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1 Summary

This thesis explores sustainable food security through the lens of
agricultural risks, food consumption behaviors, and individual
awareness. It demonstrates that awareness of food safety and food
security is strongly linked, yet often inconsistent with actual practices.
Early education, especially on digital agriculture, food waste, and food
security, is essential to raise awareness—particularly among younger,
less-educated groups. Traditional education methods remain more
effective than emerging tools like digital games.

Farmers and consumers are identified as the key actors across the food
value chain. Digital agricultural technologies (DAT) are seen as crucial
for improving production efficiency and sustainability, though adoption
in Bayannur faces challenges such as an aging workforce and small-scale
farming. Individual food consumption behaviors, particularly food waste,
significantly affect food security. Demographic factors, dining habits,
and behavioral interventions are closely linked to waste patterns,

suggesting targeted strategies to reduce food loss.



2 Background of the Research

With the current growth of the population, between 2005 and 2050, the
food demand will increase by 59 percent to 98 percent [1]. According to
the data from 2020, 811 million people suffered from hunger, 3.1 billion
people did not have a healthy diet, and 132 million people were
threatened by food and nutrition insecurity because of the COVID-19
pandemic [2], [3]. The ongoing war [4], which started in February 2022
between two important world food suppliers, Russia and Ukraine,
worsened the world’s food security situation [5]. The so-called “World’s
bread basket” around the Black Sea has been in trouble since the war’s
outbreak [5], [6]. However, these two recent problems did not start the
world food security dilemma. Instead, they have acted as catalysts [7].
For instance, global climate change and extreme weather [8], [9] threaten
agriculture through their influence on ecology, the environment, the
geographical situation of crop and crop production, the resources and
supply chain of agriculture, and the market price [10].

Food loss and waste [11] is a broader topic related to global food security,

food safety, quality, and sustainability. It is evident that reducing food



loss and waste is a triple win for food security, climate change, and
sustainability [12].

There are three dimensions to sustainability: economic, social, and
environmental. Food security requires sustainable food and agriculture.
How to achieve sustainable food and agricultural development is
everyone’s duty on this planet for the current and next generations. In
this thesis, the definition of food security comes from FAO, World Bank,
and World Food Summit, which was first defined in the 1970s and
improved to a more accurate and acceptable concept. It mainly refers to
four aspects: food availability, food access, utilization, and food stability

[13]:

. Food availability means an adequate food supply with proper, safe
food.
. Food access promises everyone to access sufficient and nutritional

food at the individual, regional, or national levels.
. Utilization refers to the food supplied to all people to meet
nutritional requirements.

. Food stability requires availability and access for all people, even



in the shock of economic crises, climate crises, or seasonal food
insecurity.

Food safety and food security are two main concerns in this topic, which
are linked closely with each other. Food safety means that the food
available for humans is safe, not harmful, and there is no contamination
of food. When we talk about food security, we have to highlight that if
there is no food safety, there will be no food security. In this thesis, I will

mainly focus on food security.



3 Objectives

To explore the solutions to ensure sustainable food security and
summarize a model to research the paths, three aims were structured
according to the scientific problem and research gaps:

A1l: To examine the food security crisis

A2: To explore the crucial role of education in increasing global citizens’
awareness to ensure sustainable food security

A3: To identify farmers (from the perspective of digital agricultural
production) and food consumers (from the perspective of food waste
reduction) as the two most important roles in the food value chain to
contribute to sustainable food security

In this thesis, six main research questions were posed to prove the
research aims:

Q1. Should we be concerned about the food security crisis in our global
village?

Q2. Is education in increasing awareness of food safety and food security

important in ensuring sustainable food security?



Q3. What is the role of sustainable agriculture in ensuring food security?
a.  Will sustainable/green food be welcomed?

Q4. What is the role of farmers in sustainable agriculture?

Q5. What is the role of food loss and waste in ensuring food security?

Q6. What is the role of each individual in food loss and waste?



4 Research Methods

This study combines secondary research with three primary
investigations conducted in China in 2024. Using a multiple case study
approach, it explores stakeholder awareness, farmers’ perceptions of
digital agricultural technologies (DAT), and the impact of food waste
behavior on food security. Although the sample is not fully
representative, it offers valuable insights. Data were collected through
two questionnaires and one interview to enable a context-specific
understanding of food security challenges. The logical relationship
between different case studies or primary research is illustrated in Figure
1. The study examined the awareness of food safety and security among
five key stakeholders in the food value chain: farmers, transporters, food
processors, food service staff, and consumers. Findings highlighted
farmers and consumers as the most critical stakeholders—farmers as
producers and consumers as end-users. Consequently, the research
focused on two key factors: farmers' perceptions of digital agricultural
technologies (DAT) and consumers' demand for sustainable (organic)

food and their food waste behaviors.



Background:
1. global security changes 2. risks in agriculture 3. Russia-Ukraine conflict 4. changes in food
consumption patterns 5. food waste 6. sustainability and digitalization

|

Topic: The paths to sustainable food security

Case study 1: Awareness of food safety and food security among
main stakeholders in the food value chain
1. survey type: questionnaire (N=328)
2. research area: China

l

Conclusion: raising awareness is very important to ensure
food security, especially from farmers and consumers

|
{ }

Case study 2: Farmers' perception of digital
agricultural technologies
1. survey type: interview (N=5)
2. research area: Bayannur, China
3. data analysis:

| l

Conclusion: farmers' awareness at the production stage is key Conclusion: most food waste
for enhancing public health and food security happens at consumption stage

L J

Case study 3: Consumers'food waste behavior
1. survey type: questionnaire (N=276)
2. research area: China
3. data analysis:

Conclusion: farmers and consumers are the two

most important roles ensuring food security

Figure 1 Flow chart of the logic relationships among case studies

Source: own construction



The literature review established the current food security crisis and the
need for sustainable solutions through secondary and primary research.
To assess awareness levels, a questionnaire evaluated the role of
education among five key stakeholders in the food value chain: farmers,
transporters, food processors, food service staff, and consumers.
Secondary research underscored the importance of surveying these
groups to understand their impact on food security. The conclusion
highlights the roles of the two most critical stakeholders in ensuring food
security, farmers (producers) and consumers, emphasizing their
awareness, knowledge, and practices (Table 1). In some literature,
different players’ importance in ensuring food security across the food

value chain was evaluated and marked with varying colors of depth.



Table 1 The importance of different players’ importance along the food value chain

and awareness, knowledge, and practice summary

Stage Awareness, knowledge, and practice
* Climate change perception
* Sustainable biological and chemical control
Production |* Knowledge and innovation in agriculture
* Importance of biosecurity
* Market demand Complvi ith
— — * Complying wi
* Significant logistical challenges .p U
. i " regulations
Transporters Transportation | * High fuel costs and poor road conditions + Particination in
(distributors) (distribution) | * Lack of direct accountability and engagement inf .p
food saf certifications
00d safety — * Collaboration with other
* Storage conditions »
Processors (food . . . e communities
handlers) Processing Operation sanitization
an * Lack of research
. * Adequate food safety knowledge and attitudes
Food service staff . . .
. Retail but need more education and training to transform
(retailers) . .
into practice
. * Food security awareness enhanced after COVID-19, but not food safety
Consumption

* Hygiene practice

Source: author’s own construction based on literature review chapter

The thesis focuses on the two ends of the food value chain ("from farm

to table"), beginning with a questionnaire assessing all stakeholders' food

safety and security awareness. After identifying farmers and consumers




as the most crucial players, follow-up research was conducted through
in-depth interviews with farmers (production stage) and a consumer
questionnaire (consumption stage) to examine their respective roles in
ensuring food security.To achieve the research aims, various theories and
methodologies were used in secondary research and primary research to

answer the research questions (Table 2).



Table 2 Summary of used theories and methodologies to answer the research question

Research aims

Research questions

Hypothesis

Used theories

Research
methodologies used to

justify hypothesis

Al: To examine  QIl. Should we be | HI: There is a = Michael E. Porter’s * Cronbach's a
the food security | concerned about the food & neccesity to obtain | value chain theory analysis
crisis situation security crisis in our global | sustainable solutions = Roger’s Diffusion = Time series analysis
village? to handle food | of Innovation Theory

security crisis. For

instance,

Russia and Ukraine

are essential world

food suppliers, and

their conflict worsens

the world food

security crisis.
A2: To explore the | Q2. Is education in | H2: Awareness is - Knowledge, + Cronbach's a
crucial role of | increasing awareness of | crucial to ensure food | attitudes, and practices | analysis
education in | food safety and food | security, and the most | model - CS 1. * Chi-square analysis
increasing global | security important in | effective way to raise * Pcarson correlation
citizens® ensuring sustainable food | awareness is analysis
awareness to | security? education. - Cluster analysis

ensure sustainable
food security

A3: To identify
farmers (from the
perspective of
digital agricultural
production) and
food consumers
(from the
perspective of food
waste reduction)
as the two most
important food
value chain roles
to contribute to
sustainable  food
security

Q3. What is the role
sustainable agriculture

of
in

H3: Sustainability is
necessary to ensure

Michael E. Porter’s
value chain theory

= Content analysis
- Spearman

ensuring food security? food security and correlation analysis
a. Will sustainable/green | green food is getting - ANOVA analysis
food be welcomed? ‘more and ‘more

‘welcomed by

consumers.
Q4. What is the role of | H4: Farmers play a | Technology « Thematic Analysis
farmers in  sustainable | crucial role in food | Acceptance Model - + Pearson correlation
agriculture? supply at the | CS 2. analysis

production stage and

utilizing digital

agricultural

technologies to

improve food

production
Q5. What is the role of = HS: Food loss and & CS 3. - Cronbach's a
food loss and waste in | waste are the biggest analysis
ensuring food security? risk threatening food - Pearson correlation

security, but analysis
Q6. What is the role of | everyone can - Ordinal logistic
cach individual in food | contribute to regression analysis

loss and waste?

reducing food waste.

- Cluster analysis
- Decision tree
analysis

Source: author’s own construction, Ncs1.=328 (2024), Ncs2.=5 (2024), Ncs3.=276

(2024)




5 New Scientific Results

1% thesis point: Based on the literature analyses, I created the Food
Security Triangle Model (Figure 2), summarizing  ......
[publications connected ....]

This thesis proposes the "Food Security Triangle Model", emphasizing
that sustainable food security requires not only smart agricultural
production, but also efficient food utilization and public awareness—
forming three interdependent pillars for a resilient food system.

Before demonstrating the new scientific results of this thesis, I
passionately put forward the research model, “Food Security Triangle
Model” (Figure 2), about the paths to sustainable food security based on
an extensive literature review and multiple primary research. The
sustainable path to food security is not only guaranteed by the source of
producing food (such as the modern and sophisticated smart agricultural
technologies as a lot of valuable literature mentioned) but also by
utilizing the food resources more wisely and efficiently across the entire
food value chain (as it is explored and highlighted in this research,

reducing food loss and waste is contributing to a more sustainable food



system and a stronger community). To ensure “producing more” from
farmers and “waste less” from individuals, awareness and knowledge of

food safety and food security are crucial.

early education

+ (food safety)

ey ;
Awareness -
“food safety-unaware™ ( D “food security ignorant™
(food security)

- behavioral-change interventions
- infrastructural interventions

“frequent food wasters
i

+ governmental interventions
- early educati

Food
Security
Sustainable paths

Digital Food
Agricultural Waste B
Production Reduction

(farmer) (consumer)

aging workforce
- small-scale lands or plant, - cooking at home
Figure 2 Food Security Triangle Model

Source: author’s own construction
Multiple research methods about food production quantity prediction,

organic food consuming behavior, food safety, and food security



awareness evaluation, farmers’ perception of DAT, and food waste
behavior provided in this model can be repeated in different regions,
different sample sizes, and different scenarios (such as food waste
evaluation in household food and other food services in restaurants or
retail).

2" thesis point: The crucial role of education in increasing individual
awareness to ensure sustainable food security — Based on primary
research, I proved that education plays a key role in shaping
individuals’ awareness of both food safety and food security, while
socio-demographic factors such as age, income, occupation, and
place of residence further influence this awareness. [related
publications: Pal, B., Wu, Y., & Takacs-Gyorgy, K. 2023 [147]; Wu,
Y. 2022 [93]; Wu, Y., P4l, B., & Takacs-Gyorgy, K. 2024 [112]; Wu,
Y., & Zhong, X. 2022 [104]; Zhong, X., & Wu, Y. 2022 [105], Y. Wu
and K. Takacs-Gyorgy. 2024 [114].]

Although respondents report relatively weak awareness in both areas,
their actual practices regarding food safety and food security are more

positive, indicating a clear gap between knowledge and behavior.



Individuals who are more aware of food security also tend to be more
aware of food safety, suggesting a strong correlation between the two
domains. Among different actors in the food value chain, food processors
and food service staff are most commonly viewed as primarily
responsible for ensuring food safety and food security.

Cluster analysis identified two main groups: (1) food safety-conscious
individuals, who are generally older, urban, better educated, and
employed with higher income, and (2) food safety-unaware individuals,
who are younger students with lower income and education levels. A
similar clustering was observed for food security awareness: the "aware"
group consists of older, urban, educated, and employed individuals,
while the "ignorant" group includes younger rural residents with lower
educational backgrounds and limited income. Education, occupation, and
income consistently emerged as the most significant distinguishing
factors between clusters.

In terms of raising public awareness, respondents largely favored
traditional methods such as early education and government-led

campaigns. More modern strategies, such as digital games or influencer



outreach, received mixed responses and were generally seen as less
effective. These findings highlight the enduring value of conventional
education strategies in enhancing food-related awareness, particularly
among younger or less-informed populations.

3™ thesis point: Farmers’ role in ensuring food security from the
perspective of digital agricultural production - With scientific
methods, I have proved that although the use of digital agricultural
technology (DAT) in Bayannur is still at an early stage, many
farmers—especially those born after the 1990s—have a positive
attitude toward using it, mainly because they believe it can make
farming more efficient and scientific. [related publications: Vuka, E.,
& Wu, Y. 2024 [147]; Wu, Y. 2022 [142]; Wu, Y., & Liu, Y. 2022 [143];
Wu, Y., & Takacs-Gyorgy, K. 2023 [141]; Wu, Y., & Takacs-Gyorgy,
K. 2023 [146]; Wu, Y., & Zhong, X. 2022 [115]; Wu, Y., Zhong, X., &
Takacs-Gyorgy, K. 2023 [140].

Surprisingly, high cost is not the main problem. The biggest challenges
are the aging workforce, low digital skills, and the difficulty of using

DAT on small farms. Support from families and local communities helps



farmers decide whether to adopt these technologies. In addition, men and
women often have different views on DAT, which suggests the need for
more inclusive approaches. Government policies such as land transfer
programs, export support, and face-to-face training are very helpful in
promoting DAT use. Shared use systems and early education about DAT,
food waste, and food security also help increase awareness and make
DAT more accessible. These results show that the shift to digital farming
depends not only on technology but also on social and policy support.
4" thesis point: Individual responsibility in ensuring food security
from the perspective of food waste reduction — Based on a statistical
analysis of survey data in China, this study confirms that food waste
is a widespread issue influenced by individual behavior and
perception. Both the frequency and amount of food waste are closely
associated and are significantly affected by demographic variables,
eating habits, awareness, and attitudes. [related publications: Wu,
Wu, Y., & Nagy, R. 2022 [156]; Wu, Y., & Takécs-Gyorgy, K. 2023a
[155]; Wu, Y., & Takacs-Gyorgy, K. 2023b [158]; Wu, Y., & Takacs-
Gyorgy. 2023 [157].



The frequency of food waste is negatively related to age, religion,
awareness of food waste problems, and understanding of the economic
benefits of reducing waste. In contrast, it is positively associated with
bread consumption, awareness of social benefits (e.g., reputation), and
familiarity with international food waste definitions. Similarly, the
amount of food waste decreases among urban residents, those who
regularly consume staple foods (e.g., rice, noodles, fish), and individuals
who perceive food waste as an ethical or environmental issue. In contrast,
rural residents, higher-income groups, and those who consume more
meat, dairy, and vegetables tend to waste more food.

Behavioral patterns such as over-ordering, large portion sizes, and
dissatisfaction with food quality are identified as key reasons for waste.
Effective interventions include planned food purchasing, proper
portioning, educational prompts, and infrastructure adjustments in dining
environments. Strategies like trayless dining and takeaway options have
moderate effects, while others—such as composting or waste contractor

involvement—show mixed or limited impact.



Cluster analysis identifies two main consumer groups: frequent food
wasters and conservative wasters, with significant differences in age,
income, location, education level, diet, and confidence in meal
completion. Decision tree analysis further reveals that dining habits,
shaped by economic conditions, are closely tied to waste behavior,
highlighting the role of targeted interventions in both domestic and

institutional settings.



6

Possibility to utilize the Results

The methodology and analytical framework developed in this thesis on

sustainable food security pathways are adaptable for use in other

countries and regions beyond China. It offers a replicable model for

future research and supports comparative studies using similar

approaches.

Several research topics emerging from this work, though not fully

explored, present valuable directions for future study:

1.

Comparative analysis of actual and forecasted major crop exports
(2022-2024) to assess the global impact of the Russia—Ukraine
war.

Challenges and strategies in digital agricultural education to
support wider DAT adoption.

Investigations into data security risks in agricultural technologies
(e.g., 5G, GPS) to inform policy.

Improved measurement of food waste using direct weighing and
photographic methods, alongside reduction strategies.

Examination of food safety awareness among underrepresented



actors in the food value chain, such as transporters and
processors.

6. Risk assessment of emerging technologies (e.g., quantum
machine learning for crop disease detection) in agricultural
applications.

It is important to note that due to sampling limitations, some findings
may reflect regional characteristics, such as those of Bayannur
agricultural practitioners. Nonetheless, the empirical results offer
meaningful insights for policy development in digital agriculture and
food waste reduction, with potential for broader application in future

studies.
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