Special issue: Food Loss and Waste Management during Covid-19: Exploring the Major Challenges and Future Directions Along the Food Supply Chain

Luca Secondi, Ludovica Principato, Marco Formentini

Foreword

Published (and available) at: https://www.sciencedirect.com/science/article/pii/S0038012122001707 
1.Introduction

The COVID-19 outbreak has challenged several aspects of human modern society, also making us rethink the way we produce and consume our food. Since March 2020, the popular media is full of articles highlighting that we are facing some relevant issues related to food shortage and access during the pandemic. Feeding the vulnerable part of the global population in both developed and developing countries has become a serious widespread problem with food poverty and food insecurity problems increasing substantially worldwide in the past two years. However, at the same time and especially during the first COVID-19 wave, farmers and food producers were forced to throw away tons of fresh food that they can no longer sell, mainly due to the disruption of supply chains, the temporary closure of food services, but also due to the lack of agricultural workers and pickers. 
These challenges have required a better understanding of environmental, social, and economic implication of food waste and loss generated at different stages of food supply chains during the COVID-19 crisis. Moreover, quarantine regulations imposed by national health authorities are forcing billions of people to stay at home in lockdown, and therefore carefully plan their meals. 

In the midst of this situation, we embarked on the rather ambitious idea of editing a special issue focused on the quantification of food loss and waste as well as on the related managerial and behavioural changes during the COVID-19 pandemic, with the aim of providing academic community stakeholders and practitioners with original contributions that addressed the applications of quantitative analysis and/or the development of statistical models and methods able to improve our understanding of food loss and waste throughout the supply chain, the assessment of the impact of pandemic on waste management systems, and decision-making processes to help companies and policy makers cope with the consequences of COVID-19. 
Our project was well received and supported by Vedat Verter and Ranjan Batta - now past and current SEPS Editor-in-Chief - who both believed in the potential and importance of the topics covered in the special issue.


We therefore invited scholars from different disciplines to submit their novel and original contributions focusing on the following topics:
•	Food loss and waste quantification along the food supply chains during the outbreak. 
•	Understanding and analysing contextual and institutional differences (emerging vs. developed countries) in managing food loss and waste during the pandemic as well as food recovery from a supply chain perspective.
•	Innovative solutions proposed by public and private bodies aimed at minimizing waste along the supply chain and/or at donating food to vulnerable beneficiaries during the pandemic. 
•	The impact of the pandemic on food policies, socio-economic inequalities and on achieving the target of the UN Sustainable Development Goals.
•	Technological implications of managing food loss and waste (i.e., use of novel apps, software, digital tools/solutions, etc.) during the outbreak and helping in food loss and waste management 
•	Access to food, consumption, and waste behaviour: changing habits and choices at household level. 

The result, the interest and resonance of our special issue turned out to be beyond expectations. After almost two years, we have arrived at the publication of 22 papers analysing both different geographical contexts - characterised by developed and developing countries, this to understand the similarities and diversities that the COVID-19 pandemic has produced in different countries of the world - and different stages of the food production chain - starting from the agricultural stages of food production to the food service stage and on to final consumption. 
Manuscripts #1, #3 and #10 were co-authored by the guest editors and hence, these papers were handled by the Editor in Chief, Vedat Verter.


2.Overview of accepted papers

1. In the first published paper entitled “Caring more about food: the unexpected positive effect of the Covid-19 lockdown on household food management and waste” Ludovica Principato, Luca Secondi, Clara Cicatiello and Giovanni Mattia investigated how the changes in individuals’ daily lives due to COVID-19 pandemic influenced the generation of food waste at household level. A CAWI questionnaire was administered to a sample of 1078 Italian consumers during the first lockdown in March–April 2020. The respondents were asked to self-estimate the percentage of food their households wasted before and during the lockdown and to explain their food management habits and the results revealed that most households threw away less food during the Covid-19 lockdown compared to the pre-Covid situation. By referring to Seemingly Unrelated Regression models the authors examined the association between food waste behaviour before and during Covid-19 and individual, attitudinal, and behavioural factors. The most important results revealed that young consumers and people who started implementing good food management practices (shopping list, meal planning etc.) more frequently considerably reduced the food they wasted during lockdown. Also, the logistical difficulties of grocery shopping experienced by consumers during lockdown made them manage their household food consumption more carefully, which led to a reduction in the amount of wasted food.

2. The paper entitled “Disruption in food supply chain and undernourishment challenges: An empirical study in the context of Asian countries” by Syed Abdul Rehman Khan, Asif Razzaq, Zhang Yu, Adeel Shah, Arshian Sharif and Laeeq Janjua examines the impact of food supply chain disruption on undernourished cases in selected Asian countries. Using Generalized Methods of Moments, this study provides two key findings. Firstly, a higher intensity of COVID-19 cases translates into higher undernourishment due to direct and indirect effects from higher stringency measures. Secondly, government financial allocations to combat COVID-19 and economic growth significantly mitigate the prevalence of undernutrition. The results obtained can contribute to the proposal of broad policy implications for governments, food regulators, donor agencies, and Non-Governmental Organizations by strengthening the food supply chain and thus reducing cases of undernutrition. 

3. The article entitled “Consumer behavior during the COVID-19 pandemic: An analysis of food purchasing and management behaviors in U.S. households through the lens of food system resilience” by Kathryn E. Bender, Aishwarya Badiger, Brian E. Roe, Yiheng Shu and Danyi Qi focused on the resilience of the U.S. food system with a specific focus at the household level.  By using micro-data from a national survey data administered in July 2020 the aim of the paper was to understand the food acquisition, preparation, and management strategies that households implemented in response to the pandemic. The authors found a substantial increase in the amount of food prepared and consumed at home which scales with respondents’ time availability, perceived risks of dining out, and pandemic-induced income disruption. Household responses to support increased household food consumption were identified and discussed in being in line with suggested practices to improve resilience in other links of the food supply chain, including increased cold storage capacity and increased in-house capacity through improved cooking and food handling skills.

4. In the paper “Consumer expenditure, elasticity and value of food waste: A Quadratic Almost Ideal Demand System for evaluating changes in Mexico during COVID-19”  Adrian Vargas-Lopez, Clara Cicatiello, Ludovica Principato and Luca Secondi examine how household’s culinary traditions and food management have changed in Mexico as a result of Covid- related restrictions, and their impact on food waste. Through the implementation of a direct sample survey involving 525 participants between December 2020 and January 2021 and the specification of Quadratic Almost-Ideal Demand Systems, the authors obtained that, even more during the lockdown, food waste in Mexico has become a luxury good. The comprehensive analysis within food category changes allows for a detailed study useful to curtail the level of food waste in Mexican households and to encourage transition towards sustainable and circular consumption behaviours.

5. The paper “Cost-versus environmentally-optimal production in institutional food service operations” by Esma Birisci and Ronald G. McGarvey explores production planning in all-you-care-to-eat food service operations, where lack of marginal revenue associated with lost sales constrains the applicability of cost-minimizing strategies. One of the most important results of this research was to integrate forecast uncertainty considerations into an operational model of food service production and derive strategies that minimize food waste subject to target shortfall probabilities. The authors modelled this situation using a nonlinear penalty function formulation, utilizing kernel density estimation to characterize deviations from demand forecasts, allowing enumeration of the efficient frontier between conflicting objectives of demand shortfall and food waste. 

6. The paper “COVID-19 induced lockdown effects on agricultural commodity prices and consumer behaviour in India – Implications for food loss and waste management” by  AG Adeeth Cariappa, Kamlesh Kumar Acharya, Chaitanya Ashok Adhav, R. Sendhil and P. Ramasundaram focuses on the COVID-19 induced lockdown effects in India through an interrupted time series analysis coupled with a survey result of 729 consumer and 225 farmers. This article contributes to the literature on COVID-19 by estimating and tracking the effects on prices and consumer behaviour as well as discussing the implications for food loss and waste. The authors state that the pandemic caused a significant price change and unprecedented panic purchase that led to the food wastage but subsided soon exhibiting the resilience in Indian agriculture. Important recommendation emerged from this study to promote the collective capacity and resilience of small-scale production systems through institutions, policies, and reforms. Contract farming, farmer producer organizations, creation and functioning of social safety nets to overcome income, production and price shocks, access to national digital markets and capacity building on food waste management practices can insulate vulnerable section as well as reduce the loss of food across supply chain.

7. In the article entitled “European food banks and COVID-19: Resilience and innovation in times of crisis” Paula Capodistrias, Julia Szulecka, Matteo Corciolani and Nhat Strøm-Andersen examine the impact of the COVID-19 crisis on the operation and resilience of European food banks in dealing with the pandemic in 2020. The authors applied a multiple case study to assess how the first year of the pandemic affected European food banks’ operations and the amount of redistributed food and found that, compared to 2019, food banks were able to redistribute significantly more food in 2020, despite the many social restrictions and other challenges associated with the pandemic. This result was explained by addressing the organizational innovations implemented by the food banks studied with introduction of new strategies and new internal structures, as well as the establishment of new types of external network relations with other firms and/or public organizations. 

8. The paper “Exploring food shopping, consumption and waste habits in North Macedonia during the COVID-19 pandemic”, by Zvezda Bogevska, Sinisa Berjan, Hamid El Bilali, Mohammad Sadegh Allahyari, Adriana Radosavac and Margarita Davitkovska is based on the results of a voluntary survey conducted in North Macedonia in 2020 to explore perceptions and attitudes towards food waste at the household level. The survey showed that the COVID-19 pandemic affected food purchase, wastage, and consumption behaviour in North Macedonia. Very high percentage of the respondents (94.16%) expressed a high awareness of food waste and declared to worry about this issue trying to avoid food waste as much as possible. Moreover, shopping behaviour during the COVID-19 crisis has changed dramatically: consumers bought larger quantities of food in supermarkets, but purchases were less frequent. The most purchased groups of food during the COVID-19 outbreak are vegetables and fruits, which is obvious bearing in mind the big health concerns during the pandemic.

9. The paper “Food donation management under supply and demand uncertainties in COVID-19: A robust optimization approach” written by Jyotirmoy Dalal, focuses on a strategic food-donation distribution network design problem faced by an NPO by introducing a robust optimization-based mathematical programming model. The aim is to determine a subset of potential donors who would be strategically engaged and allocated to a set of food-insecure beneficiaries and how much donation flow would occur, in order to obtain an optimal solution for any demand and supply uncertainty realization. The proposed model provides the decision maker the flexibility to adjust the level of conservatism by fine-tuning his/her uncertainty budget. 


10. The paper “Food waste reduction and economic savings in times of crisis: The potential of machine learning methods to plan guest attendance in Swedish public catering during the Covid-19 pandemic”, by Christopher Malefors, Luca Secondi, Stefano Marchetti and Mattias Eriksson, evaluates the accuracy with which a machine learning model could predict guest attendance in Swedish primary school canteens during the initial phases of the Covid-19 pandemic. This was done by collecting data on guest attendance in Swedish school and preschool catering establishments before and during the pandemic and using a machine learning approach to predict future guest attendance based on historical data. The results show how the introduction of a machine learning approach to predict guest attendance in Swedish public catering proved to be an effective tool for avoiding over catering, and could therefore be used to reduce economic, environmental, and social impacts of wasting food. Specifically, the random forest learning method was found to be able to predict number of portions that kitchens had to serve in schools, supporting selection of the random forest approach for effective forecasting of meal planning. Overall, the results obtained using forecasting models for meal planning in times of crisis confirmed their usefulness.

11. The paper “Generation and prevention of food waste in the German food service sector in the COVID-19 pandemic – Digital approaches to encounter the pandemic related crisis” is written by Christina Strotmann, Vanessa Baur, Nora Bornert and Paula Gerwin. The study evaluates how, in Germany, the pandemic affects the generation of food waste in the food service sector and how to avoid food waste using digital applications to help companies better manage the crisis. Two online surveys were conducted where participating food companies were invited to indicate, if they have noted a decrease, an increase, or a seasoning in the feeding share during the Covid-19. Regarding food waste, both online surveys revealed that food waste mostly either remained constant or was even reduced since the start of the pandemic. In the context of the ongoing digitalization of the sector, possible fields of action for digital applications were identified, which are helpful in combating food waste in general and specifically during the pandemic.

12. The paper “Has the COVID-19 pandemic changed food waste perception and behavior? Evidence from Italian consumers” by Vera Amicarelli, Giovanni Lagioia, Stefania Sampietro and Christian Bux, investigated the current attitudes, awareness and behavioural patterns of Italian food consumers during the COVID-19 pandemic, with particular regard to smart working, time management and smart food delivery. Through an online-based questionnaire and applying the Cumulative Logit Model to analyse data, the authors highlight how the greater the time available and the greater the ability to manage it, the greater the attention paid to food waste. Indeed, always-at- home consumers decreased more likely the amount of food waste compared to partial smart workers, demonstrating the influence of time availability on better food habit planning and programming.

13. In the paper “How did Italian diversified farms tackle Covid-19 pandemic first wave challenges?” the authors Luigi Mastronardi, Aurora Cavallo and Luca Romagnoli analysed the way that Italian diversified farms have responded to the first wave of the Covid-19 pandemic and explored how the changed post-crisis scenario has oriented their business management and the sustainability of the food supply chain. To do so, the study investigates a sample of fifteen farms in central Italy through semi-structured interviews. The results show that diversification has enabled farms to effectively address the difficulties and uncertainty associated with the Covid-19 crisis and emphasize the role of diversified farms for the sustainability of the agri-food system.

14. The paper entitled “Impact of COVID-19 on food waste behaviour of families: Results from household waste composition audits” is written by Amar Laila, Mike von Massow, Maggie Bain, Kate Parizeau and Jess Haines. The authors assess the impact of COVID-19 on household food waste, as well as on purchasing, cooking, and food waste-related perceptions and behaviours among 19 households in Guelph, ON, Canada. To do so, four-week food waste audits and online surveys were conducted in pre-Covid and post-Covid period. The results show how compared to pre-COVID-19, total household food waste did not change, avoidable food waste decreased, and unavoidable food waste increased among our sample of families with school-aged children.

15. The paper “Learning from and designing after pandemics. CEASE: A design thinking approach to maintaining food consumer behaviour and achieving zero waste” by Sonia Massari, Ludovica Principato, Marta Antonelli and Carlo Alberto Pratesi provides an original and multi-disciplinary approach based on Design Thinking. The CEASE (Communities, Engagement, Actions, Shareability, Ecosystems) model is proposed to maintaining food consumer behaviour developed during the lockdown and achieving zero waste. The findings should inform an improved understanding of how empathy and creativity, two of the main determinants of the design thinking approach, can be used to promote and maintain sustainable food behaviours and ultimately reduce food waste among consumers by designing new food experiences. 

16. In the study “Measuring consumers’ level of satisfaction for online food shopping during COVID-19 in Italy using POSETs” Leonardo Salvatore Alaimo, Mariantonietta Fiore and Antonino Galati investigate the online food shopping context, which increased its importance during the pandemic. In fact, online shopping can surely contribute to reduction of food waste thanks to elimination of frenzied shopping routines at supermarkets. The authors propose an index of the satisfaction level of consumers of purchasing food online via food shopping channels, by using key factors that characterize the online spending behaviour. The analysis was carried out by collection of data deriving from an anonymous online questionnaire administrated via social networks and emails, during the complex months of the pandemic outbreak in Italy (March–May 2020). 

17. In the study entitled “Shared warehouse as an inter-supply chain cooperation strategy to reduce the time-dependent deterioration costs”, Mojtaba Arab Momeni and Mehdi Bagheri investigated the collaboration of distributors in two different supply chains using a shared warehouse and its impacts on the deterioration of products which is time-dependent. Innovative algorithms are also proposed to extract the solution of the models in the non-integrated and integrated supply chains. The authors use cooperative game theory to discuss how the benefits emerging from the cooperation can be shared between distributors. The numerical results of the paper indicate the efficiency of the proposed strategy in reducing the cost and deterioration of the supply chains – a relevant opportunity to reduce waste Eventually, the efficiency of the proposed model is reviewed in different real-world problems.

18. The paper “Stockpiling and food worries: Changing habits and choices in the midst of COVID-19 pandemic” by Franklin Amuakwa-Mensah, Salome Amuakwa-Mensah, Rebecca Afua Klege and Philip Kofi Adom investigates the effect of concern about the local spread and economic impact of COVID- 19, on the change in the amount of food and necessities bought in twelve Sub-Sahara African countries. The study uses a two-round survey dataset (April 2020 and May 2020); through a multinomial logit and generalized structural equation models, the authors found significant effect of concern about COVID-19 on change in the package size of food and necessities bought, which is heterogeneous across gender group and rural-urban divide. The study discusses the relevant food supply chain implications and recommendations for policy makers.

19. In the article entitled “The Covid-19 pandemic and food consumption at home and away: An exploratory study of English households”, Viachaslau Filimonau, Le Hong Vi, Sean Beer and Vladimir A. Ermolaev adopt a mixed methods study to investigate the effect of Covid-19 on food consumption in English households at home and away. The results reveal increased frequency and variety of cooking during lockdown as a driver of household food wastage. The study demonstrates public hesitance towards eating out post-Covid-19. The implications for foodservice providers are discussed in the paper. Specific insights on food preferences after the pandemic are also reported, for instance increased preference towards consuming (more) sustainable food at home, but not when eating out.

20. The study “The impact of COVID-19 on food management in households of an emerging economy” by Raife Meltem Yetkin Ozbük, Aysen Coskun and Viachaslau Filimonau sheds light on the impacts of COVID-19 on food management behaviour in Turkey. A two-step clustering analysis has been conducted on the factor scores of planned shopping and cooking skills, thus identifying three segments: careless planners and cooks, resourceful planners and cooks and careless planners and resourceful cooks. The paper provides a detailed discussion of these three different household segments.

21. In the study “The quantity and composition of household food waste during the COVID-19 pandemic: A direct measurement study in Canada” by Haley Everitt, Paul van der Werf, Jamie A. Seabrook, Alexander Wray and Jason A. Gilliland, the authors performed a waste composition analysis of 100 single-family households across the city of London, Ontario, Canada to determine the quantity and composition of household food waste disposed in June 2020, during the first wave of the COVID-19 pandemic. This study examines how household demographic, socioeconomic, and neighbourhood food environment characteristics influence household food wasting. 

22. The paper entitled “Food waste during Covid- 19 lockdown period and consumer behaviour – The case of Greece” by Prokopis K. Theodoridis and Theofanis V. Zacharatos presents interesting aspects of the Greek consumer behaviour regarding food waste during the lockdown imposed due to the pandemic. Carrying out a sample survey during the first lockdown period (April 2020) with 2205 participants, the authors found a high degree of awareness on the part of Greek consumers with respect to the problem of food waste problem as well as a stability in shopping frequency and spending for food, with a greater increase in food quantities purchased especially by young people and mostly through product offers. 
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