
Articles pertaining to food waste and consumer food behavior 

during the COVID-19 pandemic 

Article title Country Year Article aim/objective Access 

Covid-19 Pandemic and Food 
Waste: An Empirical Analysis 

EU 2021 This paper investigates the impact of Covid-
19 pandemic on food waste using an original 
dataset from 176 agrifood business operators 
in the European Union (EU). The objective is 
to assess whether and why the pandemic 
crisis affected food waste level. 

Click here 

Food insecurity, food waste, food 
behaviours and cooking 
confidence of UK citizens at the 
start of the COVID-19 lockdown 

United Kingdom 2021 Explores food insecurity, food waste, food 
related behaviours and cooking confidence of 
UK consumers following the COVID-19 
lockdown. 

Click here 

The Covid-19 pandemic and food 
consumption at home and away: 
An exploratory study of English 
households 

United Kingdom 2022 Explores the effect of Covid-19 on food 
consumption in English households at home 
and away. It reveals increased frequency and 
variety of cooking during lockdown as a 
driver of household food wastage.  

Click here 

The Impact of COVID-19 on 
Consumer Food Waste 
 

United Kingdom 2020 The immediate and longer-term implications 
of the COVID-19 public health crisis on the 
amount of food wasted by consumers. 

Click here 

Investigating the Impacts of 
Behavioural-Change 
Interventions and COVID-19 on 
the Food-Waste-Generation 
Behaviours of Catered Students 
in the UK and India 
 

United Kingdom, India 2022 A food-waste initiative was conducted at two 
university canteens in the UK and India to 
examine food-waste attitudes and 
opportunities for food-waste reduction 

Click here 

Assessment of household food 
waste management during the 
COVID-19 pandemic in Serbia: a 
cross-sectional online survey 

Serbia 2022 This paper investigates the state of food 
waste management in Serbia and COVID-19’s 
direct effect on consumer awareness, food 
consumption, and food waste behaviors. 

Click here 

https://www.mdpi.com/2073-4395/11/6/1063
https://www.emerald.com/insight/content/doi/10.1108/BFJ-10-2020-0917/full/html
https://www.sciencedirect.com/science/article/pii/S0038012121001178
https://onlinelibrary.wiley.com/doi/full/10.1002/aepp.13079
https://www.mdpi.com/2071-1050/14/9/5486
https://link.springer.com/article/10.1007/s11356-021-16485-8


Influence of the COVID-19 
Pandemic on Household Food 
Waste Behavior in Japan 

Japan 2020 How the COVID-19 pandemic altered the 
social consciousness and behavior related to 
food waste in Japan. 

Click here 

Consumption Behavior and 
Residential Food Waste during 
the COVID-19 Pandemic 
Outbreak in Brazil 
 

Brazil 2021 The objective of this research was to look 
into the self-reported food consumption and 
wastage behavior in Brazil during the COVID-
19 pandemic outbreak and the motivations to 
prevent this waste. 

Click here 

The quantity and composition of 
household food waste during the 
COVID-19 pandemic: A direct 
measurement study in Canada 
 

Canada 2022 This study examines how household 
demographic, socioeconomic, and 
neighbourhood food environment 
characteristics influence household food 
wasting. 

Click here 

Impact of COVID-19 on food 
waste behaviour of families: 
Results from household waste 
composition audits 

Canada 2022 This study aimed to assess the impact of 
COVID-19 on household food waste, as well 
as on purchasing, cooking, and food waste-
related perceptions and behaviours 

Click here 

Food waste behavior in Canada 
amidst COVID 19: combining the 
resource based view (RBV) and 
the theory of planned behavior 
(TPB) 

Canada 2020 The purpose of this thesis is to explore 
different factors which affect food purchase, 
consumption and wastage behavior in 
consumer households in Canada in context of 
the COVID 19 pandemic 

Click here 

Increases in Household Food 
Waste in Canada as a Result of 
COVID-19: An Exploratory Study 
 

Canada 2021 Assessed the relationships between socio-
demographic variables, and self-reported 
food-waste behaviours 

Click here 

Exploring food waste during the 
COVID-19 pandemic among 
Malaysian consumers: The effect 
of social media, neuroticism, and 
impulse buying on food waste 

Malaysia 2021 This study aimed to examine the relationship 
between food waste and social media usage, 
neuroticism, and impulse buying.  

Click here 

https://www.mdpi.com/2071-1050/12/23/9942
https://www.mdpi.com/2071-1050/13/7/3702
https://www.sciencedirect.com/science/article/pii/S0038012121001026
https://www.sciencedirect.com/science/article/pii/S0038012121001804
https://mspace.lib.umanitoba.ca/handle/1993/35227%60
https://www.mdpi.com/2071-1050/13/23/13218
https://www.sciencedirect.com/science/article/pii/S2352550921001743


Impact of Movement Control 
Order (MCO) due to Coronavirus 
Disease (COVID-19) on Food 
Waste Generation: A Case Study 
in Klang Valley, Malaysia 

Malaysia 2020 The objective of the study is to quantify the 
effects of MCO to food waste generation in 
town and district areas of Klang Valley, 
Malaysia.  

Click here 

A Comparative Study on 
Generation and Composition of 
Food Waste in Desa Pandan 
Kuala Lumpur During Covid-19 
Outbreak 

Malaysia 2022 A food waste awareness survey was 
conducted online and findings show that the 
Covid-19 pandemic did influence people's 
attitudes and practices regarding food 
purchase, management, and consumption 
habits 

Click here 

“Do I have enough food?” How 
need for cognitive closure and 
gender impact stockpiling and 
food waste during the COVID-19 
pandemic: A cross-national study 
in India and the United States of 
America 

India, US 2021 Investigates how individuals' levels of need 
for cognitive closure (NFC) relate to food 
stockpiling and waste during the COVID-19 
pandemic. 

Click here 

An overview of the effect of 
covid-19 on household food 
waste: how does the pandemic 
affect food waste at the 
household level? 

Turkey 2022 This study examined the effects of the 
COVID-19 pandemic on food waste in homes. 
How the pandemic affected food preparation 
and consumption pattern, food purchasing 
and food waste.  

Click here 

Covid-19 outbreak and 
household food waste: Evidence 
from Turkey 
 
  

Turkey 2021 This study aims to examine changes in food-
related behaviours that occur in Turkish 
households due to the Covid-19 outbreak and 
their effect on food waste amounts.  

Click here 

The impact of COVID-19 on food 
management in households of an 
emerging economy 
 

Turkey 2022 This study has segmented households in 
Turkey, a rapidly emerging economy, on the 
basis of the effects imposed by COVID-19 on 
their food management behavior. 

Click here 

https://www.mdpi.com/2071-1050/12/21/8848
https://link.springer.com/chapter/10.1007/978-981-16-7920-9_8
https://www.sciencedirect.com/science/article/pii/S0191886920305870
http://131.220.45.179/ojs/index.php/fsd/article/view/A1
https://dergipark.org.tr/en/pub/jaefs/issue/64261/922977
https://www.sciencedirect.com/science/article/pii/S0038012121000860


Household Attitudes and 
Behavior towards the Food 
Waste Generation before and 
during the COVID-19 Pandemic in 
Romania 

Romania 2022 The aim of the study was to investigate the 
main changes in household food waste 
management during the COVID-19 pandemic 
in Romania compared with the period before 
the COVID-19 pandemic. 

Click here 

The impact of COVID-19 
pandemic on food waste 
behaviour of young people 
 

Romania 2021 The aim of this research is to analyse the way 
young people perceive the food waste 
process, as well as the determinants and the 
impact of the COVID-19 pandemic on the 
responsible behaviour of young people 
towards food waste. 

Click here 

“Waste not and stay at home” 
evidence of decreased food 
waste during the COVID-19 
pandemic from the U.S. and Italy 

Italy, US 2021 The two main aims of this study were (1) to 
examine changes in food waste behaviors 
since the start of the COVID-19 pandemic in 
the U.S. and Italy; and (2) to investigate 
potential predictors of food waste behavior, 
including avoidance of supermarkets, 
increased home cooking, and increased role 
of health concerns in food choices. 

Click here 

Food waste in Italian households 
during the Covid-19 pandemic: a 
self-reporting approach 
 

Italy 2021 The purpose of this paper is to have a better 
understanding of household food 
consumption and wastage trends during 
Covid-19 pandemic  

Click here 

Has the COVID-19 pandemic 
changed food waste perception 
and behavior? Evidence from 
Italian consumers 

Italy 2022 Investigates consumer behavior after the 
lockdown with reference to unpredictable 
lifestyles, improvements in smart food 
delivery and never-experienced time 
management.  

Click here 

Caring more about food: The 
unexpected positive effect of the 
Covid-19 lockdown on household 
food management and waste 

Italy 2022 This study investigated how these dramatic 
changes in the daily lives of consumers 
influenced the generation of food waste at 
household level. 1078 Italian households self-
estimated percentages of food wasted before 
and during lockdown. 

Click here 

https://www.mdpi.com/2073-4395/12/3/746
https://www.sciencedirect.com/science/article/pii/S0959652621005539
https://www.sciencedirect.com/topics/food-science/home-food-preparation
https://www.sciencedirect.com/science/article/pii/S0195666321000180
https://link.springer.com/article/10.1007/s12571-020-01121-z
https://www.sciencedirect.com/science/article/pii/S0038012121000872
https://www.sciencedirect.com/science/article/pii/S0038012120307904


Impact of Covid-19 on Household 
Food Waste: The Case of Italy 
 

Italy 2020 To assess whether household food waste has 
changed during Covid-19 lockdown. The 
amount of food purchases increased during 
the lockdown, although results show that 
food waste actually decreased as people 
mainly bought more non-perishable food. 

Click here 

Changes in the Food-Related 
Behaviour of Italian Consumers 
during the COVID-19 Pandemic 
 

Italy 2021 The aim of this study is to explore the effects 
of the first lockdown of the COVID-19 
pandemic on changes in food consumption 
and food-related behaviour on a diverse 
sample of Italian consumers 

Click here 

Eating Habits during the COVID-
19 Lockdown in Italy: The 
Nutritional and Lifestyle Side 
Effects of the Pandemic 
 

Italy 2021 The aim of this work was to evaluate how 
Italian habits changed during COVID-19, the 
determinants of changes, and the effect on 
food waste prevention. 

Click here 

Households’ Food Waste 
Behavior at Local Scale: A Cluster 
Analysis after the COVID-19 
Lockdown 
 

Italy 2021  This paper explores current attitudes, 
perception and behavioral patterns related to 
food waste reduction at domestic 
consumption at the local scale (Apulia region, 
Italy), with the aim of identifying different 
types of “food wasters”. 

Click here 

Domestic Food Waste and Covid-
19 Concern: An Application of the 
Theory of Planned Behaviour 
 

Italy 2021 This research focuses on two different 
behaviours, suggested by the Waste 
Framework Directive of the EU, (a) reducing 
servings and (b) using leftovers, which may 
be predicted by the intention to reduce food 
waste. 

Click here 

Food waste management during 
the COVID-19 outbreak: a holistic 
climate, economic and nutritional 
approach 

Spain 2020 The main hypothesis of this study is to 
consider that the “strong fluctuations and 
short-term changes” on eating habits may 
have major consequences on potential FLW 
generation and management, as well as 

Click here 

https://www.frontiersin.org/articles/10.3389/fnut.2020.585090/full?&utm_source=Email_to_authors_&utm_medium=Email&utm_content=T1_11.5e1_author&utm_campaign=Email_publication&field=&journalName=Frontiers_in_Nutrition&id=585090
https://www.mdpi.com/2304-8158/10/1/169
https://www.mdpi.com/2072-6643/13/7/2279
https://www.mdpi.com/2071-1050/13/6/3283
https://www.mdpi.com/2071-1050/13/15/8366
https://www.sciencedirect.com/science/article/pii/S0048969720340468


on GHG emissions, all taking into account the 
nutritional and the economic cost. 

Citizens’ Food Habit Behavior and 
Food Waste Consequences 
during the First COVID-19 
Lockdown in Spain 

Spain 2021 The main objective of this paper was to 
understand citizens’ food waste (FW) 
behavior during the first COVID-19 lockdown 
in Spain by understanding related food 
practices that could have influenced FW 
generation. 

Click here 

Environmental and nutritional 
impacts of dietary changes in 
Spain during the COVID-19 
lockdown 
 

Spain 2020 Assesses the nutritional and environmental 
impacts of food purchases and eating habit 
changes during the COVID lockdown in Spain, 
by applying Life Cycle Assessment and an 
energy- and nutrient-corrected functional 
unit. 

Click here 

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 
 

Germany 2022 This study examines two questions: How far 
has the pandemic affected the generation of 
food waste and the implementation of 
prevention measures? How does the use of 
digital technology, which has been 
increasingly accessed since the beginning of 
the pandemic, offer opportunities to further 
reduce food waste?  

Click here 

COVID-19 virus outbreak 
lockdown: What impacts on 
household food wastage? 
 

Tunisia 2020 This study aimed to determining the impact 
of COVID-19 lockdown on Tunisian consumer 
awareness, attitudes and behaviors related to 
food wastage. 

Click here 

COVID-19: Impact of Service and 
Food Quality on Student 
Satisfaction and Food Wastage in 
a Tunisian Canteen 

Tunisia 2021 The objective of this study was to evaluate 
COVID-19 measures on food wastage in a 
Tunisian University canteen. 

Click here 

https://www.mdpi.com/2071-1050/13/6/3381
https://www.sciencedirect.com/science/article/pii/S0048969720349391
https://www.sciencedirect.com/science/article/pii/S0038012121000963
https://link.springer.com/article/10.1007/s10668-020-00740-y
https://ijiaar.penpublishing.net/files/9/manuscript/manuscript_2114/ijiaar-2114-manuscript-210124.pdf


Gendered Impacts of the COVID-
19 Pandemic on Food Behaviors 
in North Africa: Cases of Egypt, 
Morocco, and Tunisia 
 

Egypt, Morocco, Tunisia 2022 This paper aims to analyze the effects of 
COVID-19 on women’s food behaviors in 
three countries of the North Africa sub-
region, namely, Egypt, Morocco, and Tunisia.  

Click here 

Consumer Behaviour toward 
Food Labels and its Implication 
on Food Waste during COVID-19 
Crisis in Tunisia 

Tunisia 2021 This research aimed to evaluate to which 
extent crisis situation, like COVID-19 
pandemic, would affect consumers interest 
to food labels, and the consequences on food 
waste. 

Click here 

COVID-19 lockdown impact on 
Tunisian consumer behaviors and 
awareness related to food 
consumption and wastage during 
celebrations: Case of study 
“Ramadan month” 
 

Tunisia 2022 This study aimed to highlight changes 
induced by COVID-19 lockdown on consumer 
behaviors and awareness related to food 
consumption and wastage during a 
celebration period, Ramadan in Tunisia. 

Click here 

Food consumption and food 
waste behaviour in households in 
the context of the COVID-19 
pandemic 
 

Peru 2022 This research aims to understand the 
behaviour of food consumption and waste in 
Peruvian households at the beginning of the 
COVID-19 pandemic. 

Click here 

Household Food Consumption 
and Wastage during the COVID-
19 Pandemic Outbreak: A 
Comparison between Peru and 
Brazil 
 

Peru, Brazil 2021 This study sought to compare food 
consumption and wastage patterns in 
Peruvian and Brazilian households.  

Click here 

Exploring food shopping, 
consumption and waste habits in 
North Macedonia during the 
COVID-19 pandemic 

North Macedonia 2022 During the COVID-19 pandemic, a survey was 
carried out in North Macedonia to explore 
perceptions and attitudes towards FW at the 
household level. The percentage of unused 
and discarded food is lower during the 
COVID-19 emergency 

Click here 

https://www.mdpi.com/1660-4601/19/4/2192
https://www.researchgate.net/profile/Hajer-Debbabi/publication/357468155_Consumer_Behaviour_toward_Food_Labels_and_its_Implication_on_Food_Waste_during_COVID-19_Crisis_in_Tunisia/links/61d82ec8d4500608169441b7/Consumer-Behaviour-toward-Food-Labels-and-its-Implication-on-Food-Waste-during-COVID-19-Crisis-in-Tunisia.pdf
https://najfnr.com/home/article/view/210
https://www.emerald.com/insight/content/doi/10.1108/BFJ-07-2021-0798/full/html
https://www.mdpi.com/2071-1050/13/14/7583
https://www.sciencedirect.com/science/article/pii/S0038012121001427


Behavioral impacts on residential 
food provisioning, use, and waste 
during the COVID-19 pandemic 
 

US 2021 This study surveyed U.S. consumers about 
food purchasing, use, and waste behaviors 
during the pandemic.  

Click here 

COVID-19-Related Changes in 
Perceived Household Food Waste 
in the United States: A Cross-
Sectional Descriptive Study 
 

US 2021 This study explored perceived household 
food waste changes during the COVID-19 
pandemic and related factors. 

Click here 

Food shopping, preparation and 
consumption practices in times 
of COVID-19: case of Lebanon 
 

Lebanon 2022 The purpose of this paper is to examine the 
effects of the COVID-19 pandemic on food 
consumption, diet and food shopping 
behaviors in Lebanon.  A decrease in 
household food wastage was found. 

Click here 

Food Behavior Changes during 
the COVID-19 Pandemic: 
Statistical Analysis of Consumer 
Survey Data from Bosnia and 
Herzegovina 

Bosnia and Herzegovina 2021 This study analyzed the effects of the COVID-
19 pandemic on Bosnians’ behaviors relating 
to food.  
The pandemic improved the awareness of 
Bosnians towards food with a decrease in 
food waste. 

Click here 

Preparing for the Worst? 
Household Food Stockpiling 
during the Second Wave of 
COVID-19 in Serbia 
 

Serbia 2021 This paper aims to analyze the features of 
stockpiling behavior during the second wave 
of COVID-19 in Serbia and seeks to answer 
two questions. First, what factors triggered 
and affected stockpiling during the COVID-19 
pandemic in Serbia? Second, how does 
stockpiling affect other food habits and diets? 

Click here 

Eating habits and consumer food 
shopping behaviour during 
COVID-19 virus pandemic: 
insights from Serbia 

Serbia 2021  This paper aims to investigate how risk 
perceptions and precautions related to 
COVID-19 virus influence consumer eating 
habits and consequently, behaviour during 
shopping for food. 

Click here 

https://www.sciencedirect.com/science/article/pii/S235255092100124X
https://www.mdpi.com/1660-4601/18/3/1104
https://www.emerald.com/insight/content/doi/10.1108/JADEE-01-2021-0022/full/html
https://www.mdpi.com/2071-1050/13/15/8617
https://www.proquest.com/docview/2584564542?fromopenview=true&pq-origsite=gscholar&parentSessionId=vX1b94NxdsXOI%2ByKUZvYKZIpeq7JmB%2FIM8NH14UvNhM%3D
https://www.emerald.com/insight/content/doi/10.1108/BFJ-11-2020-1072/full/html


Effect of the COVID-19 pandemic 
on food habits and perceptions: 
A study with Brazilians 

Brazil 2021 In this study, the Brazilian's food 
consumption habits and perceptions during 
the COVID-19 pandemic were assessed, 
highlighting the food consumption changes 
and selection of food products.  

Click here 

Consumption behavior and 
residential food waste during the 
COVID-19 pandemic outbreak in 
Brazil 
 

Brazil 2021 The objective of this research was to look 
into the self-reported food consumption and 
wastage behavior in Brazil during the COVID-
19 pandemic outbreak and the motivations to 
prevent this waste. 

Click here 

Observations on Food 
Consumption Behaviors During 
the COVID-19 Pandemic in Oman 
 

Oman 2022 This paper aims to study the perceptions of 
the impacts of the COVID-19 pandemic on 
behaviors related to diet and food shopping 
on a sample of 356 adults in Oman.  

Click here 

Effect of COVID-19 pandemic on 
food purchasing and waste 
generation during the lockdown 
period in The Sultanate of Oman 
 

Oman 2022 This paper aims to investigate the impact of 
COVID 19 lockdown on food consumption 
and the subsequent change in waste 
generation in Oman. 

Click here 

Stockpiling and food worries: 
Changing habits and choices in 
the midst of COVID-19 pandemic 
 

Sub-Saharan Africa 2022 This paper investigates the effect of concern 
about the i) local spread and ii) economic 
impact of COVID-19, on the change in the 
amount of food and necessities bought in 
twelve Sub-Sahara African countries. 

Click here 

“Stay at Home”: The Effects of 
the COVID-19 Lockdown on 
Household Food Waste in 
Colombia 
 

Colombia 2021 The objective of this study is to analyze 
changes in food waste behavior during the 
COVID-19 lockdown in Colombia in 2020, 
applying the Theory of Planned Behavior 
(TPB). 

Click here 

COVID-19 affected the food 
behavior of different age groups 
in Chinese households 
 

China 2021 This survey-based study investigated how 
household food related matters such as food 
sourcing and consumption behaviors of 2,126 
Chinese consumers in different age groups 

Click here 

https://www.sciencedirect.com/science/article/pii/S092422442100529X
https://repositorio.ulima.edu.pe/handle/20.500.12724/12860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8821884/
https://journal.gnest.org/sites/default/files/Submissions/gnest_04157/gnest_04157_proof.pdf
https://www.sciencedirect.com/science/article/pii/S0038012121001737
https://www.frontiersin.org/articles/10.3389/fpsyg.2021.764715/full%60
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0260244


changed approximately two months into the 
COVID-19 quarantine. 

Did the COVID-19 lockdown 
affect consumers’ sustainable 
behaviour in food purchasing and 
consumption in China? 

China 2022 This study assesses how the COVID-19 
lockdown affects Chinese consumers’ 
purchasing and consumption behaviour from 
a sustainability point of view.  
 

Click here 

The Impact of the COVID-19 
Pandemic on Food Consumption 
Behavior: Based on the 
Perspective of Accounting Data 
of Chinese Food Enterprises and 
Economic Theory 
 

China 2022 The purpose of this study is to analyze the 
impact of COVID-19 on food consumption 
behavior, and the main goal was to assess the 
possible problems (such as food waste and 
weight gain) caused by changes in food 
consumption behavior during the pandemic. 

Click here 

Analysis of Changes in Shopping 
Habits and Causes of Food Waste 
Among Consumers Before and 
During the COVID-19 Pandemic in 
Poland 

Poland 2021 The purpose of this study was to assess 
changes in consumer shopping habits and 
causes of food waste before and during the 
COVID-19 pandemic, and to learn about the 
most frequently discarded food items by 
consumers during both periods. 

Click here 

Food Waste Behaviour at the 
Consumer Level: Pilot Study on 
Czech Private Households 
 

Czech Republic 2021 The goal of the study is to give exact numbers 
on food waste generated by Czech 
households, find out what the main causes of 
food waste are, and show whether the 
volume of the food waste is affected by the 
place where the household is located, and 
whether the volume of food waste is affected 
by the season 

Click here 

Food waste during COVID- 19 
lockdown period and consumer 
behaviour – The case of Greece 
 

Greece 2022 This paper presents aspects of the behaviour 
of Greek consumers regarding food waste 
during the lockdown imposed due to the 
pandemic. 

Click here 

https://www.sciencedirect.com/science/article/pii/S0956713521004904
https://www.mdpi.com/2072-6643/14/6/1206
https://sciendo.com/it/article/10.2478/oszn-2021-0010
https://www.mdpi.com/2071-1050/13/20/11311
https://www.sciencedirect.com/science/article/pii/S0038012122001288


 

Food Purchase Behavior during 
The First Wave of COVID-19: The 
Case of Hungary 

Hungary 2022 Stay-at-home order had an impact on 
consumers’ food purchase habits. This 

research delves into the impact of COVID-19 
pandemic on consumers’ food purchase 
habits. 

Click here 

Changes in food behavior during 
the first lockdown of COVID-19 
pandemic: A multi-country study 
about changes in eating habits, 
motivations, and food-related 
behaviors 
 

16 countries (Portugal, 
Spain, Italy, Poland, Czech 
Republic, Lithuania, Croatia, 
Austria, Brazil, Costa Rica, 
Cape Verde, Saint Tome 
Principe, Angola, US, 
Morocco, and Tunisia. 

2022 The main objective of this study was to 
provide a comprehensive overview of how 
eating motivations, food frequency 
consumption, and food-related behaviors 
were perceived to occur and/or to change 
during the first period of COVID-19 pandemic. 
As such, it aimed to identify clusters of 
individuals according to their dietary habits, 
during this period, and to infer how socio-
demographics, body mass index (BMI), 
motivations, and food related behaviors may 
be associated with those clusters. 

Click here 

https://www.mdpi.com/1660-4601/19/2/872
https://www.sciencedirect.com/science/article/pii/S0950329322000349

