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Introduction: Food waste not only affects global food security but also poses 
challenges to environmental sustainability and socioeconomic development. As 
one of the major food-consuming countries, Japan faces a significant issue of 
rice waste, warranting particular attention.
Methods: This study utilizes survey data from 500 Tokyo consumers and applies a 
multinomial ordered logistic regression model (also known as the proportional odds 
model, which requires the proportional odds assumption to be satisfied through a 
parallelism test) to analyze the key factors influencing rice waste behavior.
Results: The results indicate that conservation awareness and climate change 
perception positively affect waste behavior at the 1% significance level, while 
their interaction term positively influences waste behavior at the 10% significance 
level, suggesting that climate change perception moderates the impact of 
conservation awareness on waste behavior. Government guidance has a positive 
effect on waste behavior at the 5% significance level, whereas environmental 
awareness negatively affects waste behavior at the 10% significance level. 
However, factors such as food education, price range, purchase frequency, 
perception and expectation of rice shortages, willingness to adjust diet, gender, 
age, education level, occupation, and household monthly income do not exhibit 
significant effects. Additionally, the study finds that households with more 
members tend to waste more rice, while consumers with a stronger awareness 
of climate change impacts are likelier to reduce waste.
Discussion: These findings provide valuable policy insights for food waste 
management in Japan and other developed countries. Governments can promote a 
culture of conservation, enhance public awareness of climate change, and improve 
food security policies to foster more sustainable food consumption patterns.
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1 Introduction

The issue of food waste not only affects global food security but also poses significant 
challenges to environmental sustainability and socioeconomic development. As one of the 
world’s major food-consuming countries, Japan has long relied heavily on food imports while 
facing multiple influencing factors such as population aging, changing consumption habits, 
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and climate change. Consequently, food waste has increasingly 
attracted attention (Bloom et al., 2011; Thornton et al., 2014; Liu et al., 
2016). According to statistics from the Japanese Ministry of 
Agriculture, Forestry and Fisheries, rice cultivation maintains a high 
domestic production rate, consistently ranging between 59 and 60% 
from 2015 to 2023, with a steady year-on-year increase (Source: 
Japanese Ministry of Agriculture, Forestry and Fisheries). This 
indicates that rice remains the dominant staple in Japan’s food 
production system, representing a highly notable trend. However, at 
the consumption end, the wastage rate is the highest throughout the 
rice supply chain, resulting in significant levels of loss (Munesue and 
Masui, 2019). Rice is a very strong Japanese culture that cannot 
be replaced by other foods such as corn or wheat. However, behind 
this strong tradition there is a fact that cannot be hidden, that waste 
from food waste in the form of rice has a fairly high percentage. 
Against this backdrop, rice, as a central component of Japanese dietary 
culture, is influenced by complex factors such as national traditions 
and cultural beliefs (Maraseni et al., 2018).

Given these influences, understanding rice waste and its 
contributing factors is crucial for providing policy recommendations 
and practical intervention strategies. Therefore, this study attempts to 
clarify the research question of what kind of relationship exists 
between rice consumers’ wasting behavior and their conservation 
awareness, as well as their perception of climate change.

This study employs a Multinomial Ordered Logistic Regression 
Model to systematically analyze the key factors influencing rice waste 
behavior among consumers in Tokyo using survey data. The research 
focuses on examining the impact of conservation awareness and 
climate change perception on consumer waste behavior, while also 
considering factors such as food education and environmental 
awareness. A substantial body of research has extensively explored the 
issue of food waste (Oishi, 2019; Billore et al., 2021; Xue et al., 2021; 
Wang et al., 2022; Wu and Teng, 2023; Li et al., 2024). In particular, 
studies on rice waste have highlighted its significant contribution to 
overall grain waste. For instance, Ozturk et al. (2021) Reported that 
rice accounts for more than 50% of grain waste in Asia, prompting the 
Japanese government to legalize the Food Recycling Law to reduce 
waste and convert food scraps into fertilizers and biofuels. 
Additionally, experimental research on acetic acid generation from 
food waste has used a mixture of rice, noodles, vegetables, and meat 
in a 5:2:2:1 volume ratio, with rice waste constituting 50% of total food 
waste (Wang et al., 2022). These findings underscore the substantial 
proportion of grain waste within overall food waste (Coudard et al., 
2021; Kaman et al., 2024). Moreover, rice is recognized as one of the 
most wasted foods (Jamaludin et  al., 2022), and serves as a 
fundamental element of Japanese culinary culture (Sirola et al., 2019). 
Therefore, understanding the factors influencing rice waste is 
particularly crucial.

Research on food waste has primarily employed qualitative 
analysis (Zamri et al., 2020; Christine et al., 2021; Shurson et al., 2023) 
and quantitative analysis (Izumi et al., 2020; Nomura and Feuer, 2021). 
If food waste is not managed correctly, it can have detrimental effects 
on the environment and public health. Consequently, scholars have 
proposed various approaches to repurpose food waste based on public 
perceptions and recommendations. For instance, some studies suggest 
using Hermetia illucens (black soldier fly) larvae to efficiently 
decompose food waste (Kim et al., 2021), while others advocate for 
implementing effective waste reduction strategies across different 

stages of the food supply chain, from production to consumption, 
based on public input (Rachman and Septiana, 2020). Chai et  al. 
(2024) applied structural equation modeling to examine the positive 
effects of moral constraints (attitudes) and government interventions 
on urban residents’ willingness and behavior regarding food 
conservation in China. Additionally, food waste contributes to climate 
change; research indicates that food waste in the United Kingdom 
generates approximately 27 million tons of CO₂-equivalent 
greenhouse gas emissions annually, with grains accounting for 31% of 
the total (Jeswani et al., 2021). Thus, food waste exacerbates climate 
change. Overall, qualitative research on food waste tends to focus on 
waste management and disposal strategies, while quantitative studies 
emphasize identifying influencing factors and exploring ways to 
mitigate food waste by modifying these determinants.

A body of research has also focused on policy proposal and 
implementation. In response to the severe rice wastage, Japan has 
introduced policies and measures such as the Basic Law on Food 
Education (Shokuiku Kihonhō), the Clean Plate Campaign, and the 
incorporation of rice waste reduction into its national food security 
strategy (Marra and Cwiertka, 2013). Despite the soaring rice prices 
in recent years, significant wastage of rice balls and boxed meals 
(bentō) persists, a phenomenon that has raised social concerns. 
Furthermore, the incineration of carbohydrate-rich food waste 
generates substantial carbon dioxide emissions, contributing 
significantly to global warming (The Japan Agricultural News, 2025). 
However, for a long period prior, Japan’s rice consumption had been 
declining steadily due to dietary diversification and population 
decrease. The panic buying of rice in 2024 represented only a short-
term surge in demand, underscoring the increasingly complex factors 
influencing rice consumption behavior. To mitigate waste at the end 
of the consumption, the government has promoted “leftover rice reuse 
recipes” (e.g., for rice balls and porridge) through the Consumer 
Affairs Agency’s official platform “Consumer Agency’s Kitchen” to 
reduce household waste (Sugita, 2020). In Reiwa 7 (2025), Minister of 
Agriculture, Forestry and Fisheries Shinjiro Koizumi delivered a 
address advocating for the reduction of food waste, particularly rice-
based products, and called on the public to minimize waste 
throughout the supply chain.

As one of the most densely populated and economically developed 
cities in Japan, Tokyo plays an important role in shaping the national 
food security landscape. Consumer food waste behavior in Tokyo 
significantly impacts Japan’s overall food security and reflects 
consumption patterns and awareness of resource conservation among 
urban residents. Therefore, revealing the tendencies and determinants 
of rice waste behavior among consumers in Tokyo will provide a 
scientific basis for formulating food waste reduction policies in Japan 
and other developed countries.

2 Theoretical analysis and hypothesis

2.1 The impact of conservation awareness 
on rice waste behavior

Food waste is commonly examined through theories such as the 
Theory of Planned Behavior (TPB), Social Norm Theory, and Behavioral 
Economics. Conservation awareness refers to an individual’s cautious 
attitude and behavioral tendencies regarding resource utilization in daily 
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life. According to the TPB, behavioral intention plays a crucial role in 
individual decision-making, with attitude, subjective norms, and 
perceived behavioral control collectively influencing actual consumer 
behavior (Ajzen, 1991; Ibrahim and Arshad, 2017; Hasan and Suciarto, 
2020). As a positive attitude, conservation awareness may encourage 
consumers to reduce food waste. Thus, consumers with a higher level of 
conservation awareness are more motivated to minimize food waste 
(Mohamed Sadom et al., 2022; Stancu and Lähteenmäki, 2022). Research 
has shown that personal responsibility, including behavior and awareness, 
plays a dominant role in reducing food waste (Parizeau et al., 2015). 
Moreover, individuals with strong conservation awareness are more likely 
to plan food purchases and storage rationally, thereby reducing waste 
(Stancu et  al., 2016). Empirical studies indicate that social norms 
positively influence personal norms, attitudes and intentions toward food-
waste reduction, as well as individuals’ conservation awareness (Al 
Mamun et al., 2024). HOU et al. (2022) employed an integrated approach 
combining questionnaire surveys and neuroscientific experiments 
(electroencephalography, EEG) to reveal a complex and non-linear 
relationship between conservation awareness and food waste behavior. 
Radde et al. (2024) indicate that climate change cognition can indirectly 
reduce food waste by influencing key behavioral drivers—namely, 
attitudes, sense of responsibility, subjective norms, and perceived 
behavioral control. Lu et al. (2025) found that enforcement awareness of 
the “Anti–Food Waste Law” significantly reduced consumers’ rice waste 
in online food delivery. This effect was fully mediated by enhanced “food 
safety literacy,” with the most pronounced impact observed among 
consumers over 30 years of age, those holding university degrees, and 
suburban residents. Saro et  al. (2025) report a significant positive 
correlation among environmental awareness, attitudes, and behaviors in 
high school students, with the strongest linkage between awareness and 
behavior. Nonetheless, overall ecological behaviors remained at a 
mid-level, indicating a persistent gap between cognition and action. Based 
on the above analysis, this study proposes the following hypothesis:

H1: Conservation awareness has a significant positive impact on 
rice waste behavior.

2.2 The impact of climate change 
perception on rice waste behavior

Climate change perception refers to an individual’s understanding 
and concern. According to the Norm Activation Theory (NAT), when 
individuals become aware of their behavior’s impact on the 
environment, they are more likely to engage in responsible actions 
(Schwartz, 1977). Although the public has become increasingly aware 
of the risks posed by climate change, the food industry still accounts 
for about one-third of global greenhouse gas emissions (Aschemann-
Witzel et al., 2015). Consumers with higher climate change perception 
may be more concerned about the negative environmental impacts of 
food waste, such as greenhouse gas emissions, and are, therefore, more 
likely to reduce waste (Graham-Rowe et al., 2015; Reisch et al., 2021). 
Nielsen et al. (2024) indicate that cognitive interventions—such as 
information framing, social norm nudging, and priming techniques—
can effectively bridge the intention–behavior gap, thereby facilitating 
both emission reduction and adaptation actions. To translate “climate 
change awareness” into action, it is necessary to simultaneously 
strengthen the pathways from cognition to attitudes, from subjective 

norms to personal norms, and through self-efficacy or resource 
availability, ensuring these align with the value–belief–norm chain 
(Savari and Khaleghi, 2025). Because adaptive behaviors are driven by 
rationality and perceived controllability, whereas mitigation actions 
depend more on moral motivation and social norms, strategies should 
be designed with differentiation (Thamsuwan, 2024). Based on the 
above analysis, this study proposes the following hypothesis:

H2: Climate change perception has a significant positive impact 
on rice waste behavior.

2.3 The moderating effect of climate 
change perception

There may be a moderating effect between conservation awareness 
and climate change perception. According to the Cognitive-Affective 
Behavior Theory, an individual’s behavior is influenced not only by a 
single cognitive factor but also by the interaction of multiple cognitive 
factors (Eagly, 1993). For example, consumers with strong conservation 
awareness who recognize environmental and ethical issues related to food 
waste, such as climate change, are likely to reduce food waste as much as 
possible (Flanagan and Priyadarshini, 2021). Strong conservation 
awareness and climate change perception are also reflected in the habit of 
reusing leftover food, which can directly reduce food waste (Stancu et al., 
2016). Climate change cognition—or related perceptions—frequently 
influences actual behavior by amplifying or attenuating the strength of the 
value/risk perception → attitude/intention → behavior pathway (Riva 
et al., 2022; Shukla et al., 2022; Latif et al., 2024). Tran and Chen (2022), 
in their study focusing on coffee farmers, found that self-efficacy plays a 
crucial moderating role between climate risk perception and adaptation 
behavior: high self-efficacy strengthens the positive influence of risk 
perception on behavior, whereas low self-efficacy may weaken this 
pathway and even lead to avoidance behavior. When individuals possess 
strong conservation awareness and climate change perception, they will 
likely adopt behaviors that actively reduce waste. Based on the above 
analysis, this study proposes the following hypothesis:

H3: Climate change perception moderates the impact of 
conservation awareness on rice waste behavior.

2.4 The impact of other control variables

Studies have shown that consumers’ socioeconomic characteristics 
(such as gender, age, occupation, education, and income) and the 
price of products significantly influence the frequency of purchasing 
local rice (Sedem Ehiakpor et al., 2017; Wahyudi et al., 2019). Among 
these, consumers at both ends of the income spectrum (i.e., high-
income and low-income consumers) are more likely to engage in 
wasteful behaviors, revealing a polarized relationship between income 
levels and household food waste frequency (Setti et  al., 2016). 
Furthermore, consumers who prioritize price are found to exhibit 
lower levels of food waste compared to those focused solely on price 
discounts (Aschemann-Witzel et al., 2017). Government guidance 
refers to public behavioral changes shaped through policy promotion 
and intervention measures. According to Social Norms Theory, 
government policies and guidance can shape social norms, thereby 
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influencing individual behavior (Cialdini et  al., 1990). Regarding 
dietary education, research has shown that food waste significantly 
decreases among students after receiving education on environmental 
protection, proper dietary attitudes, and the consequences of poor 
eating habits (Kim et al., 2007). In this study, government guidance 
and food education may influence consumer behavior intentions, 
thereby moderating rice waste behavior. Zsóka et al. (2013) Found that 
environmental awareness is stronger among university students than 
high school students. In this study, factors such as food education, 
government guidance, rice prices, household income levels, and 
purchase frequency may affect how much consumers value rice, thus 
determining their waste behaviors.

Based on the above theoretical analysis, the theoretical 
framework for this study is shown in Figure 1.

3 Data source and methodology

3.1 Data source and sample description

The questionnaire for this study was designed based on the 
research approach of Chai et al. (2024), the 2023 Japanese residents’ 
food education survey (MAFF, 2023), and Japan’s climatic 
characteristics. It consists of four sections. The first section covers 
basic information, including gender, age, education level, occupation, 
household size, and monthly household income. The second section 
focuses on rice consumption, including purchasing price, frequency, 
quantity, purchasing channels, essential factors (price, brand, taste, 
safety, origin, nutrition, and packaging), perceptions of rice shortages, 
and expectations. The third section addresses food waste awareness, 
including the necessity of saving, conversation awareness, food 
education, environmental awareness, waste behavior, attitudes 
towards waste, and rice consumption frequency. The fourth section 
focuses on climate change and rice waste awareness, including 
climate change perception, experiences, understanding of climate 
impacts, willingness to adjust diets, and government guidance. The 
survey was conducted by randomly distributing 1,148 questionnaires 
via the Toluna platform, with 600 responses finally collected. During 
the distribution process, targeted delivery was implemented based on 
background member attribute tags, and users who had participated 
in surveys on similar topics within the past 3 months were excluded. 
Such users, belonging to a high-frequency participation group, often 
respond repeatedly motivated by survey rewards and may pose a risk 

of being “professional respondents.” To ensure data quality, such 
individuals were excluded in accordance with the recovery protocol.

During the data cleaning phase, the following criteria were 
applied to filter the collected responses: (1) Responses with 
abnormally short completion times were excluded; (2) Responses 
containing contradictory personal information, such as mismatched 
age and occupation (e.g., an 18-year-old selecting “retired”), were 
removed; (3) Responses with clearly perfunctory or nonsensical 
answers to open-ended questions were discarded. The questionnaire 
was pre-tested by Toluna in mid-December 2024, followed by an 
online survey, which collected 500 valid responses by the end of 
the month.

Table  1 presents the essential characteristics of the sample. 
Regarding gender, 47.80% of respondents are male, while 52.20% are 
female, with a relatively balanced distribution. Most respondents are 
middle-aged and elderly, with 76.20% of the sample over 40 years old, 
which aligns with Japan’s aging trend. Regarding education level, 
55.00% of respondents have a bachelor’s degree. In terms of 
occupation, 47.80% of respondents are corporate employees. 
Regarding monthly household income, the most prominent groups 
are those between 210,000–300,000 yen and those above 500,000 yen, 
accounting for 21.60 and 28.80%, respectively. Overall, the sample is 
well-distributed, which helps reduce potential estimation errors in 
the model.

With respect to demographic characteristics, a noticeable 
imbalance was observed in the sample composition. Younger 
adults aged 18–30 accounted for only 7.2% of the sample, whereas 
the middle-aged and elderly population (aged 51 and above) 
represented a considerably high proportion of 55.8% (26.4% for 
51–60 and 29.4% for over 60). In comparison, the elderly 
population (aged 65 and above) in Tokyo constitutes 
approximately 34.6% (2021 data), while the national proportion 
of people aged 65 and above is around 29.3%. Additionally, the 
sample was slightly skewed toward female respondents (52.2% 
female vs. 47.8% male). Overall, the sample exhibits a clear 
overrepresentation of middle-aged, older, and female participants. 
This bias is likely attributable to the online convenience sampling 
method, which may have attracted a higher proportion of older 
adults active in online environments.

Table 2 presents the descriptive statistics of all scale variables 
using the Mean (M) and Standard Deviation (SD). The mean reflects 
the central tendency of responses, indicating the average behavioral 
patterns or cognitive levels, while the standard deviation quantifies 
the variability in responses, reflecting the degree of consensus (low 
SD) or divergence (high SD) among participants. A mean value of 
1.522 suggests a slightly higher proportion of female participants 
compared to males, though the gender distribution remains relatively 
balanced. A standard deviation of 0.500 indicates that the data 
distribution conforms to expectations, with no outliers detected, 
demonstrating good data quality in this regard. According to the 
statistics, consumers’ waste behavior tends to lean toward minimizing 
waste, with a stronger tendency for conservation awareness. Climate 
change perception is relatively evenly distributed. Food education 
experience leans more toward those not participating in food 
education programs. The mean and standard deviation of 
environmental awareness indicate that consumers are more likely not 
to choose environmentally friendly agricultural products or foods. 
Most consumers purchase rice for 1,500 yen per kilogram or below. 

FIGURE 1

Theoretical analytical framework.
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The frequency of purchases is relatively high. Perceptions of rice 
shortages lean toward serious concerns, while expectations of rice 
shortages tend to predict a long period before relief. The frequency 
of rice consumption is more likely to be four to five times a week or 
more. Climate impact awareness indicates the severe impacts of 
climate change on rice production. The willingness to adjust diets 
leans toward a willingness to adapt. Government guidance is 
distributed relatively evenly.

Specifically, for wasting behavior, the percentages of responses 
for “never,” “rarely,” “sometimes,” “often,” and “very often” were 
32.00, 49.80, 13.60, 3.00, and 1.60%, respectively. For conservation 
awareness, the percentages for “very strong,” “relatively strong,” 
“moderate,” “relatively weak,” and “very weak” were 23.20, 37.00, 
35.80, 2.40, and 1.60%, respectively. For climate change perception, 
the percentages for “very familiar,” “relatively familiar,” “not very 
familiar,” and “completely unfamiliar” were 17.40, 61.00, 17.40, and 
4.20%, respectively.

3.2 Model construction and variable 
specification

If the parallelism test is satisfied, this study employs the 
Multinomial Ordered Logistic Regression Model to analyze how 
various influencing factors affect consumer preferences for rice 
consumption behavior. Based on the study by Arı et al. (2014), the 
model is specified as Equation (1):
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Equation (1) is equivalent to Equation (2):
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The model incorporating climate change perception as a 
moderating variable is shown in Equation (3):
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(3)

Where, Y  is the ordinal dependent variable representing the level 
of consumer food waste behavior; J  is the total number of waste 
behavior levels; X  is the matrix of independent variables; ×CA CCP  
represents the interaction term between conversation awareness CA 
and climate change perception CCP ; β  and γ  are the regression 
coefficients; and α j denotes the category-specific intercept parameters. 
This study employs the maximum likelihood estimation (MLE) 
method for parameter estimation.

Various complex factors influence individual food waste 
behavior. In this study, food waste behavior is selected as the 
dependent variable and classified according to waste levels, such 
as: “never waste” = 1, “rarely waste” = 2, “moderately waste” = 3, 
“often waste” = 4, and “waste a lot” = 5, which aligns with the 
characteristics of an ordinal variable. The key independent 
variables are conversation awareness and climate change 
perception. Other independent variables include food education 
experience, environmental awareness, purchasing habits (e.g., 
purchase price and purchase frequency), purchasing experience 
(e.g., rice shortage perception and rice shortage expectation), 
willingness to adjust dietary habits, and external factors (e.g., 
government guidance).

Purchasing experience includes perceptions of rice shortages, 
which is particularly relevant given that Japan experienced 
extreme heat in 2024. This led to a significant decline in rice 
production due to a high occurrence of immature white grains, 
resulting in a severe rice shortage. Therefore, consumers’ 
perceptions and expectations of the rice shortage are also included 
as independent variables to examine their potential impact on rice 
waste behavior.

TABLE 1  Basic characteristics of the survey sample.

Item Option Percentage Item Option Percentage

Gender Male 47.80% Occupation Corporate employee 47.80%

Female 52.20% Civil servant 0.80%

Age 18–30 years 7.20% Independent administrative 

institution/Public sector employee

0.60%

31–40 years 16.60% Informal employment 21.20%

41–50 years 20.40% Student 1.20%

51–60 years 26.40% Retiree 10.00%

60 years and above 29.40% Other 18.40%

Education Middle school 1.60% Monthly 

Household 

Income

10,000 yen or below 4.80%

High school 18.00% 110,000–200,000 yen 13.00%

Associate degree/college 18.00% 210,000–300,000 yen 21.60%

Bachelor’s degree 55.00% 310,000–400,000 yen 17.20%

Master’s degree or above 7.40% 410,000–500,000 yen 14.60%

500,000 yen and above 28.80%
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Control variables include age, gender, education level, occupation, 
household size, and monthly household income.

4 Results and discussion

4.1 Parallelism test

The parallelism test is used to examine whether the multinomial 
ordered logistic regression model satisfies the proportional odds 
assumption, which states that the regression coefficients of 
independent variables remain the same across all response 

categories (Arı et  al., 2014). If this assumption holds, the 
proportional odds model (POM) can be  applied; otherwise, 
alternative models such as the partial proportional odds model or 
the generalized ordered logistic regression model should 
be  considered (Williams, 2006). The parallelism test results in 
Table  3 show that the test results for independent and control 
variables are more significant than 0.05. The test results indicate 
that although the Omnibus test of the overall model was statistically 
significant, suggesting a general violation of the proportional odds 
assumption at the global level, the separate tests for each 
independent variable yielded p-values well above conventional 
significance levels. This implies that, despite a potential overall 

TABLE 2  Descriptive statistics results.

Variable Measurement scale (Response Options) Mean Standard 
deviation

Waste behavior Q: Do you usually waste rice or rice products? A: Never waste = 1; Rarely waste = 2; Sometimes waste = 3; Waste 

a lot = 4; Waste very much = 5

1.924 0.846

Conservation awareness Q: How strong is your conservation awareness? A: Very strong = 1; Quite strong = 2; Neutral = 3; Quite 

weak = 4; Very weak = 5

2.222 0.884

Climate change perception Q: How much do you know about climate change? A: Very knowledgeable = 1; Quite knowledgeable = 2; Not 

very knowledgeable = 3; Not knowledgeable at all = 4

2.084 0.714

Food education Q: Have you participated in any food education activities or lectures? A: Frequently = 1; Occasionally = 2; Never 

participated = 3; Unaware of “food education” = 4

2.924 0.565

Environmental awareness Q: Do you choose environmentally friendly agricultural products or foods? A: Always = 1; Mostly = 2; 

Rarely = 3; Never = 4

2.39 0.843

Purchase price Q: What is the price range of the rice you mainly buy (in yen per kg)? A: Below 600 yen = 1; 600–1,000 yen = 2; 

1,001–1,500 yen = 3; 1,501–2000 yen = 4; Above 2,000 yen = 5

2.522 1.071

Purchase frequency Q: How often do you buy rice? A: Once every two weeks = 1; Once a month = 2; Once every three months = 3; 

Once every six months = 4; More than six months = 5; Unsure, buy after running out = 6

2.358 1.418

Rice shortage perception Q: How severe do you feel Japan’s current “rice shortage” is? A: Very severe = 1; Quite severe = 2; Not very 

severe = 3; Not severe at all = 4

1.992 0.847

Rice shortage expectation Q: How do you expect the future “rice shortage” to be alleviated? A: Continuous = 1; Quickly alleviated = 2; 

Alleviated after a long time = 3; Unclear = 4

2.24 1.038

Rice consumption 

frequency

Q: How often do you eat rice per week? A: Almost every day = 1; 4–5 days per week = 2; 2–3 days per week = 3; 

Rarely eat rice = 4

1.63 0.843

Climate impact awareness Q: How do you view the impact of climate change on Japan’s food security, especially rice production? A: Severe 

impact = 1; Significant impact = 2; Moderate impact = 3; Minor impact = 4; No impact = 5

1.856 0.851

Willingness to adjust diet Q: If reducing food waste can mitigate climate change, would you be willing to adjust your eating habits? A: 

Very willing = 1; Quite willing = 2; Neutral = 3; Not very willing = 4; Not willing at all = 5

2.462 0.958

Government guidance Q: Do you think the government and enterprises are responsible for guiding the public in reducing rice and rice 

product waste and its impact on climate change? A: Fully agree = 1; Agree = 2; Disagree = 3; Strongly 

disagree = 4

2.054 0.718

Gender Male = 1; Female = 2 1.522 0.500

Age 18–30 years = 1; 31–40 years = 2; 41–50 years = 3; 51–60 years = 4; Over 60 years = 5 3.542 1.266

Education Middle school = 1; High school = 2; Associate degree/College = 3; Bachelor’s degree = 4; Master’s degree or 

above = 5

3.486 0.925

Occupation Corporate employee = 1; Civil servant = 2; Independent administrative institution/Public sector employee = 3; 

Informal employment = 4; Student = 5; Retiree = 6; Other = 7

3.308 2.437

Household population Actual number (person) 2.45 1.198

Monthly household income Q: What is your household’s average monthly income in the past year (after tax, including bonuses) (yen)? A: 

Below 100,000 yen = 1; 100,001–200,000 yen = 2; 200,001–300,000 yen = 3; 300,001–400,000 yen = 4; 400,001–

500,000 yen = 5; Above 500,000 yen = 6

4.102 1.569
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deviation, the coefficients for each specific independent variable—
such as conservation awareness, climate change perception, their 
interaction term, and all control variables—did not exhibit 
statistically significant differences across response categories, 
thereby satisfying the parallel lines assumption. Therefore, the 
assumption of parallel lines holds, and the multinomial ordered 
logistic regression model can be applied to investigate the factors 
influencing rice waste behavior.

4.2 Analysis of factors influencing rice 
waste behavior

The variance inflation factor (VIF) for all variables is well below 
10, and the tolerance values are greater than 0.4, indicating that 
multicollinearity is absent among the variables. Although the 
generalized ordered logit/partial proportional odds model imposes 
fewer restrictions, it is inherently problematic or, at the very least, not 
the optimal choice (Williams, 2016). Following the study by Luo et al. 
(1998), this study adopts the proportional odds model of the 
multinomial ordered logistic regression, which has lower estimation 
bias, in combination with the stepwise variable addition method to 
analyze the factors influencing rice consumption behavior in 2024.

The study systematically examined the relationships among 
variables by constructing four hierarchical regression models. Model 
1, serving as the baseline model, initially confirmed the significant 
positive main effects of conservation awareness and climate change 
perception on reducing rice waste behavior. Model 2 assessed the 
influence of variables other than the two core independent variables 
on wasting behavior. Model 3 incorporated all variables, and the 
results demonstrated that the net effects of the two core independent 
variables remained robust, confirming the persistence of their main 
effects. Finally, Model 4 introduced an interaction term, revealing that 
climate change perception significantly and positively moderated the 
relationship between conservation awareness and waste reduction 
behavior. That is, the stronger an individual’s perception of climate 
change, the more pronounced the reduction in wasteful behavior 
driven by conservation awareness. This sequential modeling approach, 
from simple to complex, progressively validated the main effects and 
uncovered a key moderating mechanism (Table  4). As shown in 
Table 4, in both Model 1 and Model 3, conversation awareness has a 
significant positive effect on rice waste behavior at the 1% significance 
level. This suggests that stronger conversation awareness leads to lower 
rice waste behavior. Additionally, climate change perception in Model 
1 and Model 3 also exhibits a significant positive effect on reducing 
rice waste at the 1% level, indicating that greater awareness of climate 
change corresponds to less rice waste.

Model 1 includes only the two core independent variables and 
control variables. Among the control variables, only household size 
has a significant positive effect on waste behavior (i.e., larger 
households tend to waste more rice), while the other control variables 
are insignificant. Model 2 presents regression results for variables 
excluding the core independent variables. The results indicate that 
climate impact awareness, willingness to adjust diet, and government 
guidance significantly and positively influence waste behavior. 
Specifically, individuals who perceive climate change as a greater 
threat to rice production are less likely to waste rice; those more 
willing to adjust their diet to mitigate climate change waste less rice; 

and those who agree that the government should guide food waste 
reduction also waste less. However, food education, environmental 
awareness, purchasing price, purchase frequency, perceived rice 
shortage, and rice shortage expectations are not significant.

In Model 3, which includes all variables (core independent 
variables, moderating variables, and control variables), environmental 
awareness becomes significantly and negatively associated with rice 
waste behavior. This indicates that individuals who do not choose 
environmentally friendly agricultural products are also less likely to 
waste rice. Meanwhile, climate impact awareness and government 
guidance remain significant in reducing rice waste, but willingness to 
adjust diet becomes insignificant.

Model 4 extends Model 3 by incorporating the interaction term 
between conversation awareness and climate change perception to 
estimate the moderating effect. The results reveal that the interaction 
term significantly and positively affects rice waste behavior, suggesting 
that climate change perception strengthens the impact of conversation 
awareness on reducing waste behavior. Furthermore, the coefficient 
for conversation awareness drops to 0.227, while the coefficient for 
climate change perception changes to −0.087 and loses significance, 
indicating that after including the interaction term and other control 
variables, the direct effects of conversation awareness and climate 
change perception weaken.

Examining the pseudo R-squared values from Model 1 to Model 
4 (excluding Model 2), we  observe a consistent increase as more 
influencing factors are introduced, suggesting that the inclusion of 
additional variables improves the model’s explanatory power.

Overall, conversation awareness and climate change perception 
have significant direct effects on reducing rice waste behavior, and 

TABLE 3  Results of the parallelism test.

Test for ꭓ2 df Probability

Omnibus 95.94 57 0

Conservation awareness 3.65 3 0.30

Climate change perception 3.59 3 0.31

Conservation awareness*Climate 

change perception

2.77 3 0.43

Food education 3.62 3 0.31

Environmental awareness 0.98 3 0.81

Purchase price 2.01 3 0.57

Purchase frequency 0.80 3 0.85

Rice shortage perception 1.40 3 0.71

Rice shortage expectation 0.47 3 0.93

Rice consumption frequency 0.17 3 0.98

Climate impact awareness 0.57 3 0.90

Willingness to adjust diet 4.62 3 0.20

Government guidance 0.18 3 0.98

Gender 0.80 3 0.85

Age 6.87 3 0.08

Education 4.52 3 0.21

Occupation 0.83 3 0.84

Household population 4.24 3 0.24

Monthly household income 3.64 3 0.30
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their interaction has a positive moderating effect. Environmental 
awareness significantly negatively affects rice waste, while government 
guidance significantly reduces waste. Larger household sizes are 
associated with more incredible rice waste. However, food education, 
purchase price, purchase frequency, perceived rice shortage, rice 
shortage expectations, gender, age, education, occupation, and 
household income do not have significant effects on rice 
waste behavior.

Therefore, hypotheses H1, H2, and H3 proposed in Section 2 
are supported.

4.3 Robustness test

A robustness test of the model was conducted using the variable 
substitution method. Based on the previous analysis, the frequency of 
rice consumption passed the parallelism test and exhibited no 
multicollinearity, making it a suitable substitute for the purchase 
frequency variable. Therefore, we replaced the purchase frequency 
with the rice consumption frequency to perform the robustness check, 
with the results presented in Table 5. The core independent variables, 
such as conservation awareness and climate change perception, still 

showed a significant positive effect on wasting behavior. After 
replacing the purchase frequency with the rice consumption 
frequency, the results differed in that rice consumption frequency 
significantly and positively influenced wasting behavior, meaning that 
higher rice consumption frequency was associated with less rice waste. 
The significance of the remaining variables did not change. The overall 
model fit indices, such as Log-likelihood, further support the stability 
of the aforementioned relationships. Although the main effects were 
not statistically significant, the identified interaction effects remained 
consistent across different model specifications, underscoring the 
reliability of the research conclusions. Overall, the model results after 
variable substitution showed improved fitness and minimal changes 
in variable significance compared to Model 4, indicating that Model 4 
is robust (Table 6).

To test the robustness of the model, the variable representing 
climate change perception was replaced with the variable indicating 
personally experienced climate conditions. The results demonstrate 
that climate change perception remains a positive moderator in the 
effect of conservation awareness on wasting behavior. Furthermore, the 
significance of environmental awareness, government regulation, and 
household size on wasting behavior remained unchanged. Therefore, 
we conclude that the multivariate ordered logistic model is robust.

TABLE 4  The impact of conversation awareness and climate change perception on rice waste behavior and the moderating effect results.

Variable Model 1 Model 2 Model 3 Model 4

Conservation awareness 0.750*** 0.711*** 0.227

Climate change perception 0.469*** 0.429*** −0.087

Conservation awareness*Climate change perception 0.223*

Food education 0.022 −0.038 −0.062

Environmental awareness −0.104 −0.265** −0.245*

Purchase price 0.033 0.026 0.024

Purchase frequency 0.047 0.018 0.010

Rice shortage Perception 0.121 −0.064 −0.089

Rice shortage expectation 0.057 −0.030 −0.039

Climate impact awareness 0.367*** 0.219* 0.209

Willingness to adjust diet 0.199* 0.105 0.122

Government guidance 0.419*** 0.307** 0.330**

Gender 0.083 0.147 0.075 0.047

Age −0.050 −0.062 −0.019 −0.020

Education −0.092 −0.082 −0.083 −0.103

Occupation −0.052 −0.054 −0.039 −0.034

Household Population 0.136* 0.149* 0.156* 0.156*

Monthly household income −0.016 0.007 −0.015 0.000

Intercept termα1 1.492** 1.508* 1.985** 0.821

Intercept termα2 4.067*** 3.976*** 4.622*** 3.465***

Intercept termα3 5.747*** 5.600*** 6.333*** 5.215***

Intercept termα4 6.892*** 6.734*** 7.499*** 6.409***

Log likelihood −532.216 −547.487 −524.610 −522.992

Pseudo R2 0.078 0.052 0.091 0.094

Prob (LR statistic) 0.000 0.000 0.000 0.000

***, **, and * indicate that the coefficients of the explanatory variables are significant at the 1, 5, and 10% levels, respectively.
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We conducted a robustness test by replacing the variable of 
environmental awareness with the variable indicating “which type of 
environmentally friendly agricultural products you usually choose.” 
The results show that the positive moderating effect of climate change 
perception on the relationship between conservation awareness and 
wasting behavior remains unchanged. Furthermore, although the 
substitute variable for environmental awareness was not statistically 
significant after being incorporated into the model, it exerted a 
negative influence on wasting behavior consistent with that of the 
original environmental awareness variable—that is, less frequent 
choice of environmentally friendly agricultural products was 
associated with higher levels of waste. Finally, the significance of 
government regulation and household size remained unaffected. Thus, 
these results also demonstrate the robustness of the multivariate 
ordered logistic model (Table 7).

When asked about “reasons for wasting rice and rice-based 
products,” 173 respondents (34.60%) reported “other reasons.” 
Among these, our analysis shows that 165 respondents stated 
they “never waste rice or rice-based products,” while the 
remaining 8 cited reasons such as children wasting rice, insects 
found in rice, rice being burned during cooking, and sugar 
control dietary requirements.

Additionally, 104 respondents (20.80%) attributed wastage to the 
poor shelf stability of rice products, which are prone to spoilage; 103 
respondents (20.60%) reported preparing excessive amounts that 
could not be fully consumed; 70 respondents (14.00%) indicated that 
they purchased too much, leading to expiration and disposal; 54 
respondents (10.80%) considered the taste of rice unsatisfactory and 
thus disliked consuming it; and 52 respondents (10.40%) mentioned 
being too busy with work or spending too little time at home, resulting 
in forgetfulness about consumption (Figure 2).

The analysis reveals that approximately one-third of the 
respondents claimed never to waste rice or rice-based products, while 
two-thirds reported various reasons leading to wastage. Such wastage 
not only threatens food security but also exacerbates climate change. 
Therefore, reducing staple food waste should be a major focus for 
societal efforts.

4.4 Discussion

This study, based on survey data from 500 consumers in Tokyo, 
employs the multinomial ordered logistic regression proportional 
odds model to examine the impact of conservation awareness and 

TABLE 5  Results of the model robustness test.

Variable Coefficient Std. error z-statistic Prob.

Conservation awareness 0.246 0.294 0.835 0.404

Climate change perception −0.068 0.326 −0.210 0.834

Conservation awareness*climate change perception 0.209* 0.124 1.685 0.092

Food education −0.053 0.181 −0.292 0.770

Environmental awareness −0.257* 0.134 −1.917 0.055

Purchase price 0.031 0.089 0.344 0.731

Rice shortage perception −0.116 0.122 −0.951 0.342

Rice shortage expectation −0.034 0.093 −0.370 0.711

Rice consumption frequency 0.255** 0.108 2.348 0.019

Climate impact awareness 0.199 0.129 1.542 0.123

Willingness to adjust diet 0.123 0.114 1.078 0.281

Government guidance 0.340** 0.140 2.423 0.015

Gender 0.032 0.192 0.169 0.866

Age −0.034 0.077 −0.435 0.663

Education −0.105 0.102 −1.036 0.300

Occupation −0.031 0.039 −0.791 0.429

Household population 0.184** 0.083 2.206 0.027

Monthly household income −0.005 0.069 −0.072 0.942

Intercept termα1 1.176 1.121 1.050 0.294

Intercept termα2 3.840*** 1.136 3.379 0.001

Intercept termα3 5.609*** 1.150 4.879 0.000

Intercept termα4 6.822*** 1.188 5.743 0.000

Log likelihood −520.232

Adj. R2 0.099

Prob (LR statistic) 0.000

***, **, and * indicate that the coefficients of the explanatory variables are significant at the 1, 5, and 10% levels, respectively.
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climate change perception on consumer waste behavior. The findings 
indicate that both conservation awareness and climate change 
perception have significant positive effects on reducing rice waste. 
Additionally, the interaction between conservation awareness and 
climate change perception also significantly influences food waste 
behavior, suggesting that while consumers’ conservation awareness 
reduces rice waste, climate change perception enhances the positive 
effect of conservation awareness on rice waste. The effect of food 
education on rice waste behavior was found to be insignificant. The 
impact of purchase frequency on rice waste behavior was not 
significant in different models, possibly due to the mediating role of 
consumers’ storage habits and purchasing strategies in waste 
reduction. Interestingly, environmental awareness had a negative 
impact on waste behavior in some models, indicating that individuals 
with lower environmental awareness tend to waste less. This may 
be due to differing interpretations of the “environmental” concept 
among individuals, as some consumers might focus more on reducing 
overall waste rather than choosing eco-friendly products. This result 
could also be  associated with the higher prices of eco-friendly 
agricultural products or cognitive biases towards them, suggesting 
that the relationship between environmental awareness and food 

waste behavior may be moderated by other factors. Furthermore, 
government guidance has a positive effect on reducing rice waste, 
highlighting the government’s critical role in food security and 
sustainable consumption. Among the control variables, household 
size was positively correlated with rice waste, meaning that consumers 
with larger households tend to waste more. This may be related to the 
increased difficulty in meal planning and storage limitations 
associated with larger family sizes, suggesting the importance of 
household-level interventions (such as proper meal planning and 
improving storage conditions) in reducing waste. The remaining 
control variables did not show significant results.

In contrast to this study, Quested et  al. (2013) found that the 
impact of conservation awareness on food waste may be moderated by 
household size and economic conditions. For instance, in low-income 
households, conservation awareness might directly translate into 
reduced waste behavior, whereas in high-income households, the 
impact of conservation awareness might be weaker. This difference 
suggests that future research should further explore the moderating 
role of household economic status in the relationship between 
conservation awareness and food waste. Parizeau et al. (2015) found 
that food education has a significant impact on reducing food waste, 

TABLE 6  Robustness test by substituting the variable of climate change perception.

Variable Coefficient Std. error z-statistic Prob.

Conservation awareness 0.287 0.182 1.578 0.115

Climate change perception* 0.011 0.080 0.139 0.890

Conservation awareness*Climate change perception 0.194*** 0.060 3.258 0.001

Food education −0.059 0.181 −0.323 0.747

Environmental awareness −0.251* 0.132 −1.899 0.058

Purchase price 0.025 0.089 0.279 0.780

Rice shortage perception 0.010 0.065 0.160 0.873

Rice shortage expectation −0.085 0.122 −0.693 0.488

Rice consumption frequency −0.039 0.093 −0.424 0.671

Climate impact awareness 0.210 0.132 1.592 0.111

Willingness to adjust diet 0.119 0.113 1.050 0.294

Government guidance 0.328** 0.140 2.340 0.019

Gender 0.047 0.191 0.247 0.805

Age −0.019 0.077 −0.247 0.805

Education −0.100 0.101 −0.986 0.324

Occupation −0.034 0.039 −0.870 0.384

Household population 0.155* 0.083 1.875 0.061

Monthly household income −0.001 0.068 −0.021 0.983

Intercept termα1 1.028 0.956 1.075 0.282

Intercept termα2 3.673*** 0.971 3.782 0.000

Intercept termα3 5.419*** 0.996 5.440 0.000

Intercept termα4 6.609*** 1.045 6.326 0.000

Log likelihood −523.018

Adj. R2 0.094

Prob (LR statistic) 0.000

***, **, and * indicate that the coefficients of the explanatory variables are significant at the 1, 5, and 10% levels, respectively.
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TABLE 7  Robustness test results using a substitute variable for environmental awareness.

Variable Coefficient Std. error z-statistic Prob.

Conservation awareness 0.143 0.293 0.488 0.626

Climate change perception −0.230 0.324 −0.711 0.477

Conservation awareness*climate change perception 0.250** 0.124 2.015 0.044

Food education −0.165 0.177 −0.930 0.353

Environmental awareness* −0.071 0.067 −1.064 0.287

Purchase price 0.028 0.089 0.312 0.755

Rice shortage perception −0.002 0.065 −0.024 0.981

Rice shortage expectation −0.069 0.122 −0.566 0.571

Rice consumption frequency −0.063 0.092 −0.686 0.493

Climate impact awareness 0.193 0.129 1.495 0.135

Willingness to adjust diet 0.069 0.115 0.604 0.546

Government guidance 0.291** 0.139 2.093 0.036

Gender 0.136 0.190 0.715 0.475

Age −0.023 0.077 −0.293 0.769

Education −0.108 0.102 −1.062 0.288

Occupation −0.046 0.039 −1.171 0.242

Household population 0.152* 0.083 1.835 0.067

Monthly household income 0.016 0.069 0.232 0.817

Intercept termα1 0.448 1.153 0.388 0.698

Intercept termα2 3.080*** 1.165 2.644 0.008

Intercept termα3 4.824*** 1.176 4.102 0.000

Intercept termα4 6.014*** 1.211 4.965 0.000

Log likelihood −524.106

Adj. R2 0.092

Prob (LR statistic) 0.000

***, **, and * indicate that the coefficients of the explanatory variables are significant at the 1, 5, and 10% levels, respectively.

FIGURE 2

Reasons for wasting rice and rice-based products.
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particularly in school and community-level interventions. However, in 
this study, food education did not significantly affect waste behavior, 
possibly due to the specificity of the Tokyo sample. For example, Tokyo 
consumers generally have higher educational levels, which might have 
weakened the impact of food education as a variable.

Since the respondents in this study were residents of Tokyo, who 
generally have higher incomes, and due to the limitation of a 500-sample 
size, the analysis of income heterogeneity is also constrained. Therefore, 
future research could expand the geographical scope beyond high-
income metropolitan areas like Tokyo to include underdeveloped 
regions and increase the sample size to explore further the role of these 
variables in the different areas and cultural contexts.

5 Conclusion

This study investigates the impact of conservation awareness, 
climate change perception, and their interaction on rice waste 
behavior among consumers in Tokyo, Japan. Through the analysis 
using a multinomial ordered logistic regression model, the key 
findings are as follows:

The core findings of this study are illustrated in Figure 3. “Coef.” 
denotes the coefficient and its significance for each variable before the 
inclusion of the moderator variable, while “Coef.′” refers to the 
coefficient and its significance after the moderator variable is added. 
The results indicate that both conservation awareness and climate 
change perception independently and effectively reduce food waste. 
Moreover, there is a synergistic enhancement effect: the higher the 
climate change perception, the stronger the influence of conservation 
awareness in driving behavioral change.

Conservation awareness positively affects rice waste behavior, 
meaning consumers with stronger conservation awareness are more 
likely to reduce rice waste. This aligns with the Theory of Planned 
Behavior (TPB), indicating that conservation awareness, as a positive 
attitude, can effectively promote behavior change. Climate change 
perception positively affects rice waste behavior, meaning consumers 
with higher awareness of climate change are more likely to reduce rice 
waste. This supports the Norm Activation Theory (NAT), which 
suggests that when individuals are aware of the environmental impact 
of their behaviors, they are more likely to adopt responsible actions. The 
interaction between conservation awareness and climate change 
perception is significant, with climate change perception strengthening 

the positive effect of conservation awareness on reducing rice waste. 
This suggests that the moderating effect of multiple cognitive factors 
plays a vital role in behavior change. Environmental awareness 
significantly negatively impacts rice waste behavior, meaning consumers 
who do not choose environmentally friendly agricultural products tend 
to waste less rice. Government guidance significantly positively impacts 
rice waste behavior, meaning consumers who agree that the government 
is responsible for guiding the public in reducing food waste are more 
likely to reduce rice waste. This highlights the active role of government 
policy in reducing food waste and supports the importance of policy 
interventions in behavior change. Household size significantly positively 
impacts rice waste behavior, meaning that the more people in a 
household, the more rice waste occurs. Other variables, such as purchase 
price, purchase frequency, food education, climate impact awareness, 
and dietary adjustment willingness, did not significantly affect rice 
waste behavior. This may be  due to the specific characteristics of 
consumers in the Tokyo area (e.g., generally higher environmental 
awareness) or sample characteristics.

6 Recommendations and future work

6.1 Recommendations

Based on the findings of this study, the following implications for 
practice, research, and policymaking are proposed to mitigate food 
waste at the consumer level:

6.1.1 Implications for practice
It is recommended that relevant institutions enhance public 

conservation awareness and climate change perception through 
multi-channel campaigns and systematic educational activities, 
promoting the concept of “moderate purchasing and proper storage” 
(Durbin and Filer, 2021). Social media, public lectures, and packaging 
labels can be  utilized to strengthen consumers’ intuitive 
understanding of the environmental impact of food waste (Jenkins 
et al., 2022). Comprehensive intervention strategies integrating both 
resource conservation and climate awareness should be designed to 
facilitate positive changes in consumption behavior.

6.1.2 Implications for research
Future research should further explore the mechanisms and 

pathways by which cognitive factors, such as conservation awareness 
and climate perception, influence food waste reduction behaviors. 
Studies focusing on the effectiveness of different information-based 
intervention strategies—including content design, communication 
channels, and audience segmentation—are particularly needed. 
Additionally, cross-regional and cross-cultural comparative studies 
will help develop more tailored and context-sensitive intervention 
measures (Rahman, 2024).

6.1.3 Implications for policymaking
Policymakers should establish a incentive- and constraint-based 

policy system that employs economic instruments such as tax 
adjustments and subsidies to encourage businesses and consumers to 
reduce food waste. Meanwhile, strengthening social campaigns to 
establish anti-waste norms is essential. Region-specific policies 
should also be designed: high-awareness regions may benefit from 
technical and managerial support to translate awareness into action, 

FIGURE 3

Core results framework.
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while low-awareness regions should prioritize educational initiatives 
and incentive mechanisms to gradually enhance willingness and 
capacity for behavioral change.

Multiple countries and regions have introduced relevant laws and 
initiatives to reduce food loss and waste (FLW). For instance, China’s 
Anti-Food Waste Law, the European Union’s Common Agricultural 
Policy (CAP), and the globally coordinated Champion 12.3 initiative 
all aim to achieve the United Nations Sustainable Development Goal 
(SDG) 12.3—halving per capita global food waste and significantly 
reducing food loss by 2030 (Guo et  al., 2023). However, the 
effectiveness of policy implementation remains constrained by 
multiple factors, including consumer behavior, market price 
mechanisms, and supply chain efficiency.

6.2 Limitations and future work

A limitation of this study lies in its exclusive focus on rice waste 
behavior and its restriction to consumers in Tokyo as the survey 
population. Consequently, the findings may not be fully representative 
of rice waste patterns in other prefectures across Japan. This issue 
should be addressed in future research. Future research could explore 
the mechanisms of conservation awareness and climate change 
perception in different regions and cultural contexts, particularly the 
moderating effects of household economic status, social norms, and the 
policy environment. Expanding the scope of the study to include other 
food types (e.g., vegetables, meat) and different consumption contexts 
(e.g., the restaurant industry, home kitchens) would provide a more 
comprehensive understanding of the driving factors behind food waste.

Moreover, the online convenience sampling method may pose 
limitations to the generalizability of the research findings. Future 
studies could employ strategies such as stratified sampling or post-
survey weighting adjustments to better align with the age and gender 
distribution of the target population, thereby enhancing the 
generalizability of the results.
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