their independent activities
in the years after the regime change,
and the generation that is about to retire
will not followed by the next generation
within the family (in many cases, grandchildren
take over the company directly from grandparents).
In such cases, the issue of succession is difficult,
and the involvement of an external manager can be
critical. However, in some countries, generational
change is already a well-established practice;
successors must first prove themselves at other
companies and play a leading role elsewhere,
and only then can they come ‘home’ to work
on the family farm or business. Furthermore,
the return of young individuals after education
to farming hinges on the availability of subsidies
and central support. The attraction of advanced
agricultural  technologies, such as drones
and milking robots, positively impacts the younger
generation’s interest (Guerra, 2018, Farrell et al.,
2021).

By encouraging generational change,
the appropriate expertise and capital can be
concentrated within families in the long term.
The government must consciously address




generational change and ensure that the sector
is an attractive alternative for young people
in the long term. Hungarian agricultural
policy should encourage the creation of the size
of farms capable of supporting single
families by consolidating agricultural areas
and reducing fragmentation. Ownership
structure strongly limits the possibilities of use
(e.g., modern machines with high-performance
capacity cannot be used everywhere). However,
precision and environmentally friendly technologies
are gaining ground, and it would be worthwhile
strongly pursuing this direction of development.
By properly using subsidies and investing
in the future, an economy can become competitive
in the long term. A complete review of systems
based on subsidies is needed to reduce the effects
of distorting competition (Berlinschi et al., 2014).

Conclusion

Based on the results and the literature, it can be
seen that Hungarian agriculture does not differ
significantly from the agriculture of other Central
and Eastern European countries. Agriculture lags
behind other sectors in terms of employment
and proportional GDP. The Hungarian agricultural
society can be considered an ageing society,
however, it can be seen as a positive issue that
the small number of young people who are entering
into the sector have a higher overall education level,
and thus better abilities and skills. In the past ten
years, the proportion of total employees working
in the sector without agricultural employment
decreased by 20 percentage points. Despite that
the number of managers with agricultural education
has increased, they still manage approximately
150,000 farms in Hungary based on their experience.
The number of employees in the Hungarian
agricultural enterprises is constantly decreasing,
in 2011 an average agricultural enterprise employed
24 people, while in 2020 it employed 17 people,
with median values of 3-8 people. Along every
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dimension, enterprises founded before 1989 have
significantly lower efficiency and productivity than
those founded after (mainly founded after the EU
accession of Hungary in 2004). Moreover, most
Hungarian agricultural enterprises are lagging
behind the majority of Western European companies
in terms of labour, territorial and wage productivity.

Overall, the tasks facing the agricultural and food
industry labour market are multifaceted. On the one
hand, work in the sector must be made attractive
to young people by providing role models
and career advice guidance and developing
educational programmes. As aresult oftechnological
development, there is a need for highly practice-
oriented training courses that respond to rapidly
changing needs. In addition, it is necessary
to provide adequate and competitive wages to those
who choose a career in the competitive agriculture
and food industry. The effects of the pandemic
and the Ukrainian-Russian crisis are only
exacerbating the employment-policy
(and agricultural-policy)-related problems listed
above. The crises of recent years have shown
that countries with a fundamentally competitive
agriculture and food industry remain the most
resistant. As Csaki and Jambor (2018) also showed,
those countries that are sufficiently brave and quick
enough to implement agricultural and employment
policy reforms are more successful in the long term
than their neighbours who focus on short-term
benefits.

A limitation of this research is that Hungarian
employment was examined only between 2011
and 2020 due to the availability of company data.
Hungarian agricultural employment was explored
before the 2010° with the help of the literature
and secondary sources. It would also be worth
examining  how  agricultural  employment
developed after 2020, when significant economic
and political changes took place in the world,
including in the states of Central and Eastern
Europe.
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Introduction

Czech agriculture has a centuries-old tradition
that has guaranteed both the self-sufficiency
of the nation in basic agricultural commodities
and the export of many of these commodities
(Czech Statistical Office (CSO), 2011). Especially
since the integration of the Czech Republic
into the common market and the implementation
of the Common Agricultural Policy (CAP),
structural imbalances have been deepening. Species
diversity has declined and changed, as have crop
shares in the area sown. The cultivation of rye, barley
and potatoes is declining, while the area of rape
and industrial crops is expanding (Prochazkova
et al., 2016). The authors Rezbova and Skubna
(2012) mention in their paper the undeniable
dependence of the world agricultural commodity
market on Dbiotech crops, with predictions
confirming a further increase in the importance
of this sector. Considering the level of self-
sufficiency in basic crop commodities, we can
state that we have an active balance in cereals.
On the contrary, self-sufficiency is low in potatoes,
temperate fruits and vegetables. Low food
self-sufficiency can not only negatively affect
price stability and food security, but limiting
agricultural production also has negative impacts
from an ecological and environmental point of view

and on rural development in general (SvatoSova
et al., 2018). In response to the situation,
the Ministry of Agriculture (MoA) defines
sustainable food security and adequate food
self-sufficiency as one of the main priorities
within the Development Strategy with a view
to 2030. The aim is to increase the area
under perennial forage crops, potato production,
vegetable cultivation and the area under orchards
at the expense of the area under rapeseed. Analysis
by Kolodziejczak (2018) shows that the EU
as a whole is largely food self-sufficient. The only
exception to this is fruit. At the same time, it is clear
that self-sufficiency varies across EU countries. It is
therefore necessary to ensure effective mechanisms
for redistributing surpluses to regions suffering
from shortages by promoting the exchange of goods
within the EU, while maintaining the economic,
social and natural sustainability of agricultural
production. Within the neighbouring countries,
the level of self-sufficiency in basic commodities
is lowest in Slovakia. In contrast, Poland
and Germany have higher levels of self-sufficiency
in meat and potato production compared
to the Czech Republic. Moreover, Polish agriculture
shows a high level of self-sufficiency in all the basic
commodities monitored.

Czech agriculture is also characterised by its large-
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scale production, with legal entities having an 11%
share of the total number of agricultural entities
farming over 69.5% of the land (MoA, 2021). There
are significant differences in farm size between
EU countries. In terms of farm size, the Czech
Republic, together with Slovakia, is at the top
of the ranking (Urbanova et al., 2018; Kryszak
et al.,, 2021). Popescu et al. (2016) conducted
an empirical analysis of the farm structure
and land concentration in Romania and the EU-28.
The results show that farms within the EU are
characterized by a large number, diversity and show
awide range of sizes. In 2013, the average farm size
in the EU was 16.2 ha and 65.9% of the agricultural
area was farmed by farms with an area of more
than 50 ha. The largest farms were recorded
in the Czech Republic (133 ha) and Slovakia
(80.7 ha), where the share of area farmed by farms
over 50 ha was 93.3% and 92.7% respectively.
On the other hand, the smallest farm sizes are found
in Malta, Cyprus and Romania, which also have
the lowest economic efficiency. Also inneighbouring
Austria and Poland, farms tend to be smaller
on average (19.4 ha and 10.1 ha respectively)
and farms over 50 ha account for 37.9% and 30.8%
of the utilised agricultural area.

One of the objectives of the reformed CAP
applicable from 2023 is to provide more targeted
support to smaller farms (Consilium.curopa.
eu, 2023). This objective is supported by the so-
called European agricultural model, according
to which the farm should be medium-sized, based on
family labour, have a diversified, multi-directional
production structure and, among non-economic
functions, maintain cultural and social links
in the countryside (Kowalczyk and Sobiecki, 2014).
According to the authors of the CAP Strategic Plan
for the Czech Republic, the current system of direct
payments has long been unfair for small farms
with lower incomes, and a redistributive payment
should encourage a fairer distribution of payments
that respects the benefits of large-scale production
(Lososova and Zden€k, 2023). Thus, 23%
of the total amount of direct payments should go
to redistributive payments favouring small farms,
compared to 10-12% in neighbouring countries.
It is clear that the preference for small enterprises
over large ones is more distinctive in the Czech
Republic than in other countries (Svobodova et al.,
2022). Representatives of the Agrarian Chamber
of the Czech Republic and the Agricultural
Association of the Czech Republic have warned
that the current set-up will lead to further food price
increases and reduced production. On the other
hand, the Association of Private Farming

of the Czech Republic (APF CR) considers
the changes to be a step in the right direction.
Financial support favouring small farms
in the Czech Republic is driven by the need
to diversify agricultural activities in the countryside
(Svobodova et al., 2022). APF CR has long
pointed to the inappropriate structure of farms and
agriculture in the Czech Republic, with cereals
and rapeseed decisively shaping crop production
and its structure. Western European family-type
agriculture operates in a more or less balanced
commodity structure and it can therefore
be concluded that farm size also influences
the structural composition. Several studies are
also inclined to support smaller farms, especially
with regard to ensuring higher biodiversity
(Ricciardi et al., 2021). Increasing field size is
an important but long-overlooked cause
of biodiversity loss in European farmland (Clough
et al, 2020). In large agricultural regions,
the trend towards more specialised and larger farms
growing fewer and fewer crops continues (Bennett
et al., 2012). Although small farms contribute
to biodiversity conservation and food security
at the local level, they often face challenges
related to productivity, market access and long-
term sustainability (Marsden and Sonnino, 2008).
Diversified crop production, while bringing
environmental benefits, reduces crop yields
and prevents the realisation of economies of scale
(Fleisher and Liu, 1992). According to Zakova
Kroupova et al. (2023), subsidies have a negligible
positive impact on agricultural biodiversity and thus
support farmers' incomes rather than agricultural
biodiversity. Being a small or medium farmer
means that the impact of subsidies on Simpson's
index of diversity is rather less than being a very
large farmer. The finding may be related
to the current legislation that requires that a farm
with more than 30 ha of arable land must grow at least
three crops, the main crop does not take more than
75% of the arable land, and at the same time the two
main crops do not take more than 95% of the arable
land (MoA, 2022). Farm size is also discussed
in relation to farm productivity and efficiency. Small
farms lag behind large farms in both productivity
and technical efficiency. Targeting support to small
farms leads to relatively small increases in overall
productivity compared to targeting larger farms
(Cechura et al., 2022). Svobodova et al. (2022) state
that the group of farms with significant economic
size achieves substantially higher productivity
than small and medium-sized farms. This is also
true for different production-oriented groups,
with farms focused on field crop production




achieving higher total factor productivity. Field
crop production is an important agricultural
production  specialisation and  significantly
influences the whole Czech agriculture (Rudinskaya
and Naglova, 2020). Farms specialising
in field crops have the highest average economic
performance scores, which include productivity,
cost and profitability indicators, but also have
the worst average environmental sustainability
scores, which include the use of organic fertilisers,
greening, proportion of grassland and others. Due
to the automation of production, these enterprises
use relatively little labour, are highly profit-oriented
and grow mainly cash crops. In terms of economic
size, the highest environmental dimension scores
are reported for small enterprises, which in turn
have the worst economic dimension scores (Spicka
etal., 2020). Staniszewski and Borychowski (2020)
report that the impact of subsidies on efficiency
depends on the size of farms. A statistically
significant, stimulating effect of subsidies was
identified only in the group of the largest farms.
The heterogeneity of small farms also leads
to the question of whether acreage is an appropriate
size criterion for subsidy degression and whether
a more appropriate criterion would be economic
size of the farm or its combination with acreage
(Lososova and Zden¢k, 2023). A number
of factors influence farm size. In our context, these
factors include land consolidation, unemployment
rates and soil fertility. At the European scale,
a significant association between farm size
and wheat production has been found (Janovska
atal., 2017).

The aim of the paper is to verify whether the structure
of crop production in the Czech Republic depends
on the size of the farm. The first question concerns
the identification of differences in the structure
of crop production according to farm size.
The second question deals with the shares
of the harvested area of individual crops concerning
farm size and the comparison of inter-group
differences. The paper contributes to the current state
of knowledge by applying statistical methods
to compare four farm size groups in the field
production specialisation. This study fills a gap
in research on the structure of crop production
in the Czech Republic, as most previous studies
have examined farm size mainly in relation
to efficiency, productivity, subsidies, or diversity.

Materials and methods

The data were drawn from the CSO and FADN
and were processed using MS-Excel, Statistica 14

and IBM SPSS 29 statistical software.
Within the sample of the FADN survey conducted
in 2021, enterprises specialised in field production
were the most represented group, 365 enterprises
in total (32.5%). These enterprises represented
5 396 agricultural entities of the given
specialization, farmed 36.2% of the total cultivated
land in the Czech Republic and contributed 28.8%
to the total production of the Czech agricultural
sector and 44.3% to crop production. The following
main crops were chosen to assess the percentage
structure of cropland harvested: wheat, rye, barley,
oats, maise, peas, sugar beet, potatoes, rapeseed,
mustard, poppy and other feed crops. The sample
covers one CAP period 2014-2021 and consists
of conventional agricultural enterprises focused
on field crop production operating in the Czech
Republic. According to the total SO of the enterprise,
the categories used were small enterprises
(SO 8-25 thousand EUR), medium enterprises
(SO 25-100 thousand EUR), large enterprises
(SO 100-500 thousand EUR) and very large
enterprises (SO over 500 thousand EUR).
The number of enterprises sampled each year
and size group is shown in the Table A1.

Statistical analysis

Using chain base and fixed base indices
and regression analysis of time series,
the development of the sown area in the Czech
Republic in the period 1993-2023, according
to the data of the CSO, was first assessed. The trend
of the analysed time series was described using
linear, quadratic, and logarithmic trend functions.
The correlation index was used to decide
on the appropriate type of trend function (Hindls,
2007). Based on the selected trend function,
predictions of the sown area of individual crops
for the period 2024-2025 were determined.

Subsequently, statistical hypotheses were tested.
There are often situations where the conditions
for using a standard parametric test are violated,
or we want to avoid these assumptions in order
to increase the generality of the findings (Pereira
et al.,, 2015). To overcome these difficulties,
nonparametric tests based on very general
assumptions have been developed (Grofik et al.,
1987). Thus, nonparametric tests have broader
applicability than parametric tests. However, they
have the disadvantage of lower test power (Hindls
et al, 2007). The Shapiro-Wilk test was
used to verify the assumption of normality
and the assumption of homogeneity of variances
was  verified using the Levene's test
(see the Table A2). Since the assumptions were




not met, the nonparametric Kruskal-Wallis test,
which is an alternative nonparametric procedure
to the parametric one-factor analysis of variance,
was used. The test is based on the following
criterion:
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Where n,, n, .., n, = the ranges of each file;
N=n, +n,+..+n; k= the number of independent
random samples; 7|, T,, .., T, = the sums
of the rank numbers of each observation for each
sample separately after merging the samples
into a single file and assigning a rank (Grofik et al.,
1987). The test statistic for n, > 5 has approximately
x* distribution with £ - 1 degrees of freedom.
We test the null hypothesis H that all samples
come from the same distribution (JaroSova, 2021).
If the Kruskal-Wallis test rejects the tested
hypothesis, we further assess which groups are
statistically significantly different from each
other using a post-hoc test. If we are working
with unbalanced samples, according to Andél
(2011), we can complement the Kruskal-Wallis
test with the so-called general multiple comparison
method. Let us denote by ¢, = T/n, the average
ranking in the i-th sample. Let 4, (a) be the critical
value of the Kruskal-Wallis test at the o significance
level contained in the special tables, which can
be approximated at larger ranges by the quantile
of the y? distribution with £ - 1 degrees of freedom
for a given a. If the inequality holds
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then, at the a significance level, we reject the null
hypothesis that the distributions of the i-th and k-th
samples are identical.

Results and discussion

Development of sown areas

It is clear from Table 1 above that there are
significant changes in the area sown to individual
crops in the long term. In terms of the share
of the total sown area, wheat, grain maise,
and rapeseed have increased in importance.
At the same time, these are the only crops which,
despite the decline in total sown area, have not
fallen below the value recorded in 1993 and which
have experienced an average annual increase
of 0.14%, 3.08% and 2.77% respectively
over the period under review. On the other hand,
in terms of the share of the total sown area, barley,
potatoes, and forage crops on arable land showed
a significant decrease. Compared to 1993, the areas
of potato (19.96%), flax (20.33%), rye (36.81%)
and barley (50.31%) were at their lowest levels
in 2023.

Table 2 shows the expected development
of the area of each crop based on the calculated trend
functions. Only functions whose correlation index
is higher than 0.6 and whose result is statistically
significant are analysed. These conditions were
not met only in the case of wheat. The other
results are statistically significant, and according
to the values of the correlation index, it is clear that
there is a strong dependence between the variables
and that the chosen trend functions explain
the wvariability of the time series very well.
According to the calculated predictions, it can be
expected that in the following years 2024-2025
there will be a slight increase in the sown areas
of rye, oats, legumes, industrial sugar beet, flax,
forage crops and potatoes, which can be considered
as a positive indicator in response to the set

Average aAl:]:(:;i:lgtz Average Fhfed Fi’fed Fi’fed of t(?tl:lu::)wn of t(?tl:l“:own
| e | 2ot | iy | e | i | %t |
(ha) (%) (%)
Wheat 830487 1152.13 1.0014 1.0441 1.1021 1.0590 24.63 33.85
Rye 41231 -1410.77 0.9672 0.3681 0.8840 0.5599 2.11 1.02
Barley 452576 -10570.97 0.9774 0.5031 0.7348 0.5468 20.08 13.29
Oats 53638 -832.53 0.9848 0.6326 0.8617 0.6408 2.14 1.78
Grain maise 73261 1468.23 1.0308 2.4853 2.9613 3.7743 0.93 3.05
Leguminous crops 40116 -1407.83 0.9804 0.5514 0.3017 0.1896 2.96 2.15
Potatoes 41551 -2799.47 0.9477 0.1996 0.3428 0.2211 33 0.87
Technical sugar beet 68770 -1614.67 0.9802 0.5483 0.6629 0.5819 3.37 2.43
Rapeseed 326374 7084.03 1.0277 2.2694 1.5497 2.5015 5.27 15.73
Flax 4889 -208.70 0.9483 0.2033 0.9567 0.1925 0.25 0.07
Arable forage crops 562311 -16886.57 0.9754 0.4733 0.5204 0.4537 30.25 18.84

Source: CSO and author’s procession (2023)

Table 1: Basic characteristics of the area sown to each crop between 1993 and 2023.
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Rye y'= 83923425 - 4°311.97¢ +80.32¢> |  0.9078 65 660" 27501 ;; gfi 28410 ;; ?;j
Barley y'= 6381319~ 11°597.3 ¢ 0.9502 2045 aer010 S 255422 e
Oats y'=779650.8 — 21°948.6 log 1 0.745 36'(; 2 44614 ig 3:? 44321 ig j‘gg
Grain maise y'=-1°036.6 + 9°382.53t —225.66 1> |  0.9185 75 '305 68 126 ;‘1‘ ggg 62 840 ‘7‘; géé
Leguminous crops | - ¢50467.47 ~ 6°509.41t + 175.01> | 09318 92'536 56 365 22 ;g 61230 23 ggi
Potatoes y'=103°296.3 - 6°812.2t + 140.6 12 0.9707 22%62 29 306 52 ggi 31634 i; 2‘2‘;
Technical sugarbeet | 5079 1~ 4°559.5¢ + 104.0 12 0.8779 47(')07 67341 ;g gg; 69 539 32 ;gg
Rapesced y'=174°907.1 + 16°197.5t-320.5t> | 0.8685 42'393 365019 Zé‘s‘ ggg 360 383 2(1)2 338
Flax y'=12°185.54 - 6°669.22 log t 0.6483 2(1)'_?)38 | 2147 3 ;g 2058 3 ;g;
Arable forage crops | 10028 207 — 5704131+ 134712 0.9701 22%’57 570 691 2;1) (3)(7)3 600 856 22‘7‘ fgg

Source: CSO and author’s procession (2023)

Table 2: Analysis of crop area trend functions and their expected evolution between 2024-2025.

measures. On the other hand, a decrease in the area
sown to rapeseed and grain maise can be expected.

The identification of trends can help to identify
commodities that require special attention
from agricultural policy. Alternatively,
the effectiveness of the agrarian policy measures
can be assessed, which should lead to an increase
in the sown area of sensitive commodities.

Farm size and structure of crop production

The size of farms is influenced by several factors
(Janovskaetal.,2017). One of them is demonstrably
the structure of crop production. The following
Figure 1 shows the average structure of harvested
area per arable land for different farm size groups,
between which there is a significant difference.
The largest differences are observed for barley,
maise, potatoes, oilseed rape and other fodder
crops. On the other hand, the average percentages
of wheat, rye, peas, mustard, and poppy are similar.
In the overall crop production structure, there was
a slight increase in the share of wheat, poppy, peas,
and other feed crops in 2019 compared to 2014.
The share of barley, potatoes and maise decreased.
These findings are in line with the claims
of the APF CR, which has long pointed out
that cereals and oilseed rape decisively shape
the structure of crop production. According
to Malinovsky (2021), the production of barley,
oats, and rye will decline in the following years
in favour of wheat and maise. From the analyses

carried out, it is clear that the crops whose
importance in terms of sown area in the Czech
Republic has been declining for a long time have
a higher share in the structure of harvested arable
land in small farms.

The different structures between the different farm
sizes are also evident in Figure 2 below, which
includes box plots of the percentages of wheat,
barley, potatoes, and rapeseed in the structure
of each farm size group. The highest variability
over time is observed for small enterprises, while
the lowest variability is observed for the largest
enterprises. In the case of barley, potatoes
and rapeseed, small enterprises are the outliers
in terms of their shares, and they are also the most
variable over time. The share of these crops
in the structure of large and very large enterprises
is similar and relatively stable compared to small
enterprises. While the share of rapeseed is
the lowest for small enterprises, averaging 4.84%,
this average share rises to 19.09% and 18.94%
for large and very large enterprises respectively.
On the other hand, barley and potatoes reach
the highest share for small enterprises, at 22.65%
and 3.88% respectively. In comparison, for very
large enterprises, the average share of barley
and potatoes is 14.20% and 0.87% respectively.
This fact is related to the findings of Prochazkova
et al. (2016), according to which the cultivation
of rye, barley and potatoes, which are predominant
in the structure of small enterprises, is receding.
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Figure 2: Categorised box plot of percentage of wheat, barley, potatoes and rapeseed.

On the contrary, in the long run, the areas
of rapeseed and industrial crops are expanding,
whose harvested areas reach higher shares in very
large and large enterprises. This fact is also linked
to the low level of self-sufficiency in potatoes
(Svatosova et al.,, 2018). Potatoes, together
with sugar beet, selected fruit and vegetables, hops,
and protein crops, are among the sensitive sectors
supported by EU resources through voluntary
coupled support (MoA, 2021). The introduction

of aid in the potato sector has slowed down the rate
of decline in potato areas (Zovincova, 2019).

According to the results of the Kruskal-Wallis
test in Table 3, it is clear that for almost all crops
H, cannot be accepted, and therefore, the share
of the crop grown depends on the size of the farm.
The only crop for which no dependence between
share of cultivation and farm size was found is
peas. Thus, farm size influences the proportion




Crop K-W test P-value Hypothesis Post-hoc test P-value
Wheat 13.6532 0.0034** H1 Mx VL 0.0013**
Rye 9.0303 0.0289* H1 Sx VL 0.0769
SxL 0.0085%*
KKk
Barley 18.9193 0.0003 H1 Sx VL 0.0002%%*
SxL 0.0128*
Oats 25.2796 0.0000%** H1 Sx VL 0.0000%**
Mx VL 0.0030%*
SxL 0.0137*
Maise 26.3801 0.0000%** H1 Sx VL 0.0001***
Mx VL 0.0026**
Peas 0.6806 0.8777 HO X X
SxL 0.0096**
ke
Potatoes 16.2871 0.0010 H1 Sx VL 0.0007%%*
SxL 0.0061**
Sugar beet 26.4024 0.0000%** H1 Sx VL 0.0000%**
Mx VL 0.0029**
SxL 0.0004***
skoskeok
Rapeseed 21.0419 0.0001 H1 Sx VL 0.0010%*
Mx S 0.0194*
*%
Mustard 14.5848 0.0022 H1 M x VL 0.0180*
Poppy 9.1038 0.0279* H1 Lx VL 0.0496*
SxL 0.0128*
*%
Other feed crops 13.8141 0.0032 H1 S x VL 0.0089%*

Note: If p-value < 0.05, then HO cannot be accepted at the chosen significance level, and the proportion of cultivation
of a given crop depends on the size of the farm. Furthermore, if the p-value < 0.05, then there is a statistically significant
difference just between the indicated size groups of enterprises, where S = small, M = medium, L = large, VL = very large.
The level of significance is indicated as P < 0.05 *, P < 0.01 **, P < 0.001***. The post-hoc test includes only groups
of enterprises between which there is a statistically significant difference.

Source: FADN and author's procession (2023)

Table 3:Results of Kruskal-Wallis test (K-W test) and post-hoc multiple comparison test.

of crops grown, respectively, the structure of crop
production and agricultural policy should take
this into account in measures relating to farm size
and self-sufficiency. The new redistributive
payments favouring small farms in the Czech
Republic are to go to 23%, which critics argue could
impact medium-sized farms (Lososova and Zden¢k,
2023). An administrative division of large farms
into smaller ones can be expected. This will result
in a higher number of enterprises and a decrease
in their size rather than a change in the structure
of crop production. At the same time, this raises
the question of whether SO would be a better
indicator for subsidy payments than the agricultural
area used (Urbanova et al. 2018). The level
of production, hence self-sufficiency, especially
for commodities not regulated by agricultural
policy measures, can be largely linked to the level
of their aggregate profitability achieved
and to the competitiveness of downstream
processing industries (Prochazkova et al., 2018).
At the same time, the smallest producers lag behind
the largest ones due to scale effects (Cechura et al.,
2022).

The multiple comparison method found
a statistically significant difference mainly between
small-sized enterprises and large and very large
enterprises. In a similar direction, the findings
of Janovska et al. (2017) suggest that there
is a significant association between wheat
production and farm size on a European scale.
The most significant differences are observed
between the smallest and the largest farms,
especially for barley, oats, maise, potatoes, sugar
beet and rapeseed. There is also a significant
difference between medium-sized and very large
enterprises for wheat, oats, maise, sugar beet
and mustard. With respect to farm size, the main
issues examined so far have been biodiversity
(Ricciardi et al., 2021), wheat production (Janovska
et al.,, 2017; Skalicky et al., 2021), the impact
of subsidies on agricultural diversity (Zakova
Kroupova et al., 2023), the impact of subsidies
on farm efficiency (Staniszewski and Borychowski,
2020), and efficiency and productivity (Cechura
et al., 2022; Svobodova et al., 2022), which are
significantly higher for enterprises with high
economic size than for small and medium-sized




enterprises, and in terms of overall productivity
growth, policy support for small enterprises is
a trade-off. It is clear from the various studies that
there is no uniform view on the issue of farm size.
Significant differences in the structure of crop
production according to farm size are another
indicator that should be addressed and also targeted
by CAP measures. Compared to other EU Member
States, the Czech Republic and Slovakia have
the largest farm size (Urbanova et al., 2018)
and it is therefore clear that large farms significantly
influence the structure of crop production.

It is important to mention that many other factors
play a role in the structure of production and farm
size, which have already been the subject of some
studies or create space for further research.
In relation to the structure of crop production
and farm size, other areas of interest are level
of  production, self-sufficiency, regulatory
measures for individual commodities, profitability
and the competitiveness of downstream processing
industries. The impact of farm size on production
structure could be further explored across
production orientations or selected countries.

Conclusion

This study investigated the relationship between
farm size and crop production structure
of conventional arable farms in the Czech Republic.
The analysis was based on the application
of'statistical methods from the field of nonparametric
testing and time series. In contrast to previous
studies that assessed farm size mainly in relation
to production, efficiency, biodiversity, or subsidies,
this study assessed the importance of individual
crops in the overall cropping structure of small,
medium, large, and very large farms.

The results show that there have been significant
and often negative changes in the structure
of crop production in the Czech Republic during
the period under review. It is also clear that farm
size influences the structure of crop production.
Given the large-scale nature of Czech agriculture,
the structure of crop production is largely defined
by large enterprises. For all the crops evaluated,
with the exception of peas, it is not possible
to accept H, and therefore, the share of the crop
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grown depends on the size of the holding.
A statistically significant difference was found
mainly between small enterprises and large and very
large enterprises. Compared to large and very large
enterprises, small enterprises have a predominant
share of barley, oats, potatoes and other feed crops.
In contrast, large and very large enterprises have
a higher share of maise, rapeseed and sugar beet.

The results also have important policy implications.
Measures should not focus purely on the size
of the holding, but the production structure
of the holding should also be assessed alongside
the size. If one of the objectives of the reformed
CAP applicable from 2023 is to provide more
targeted support to smaller farms, the proposals
should also include approaches to increase their
efficiency and productivity. At the same time, one
of the main priorities of the Ministry of Agriculture
is sustainable food security and adequate food
self-sufficiency, with the aim of increasing
the area under permanent fodder crops, potatoes,
orchards and vegetables at the expense of the area
under rapeseed. Appropriate measures should
thus be set up to support both the productivity
of small farms and changes in the structure of crop
production on large farms, which decisively shape
Czech agriculture. Here, the established legislation
requiring a farm larger than 30 ha of arable land
to grow at least three crops seems sensible. Voluntary
coupled support for sensitive commodities also
plays an important role. In order to increase
the productivity of small farms, increasing support
should also be linked to the purchase of agricultural
equipment. Increased investment in research
and development leading to higher yields also
seems to be a possible solution in terms of ensuring
an adequate level of self-sufficiency.
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Appendix

Year Small Medium Large Very large
n ha n ha n ha n ha

2014 22 50773 135 140 229 173 336 686 131 695 047
2015 21 55461 135 142 150 168 347717 128 635 095
2016 22 41470 133 130 463 169 342 569 130 668 507
2017 13 47 146 106 124 143 175 351414 162 750293
2018 19 43954 121 123217 160 338 246 159 773752
2019 20 38029 106 132414 167 337851 148 800 541
2020 N/A N/A 98 130 405 139 314 640 116 751 805
2021 N/A N/A 111 139 989 144 348 810 104 801 727

Source: FADN (2023)

Table Al: Number of farms in the research sample and their acreage of agricultural land area.

In the FADN CZ survey, the economic size threshold for the survey area, i.e. for the inclusion of enterprises in the FADN CZ
sample, has been increased from EUR 8 000 to EUR 15 000 of standard production, as defined in the amendment to Commission
Implementing Regulation (EU) No 2015/220, since the accounting year 2020. Based on this change, small enterprises
with an economic size of IV are no longer included in the survey since the financial year 2020. This has had an impact
on the results for the 2020 accounting year, especially for natural person enterprises (FADN, 2020).

Shapiro-Wilk test Levene's test
Wheat SW-W = 0.8924 p=0.2463 F=10.203 p=0.00013
Rye SW-W =0.7536 p=10.0216 F=3.2238 p=0.03888
Barley SW-W =0.8739 p=0.1644 F=28.0416 p =0.00059
Oats SW-W =0.7154 p=0.0034 F=10.053 p=0.00014
Maise SW-W =0.7076 p=10.0027 F=2.4758 p=0.08377
Peas SW-W = 0.8056 p=10.0659 F=22.026 p = 0.00000
Potatoes SW-W = 0.8848 p=0.2090 F =8.6679 p =10.00037
Sugar beet SW-W = 0.8849 p=10.2095 F=6.4282 p=0.00211
Rapeseed SW-W = 0.8305 p=0.1085 F =23.049 p = 0.00000
Mustard SW-W =0.6979 p =0.0059 F =4.8485 p =0.00824
Poppy SW-W = 0.8045 p=0.0320 F=13.168 p = 0.00002
Other feed crops SW-W =0.8803 p=0.1898 F=4.7385 p=0.00911

Source: FADN (2023)

Table A2: Verification of the assumptions of normality and homogeneity of variances using the Shapiro-Wilk test and the Levene's
test. If P < 0.05, then the normality/homogeneity of variances assumption was not met. The results of the Shapiro - Wilk's test
report only the groups with the lowest p-value..
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