
Trading Responsibility: navigating national burdens in a
globalized world
Navarre, N.H.

Citation
Navarre, N. H. (2024, June 6). Trading Responsibility: navigating national
burdens in a globalized world. Retrieved from
https://hdl.handle.net/1887/3761727
 
Version: Publisher's Version

License:
Licence agreement concerning inclusion of doctoral
thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/3761727
 
Note: To cite this publication please use the final published version (if
applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/3761727


 

 

References 

Amaral-Zettler, L. A., Zettler, E. R., & Mincer, T. J. (2020). Ecology of 
the plastisphere. Nature Reviews Microbiology, 18(3), Article 3. 
https://doi.org/10.1038/s41579-019-0308-0 

Andrady, A. L., & Neal, M. A. (2009a). Applications and societal benefits 
of plastics. Philosophical Transactions of the Royal Society B: 
Biological Sciences, 364(1526), 1977–1984. 
https://doi.org/10.1098/rstb.2008.0304 

Andrady, A. L., & Neal, M. A. (2009b). Applications and societal benefits 
of plastics. Philosophical Transactions of the Royal Society B: 
Biological Sciences. https://doi.org/10.1098/rstb.2008.0304 

Aradhyula, S. V., Rahman, T., & Seenivasan, K. (2007). Impact of 
international trade on income and income inequality. 

Arndt, C., Powell, J. M., Aguerre, M. J., Crump, P. M., & Wattiaux, M. 
A. (2015). Feed conversion efficiency in dairy cows: 
Repeatability, variation in digestion and metabolism of energy 
and nitrogen, and ruminal methanogens. Journal of Dairy 
Science. https://doi.org/10.3168/jds.2014-8449 

Arriola, C., Kowalski, P., & Tongeren, F. van. (2021). The impact of 
COVID-19 on directions and structure of international trade. 
https://www.oecd-ilibrary.org/content/paper/0b8eaafe-en 

Bai, M., Zhu, L., An, L., Peng, G., & Li, D. (2018). Estimation and 
prediction of plastic waste annual input into the sea from China. 
Acta Oceanologica Sinica, 37, 26–39. 

Ban, K. (2012). A message from the UN Secretary General for the opening 
session of the 39th Session of the Committee on World Food 
Security. 

Barlow, P., van Schalkwyk, M. C., McKee, M., Labonté, R., & Stuckler, 
D. (2021). COVID-19 and the collapse of global trade: Building 
an effective public health response. In The Lancet Planetary 
Health. https://doi.org/10.1016/S2542-5196(20)30291-6 

Barnes, S. J. (2019). Out of sight, out of mind: Plastic waste exports, 
psychological distance and consumer plastic purchasing. Global 

120  |  References



 

  

 

Environmental Change. 
https://doi.org/10.1016/j.gloenvcha.2019.101943 

Barrowclough, D., & Birkbeck, C. D. (2022). Transforming the Global 
Plastics Economy: The Role of Economic Policies in the Global 
Governance of Plastic Pollution. Social Sciences, 11(1), Article 1. 
https://doi.org/10.3390/socsci11010026 

Barrowclough, D., Birkbeck, C. D., & Christen, J. (2020). Global trade in 
plastics: Insights from the first life-cycle trade database. 53, 68. 

Basel Action Network. (2023). Global Export Data. Basel Action 
Network. https://www.ban.org/plastic-waste-project-hub/trade-
data/global-export-data 

Basel Convention COP. (2019a). BC-14/12: Amendments to Annexes II , 
VIII and IX to the Basel Convention. 8–9. 

Basel Convention COP. (2019b). BC-14/12: Amendments to Annexes II, 
VIII and IX to the Basel Convention. United Nations 
Environmental Programme. 

Basel Convention COP. (2023). Basel Convention > Implementation > 
Legal Matters > Illegal Traffic > Cases of Illegal Traffic. 
http://www.basel.int/Implementation/LegalMatters/IllegalTraffic
/CasesofIllegalTraffic/tabid/3424/Default.aspx 

Béné, C., Fanzo, J., Haddad, L., Hawkes, C., Caron, P., Vermeulen, S., 
Herrero, M., & Oosterveer, P. (2020). Five priorities to 
operationalize the EAT–Lancet Commission report. Nature 
Food. https://doi.org/10.1038/s43016-020-0136-4 

Benson, N. U., Bassey, D. E., & Palanisami, T. (2021). COVID pollution: 
Impact of COVID-19 pandemic on global plastic waste footprint. 
Heliyon, 7(2), e06343. 
https://doi.org/10.1016/j.heliyon.2021.e06343 

Beyer, R. M., Hua, F., Martin, P. A., Manica, A., & Rademacher, T. 
(2022). Relocating croplands could drastically reduce the 
environmental impacts of global food production. 
Communications Earth & Environment. 
https://doi.org/10.1038/s43247-022-00360-6 

Bishop, G., Styles, D., & Lens, P. N. L. (2020a). Recycling of European 
plastic is a pathway for plastic debris in the ocean. Environment 

References  |  121



 

  

 

International, 142, 105893. 
https://doi.org/10.1016/j.envint.2020.105893 

Bishop, G., Styles, D., & Lens, P. N. L. (2020b). Recycling of European 
plastic is a pathway for plastic debris in the ocean. Environment 
International. https://doi.org/10.1016/j.envint.2020.105893 

Bishop, G., Styles, D., & Lens, P. N. L. (2020c). Recycling of European 
plastic is a pathway for plastic debris in the ocean. Environment 
International, 142, 105893. 
https://doi.org/10.1016/j.envint.2020.105893 

Börjeson, L., Höjer, M., Dreborg, K.-H., Ekvall, T., & Finnveden, G. 
(2006). Scenario types and techniques: Towards a user’s guide. 
Futures, 38(7), 723–739. 
https://doi.org/10.1016/j.futures.2005.12.002 

Borrelle, S. B., Ringma, J., Law, K. L., Monnahan, C. C., Lebreton, L., 
McGivern, A., Murphy, E., Jambeck, J., Leonard, G. H., Hilleary, 
M. A., Eriksen, M., Possingham, H. P., De Frond, H., Gerber, L. 
R., Polidoro, B., Tahir, A., Bernard, M., Mallos, N., Barnes, M., 
& Rochman, C. M. (2020). Predicted growth in plastic waste 
exceeds efforts to mitigate plastic pollution. Science, 369(6510), 
1515–1518. https://doi.org/10.1126/science.aba3656 

Boucher, J., & Billard, G. (2019). The challenges of measuring plastic 
pollution. Field Actions Science Report. 

Boucher, J., & Friot, D. (2017). Primary microplastics in the oceans: A 
global evaluation of sources. In Primary microplastics in the 
oceans: A global evaluation of sources. 
https://doi.org/10.2305/iucn.ch.2017.01.en 

Boulay, A.-M., Verones, F., & Vázquez-Rowe, I. (2021). Marine plastics 
in LCA: Current status and MarILCA’s contributions. The 
International Journal of Life Cycle Assessment, 26(11), 2105–
2108. https://doi.org/10.1007/s11367-021-01975-1 

Bouma, K., Stavenga, K., & Draaijer, A. (2003). Domestic Use of Food 
Packaging Materials in the Netherlands. August. 

Bringezu, S., & Moriguchi, Y. (2018). Material flow analysis. In Green 
accounting (pp. 149–166). Routledge. 

122  |  References



 

  

 

Brooks, A. L., Wang, S., & Jambeck, J. R. (2018a). The Chinese import 
ban and its impact on global plastic waste trade. Science 
Advances, 4(6), eaat0131. https://doi.org/10.1126/sciadv.aat0131 

Brooks, A. L., Wang, S., & Jambeck, J. R. (2018b). The Chinese import 
ban and its impact on global plastic waste trade. Science 
Advances. https://doi.org/10.1126/sciadv.aat0131 

Brouwer, M., Picuno, C., Thoden van Velzen, E. U., Kuchta, K., De 
Meester, S., & Ragaert, K. (2019). The impact of collection 
portfolio expansion on key performance indicators of the Dutch 
recycling system for Post-Consumer Plastic Packaging Waste, a 
comparison between 2014 and 2017. Waste Management. 
https://doi.org/10.1016/j.wasman.2019.09.012 

Brouwer, M. T., Thoden van Velzen, E. U., Augustinus, A., Soethoudt, 
H., De Meester, S., & Ragaert, K. (2018). Predictive model for 
the Dutch post-consumer plastic packaging recycling system and 
implications for the circular economy. Waste Management. 
https://doi.org/10.1016/j.wasman.2017.10.034 

Brown, M. E., Carr, E. R., Grace, K. L., Wiebe, K., Funk, C. C., 
Attavanich, W., Backlund, P., & Buja, L. (2017). Do markets and 
trade help or hurt the global food system adapt to climate 
change? Food Policy, 68, 154–159. 

Browning, S., Beymer-Farris, B., & Seay, J. R. (2021). Addressing the 
challenges associated with plastic waste disposal and 
management in developing countries. Current Opinion in 
Chemical Engineering, 32, 100682. 
https://doi.org/10.1016/j.coche.2021.100682 

Bureau, J. C., & Swinnen, J. (2018). EU policies and global food security. 
In Global Food Security. https://doi.org/10.1016/j.gfs.2017.12.001 

CDC. (2022). About Adult BMI. 
https://www.cdc.gov/healthyweight/assessing/bmi/adult_bmi/inde
x.html 

Chaudhary, A., & Brooks, T. M. (2019). National Consumption and 
Global Trade Impacts on Biodiversity. World Development, 121, 
178–187. https://doi.org/10.1016/j.worlddev.2017.10.012 

Chen, H. L., Nath, T. K., Chong, S., Foo, V., Gibbins, C., & Lechner, A. 
M. (2021). The plastic waste problem in Malaysia: Management, 
recycling and disposal of local and global plastic waste. SN 

References  |  123



 

  

 

Applied Sciences, 3(4), 437. https://doi.org/10.1007/s42452-021-
04234-y 

Chen, Y., Awasthi, A. K., Wei, F., Tan, Q., & Li, J. (2021). Single-use 
plastics: Production, usage, disposal, and adverse impacts. 
Science of The Total Environment, 752, 141772. 
https://doi.org/10.1016/j.scitotenv.2020.141772 

Cicatiello, C., Franco, S., Pancino, B., Blasi, E., & Falasconi, L. (2017). 
The dark side of retail food waste: Evidences from in-store data. 
Resources, Conservation and Recycling. 
https://doi.org/10.1016/j.resconrec.2017.06.010 

Clapp, J. (2017a). Food self-sufficiency: Making sense of it, and when it 
makes sense. Food Policy. 
https://doi.org/10.1016/j.foodpol.2016.12.001 

Clapp, J. (2017b). The trade-ification of the food sustainability agenda. 
The Journal of Peasant Studies, 44(2), 335–353. 
https://doi.org/10.1080/03066150.2016.1250077 

Clapp, J., & Moseley, W. G. (2020). This food crisis is different: COVID-
19 and the fragility of the neoliberal food security order. Journal 
of Peasant Studies. 
https://doi.org/10.1080/03066150.2020.1823838 

Coleman, P. C., Murphy, L., Nyman, M., & Oyebode, O. (2021). 
Operationalising the EAT– Lancet Commissions’ targets to 
achieve healthy and sustainable diets. In The Lancet Planetary 
Health. https://doi.org/10.1016/S2542-5196(21)00144-3 

CONCITO. (2021). The Big Climate Database, version 1. 

Crippa, M., Solazzo, E., Guizzardi, D., Monforti-Ferrario, F., Tubiello, F. 
N., & Leip, A. (2021). Food systems are responsible for a third of 
global anthropogenic GHG emissions. Nature Food. 
https://doi.org/10.1038/s43016-021-00225-9 

Cucurachi, S., Steubing, B., Siebler, F., Navarre, N., Caldeira, C., & 
Sala, S. (2022). Prospective LCA methodology for Novel and 
Emerging Technologies for BIO-based products. 

Cverenkárová, K., Valachovičová, M., Mackuľak, T., Žemlička, L., & 
Bírošová, L. (2021). Microplastics in the Food Chain. Life, 11(12), 
Article 12. https://doi.org/10.3390/life11121349 

124  |  References



 

  

 

Dalin, C., Wada, Y., Kastner, T., & Puma, M. J. (2017). Groundwater 
depletion embedded in international food trade. Nature, 
543(7647), Article 7647. https://doi.org/10.1038/nature21403 

Damgacioglu, H., Hornilla, M., Bafail, O., & Celik, N. (2020). Recovering 
value from single stream material recovery facilities – An 
outbound contamination analysis in Florida. Waste Management, 
102, 804–814. https://doi.org/10.1016/j.wasman.2019.11.020 

Dauvergne, P. (2018). Why is the global governance of plastic failing the 
oceans? Global Environmental Change, 51, 22–31. 
https://doi.org/10.1016/j.gloenvcha.2018.05.002 

Davis, K. F., D’Odorico, P., & Rulli, M. C. (2014). Moderating diets to 
feed the future. Earth’s Future. 
https://doi.org/10.1002/2014EF000254 

de Oliveira, T. S., Leonel, F. de P., da Silva, C. J., Baffa, D. F., Pereira, 
J. C., & Zervoudakis, J. T. (2014). Factors affecting feed 
efficiency in dairy goats. Revista Brasileira de Zootecnia. 
https://doi.org/10.1590/S1516-35982014001000003 

Development initiative Ltd. (2021). 2021 Global Nutrition Report | The 
state of global nutrition—Global Nutrition Report. Bristol, UK. 

Di, J., Reck, B. K., Miatto, A., & Graedel, T. E. (2021). United States 
plastics: Large flows, short lifetimes, and negligible recycling. 
Resources, Conservation and Recycling, 167, 105440. 
https://doi.org/10.1016/j.resconrec.2021.105440 

Dias, B. F. D. S., & Lovejoy, T. E. (2012). Impacts of Marine Debris on 
Biodiversity: Current Status and Potential Solutions. In CBD 
Technical Series. 

Dudley, N., & Alexander, S. (2017). Agriculture and biodiversity: A 
review. Biodiversity. 
https://doi.org/10.1080/14888386.2017.1351892 

Duffy, E., Hearty, A. P., McCarthy, S., & Gibney, M. J. (2007). 
Estimation of exposure to food packaging materials. 3: 
Development of consumption factors and food-type distribution 
factors from data collected on Irish children. Food Additives and 
Contaminants. https://doi.org/10.1080/02652030600865475 

Edelson, M., Håbesland, D., & Traldi, R. (2021). Uncertainties in global 
estimates of plastic waste highlight the need for monitoring 

References  |  125



 

  

 

frameworks. Marine Pollution Bulletin, 171, 112720. 
https://doi.org/10.1016/j.marpolbul.2021.112720 

Ellen MacArthur Foundation. (2016). The New Plastics Economy: 
Rethinking the future of plastics. Ellen MacArthur Foundation. 

Ellis, E. C., Beusen, A. H. W., & Goldewijk, K. K. (2020). Anthropogenic 
biomes: 10,000 BCE to 2015 CE. Land. 
https://doi.org/10.3390/LAND9050129 

Enahoro, D., Mason-D’Croz, D., Mul, M., Rich, K. M., Robinson, T. P., 
Thornton, P., & Staal, S. S. (2019). Supporting sustainable 
expansion of livestock production in South Asia and Sub-
Saharan Africa: Scenario analysis of investment options. In 
Global Food Security. https://doi.org/10.1016/j.gfs.2019.01.001 

Environment, U. N. (2022a, August 16). Intergovernmental negotiating 
committee (INC) on plastic pollution. UNEP - UN Environment 
Programme. http://www.unep.org/about-un-environment/inc-
plastic-pollution 

Eriksson, M., Strid, I., & Hansson, P. A. (2012). Food losses in six 
Swedish retail stores: Wastage of fruit and vegetables in relation 
to quantities delivered. Resources, Conservation and Recycling. 
https://doi.org/10.1016/j.resconrec.2012.08.001 

Eriksson, M., Strid, I., & Hansson, P. A. (2014). Waste of organic and 
conventional meat and dairy products—A case study from 
Swedish retail. Resources, Conservation and Recycling. 
https://doi.org/10.1016/j.resconrec.2013.11.011 

Eunomia. (2016). Eunomia (2016) Plastics in the Marine Environment. 
June, 13. 

European Commission. (2018). A European Strategy for Plastics. 
European Comission, July, 24. 
https://doi.org/10.1021/acs.est.7b02368 

European Commission. (2019). A circular economy for plastics – Insights 
from research and innovation to inform policy and funding 
decisions. In European Commission. 
https://doi.org/10.2777/269031 

European Commission. (2021). Environmental footprint methods. 
https://environment.ec.europa.eu/news/environmental-footprint-
methods-2021-12-16_en 

126  |  References



 

  

 

European Commission. (2022). Plastic packaging waste: 38% recycled in 
2020. https://ec.europa.eu/eurostat/web/products-eurostat-news/-
/ddn-20221020-1 

European Commission. Joint Research Centre. (2016). Life cycle 
assessment for the impact assessment of policies. Publications 
Office. https://data.europa.eu/doi/10.2788/318544 

European Federation of Bottled Water. (2019). National Statistics on 
Bottled Water per capita consumption. 

Eurostat. (2021). Packaging waste by waste management operations. 

Fanning, A. L., O’Neill, D. W., Hickel, J., & Roux, N. (2022). The social 
shortfall and ecological overshoot of nations. Nature 
Sustainability, 5(1), Article 1. https://doi.org/10.1038/s41893-
021-00799-z 

FAO. (2012). Balanced Feeding for Improving Livestock Productivity. In 
FAO Animal Production and Health Paper. 

FAO. (2018a). FAOSTAT Crops. http://www.fao.org/faostat/en/#data/QC 

FAO. (2018b). FAOSTAT Land Use. 
http://www.fao.org/faostat/en/#data/RL 

FAO. (2018c). GLEAM 2, 2016. Global Livestock Environmental 
Assessment Model. FAO, Rome,Italy. 2, 82. 

FAO. (2021a). FAOSTAT Livestock Patterns. 

FAO. (2021b). The State of Food Security and Nutrition in the World 
2021. In The State of Food Security and Nutrition in the World 
2021. https://doi.org/10.4060/cb4474en 

FAO. (2022). FAOSTAT Annual population [Personal communication]. 

Fischer, K. (2022). Why Africa’s New Green Revolution is failing – Maize 
as a commodity and anti-commodity in South Africa. Geoforum, 
130, 96–104. https://doi.org/10.1016/j.geoforum.2021.08.001 

Florczyk, A., Melchiorri, M., Corban, C., Schiavina, M., Maffenini, L., 
Pesaresi, M., Politis, P., Sabo, F., Carneiro Freire, SM., Ehrlich, 
Kemper, T., P, P., Airaghi, D., & Zanchetta, L. (2019). 
Description of the GHS Urban Centre Database 2015. KJ-02-19-
103-EN-N (online). https://doi.org/10.2760/037310 (online) 

References  |  127



 

  

 

Friel, S., Schram, A., & Townsend, B. (2020). The nexus between 
international trade, food systems, malnutrition and climate 
change. Nature Food, 1(1), 51–58. 

Froehlich, H. E., Runge, C. A., Gentry, R. R., Gaines, S. D., & Halpern, 
B. S. (2018). Comparative terrestrial feed and land use of an 
aquaculture-dominant world. Proceedings of the National 
Academy of Sciences of the United States of America. 
https://doi.org/10.1073/pnas.1801692115 

Garrone, P., Melacini, M., & Perego, A. (2014). Opening the black box of 
food waste reduction. Food Policy. 
https://doi.org/10.1016/j.foodpol.2014.03.014 

Gaulier, G., & Zignago, S. (2010). BACI: International Trade Database 
at the Product-Level (the 1994-2007 Version) (SSRN Scholarly 
Paper 1994500). https://doi.org/10.2139/ssrn.1994500 

Gaulier, G., & Zignago, S. (2012). BACI: International Trade Database 
at the Product-Level (the 1994-2007 Version). SSRN Electronic 
Journal. https://doi.org/10.2139/ssrn.1994500 

Geyer, R., Jambeck, J. R., & Law, K. L. (2017a). Production, use, and 
fate of all plastics ever made. Science Advances, 3(7), e1700782. 
https://doi.org/10.1126/sciadv.1700782 

Geyer, R., Jambeck, J. R., & Law, K. L. (2017b). Production, use, and 
fate of all plastics ever made. Science Advances. 
https://doi.org/10.1126/sciadv.1700782 

Gianessi, L. P. (2010). Solving Africa’s weed problem: Increasing crop 
production & improving the lives of women. Aspects of Applied 
Biology. 

Gobal Network Against Food Crisis. (2021). Global Report on Food 
Crises. Food Security Information Network. 

Gobbi, C. N., Sanches, V. M. L., Guimarães, M. J. de O. C., Freitas, M. 
A. V. de, & Pacheco, E. B. A. V. (2019). Efficiency in the 
environmental management of plastic wastes at Brazilian ports 
based on data envelopment analysis. Marine Pollution Bulletin, 
142, 377–383. https://doi.org/10.1016/j.marpolbul.2019.03.061 

Godfray, H. C. J., Aveyard, P., Garnett, T., Hall, J. W., Key, T. J., 
Lorimer, J., Pierrehumbert, R. T., Scarborough, P., Springmann, 
M., & Jebb, S. A. (2018). Meat consumption, health, and the 

128  |  References



 

  

 

environment. In Science (New York, N.Y.). 
https://doi.org/10.1126/science.aam5324 

González-Fernández, D., Cózar, A., Hanke, G., Viejo, J., Morales-
Caselles, C., Bakiu, R., Barceló, D., Bessa, F., Bruge, A., 
Cabrera, M., Castro-Jiménez, J., Constant, M., Crosti, R., 
Galletti, Y., Kideys, A. E., Machitadze, N., Pereira de Brito, J., 
Pogojeva, M., Ratola, N., … Tourgeli, M. (2021). Floating 
macrolitter leaked from Europe into the ocean. Nature 
Sustainability, 4(6), Article 6. https://doi.org/10.1038/s41893-
021-00722-6 

González-Fernández, D., Roebroek, C. T. J., Laufkötter, C., Cózar, A., & 
van Emmerik, T. H. M. (2023). Diverging estimates of river 
plastic input to the ocean. Nature Reviews Earth & 
Environment, 1–3. https://doi.org/10.1038/s43017-023-00448-3 

Gradus, R. (2020). Postcollection separation of plastic recycling and 
design-for-recycling as solutions to low cost-effectiveness and 
plastic debris. Sustainability (Switzerland). 
https://doi.org/10.3390/su12208415 

Greenpeace. (2022). Game of waste. https://www.greenpeace.org.uk/wp-
content/uploads/2022/02/GAME_OF_WASTE_SHORT_V_ENG_
FINAL.pdf 

Gündoğdu, S., & Walker, T. R. (2021). Why Turkey should not import 
plastic waste pollution from developed countries? Marine 
Pollution Bulletin, 171, 112772. 
https://doi.org/10.1016/j.marpolbul.2021.112772 

Gupta, S., Vemireddy, V., Singh, D. K., & Pingali, P. (2021). Ground 
truthing the cost of achieving the EAT lancet recommended 
diets: Evidence from rural India. Global Food Security. 
https://doi.org/10.1016/j.gfs.2021.100498 

Gustavsson, J., Cederberg, C., Sonesson, U., van Otterdijk, R., & 
Meybeck, A. (2011). Global food losses and food waste: Extent, 
causes and prevention. International Congress: Save Food! 

HAC Homepage. (n.d.). High Ambition Coalition to End Plastic 
Pollution. Retrieved March 27, 2023, from 
https://hactoendplasticpollution.org/ 

Hahladakis, J. N., Velis, C. A., Weber, R., Iacovidou, E., & Purnell, P. 
(2018a). An overview of chemical additives present in plastics: 

References  |  129



 

  

 

Migration, release, fate and environmental impact during their 
use, disposal and recycling. In Journal of Hazardous Materials. 
https://doi.org/10.1016/j.jhazmat.2017.10.014 

Hahladakis, J. N., Velis, C. A., Weber, R., Iacovidou, E., & Purnell, P. 
(2018b). An overview of chemical additives present in plastics: 
Migration, release, fate and environmental impact during their 
use, disposal and recycling. Journal of Hazardous Materials, 
344, 179–199. https://doi.org/10.1016/j.jhazmat.2017.10.014 

Herrero, M., Havlík, P., Valin, H., Notenbaert, A., Rufino, M. C., 
Thornton, P. K., Blümmel, M., Weiss, F., Grace, D., & 
Obersteiner, M. (2013). Biomass use, production, feed 
efficiencies, and greenhouse gas emissions from global livestock 
systems. Proceedings of the National Academy of Sciences of the 
United States of America. 
https://doi.org/10.1073/pnas.1308149110 

Hestin, M., Mitsios, A., Ait Said, S., Fouret, F., Berwald, A., & Senlis, V. 
(2017). Blueprint for plastics packaging waste: Quality sorting & 
recycling. 

Hirvonen, K., Bai, Y., Headey, D., & Masters, W. A. (2020). Affordability 
of the EAT–Lancet reference diet: A global analysis. The Lancet 
Global Health. https://doi.org/10.1016/S2214-109X(19)30447-4 

Hoornweg, D., P. B.-T. (2012). What a Waste: A Global Review of Solid 
Waste Management cb. World Bank. 

Horton, A. A., Walton, A., Spurgeon, D. J., Lahive, E., & Svendsen, C. 
(2017). Microplastics in freshwater and terrestrial environments: 
Evaluating the current understanding to identify the knowledge 
gaps and future research priorities. In Science of the Total 
Environment. https://doi.org/10.1016/j.scitotenv.2017.01.190 

Hossain, R., Islam, M. T., Ghose, A., & Sahajwalla, V. (2022). Full circle: 
Challenges and prospects for plastic waste management in 
Australia to achieve circular economy. Journal of Cleaner 
Production, 368, 133127. 
https://doi.org/10.1016/j.jclepro.2022.133127 

Hsu, W.-T., Domenech, T., & McDowall, W. (2021). How circular are 
plastics in the EU?: MFA of plastics in the EU and pathways to 
circularity. Cleaner Environmental Systems. 
https://doi.org/10.1016/j.cesys.2020.100004 

130  |  References



 

  

 

Huang, G. H., & Chang, N. B. (2003). Perspectives of Environmental 
Informatics and Systems Analysis. Journal of Environmental 
Informatics. 

Huysman, S., De Schaepmeester, J., Ragaert, K., Dewulf, J., & De 
Meester, S. (2017). Performance indicators for a circular 
economy: A case study on post-industrial plastic waste. 
Resources, Conservation and Recycling. 
https://doi.org/10.1016/j.resconrec.2017.01.013 

Idumah, C. I., & Nwuzor, I. C. (2019). Novel trends in plastic waste 
management. SN Applied Sciences, 1(11), 1402. 
https://doi.org/10.1007/s42452-019-1468-2 

INTERPOL. (2020a). Emerging criminal trends in the global plastic 
waste market since January 2018. INTERPOL. 
https://www.interpol.int/en/content/download/15587/file/INTERP
OL%20Report%20_criminal%20trends-plastic%20waste.pdf 

INTERPOL. (2020b). INTERPOL Strategic Analysis Report: Emerging 
criminal trends in the global plastic waste market since January 
2018. August, 61. 

IPCC. (2019). Climate Change and Land: An IPCC special report. 
Climate Change and Land: An IPCC Special Report on Climate 
Change, Desertification, Land Degradation, Sustainable Land 
Management, Food Security, and Greenhouse Gas Fluxes in 
Terrestrial Ecosystems. 

Ishimura, Y. (2022). The effects of the containers and packaging 
recycling law on the domestic recycling of plastic waste: 
Evidence from Japan. Ecological Economics, 201, 107535. 
https://doi.org/10.1016/j.ecolecon.2022.107535 

Isobe, A., & Iwasaki, S. (2022). The fate of missing ocean plastics: Are 
they just a marine environmental problem? Science of The Total 
Environment, 825, 153935. 
https://doi.org/10.1016/j.scitotenv.2022.153935 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., 
Andrady, A., Narayan, R., & Law, K. L. (2015a). Plastic waste 
inputs from land into the ocean. Science. 
https://doi.org/10.1126/science.1260352 

Jambeck, J. R., Geyer, R., Wilcox, C., Siegler, T. R., Perryman, M., 
Andrady, A., Narayan, R., & Law, K. L. (2015b). Plastic waste 

References  |  131



 

  

 

inputs from land into the ocean. Science, 347(6223), 768–771. 
https://doi.org/10.1126/science.1260352 

Jenkins, C. N., & Van Houtan, K. S. (2016a). Global and regional 
priorities for marine biodiversity protection. Biological 
Conservation. https://doi.org/10.1016/j.biocon.2016.10.005 

Jenkins, C. N., & Van Houtan, K. S. (2016b). Global and regional 
priorities for marine biodiversity protection. Biological 
Conservation, 204, 333–339. 
https://doi.org/10.1016/j.biocon.2016.10.005 

Jiang, X., & Green, C. (2017). The Impact on Global Greenhouse Gas 
Emissions of Geographic Shifts in Global Supply Chains. 
Ecological Economics, 139, 102–114. 
https://doi.org/10.1016/j.ecolecon.2017.04.027 

Julienne, F., Delorme, N., & Lagarde, F. (2019). From macroplastics to 
microplastics: Role of water in the fragmentation of 
polyethylene. Chemosphere, 236, 124409. 
https://doi.org/10.1016/j.chemosphere.2019.124409 

Kahlert, S., & Bening, C. R. (2022). Why pledges alone will not get 
plastics recycled: Comparing recyclate production and 
anticipated demand. Resources, Conservation and Recycling, 
181, 106279. https://doi.org/10.1016/j.resconrec.2022.106279 

Kaza, S., Yao, L. C., Bhada-Tata, P., & Van Woerden, F. (2018). What a 
Waste 2.0: A Global Snapshot of Solid Waste Management to 
2050. World Bank. https://doi.org/10.1596/978-1-4648-1329-0 

Kearney, J. (2010). Food consumption trends and drivers. In 
Philosophical Transactions of the Royal Society B: Biological 
Sciences. https://doi.org/10.1098/rstb.2010.0149 

Kerksick, C. M., Wilborn, C. D., Roberts, M. D., Smith-Ryan, A., Kleiner, 
S. M., Jäger, R., Collins, R., Cooke, M., Davis, J. N., Galvan, E., 
Greenwood, M., Lowery, L. M., Wildman, R., Antonio, J., & 
Kreider, R. B. (2018a). ISSN exercise & sports nutrition review 
update: Research & recommendations. In Journal of the 
International Society of Sports Nutrition. 
https://doi.org/10.1186/s12970-018-0242-y 

Kerksick, C. M., Wilborn, C. D., Roberts, M. D., Smith-Ryan, A., Kleiner, 
S. M., Jäger, R., Collins, R., Cooke, M., Davis, J. N., Galvan, E., 
Greenwood, M., Lowery, L. M., Wildman, R., Antonio, J., & 

132  |  References



 

  

 

Kreider, R. B. (2018b). ISSN exercise & sports nutrition review 
update: Research & recommendations. In Journal of the 
International Society of Sports Nutrition. 
https://doi.org/10.1186/s12970-018-0242-y 

Khan, S. A. (2020). Clearly Hazardous, Obscurely Regulated: Lessons 
from the Basel Convention on Waste Trade. 114, 200–205. 
https://doi.org/10.1017/aju.2020.38 

Kónya, I., & Ohashi, H. (2007). International Consumption Patterns 
among High-income Countries: Evidence from the OECD Data*. 
Review of International Economics, 15(4), 744–757. 
https://doi.org/10.1111/j.1467-9396.2007.00676.x 

Kumar, A., Samadder, S. R., Kumar, N., & Singh, C. (2018). Estimation 
of the generation rate of different types of plastic wastes and 
possible revenue recovery from informal recycling. Waste 
Management, 79, 781–790. 
https://doi.org/10.1016/j.wasman.2018.08.045 

Kummu, M., Kinnunen, P., Lehikoinen, E., Porkka, M., Queiroz, C., 
Röös, E., Troell, M., & Weil, C. (2020a). Interplay of trade and 
food system resilience: Gains on supply diversity over time at 
the cost of trade independency. Global Food Security. 
https://doi.org/10.1016/j.gfs.2020.100360 

Kummu, M., Kinnunen, P., Lehikoinen, E., Porkka, M., Queiroz, C., 
Röös, E., Troell, M., & Weil, C. (2020b). Interplay of trade and 
food system resilience: Gains on supply diversity over time at 
the cost of trade independency. Global Food Security. 
https://doi.org/10.1016/j.gfs.2020.100360 

Lassaletta, L., Billen, G., Grizzetti, B., Garnier, J., Leach, A. M., & 
Galloway, J. N. (2014). Food and feed trade as a driver in the 
global nitrogen cycle: 50-year trends. Biogeochemistry. 
https://doi.org/10.1007/s10533-013-9923-4 

Lau, W. W. Y., Shiran, Y., Bailey, R. M., Cook, E., Stuchtey, M. R., 
Koskella, J., Velis, C. A., Godfrey, L., Boucher, J., Murphy, M. 
B., Thompson, R. C., Jankowska, E., Castillo Castillo, A., 
Pilditch, T. D., Dixon, B., Koerselman, L., Kosior, E., Favoino, 
E., Gutberlet, J., … Palardy, J. E. (2020). Evaluating scenarios 
toward zero plastic pollution. Science, 369(6510), 1455–1461. 
https://doi.org/10.1126/science.aba9475 

References  |  133



 

  

 

Law, K. L., Starr, N., Siegler, T. R., Jambeck, J. R., Mallos, N. J., & 
Leonard, G. H. (2020a). The United States’ contribution of 
plastic waste to land and ocean. Science Advances. 
https://doi.org/10.1126/sciadv.abd0288 

Law, K. L., Starr, N., Siegler, T. R., Jambeck, J. R., Mallos, N. J., & 
Leonard, G. H. (2020b). The United States’ contribution of 
plastic waste to land and ocean. Science Advances, 6(44), 
eabd0288. https://doi.org/10.1126/sciadv.abd0288 

Leal Filho, W., Saari, U., Fedoruk, M., Iital, A., Moora, H., Klöga, M., & 
Voronova, V. (2019). An overview of the problems posed by 
plastic products and the role of extended producer responsibility 
in Europe. Journal of Cleaner Production. 
https://doi.org/10.1016/j.jclepro.2018.12.256 

Lebreton, L., & Andrady, A. (2019a). Future scenarios of global plastic 
waste generation and disposal. Palgrave Communications. 
https://doi.org/10.1057/s41599-018-0212-7 

Lebreton, L., & Andrady, A. (2019b). Future scenarios of global plastic 
waste generation and disposal. Palgrave Communications, 5(1), 
Article 1. https://doi.org/10.1057/s41599-018-0212-7 

Lebreton, L. C. M., van der Zwet, J., Damsteeg, J.-W., Slat, B., Andrady, 
A., & Reisser, J. (2017). River plastic emissions to the world’s 
oceans. Nature Communications, 8(1), Article 1. 
https://doi.org/10.1038/ncomms15611 

Lebreton, L., Slat, B., Ferrari, F., Sainte-Rose, B., Aitken, J., Marthouse, 
R., Hajbane, S., Cunsolo, S., Schwarz, A., Levivier, A., Noble, K., 
Debeljak, P., Maral, H., Schoeneich-Argent, R., Brambini, R., & 
Reisser, J. (2018). Evidence that the Great Pacific Garbage 
Patch is rapidly accumulating plastic. Scientific Reports. 
https://doi.org/10.1038/s41598-018-22939-w 

Li, C., Wang, L., Zhao, J., Deng, L., Yu, S., Shi, Z., & Wang, Z. (2021). 
The collapse of global plastic waste trade: Structural change, 
cascading failure process and potential solutions. Journal of 
Cleaner Production, 314, 127935. 
https://doi.org/10.1016/j.jclepro.2021.127935 

Li, W. C., Tse, H. F., & Fok, L. (2016a). Plastic waste in the marine 
environment: A review of sources, occurrence and effects. In 
Science of the Total Environment. 
https://doi.org/10.1016/j.scitotenv.2016.05.084 

134  |  References



 

  

 

Li, W. C., Tse, H. F., & Fok, L. (2016b). Plastic waste in the marine 
environment: A review of sources, occurrence and effects. Science 
of The Total Environment, 566–567, 333–349. 
https://doi.org/10.1016/j.scitotenv.2016.05.084 

Liang, Y., Tan, Q., Song, Q., & Li, J. (2021). An analysis of the plastic 
waste trade and management in Asia. Waste Management, 119, 
242–253. https://doi.org/10.1016/j.wasman.2020.09.049 

Liu, X., Lei, T., Boré, A., Lou, Z., Abdouraman, B., & Ma, W. (2022). 
Evolution of global plastic waste trade flows from 2000 to 2020 
and its predicted trade sinks in 2030. Journal of Cleaner 
Production, 376, 134373. 
https://doi.org/10.1016/j.jclepro.2022.134373 

Liu, X., Yu, L., Li, W., Peng, D., Zhong, L., Li, L., Xin, Q., Lu, H., Yu, C., 
& Gong, P. (2018). Comparison of country-level cropland areas 
between ESA-CCI land cover maps and FAOSTAT data. 
International Journal of Remote Sensing, 39(20), 6631–6645. 
https://doi.org/10.1080/01431161.2018.1465613 

Lonnie, M., Hooker, E., Brunstrom, J. M., Corfe, B. M., Green, M. A., 
Watson, A. W., Williams, E. A., Stevenson, E. J., Penson, S., & 
Johnstone, A. M. (2018). Protein for life: Review of optimal 
protein intake, sustainable dietary sources and the effect on 
appetite in ageing adults. In Nutrients. 
https://doi.org/10.3390/nu10030360 

MacLeod, M., Arp, H. P. H., Tekman, M. B., & Jahnke, A. (2021). The 
global threat from plastic pollution. Science, 373(6550), 61–65. 
https://doi.org/10.1126/science.abg5433 

Mai, L., Sun, X.-F., Xia, L.-L., Bao, L.-J., Liu, L.-Y., & Zeng, E. Y. (2020). 
Global Riverine Plastic Outflows. Environmental Science & 
Technology, 54(16), 10049–10056. 
https://doi.org/10.1021/acs.est.0c02273 

Majid, I., Ahmad Nayik, G., Mohammad Dar, S., & Nanda, V. (2018). 
Novel food packaging technologies: Innovations and future 
prospective. In Journal of the Saudi Society of Agricultural 
Sciences. https://doi.org/10.1016/j.jssas.2016.11.003 

Marks, D., Miller, M. A., & Vassanadumrongdee, S. (2020). The 
geopolitical economy of Thailand’s marine plastic pollution 
crisis. Asia Pacific Viewpoint, 61(2), 266–282. 
https://doi.org/10.1111/apv.12255 

References  |  135



 

  

 

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., & Kaminuma, 
T. (2001a). Plastic resin pellets as a transport medium for toxic 
chemicals in the marine environment. Environmental Science 
and Technology. https://doi.org/10.1021/es0010498 

Mato, Y., Isobe, T., Takada, H., Kanehiro, H., Ohtake, C., & Kaminuma, 
T. (2001b). Plastic Resin Pellets as a Transport Medium for 
Toxic Chemicals in the Marine Environment. Environmental 
Science & Technology, 35(2), 318–324. 
https://doi.org/10.1021/es0010498 

McGlade, J., Fahim, I. S., Green, D., & Landrigan, P. (2021). From 
pollution to solution. A global assessment of marine litter and 
plastic pollution. United Nations Environment Programme. 
https://www.unep.org/resources/pollution-solution-global-
assessment-marine-litter-and-plastic-pollution 

Meijer, L. J. J., van Emmerik, T., van der Ent, R., Schmidt, C., & 
Lebreton, L. (2021a). More than 1000 rivers account for 80% of 
global riverine plastic emissions into the ocean. Science 
Advances. https://doi.org/10.1126/sciadv.aaz5803 

Meijer, L. J. J., van Emmerik, T., van der Ent, R., Schmidt, C., & 
Lebreton, L. (2021b). More than 1000 rivers account for 80% of 
global riverine plastic emissions into the ocean. Science 
Advances, 7(18), eaaz5803. 
https://doi.org/10.1126/sciadv.aaz5803 

Messager, M. L., Lehner, B., Cockburn, C., Lamouroux, N., Pella, H., 
Snelder, T., Tockner, K., Trautmann, T., Watt, C., & Datry, T. 
(2021). Global prevalence of non-perennial rivers and streams. 
Nature, 594(7863), Article 7863. https://doi.org/10.1038/s41586-
021-03565-5 

Molina-Besch, K., Wikström, F., & Williams, H. (2019). The 
environmental impact of packaging in food supply chains—Does 
life cycle assessment of food provide the full picture? In 
International Journal of Life Cycle Assessment. 
https://doi.org/10.1007/s11367-018-1500-6 

Morales-Caselles, C., Viejo, J., Martí, E., González-Fernández, D., 
Pragnell-Raasch, H., González-Gordillo, J. I., Montero, E., 
Arroyo, G. M., Hanke, G., Salvo, V. S., Basurko, O. C., Mallos, 
N., Lebreton, L., Echevarría, F., van Emmerik, T., Duarte, C. M., 
Gálvez, J. A., van Sebille, E., Galgani, F., … Cózar, A. (2021). An 

136  |  References



 

  

 

inshore–offshore sorting system revealed from global 
classification of ocean litter. Nature Sustainability, 4(6), Article 
6. https://doi.org/10.1038/s41893-021-00720-8 

Morgan, K., Marsden, T., & Murdoch, J. (2006). Networks, Conventions, 
and Regions: Theorizing ‘Worlds of Food.’ In Worlds of Food. 
https://doi.org/10.1093/oso/9780199271580.003.0009 

Mottet, A., de Haan, C., Falcucci, A., Tempio, G., Opio, C., & Gerber, P. 
(2017). Livestock: On our plates or eating at our table? A new 
analysis of the feed/food debate. In Global Food Security. 
https://doi.org/10.1016/j.gfs.2017.01.001 

Mrkajić, V., Stanisavljevic, N., Wang, X., Tomas, L., & Haro, P. (2018). 
Efficiency of packaging waste management in a European Union 
candidate country. Resources, Conservation and Recycling, 136, 
130–141. https://doi.org/10.1016/j.resconrec.2018.04.008 

Müller, E., Hilty, L. M., Widmer, R., Schluep, M., & Faulstich, M. 
(2014). Modeling Metal Stocks and Flows: A Review of Dynamic 
Material Flow Analysis Methods. Environmental Science & 
Technology, 48(4), 2102–2113. https://doi.org/10.1021/es403506a 

Narancic, T., & O’Connor, K. E. (2019). Plastic waste as a global 
challenge: Are biodegradable plastics the answer to the plastic 
waste problem? Microbiology, 165(2), 129–137. 
https://doi.org/10.1099/mic.0.000749 

Navarre, N., Barbarossa, V., Tukker, A., & Mogollón, J. (2023). The 
consequences of trade on global plastic pollution [Preprint]. In 
Review. https://doi.org/10.21203/rs.3.rs-3275353/v1 

Nesme, T., Metson, G. S., & Bennett, E. M. (2018). Global phosphorus 
flows through agricultural trade. Global Environmental Change. 
https://doi.org/10.1016/j.gloenvcha.2018.04.004 

OECD. (2022). Global Plastics Outlook: Economic Drivers, 
Environmental Impacts and Policy Options. OECD. 
https://doi.org/10.1787/de747aef-en 

Oerke, E. C. (2006). Crop losses to pests. In Journal of Agricultural 
Science. https://doi.org/10.1017/S0021859605005708 

Oliveira, M., Ameixa, O. M. C. C., & Soares, A. M. V. M. (2019). Are 
ecosystem services provided by insects “bugged” by micro 

References  |  137



 

  

 

(nano)plastics? TrAC Trends in Analytical Chemistry, 113, 317–
320. https://doi.org/10.1016/j.trac.2019.02.018 

Olson, D. M., Dinerstein, E., Wikramanayake, E. D., Burgess, N. D., 
Powell, G. V. N., Underwood, E. C., D’amico, J. A., Itoua, I., 
Strand, H. E., Morrison, J. C., Loucks, C. J., Allnutt, T. F., 
Ricketts, T. H., Kura, Y., Lamoreux, J. F., Wettengel, W. W., 
Hedao, P., & Kassem, K. R. (2001). Terrestrial Ecoregions of the 
World: A New Map of Life on Earth: A new global map of 
terrestrial ecoregions provides an innovative tool for conserving 
biodiversity. BioScience, 51(11), 933–938. 
https://doi.org/10.1641/0006-
3568(2001)051[0933:TEOTWA]2.0.CO;2 

Pace, M. L., & Gephart, J. A. (2017). Trade: A Driver of Present and 
Future Ecosystems. Ecosystems. https://doi.org/10.1007/s10021-
016-0021-z 

Parsa, S., Morse, S., Bonifacio, A., Chancellor, T. C. B., Condori, B., 
Crespo-Pérez, V., Hobbs, S. L. A., Kroschel, J., Ba, M. N., 
Rebaudo, F., Sherwood, S. G., Vanek, S. J., Faye, E., Herrera, M. 
A., & Dangles, O. (2014). Obstacles to integrated pest 
management adoption in developing countries. Proceedings of 
the National Academy of Sciences of the United States of 
America. https://doi.org/10.1073/pnas.1312693111 

Patrício, J., Kalmykova, Y., Rosado, L., & Lisovskaja, V. (2015). 
Uncertainty in Material Flow Analysis Indicators at Different 
Spatial Levels. Journal of Industrial Ecology, 19(5), 837–852. 
https://doi.org/10.1111/jiec.12336 

Pawar, P. R., Shirgaonkar, S. S., & Patil, R. B. (2016a). Plastic marine 
debris: Sources, distribution and impacts on coastal and ocean 
biodiversity. PENCIL Publication of Biological Sciences, 3(1), 
40–54. 

Pawar, P. R., Shirgaonkar, S. S., & Patil, R. B. (2016b). Plastic marine 
debris: Sources, distribution and impacts on coastal and ocean 
biodiversity. 16. 

Pawar, P. R., Shirgaonkar, S. S., & Patil, R. B. (2016c). Plastic marine 
debris: Sources, distribution and impacts on coastal and ocean 
biodiversity. 

Pires, A., Martinho, G., & Chang, N.-B. (2011). Solid waste management 
in European countries: A review of systems analysis techniques. 

138  |  References



 

  

 

Journal of Environmental Management, 92(4), 1033–1050. 
https://doi.org/10.1016/j.jenvman.2010.11.024 

PlasticsEurope. (2020). Plastics – the Facts 2020. PlasticEurope, 16. 

Plastics—The Facts 2022 • Plastics Europe. (n.d.). Plastics Europe. 
Retrieved December 1, 2023, from 
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2022/ 

Pradhan, P., Fischer, G., Van Velthuizen, H., Reusser, D. E., & Kropp, J. 
P. (2015). Closing yield gaps: How sustainable can we be? PLoS 
ONE. https://doi.org/10.1371/journal.pone.0129487 

Prüst, M., Meijer, J., & Westerink, R. H. S. (2020). The plastic brain: 
Neurotoxicity of micro- and nanoplastics. Particle and Fibre 
Toxicology, 17(1), 24. https://doi.org/10.1186/s12989-020-00358-y 

Puma, M. J., Bose, S., Chon, S. Y., & Cook, B. I. (2015). Assessing the 
evolving fragility of the global food system. Environmental 
Research Letters. https://doi.org/10.1088/1748-9326/10/2/024007 

Raak, N., Symmank, C., Zahn, S., Aschemann-Witzel, J., & Rohm, H. 
(2017). Processing- and product-related causes for food waste 
and implications for the food supply chain. In Waste 
Management. https://doi.org/10.1016/j.wasman.2016.12.027 

Ragaert, K., Delva, L., & Van Geem, K. (2017). Mechanical and chemical 
recycling of solid plastic waste. In Waste Management. 
https://doi.org/10.1016/j.wasman.2017.07.044 

Raubenheimer, K., Oral, N., & McIlgorm, A. (2017). Combating Marine 
Plastic Litter and Microplastics: An Assessment of the 
Effectiveness of Relevant International, Regional and Sub 
regional Governance Strategies and Approaches. A Report to UN 
Environment. 

Raubenheimer, K., & Urho, N. (2020). Possible elements of a new global 
agreement to prevent plastic pollution. Nordic Council of 
Ministers. 

Reed, D. L. (2012). Life-Cycle Assessment in Government Policy in the 
United States. 

Rodrigues, M. O., Abrantes, N., Gonçalves, F. J. M., Nogueira, H., 
Marques, J. C., & Gonçalves, A. M. M. (2019). Impacts of plastic 
products used in daily life on the environment and human 

References  |  139



 

  

 

health: What is known? Environmental Toxicology and 
Pharmacology, 72, 103239. 
https://doi.org/10.1016/j.etap.2019.103239 

Roebroek, C. T. J., Laufkötter, C., González-Fernández, D., & van 
Emmerik, T. (2022). The quest for the missing plastics: Large 
uncertainties in river plastic export into the sea. Environmental 
Pollution, 312, 119948. 
https://doi.org/10.1016/j.envpol.2022.119948 

Roman, L., Bryan, S., Bool, N., Gustafson, L., & Townsend, K. (2021). 
Desperate times call for desperate measures: Non-food ingestion 
by starving seabirds. Marine Ecology Progress Series, 662, 157–
168. https://doi.org/10.3354/meps13626 

Rosa, L., Rulli, M. C., Davis, K. F., Chiarelli, D. D., Passera, C., & 
D’Odorico, P. (2018). Closing the yield gap while ensuring water 
sustainability. Environmental Research Letters. 
https://doi.org/10.1088/1748-9326/aadeef 

Ryberg, M. W. R., Laurent, A., & Hauschild, M. (2018). Mapping of 
global plastics value chain and plastics losses to the 
environment (with a particular focus on marine environment). 
UN Environment Programme, 1–99. 

Sala, S., Amadei, A. M., Beylot, A., & Ardente, F. (2021). The evolution 
of life cycle assessment in European policies over three decades. 
The International Journal of Life Cycle Assessment, 26(12), 
2295–2314. https://doi.org/10.1007/s11367-021-01893-2 

Sarpong, S. (2020). Counting the Cost: Malaysia’s Push-Back Begins 
over Overseas Waste Dumping. Society, 57(1), 77–84. 
https://doi.org/10.1007/s12115-019-00443-9 

Schmidt, C., Krauth, T., & Wagner, S. (2017). Export of Plastic Debris 
by Rivers into the Sea. Environmental Science & Technology, 
51(21), 12246–12253. https://doi.org/10.1021/acs.est.7b02368 

Schönhart, M., Penker, M., & Schmid, E. (2009). Sustainable Local Food 
Production and Consumption: Challenges for Implementation 
and Research. Outlook on Agriculture, 38(2), 175–182. 
https://doi.org/10.5367/000000009788632313 

Schweitzer, J. P., Gionfra, S., Pantzar, M., Mottershead, D., Watkins, E., 
Petsinaris, F., Ten Brink, P., Ptak, E., Lacey, C., & Janssens, C. 
(2018). Unwrapped: How throwaway plastic is failing to solve 

140  |  References



 

  

 

Europe’s food waste problem (and what we need to do instead). 
Institute for European Environmental Policy. 

Schweitzer, J.-P., Gionfra, S., Pantzar, M., Mottershead, D., Watkins, E., 
Petsinaris, F., ten Brink, P., Ptak, E., Lacey, C., & Janssens, C. 
(2018). Unwrapped How throwaway plastic is failing to solve 
Europes food waste problem. 

Seidel, C. (2016). The application of life cycle assessment to public policy 
development. The International Journal of Life Cycle 
Assessment, 21(3), 337–348. https://doi.org/10.1007/s11367-015-
1024-2 

Shi, J., Zhang, C., & Chen, W.-Q. (2021). The expansion and shrinkage 
of the international trade network of plastic wastes affected by 
China’s waste management policies. Sustainable Production and 
Consumption, 25, 187–197. 
https://doi.org/10.1016/j.spc.2020.08.005 

Simmonds, G., & Spence, C. (2017). Thinking inside the box: How seeing 
products on, or through, the packaging influences consumer 
perceptions and purchase behaviour. In Food Quality and 
Preference. https://doi.org/10.1016/j.foodqual.2016.11.010 

Simon, N., Raubenheimer, K., Urho, N., Unger, S., Azoulay, D., Farrelly, 
T., Sousa, J., van Asselt, H., Carlini, G., Sekomo, C., Schulte, M. 
L., Busch, P.-O., Wienrich, N., & Weiand, L. (2021). A binding 
global agreement to address the life cycle of plastics. Science, 
373(6550), 43–47. https://doi.org/10.1126/science.abi9010 

Skyggebjerg, L. K. (2019). Knowledge making and corporate 
environmentalism from the perspective of the egg tray. History 
and Technology. https://doi.org/10.1080/07341512.2019.1608081 

Song, L., & Zhou, Y. (2020). The COVID-19 Pandemic and Its Impact on 
the Global Economy: What Does It Take to Turn Crisis into 
Opportunity? China & World Economy, 28(4), 1–25. 
https://doi.org/10.1111/cwe.12349 

Spapens, T., Mehlbaum, S., & Neve, R. (2018). Preventing illicit waste-
exports from the Netherlands to China. In Transnational Crime: 
European and Chinese Perspectives. 
https://doi.org/10.4324/9781351026826-14 

Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B. 
L., Lassaletta, L., de Vries, W., Vermeulen, S. J., Herrero, M., 

References  |  141



 

  

 

Carlson, K. M., Jonell, M., Troell, M., DeClerck, F., Gordon, L. 
J., Zurayk, R., Scarborough, P., Rayner, M., Loken, B., Fanzo, J., 
… Willett, W. (2018a). Options for keeping the food system 
within environmental limits. Nature, 562(7728), Article 7728. 
https://doi.org/10.1038/s41586-018-0594-0 

Springmann, M., Clark, M., Mason-D’Croz, D., Wiebe, K., Bodirsky, B. 
L., Lassaletta, L., de Vries, W., Vermeulen, S. J., Herrero, M., 
Carlson, K. M., Jonell, M., Troell, M., DeClerck, F., Gordon, L. 
J., Zurayk, R., Scarborough, P., Rayner, M., Loken, B., Fanzo, J., 
… Willett, W. (2018b). Options for keeping the food system 
within environmental limits. Nature. 
https://doi.org/10.1038/s41586-018-0594-0 

Steinberger, J. K., Roberts, J. T., Peters, G. P., & Baiocchi, G. (2012). 
Pathways of human development and carbon emissions 
embodied in trade. Nature Climate Change, 2(2), Article 2. 
https://doi.org/10.1038/nclimate1371 

Strokal, M., Vriend, P., Bak, M. P., Kroeze, C., van Wijnen, J., & van 
Emmerik, T. (2023). River export of macro- and microplastics to 
seas by sources worldwide. Nature Communications, 14(1), 
Article 1. https://doi.org/10.1038/s41467-023-40501-9 

Summit, W. F. (1996). Rome Declaration on World Food Security and 
World Food Summit Plan of Action Rome Declaration on World 
Food Security. World Food Summit. 

Tan, Q., Li, J., & Boljkovac, C. (2018). Responding to China’s Waste 
Import Ban through a New, Innovative, Cooperative Mechanism. 
Environmental Science & Technology, 52(14), 7595–7597. 
https://doi.org/10.1021/acs.est.8b01852 

Tendall, D. M., Joerin, J., Kopainsky, B., Edwards, P., Shreck, A., Le, Q. 
B., Kruetli, P., Grant, M., & Six, J. (2015). Food system 
resilience: Defining the concept. In Global Food Security. 
https://doi.org/10.1016/j.gfs.2015.08.001 

Tessnow-von Wysocki, I., & Le Billon, P. (2019). Plastics at sea: Treaty 
design for a global solution to marine plastic pollution. 
Environmental Science & Policy, 100, 94–104. 
https://doi.org/10.1016/j.envsci.2019.06.005 

The United Nations Statistics Division. (2018). Standard country or area 
codes for statistical use (M49). The United Nations Statistics 
Division. 

142  |  References



 

  

 

Torero, M. (2020). Prepare food systems for a long-haul fight against 
COVID-19. IFPRI Book Chapters, 118–121. 

Tosun, J., Scherer, U., Schaub, S., & Horn, H. (2020). Making Europe go 
from bottles to the tap: Political and societal attempts to induce 
behavioral change. WIREs Water. 
https://doi.org/10.1002/wat2.1435 

Tu, C., Suweis, S., & D’Odorico, P. (2019). Impact of globalization on the 
resilience and sustainability of natural resources. Nature 
Sustainability. https://doi.org/10.1038/s41893-019-0260-z 

Tuninetti, M., Ridolfi, L., & Laio, F. (2022). Compliance with EAT–
Lancet dietary guidelines would reduce global water footprint 
but increase it for 40% of the world population. Nature Food. 
https://doi.org/10.1038/s43016-021-00452-0 

UNCCD. (2014). Food Security and Agriculture. Global Land Outlook. 

UNEP. (2020). Confirmed Cases of Illegal Traffic; Sri Lanka—Form 
transmitted October 2020. United Nations Environment 
Programme. 
http://www.basel.int/Implementation/LegalMatters/IllegalTraffic
/CasesofIllegalTraffic/tabid/3424/Default.aspx 

UNEP. (2022b, September 20). United Nations Environment Assembly 5 
(UNEA 5.2) Resolutions. UNEP - UN Environment Programme. 
http://www.unep.org/resources/resolutions-treaties-and-
decisions/united-nations-environment-assembly-5 

United Nations. (2016). United Nations International Trade Statistics 
Knowledgebase, 2016. Re-exports and Re-imports. United 
Nations. 
https://unstats.un.org/unsd/tradekb/Knowledgebase/Reexports-
and-Reimports 

United Nations International Trade Statistics Knowledgebase. (2016). 
Re-exports and Re-imports. 
https://unstats.un.org/unsd/tradekb/Knowledgebase/Reexports-
and-Reimports 

UNSD. (2022). UNSD — Methodology. 
https://unstats.un.org/unsd/methodology/m49/ 

Valbuena, D., Erenstein, O., Homann-Kee Tui, S., Abdoulaye, T., 
Claessens, L., Duncan, A. J., Gérard, B., Rufino, M. C., Teufel, 

References  |  143



 

  

 

N., van Rooyen, A., & van Wijk, M. T. (2012). Conservation 
Agriculture in mixed crop-livestock systems: Scoping crop 
residue trade-offs in Sub-Saharan Africa and South Asia. Field 
Crops Research. https://doi.org/10.1016/j.fcr.2012.02.022 

Van der Voet, E. (2002). Substance flow analysis methodology. A 
Handbook of Industrial Ecology, 91–101. 

van Dooren, C., Janmaat, O., Snoek, J., & Schrijnen, M. (2019). 
Measuring food waste in Dutch households: A synthesis of three 
studies. Waste Management. 
https://doi.org/10.1016/j.wasman.2019.05.025 

van Rossum, C. T. M., Buurma-Rethans, E. J. M., Dinnissen, C. S., 
Beukers, M. H., Brants, H. A. M., Dekkers, A. L. M., & Ocké, M. 
C. (2020). The diet of the Dutch. In RIVM Letter report 2016-
0082. 

Velis, C. A. (2015). Circular economy and global secondary material 
supply chains. Waste Management & Research, 33(5), 389–391. 
https://doi.org/10.1177/0734242X15587641 

Vermeulen, S. J., Campbell, B. M., & Ingram, J. S. I. (2012). Climate 
change and food systems. In Annual Review of Environment and 
Resources. https://doi.org/10.1146/annurev-environ-020411-
130608 

Vethaak, A. D., & Legler, J. (2021). Microplastics and human health. 
Science, 371(6530), 672–674. 
https://doi.org/10.1126/science.abe5041 

Vollebregt, M. (2020). Dutch national Monitor on Food Waste – progress 
on measurement in different stages of food supply chain The 
Dutch context. 

Waaijers-van der Loop, S., van Bruggen, A., Beijer, N. R. M., Sips, A., de 
Roda Husman, A. M., Cassee, F., & Peijnenburg, W. (2022). 
Improved science-based transformation pathways for the 
development of safe and sustainable plastics. Environment 
International, 160, 107055. 
https://doi.org/10.1016/j.envint.2021.107055 

Wagner, S., & Schlummer, M. (2020). Legacy additives in a circular 
economy of plastics: Current dilemma, policy analysis, and 
emerging countermeasures. Resources, Conservation and 

144  |  References



 

  

 

Recycling, 158, 104800. 
https://doi.org/10.1016/j.resconrec.2020.104800 

Wang, C., Zhao, L., Lim, M. K., Chen, W. Q., & Sutherland, J. W. 
(2020a). Structure of the global plastic waste trade network and 
the impact of China’s import Ban. Resources, Conservation and 
Recycling. https://doi.org/10.1016/j.resconrec.2019.104591 

Wang, C., Zhao, L., Lim, M. K., Chen, W.-Q., & Sutherland, J. W. 
(2020b). Structure of the global plastic waste trade network and 
the impact of China’s import Ban. Resources, Conservation and 
Recycling, 153, 104591. 
https://doi.org/10.1016/j.resconrec.2019.104591 

Wang, Q., Tweedy, A., & Wang, H. G. (2022). Reducing plastic waste 
through legislative interventions in the United States: 
Development, obstacles, potentials, and challenges. Sustainable 
Horizons, 2, 100013. https://doi.org/10.1016/j.horiz.2022.100013 

Wang, W., Themelis, N. J., Sun, K., Bourtsalas, A. C., Huang, Q., Zhang, 
Y., & Wu, Z. (2019). Current influence of China’s ban on plastic 
waste imports. In Waste Disposal and Sustainable Energy. 
https://doi.org/10.1007/s42768-019-00005-z 

Waste Atlas (2016) D-waste. Waste Atlas. (n.d.). 

Waste generation and treatment (env_wasgt). (n.d.). Retrieved August 7, 
2023, from 
https://ec.europa.eu/eurostat/cache/metadata/en/env_wasgt_esms
.htm 

Weiss, L., Ludwig, W., Heussner, S., Canals, M., Ghiglione, J.-F., 
Estournel, C., Constant, M., & Kerhervé, P. (2021). The missing 
ocean plastic sink: Gone with the rivers. Science, 373(6550), 
107–111. https://doi.org/10.1126/science.abe0290 

Wen, Z., Xie, Y., Chen, M., & Dinga, C. D. (2021). China’s plastic import 
ban increases prospects of environmental impact mitigation of 
plastic waste trade flow worldwide. Nature Communications, 
12(1), Article 1. https://doi.org/10.1038/s41467-020-20741-9 

White, A., & Lockyer, S. (2020). Removing plastic packaging from fresh 
produce – what’s the impact? Nutrition Bulletin. 
https://doi.org/10.1111/nbu.12420 

References  |  145



 

  

 

Wiedmann, T. (2016). Impacts embodied in global trade flows. Taking 
Stock of Industrial Ecology, 159–180. 

Wiedmann, T., & Lenzen, M. (2018). Environmental and social 
footprints of international trade. Nature Geoscience, 11(5), 
Article 5. https://doi.org/10.1038/s41561-018-0113-9 

Wiedmann, T., Lenzen, M., Keyßer, L. T., & Steinberger, J. K. (2020). 
Scientists’ warning on affluence. Nature Communications, 11(1), 
Article 1. https://doi.org/10.1038/s41467-020-16941-y 

Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., 
Vermeulen, S., Garnett, T., Tilman, D., DeClerck, F., Wood, A., 
Jonell, M., Clark, M., Gordon, L. J., Fanzo, J., Hawkes, C., 
Zurayk, R., Rivera, J. A., De Vries, W., Majele Sibanda, L., … 
Murray, C. J. L. (2019a). Food in the Anthropocene: The EAT–
Lancet Commission on healthy diets from sustainable food 
systems. The Lancet. https://doi.org/10.1016/S0140-
6736(18)31788-4 

Willett, W., Rockström, J., Loken, B., Springmann, M., Lang, T., 
Vermeulen, S., Garnett, T., Tilman, D., DeClerck, F., Wood, A., 
Jonell, M., Clark, M., Gordon, L. J., Fanzo, J., Hawkes, C., 
Zurayk, R., Rivera, J. A., De Vries, W., Majele Sibanda, L., … 
Murray, C. J. L. (2019b). Food in the Anthropocene: The EAT–
Lancet Commission on healthy diets from sustainable food 
systems. In The Lancet. https://doi.org/10.1016/S0140-
6736(18)31788-4 

Wohner, B., Pauer, E., Heinrich, V., & Tacker, M. (2019). Packaging-
related food losses and waste: An overview of drivers and issues. 
In Sustainability (Switzerland). 
https://doi.org/10.3390/su11010264 

World Port Index. (2019). National Geospatial-Intelligence Agency. 
https://msi.nga.mil/api/publications/download?key=16694622/SF
H00000/Pub150bk.pdf&type=view 

WorldPop. (2018). Global 1km Population [dataset]. University of 
Southampton. https://doi.org/10.5258/SOTON/WP00647 

WPR. (2021). Average Height by Country 2018. 
https://worldpopulationreview.com/country-rankings/average-
height-by-country 

146  |  References



 

  

 

WRAP. (2016). Quantification of food surplus , waste and related 
materials in the grocery supply chain (Vol. 2025, Issue April 
2015). 

WTO. (2018). WTO | Trade Statistics—World Trade Statistical Review 
2017. 
https://www.wto.org/english/res_e/statis_e/wts2017_e/wts17_toc_
e.htm 

Wu, G. (2016). Dietary protein intake and human health. In Food and 
Function. https://doi.org/10.1039/c5fo01530h 

Wu, P., Huang, J., Zheng, Y., Yang, Y., Zhang, Y., He, F., Chen, H., 
Quan, G., Yan, J., Li, T., & Gao, B. (2019). Environmental 
occurrences, fate, and impacts of microplastics. Ecotoxicology 
and Environmental Safety, 184, 109612. 
https://doi.org/10.1016/j.ecoenv.2019.109612 

Xanthos, D., & Walker, T. R. (2017). International policies to reduce 
plastic marine pollution from single-use plastics (plastic bags 
and microbeads): A review. Marine Pollution Bulletin, 118(1), 
17–26. https://doi.org/10.1016/j.marpolbul.2017.02.048 

Zhang, A. T., & Gu, V. X. (2023). Global Dam Tracker: A database of 
more than 35,000 dams with location, catchment, and attribute 
information. Scientific Data, 10(1), Article 1. 
https://doi.org/10.1038/s41597-023-02008-2 

References  |  147



 

 

Curriculum Vitae 

Nicolas Navarre was born on April 2nd, 1992, in Syracuse, New York, 
United States of America. After spending his childhood between France 
and the United States, he graduated from Upper St. Clair High School 
in the United States in 2009. Nicolas then obtained a bachelor’s degree 
in civil and environmental engineering from the Pennsylvania State 
University, followed by a Master of Environmental Engineering from the 
Pennsylvania State University where he studied biological and chemical 
treatment processes of polluted waters (supervised by Prof. Dr. John 
Regan). After working as an engineer at an environmental and 
geotechnical consulting firm (Landau Associates) in Seattle, 
Washington, Nicolas moved to the Netherlands where he completed a 
Master of Science in Industrial Ecology from TU Delft and Leiden 
University (supervised by Dr. José Mogollón and Prof. Dr. Martina 
Vijver). For his PhD, he worked on the modeling of anthropogenic 
systems and their interactions with the natural environment 
(supervised by Dr. Valerio Barbarossa, Dr. José Mogollón, and Prof. Dr. 
Arnold Tukker), with an emphasis on the food and plastic waste 
systems. He currently holds a postdoc position at Leiden University. 

148  |  Curriculum Vitae



 

 

List of Publications 

Navarre, N., Schrama, M., de Vos, C., & Mogollón, J. M. (2023). 
Interventions for sourcing EAT-Lancet diets within national 
agricultural areas: A global analysis. One Earth, 6(1), 31-40. 

Navarre, N., Mogollón, J. M., Tukker, A., & Barbarossa, V. (2022). 
Recycled plastic packaging from the Dutch food sector pollutes 
Asian oceans. Resources, Conservation and Recycling, 185, 
106508 

Cucurachi, S., et al. "Prospective LCA methodology for Novel and 
Emerging Technologies for BIO-based products." Publications 
Office of the European Union: Luxembourg (2022). 

Adrianto, Lugas Raka, et al. "How can LCA include prospective 
elements to assess emerging technologies and system 
transitions? The 76th LCA Discussion Forum on Life Cycle 
Assessment, 19 November 2020." The International Journal of 
Life Cycle Assessment 26 (2021): 1541-1544. 

List of Publications  |  149



 

 

Acknowledgments 

Unfortunately, I am not enough of a wordsmith to properly convey the 
importance and influence the many people who have helped me along 
the way, so, as my mentor said in his own dissertation, this will only be 
an attempt at acknowledgments. 

I would like to start by thanking the members of the reading committee: 
Prof. dr. ing. J.W. Erisman, Prof. dr. ing. M.G. Vijver, Prof. dr. E van 
Sebille, Dr. R. Wang, Dr. ir. T.H.M. van Emmerik for taking time out of 
their schedules to review this dissertation. Your feedback has been 
invaluable to improving the quality of this dissertation.  

Next, I’d like to thank Arnold Tukker. You’ve balanced a stay in Paris, 
new appointments, and other Ph.D.s, but not once did I feel like my 
work was secondary to anything else. Not only were you an amazing 
resource on the research side of the Ph.D., but you also went above and 
beyond to make sure I even had a Ph.D. to work on. After everything 
you’ve done for me, I was thrilled to share a few drinks (in front of the 
Arles colosseum no less!) in the closing stages of the Ph.D.  

To Valerio Barbarossa, this is quite the achievement for the both of us! 
My first Ph.D. (hopefully the only one) and your first supervised Ph.D. 
(hopefully not the only one). You managed to find the perfect balance 
between making sure working was fun and enjoyable but that the work 
was rigorous. Thank you for ensuring such an enjoyable working 
environment. There’s no doubt that the reason I rave about my Ph.D. so 
much is because you were a central figure of it. 

To José Mogollón, I wouldn’t hesitate to call you my mentor, but I would 
hesitate to say that mentor comes close to capturing everything you’ve 
been to me. A teacher, a supervisor, a colleague, a friend, you’ve worn 
many hats since we’ve met, and worn them all better than I could have 
hoped for. My sincerest hope is that when we look back on all we’ve done 
together in our careers, these past years will have only been the 
beginning.  

To Stefano Cucurachi and Laura Scherer, you’ve been great education 
mentors. Thank you for giving me my initial teaching opportunities, I 

150  |  Acknowledgements



     

  

 

enjoyed and learned so much from you in our time co-teaching together. 
To my students, you’ve taught me many things, brought me newfound 
energy year after year, and most importantly, become friends and 
colleagues as the years have gone by.  

Speaking of friends and colleagues, there is no better place to start than 
with Emilie, my beloved officemate through the years. Most people know 
the importance of enjoying the company of those sitting by your side day 
after day. In my case, I’ll be lucky if I enjoy the company of my future 
officemates even half as much as yours. Of course, Kaushar, Laura 
(close enough!), Angela, Berend, Dirk, Xinpeng, you have been 
wonderful officemates as well.  

To Stephanie, Levon, Jaime, Philipp, Matthieu, Clay, among many 
more, thank you for the lunches, dinners, drinks, coffee breaks, games, 
laughs, holidays, and more. You’ve made my days a little bit better, and 
sharing these moments day after day, year after year, went further than 
you can imagine in making these past years as amazing as they were.  

To Nina, Pablo, Catrin, Eva, Martijn, and Evelien. I’d like you to know 
that I could have added your names to the list of family members below. 
I could list out all the things we have done together, but that wouldn’t be 
very useful. In the end it never mattered what we were up to. As long as 
you were there, I was going to have great time. 

A ma famille, Guillaume, Jeanne, Cécile, Aloïs, Paul B., Laetitia, 
Bertrand, Maxime, Paul N., Emma, Marilys, Arnaud, Charles, Emric, et 
le reste de mes tantes, oncles, et cousins. Je ne cesse de raconteur à mes 
amis le bonheur qu’est ma grande famille. A mon père, qui m'a toujours 
dit que 'j'avais de l'or dans les doigts'. Faire un doctorat est 
principalement de la confiance en soit, et je me dois te remercier de 
m'avoir rendue aussi confiant, même si certains diront que ma confiance 
déborde un peu parfois.  

To Martijn, first a classmate, later a colleague, but always a friend. To 
call you levelheaded would be an understatement, and in a Ph.D. filled 
with highs and lows, having you as a tether has been instrumental. 
Once again, I am relying on that by having you by my side as a 
paranymph. Evelien, sometimes here, sometimes elsewhere, in your own 
world, but always there for me. And once again, there, standing by my 
side as paranymph. You have been wonderful to me. Sharing these past 
few years has truly been a gift. 

Acknowledgements  |  151



     

  

 

Finally, to Chloé. Even history’s greatest poets would struggle to 
describe everything you have been for me in just a few lines. Et même si 
nous parlons deux langues, je suis désolé d’avoir si peu de mots à t’offrir. 
Tu as été à mes côtés pour des hauts, plus hauts, et des bas, plus bas, 
que personne d’autre ne puisse imaginer, et pour ça, je t’aimerai 
toujours

152  |  Acknowledgements



 

 

Appendix A – Appendix to Chapter 2 

Appendix A includes the following supporting information for chapter 2:  

- Figure A1 

The remaining supplementary materials for chapter 2 can be found at 
https://github.com/nicolas-navarre/National-EAT-Lancet-diets and 
includes the following: 

- Table A1-5 

  

Appendix A  |  153



     

  

 

 
Figure A1. EAT-Lancet Diet national agricultural land use of A. Improving 
livestock yields and feed yields to global averages in sub-Saharan Africa and 
South & Southeast Asia and B. Improving crop yields to global averages in sub-
Saharan Africa and South & Southeast Asia.
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Appendix B – Appendix to Chapter 3 

Appendix B includes the following supporting information for chapter 3:  

- Figure B1 & B2 

- Supplementary Table B1-9 
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Figure B1. A. Minimum and B. Maximum fate of post-consumer plastic food 
packaging by plastic type in the Netherlands. All values are presented in kt/yr. 
Leaked values indicate the quantities of plastic leaked to the marine 
environment only. The nations composing the macro-geographical regions 
presented are classified in accordance with the United Nations UN M49 area 
code standard (The United Nations Statistics Division, 2018).  
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Figure B2. A. Minimum and B. Maximum relationship of food items to fate of 
plastic packaging waste in the Netherlands. All values are presented in kt/yr. 
Leaked values indicate the quantities of plastic leaked to the marine 
environment only.  The nations composing the macro-geographical regions 
presented are classified in accordance with the United Nations UN M49 area 
code standard (The United Nations Statistics Division, 2018).   
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Table B2. The fraction of total retail waste disaggregated by food groups. The 
estimates of this study rely first on the data presented by Vollebregt (2020) 
where possible and disaggregates compound food groups using supporting 
information from WRAP, 2016; Cicatiello et al., 2017; and Eriksson, Strid and 
Hansson, 2012, 2014. 

Reference Food Group 
Retail 

Waste*          

Eriksson, Strid and 
Hansson, 2012, 2014; 
Vollebregt, 2020 

Retail Waste 0.017          
Meat and Fish 0.075          
Dairy, eggs, chilled conv 
products 0.133          
Bread, bakery, pastry 0.315          
Potatoes, veggies, fruit 0.345          
Other fresh products and 
shelf-stable products 0.132          

            

WRAP, 2016 

Bakery 0.320          
Fresh produce 0.260          
Dairy and eggs 0.130          
pre-prepared meals 0.090          
meat and fish 0.060          
ambient 0.040          
soft drinks 0.030          
frozen 0.030          
alcoholic drinks 0.020          
confectionery 0.010          

            

Cicatiello et al., 2017 

Groceries 0.050          
Liquids 0.070          
Fruits and vegetables 0.340          
Fresh meat 0.040          
Deli 0.040          
Fresh seafood 0.040          
Bakery 0.310          
Confectionery 0.000          
Prepared meat 0.020          
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Dairy 0.090          
Frozen 0.010          

            

This study 

Meat 0.045          
Fish 0.030          
Dairy 0.120          
Eggs 0.013          
Bakery 0.315          
Potatoes 0.038          
Veggies 0.154          
Fruit 0.155          
Groceries 0.050          
Liquids 0.0315          
Confectionery 0.010          
Soft Beverages** 0.0385          

            
*Reported as fraction of total waste. 

**Includes bottled water 
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Table B6. Model results linking food categories to final waste management fate 
by plastic type. Source data used to develop Figure 3A, S1, and S2. All 
calculations are available from the model source code upon request.  

Source Min Max Mean Target 
Bakery 8.4 8.7 8.6 PE 
Confectionery 1.5 1.5 1.5 PE 
Dairy 28.7 28.7 28.7 PE 
Eggs 0.0 5.8 2.9 PE 
Fish 1.3 1.3 1.3 PE 
Fruits 1.6 1.6 1.6 PE 
Groceries 27.0 27.6 27.3 PE 
Liquids 20.6 25.1 22.9 PE 

Meat 2.9 2.9 2.9 PE 
Potatoes 0.0 0.2 0.1 PE 
Soft Drinks 29.6 29.6 29.6 PE 
Vegetables 3.1 3.5 3.3 PE 
Bakery 4.1 4.3 4.2 PP 
Confectionery 7.3 7.3 7.3 PP 
Dairy 4.8 4.8 4.8 PP 
Fish 0.8 0.8 0.8 PP 
Fruits 10.9 10.9 10.9 PP 
Groceries 13.3 13.6 13.4 PP 
Liquids 8.5 10.4 9.4 PP 
Meat 0.6 0.6 0.6 PP 
Potatoes 0.5 5.0 2.8 PP 
Vegetables 9.2 10.6 9.9 PP 
Bakery 1.0 1.0 1.0 PVC 
Confectionery 1.5 1.5 1.5 PVC 
Dairy 0.5 0.5 0.5 PVC 
Groceries 3.1 3.2 3.2 PVC 
Meat 2.5 2.5 2.5 PVC 
Potatoes 0.2 2.1 1.2 PVC 
Bakery 0.5 0.5 0.5 PET 
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Bottled Water 11.8 11.8 11.8 PET 
Confectionery 0.3 0.3 0.3 PET 
Dairy 1.8 1.8 1.8 PET 
Fish 0.8 0.8 0.8 PET 
Fruits 9.3 9.3 9.3 PET 
Groceries 1.4 1.5 1.5 PET 
Liquids 0.9 1.1 1.0 PET 
Meat 1.3 1.4 1.4 PET 
Potatoes 0.2 1.8 1.0 PET 
Soft Drinks 31.4 31.4 31.4 PET 
Vegetables 1.5 1.8 1.6 PET 
Bakery 1.1 1.1 1.1 Other 
Confectionery 0.7 0.7 0.7 Other 
Dairy 9.8 9.8 9.8 Other 
Eggs 0.0 0.9 0.5 Other 
Fish 0.6 0.6 0.6 Other 
Fruits 4.8 4.8 4.8 Other 
Groceries 3.4 3.4 3.4 Other 
Liquids 0.3 0.4 0.3 Other 
Meat 4.0 4.0 4.0 Other 
Potatoes 0.2 1.5 0.8 Other 
Vegetables 1.5 1.8 1.6 Other 
PE 22.0 24.1 23.1 Export 
PE 81.0 88.7 84.9 Incineration 
PE 2.5 2.7 2.6 Litter 
PE 19.1 20.9 20.0 
Litter 2.1 1.6 2.0 Incineration 
Litter 0.4 1.1 0.7 Leaked 
PP 3.0 3.4 3.2 Export 
PP 39.2 44.6 41.9 Incineration 
PP 1.2 1.4 1.3 Litter 
PP 16.6 18.9 17.7 
Litter 1.0 0.8 1.0 Incineration 
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Litter 0.2 0.5 0.3 Leaked 
PVC 1.1 1.3 1.2 Export 
PVC 6.8 8.5 7.7 Incineration 
PVC 0.2 0.2 0.2 Litter 
PVC 0.6 0.8 0.7 
Litter 0.1 0.1 0.1 Incineration 
Litter 0.0 0.1 0.0 Leaked 
PET 12.6 13.1 12.9 Export 
PET 40.1 41.5 40.8 Incineration 
PET 1.2 1.3 1.2 Litter 
PET 7.4 7.7 7.5 
Litter 1.0 0.8 0.9 Incineration 
Litter 0.2 0.5 0.3 Leaked 
Other 5.0 5.5 5.3 Export 
Other 17.8 19.7 18.7 Incineration 
Other 0.5 0.6 0.6 Litter 
Other 2.9 3.2 3.1 
Litter 0.4 0.3 0.4 Incineration 
Litter 0.1 0.2 0.1 Leaked 

Export 0.0 1.1 1.0 
Eastern 
Asia 

Export 8.2 9.0 8.6 Europe 
Export 19.7 21.3 20.5 
Export 13.2 14.2 13.7 
Export 2.7 1.9 1.8 RoW 
Eastern Asia 0.0 0.1 0.1 Leaked 
South and 
Southeast Asia 1.5 6.9 3.4 Leaked 
West and 
Central Asia 0.3 3.8 1.4 Leaked 
RoW 0.1 0.2 0.1 Leaked 
Europe 8.2 9.0 8.6 
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Table B7. Model results linking food categories to final waste management fate. 
Source data used to develop Figure 3B, S3, and S4. All calculations are available 
from the model source code upon request.  

Source Min Max Mean Target         
Bakery 1.7 1.7 1.7 Export         
Bottled Water 2.1 2.1 2.1 Export         
Confectionery 0.7 0.7 0.7 Export         
Dairy 6.1 6.1 6.1 Export         
Eggs 0.0 1.0 0.5 Export         
Fish 0.4 0.4 0.4 Export         
Fruits 2.9 2.9 2.9 Export         
Groceries 5.4 5.5 5.5 Export         
Liquids 3.6 4.4 4.0 Export         
Meat 1.4 1.4 1.4 Export         
Potatoes 0.1 0.8 0.5 Export         
Soft Drinks 10.0 10.0 10.0 Export         
Vegetables 1.2 1.4 1.3 Export         
Bakery 10.0 10.2 10.1 Incineration         
Bottled Water 7.7 7.7 7.7 Incineration         
Confectionery 7.5 7.5 7.5 Incineration         
Dairy 30.0 30.0 30.0 Incineration         
Eggs 0.0 4.4 2.2 Incineration         
Fish 2.3 2.3 2.3 Incineration         
Fruits 17.5 17.5 17.5 Incineration         
Groceries 31.9 32.6 32.3 Incineration         
Liquids 19.7 24.1 21.9 Incineration         
Meat 7.8 7.9 7.8 Incineration         
Potatoes 0.7 7.3 4.0 Incineration         
Soft Drinks 39.8 39.8 39.8 Incineration         
Vegetables 10.0 11.6 10.8 Incineration         
Bakery 3.1 3.2 3.1 Recycled         
Bottled Water 1.8 1.8 1.8 Recycled         
Confectionery 2.7 2.7 2.7 Recycled         
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Dairy 8.6 8.6 8.6 Recycled         
Eggs 0.0 1.2 0.6 Recycled         
Fish 0.7 0.7 0.7 Recycled         
Fruits 5.7 5.7 5.7 Recycled         
Groceries 9.9 10.1 10.0 Recycled         
Liquids 6.4 7.8 7.1 Recycled         
Meat 1.9 1.9 1.9 Recycled         
Potatoes 0.2 2.3 1.3 Recycled         
Soft Drinks 10.0 10.0 10.0 Recycled         
Vegetables 3.7 4.3 4.0 Recycled         
Bakery 0.3 0.3 0.3 Litter         
Bottled Water 0.2 0.2 0.2 Litter         
Confectionery 0.2 0.2 0.2 Litter         
Dairy 0.9 0.9 0.9 Litter         
Eggs 0.0 0.1 0.1 Litter         
Fish 0.1 0.1 0.1 Litter         
Fruits 0.5 0.5 0.5 Litter         
Groceries 1.0 1.0 1.0 Litter         
Liquids 0.6 0.7 0.7 Litter         
Meat 0.2 0.2 0.2 Litter         
Potatoes 0.0 0.2 0.1 Litter         
Soft Drinks 1.2 1.2 1.2 Litter         
Vegetables 0.3 0.4 0.3 Litter         
Export 1.0 1.1 1.0 Eastern Asia         
Export 0.0 0.0 0.0 Europe         
Export 19.7 21.3 20.5 South and Southeast Asia         
Export 13.2 14.2 13.7 West and Central Asia         
Export 1.8 1.9 1.8 Rest of World (RoW)         
Eastern Asia 0.0 0.1 0.1 Leaked         
South and 
Southeast Asia 1.5 6.9 3.4 Leaked         
West and 
Central Asia 0.3 3.8 1.4 Leaked         
Rest of World 
(RoW) 0.1 0.2 0.1 Leaked         
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Europe 0.0 0.0 0.0 Recycle/EU-Disposed         
Litter 4.8 3.7 4.4 Incineration         
Litter 0.8 2.5 1.5 Leaked         
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Table B9. Leakage points of Dutch plastic food packaging to the marine 
environment in tons/yr. The minimum and maximum values are calculated 
using ranges of plastic packaging intensities for different food items, ranges of 
national mismanaged waste fractions, and ranges of mismanaged waste 
conversion to plastic debris. 

Final Importer UN Group Mean Plastic 
leakage to 

ocean 

Min. Plastic 
leakage to 

ocean 

Max. Plastic 
leakage to 

ocean 
 

Netherlands Europe 1404.6 814.0 2321.4  

Turkey West and 
Central Asia 

1393.3 317.5 3715.8  

Malaysia South and 
Southeast 
Asia 

1112.9 510.4 2229.9 
 

Indonesia South and 
Southeast 
Asia 

850.0 218.1 2193.0 
 

India South and 
Southeast 
Asia 

647.9 367.4 1094.7 
 

Viet Nam South and 
Southeast 
Asia 

556.4 313.6 945.8 
 

Pakistan South and 
Southeast 
Asia 

142.1 78.3 246.8 
 

China Eastern Asia 63.1 34.7 109.7  

Ukraine Europe (not 
EU) 

54.9 24.7 111.3  

Thailand South and 
Southeast 
Asia 

53.7 27.1 100.4 
 

Poland Europe 27.7 13.7 52.7  

Other Asia, not 
elsewhere 
specified 

Other 21.4 12.3 35.7 
 

Yemen West and 
Central Asia 

17.1 9.4 29.8  

Romania Europe 11.7 5.9 21.9  

Bulgaria Europe 10.2 3.8 22.9  

Bangladesh South and 
Southeast 
Asia 

7.5 4.0 13.3 
 

South Africa Sub-Saharan 
Africa 

7.4 3.9 13.4  
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Lithuania Europe 7.2 3.1 15.1  

Morocco North Africa 6.8 3.7 12.1  

Philippines South and 
Southeast 
Asia 

6.7 3.8 11.3 
 

Senegal Sub-Saharan 
Africa 

5.9 3.1 10.6  

Egypt North Africa 4.5 2.3 8.2  

Slovenia Europe 3.5 0.3 10.6  

Russian 
Federation 

Europe (not 
EU) 

3.5 1.8 6.4  

Latvia Europe 3.3 0.0 11.0  

Ghana Sub-Saharan 
Africa 

2.4 1.3 4.3  

Brazil Latin America 2.1 0.4 5.8  

Croatia Europe 1.9 0.6 4.6  

Bosnia 
Herzegovina 

Europe (not 
EU) 

1.8 0.8 3.5  

Mexico Latin America 1.6 0.5 3.9  

Kenya Sub-Saharan 
Africa 

1.4 0.8 2.5  

Tunisia North Africa 1.3 0.6 2.7  

Nigeria Sub-Saharan 
Africa 

1.2 0.6 2.4  

Saudi Arabia West and 
Central Asia 

1.1 0.0 3.7  

Lebanon West and 
Central Asia 

0.8 0.4 1.5  

Côte d'Ivoire Sub-Saharan 
Africa 

0.7 0.4 1.3  

Myanmar South and 
Southeast 
Asia 

0.6 0.3 1.1 
 

Algeria North Africa 0.6 0.3 1.1  

Djibouti Sub-Saharan 
Africa 

0.5 0.2 0.9  

Estonia Europe 0.4 0.1 0.9  

Sri Lanka South and 
Southeast 
Asia 

0.4 0.2 0.7 
 

Chile Latin America 0.4 0.1 0.8  

Republic of 
Moldova 

Europe (not 
EU) 

0.3 0.1 0.4  
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Ecuador Latin America 0.3 0.1 0.6  

Libya North Africa 0.2 0.1 0.4  

Cameroon Sub-Saharan 
Africa 

0.1 0.1 0.2  

United Republic 
of Tanzania 

Sub-Saharan 
Africa 

0.1 0.1 0.2  

State of 
Palestine 

West and 
Central Asia 

0.1 0.0 0.4  

Mauritius Sub-Saharan 
Africa 

0.1 0.0 0.4  

Honduras Latin America 0.1 0.0 0.2  

Cambodia South and 
Southeast 
Asia 

0.1 0.0 0.1 
 

Argentina Latin America 0.1 0.0 0.1  

Sudan North Africa 0.1 0.0 0.1  

Oman West and 
Central Asia 

0.1 0.0 0.2  

Jordan West and 
Central Asia 

0.0 0.0 0.1  

Plurinational 
State of Bolivia 

Latin America 0.0 0.0 0.1  

Panama Latin America 0.0 0.0 0.1  

Suriname Latin America 0.0 0.0 0.1  

Nicaragua Latin America 0.0 0.0 0.1  

Togo Sub-Saharan 
Africa 

0.0 0.0 0.0  

China, Macao 
Special 
Administrative 
Region 

South and 
Southeast 
Asia 

0.0 0.0 0.1 
 

Guatemala Latin America 0.0 0.0 0.0  

Venezuela Latin America 0.0 0.0 0.1  

Israel West and 
Central Asia 

0.0 0.0 0.1  

Cyprus Europe 0.0 0.0 0.1  

Bahrain West and 
Central Asia 

0.0 0.0 0.0  

Singapore Other 0.0 0.0 0.0  

Peru Latin America 0.0 0.0 0.0  

Colombia Latin America 0.0 0.0 0.0  
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Cabo Verde Sub-Saharan 
Africa 

0.0 0.0 0.0  

Malta Europe 0.0 0.0 0.0  

El Salvador Latin America 0.0 0.0 0.0  

Syria West and 
Central Asia 

0.0 0.0 0.0  

Georgia Europe (not 
EU) 

0.0 0.0 0.0  

Saint Lucia Latin America 0.0 0.0 0.0  

United Arab 
Emirates 

West and 
Central Asia 

0.0 0.0 0.0  

Gambia Sub-Saharan 
Africa 

0.0 0.0 0.0  

Iran South and 
Southeast 
Asia 

0.0 0.0 0.0 
 

Equatorial 
Guinea 

Sub-Saharan 
Africa 

0.0 0.0 0.0  

Seychelles Sub-Saharan 
Africa 

0.0 0.0 0.0  

Mauritania Sub-Saharan 
Africa 

0.0 0.0 0.0  

Comoros Sub-Saharan 
Africa 

0.0 0.0 0.0  

Brunei 
Darussalam 

South and 
Southeast 
Asia 

0.0 0.0 0.0 
 

Samoa Oceania 0.0 0.0 0.0  

Gabon Sub-Saharan 
Africa 

0.0 0.0 0.0  

Guinea Sub-Saharan 
Africa 

0.0 0.0 0.0  

Congo Sub-Saharan 
Africa 

0.0 0.0 0.0  

Kuwait West and 
Central Asia 

0.0 0.0 0.0  

Costa Rica Latin America 0.0 0.0 0.0  

Qatar West and 
Central Asia 

0.0 0.0 0.0  

Republic of 
Korea 

Eastern Asia 0.0 0.0 0.0  

Portugal Europe 0.0 0.0 0.0  

Spain Europe 0.0 0.0 0.0  

Italy Europe 0.0 0.0 0.0  

Greece Europe 0.0 0.0 0.0  
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United Kingdom Europe 0.0 0.0 0.0  

Germany Europe 0.0 0.0 0.0  

France, Monaco Europe 0.0 0.0 0.0  

Ireland Europe 0.0 0.0 0.0  

New Zealand Oceania 0.0 0.0 0.0  

Belgium Europe 0.0 0.0 0.0  

USA, Puerto 
Rico and US 
Virgin Islands 

North 
America 

0.0 0.0 0.0 
 

Canada North 
America 

0.0 0.0 0.0  

Sweden Europe 0.0 0.0 0.0  

Finland Europe 0.0 0.0 0.0  

Denmark Europe 0.0 0.0 0.0  

Australia Oceania 0.0 0.0 0.0  

Japan Eastern Asia 0.0 0.0 0.0  

Iceland Europe 0.0 0.0 0.0  

Norway, 
Svalbard and 
Jan Mayen 

Europe 0.0 0.0 0.0 
 

New Caledonia Oceania 0.0 0.0 0.0  
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Appendix C – Appendix to Chapter 4 

Appendix C includes the following supporting information for chapter 4:  

- Model comparison 
- Sensitivity Analysis 
- Figure C1 
- Table C6 

  

The remaining supplementary materials for chapter 4 can be found at 
https://github.com/nicolas-navarre/Global-Plastic-Pollution and includes 
the following:  

- Supplemental Information Table C1. Country-level input 
statistics 

- Supplemental Information Table C2. Country-level pollution 
summaries 

- Supplemental Information Table C3. Country-level trade 
network 

- Supplemental Information Table C4. Port-level pollution 
summaries 

- Supplemental Information Table C5. River-level pollution 
summaries 
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Model comparison 

We model that in 2019, 235 Mt of plastic waste were generated across 
210 countries, territories, and special administrative regions (SARs) of 
which 92 Mt (range:  69-115 Mt) was mismanaged and leaked to the 
environment. These result are in-line with the estimate of Lau et al. 
(2020), who predict approximately 230 Mt of global plastic generation of 
which 100 Mt is mismanaged in 2016, and Lebreton and Andrady 
(2019), who calculated 181 Mt plastic waste was generated in 2015 of 
which 80Mt (60-99 Mt) was leaked to the environment (Lau et al., 2020; 
Lebreton & Andrady, 2019b).  

From this domestic mismanaged waste, we model that 34 Mt (21-48 Mt) 
entered the aquatic environment (i.e. lakes larger than 100 km2, oceans, 
and rivers with a 50% chance, or less, of intermittence of at least 1 day 
per year; Fig. 1). Our estimate of plastic waste entering the aquatic 
environment, is within the uncertainty ranges of the estimate presented 
by Borrelle et al. (2020), who modeled values of approximately 30Mt for 
2019 (Borrelle et al., 2020). Most global plastic leakage to aquatic 
environments occurs in Asia (25 Mt), followed by Australasia (9 Mt; 8-10 
Mt), and Africa (8 Mt; 7-9 Mt), whereby, China (8 Mt), Indonesia (6 Mt), 
and Russia (3 Mt) represent nations with significant sources of aquatic 
plastic pollution. The most polluted watersheds were estimated to be the 
Yangtse in Asia (3 Mt), the Volga in Europe (1 Mt) and the Congo in 
Africa (1 Mt). 

We model that 14 Mt (9-18 Mt) of plastic waste directly entered coastal 
environments (i.e. aquatic environments within 50 km of a coastline; 
Fig. 1). Although our estimate is higher than Jambeck et al.’s 2010 
estimate of 4.8-12.7 Mts, our global average conversion of mismanaged 
waste plastic to coastal aquatic environments of 14%, calculated using 
spatially detailed mismanaged waste and aquatic features, is lower than 
Jambeck et al.’s original global assumption of 25% (Jambeck et al., 
2015b). The expected increase in total waste reaching coastal 
environments is a result of increased plastic waste generation per capita 
and population growth between 2010 and 2019 (Kaza et al., 2018; 
WorldPop, 2018).  

Finally, we model that 1.7 Mt (1.1-2.2 Mt) of plastic waste entered 
oceans via rivers in 2019. Although estimates of plastic waste 
transported to oceans have yielded a wide range of results both at the 
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global (0.47-2.75 Mt) and river scale, our results are generally in line 
with previous estimates of both scales that have included macroplastics 
(Lebreton et al., 2017; Meijer et al., 2021b; OECD, 2022; Schmidt et al., 
2017). Our results indicate that the river to ocean plastic flux is 
dominated by pollution within Asian rivers, though direct riverine 
comparisons are difficult as the ranges of previous estimates span four 
orders of magnitude. For instance, plastic pollution estimates in the 
Yangtze River range between 471-1.54*106 tons and 10-1.76*105 tons in 
the Indus River (González-Fernández et al., 2023). Nonetheless, our 
estimates by river generally fall within these wide ranges (river 
estimates available in Supplementary Table 5). The vast majority of 
ocean plastic originates in the marine environments of the Malay 
Archipelago and Chinese coastline (910 kilotons; kt), but are also found 
to pollute the Bay of Bengal (77 kt), the Caribbean Sea (46 kt), Northern 
European Seas (27 kt) and the Gulf of Guinea (26 kt), threatening 
biodiverse Ecomarine regions across the planet (Jenkins & Van Houtan, 
2016b; Olson et al., 2001). 

 

Sensitivity analysis 

The ranges presented in this paper are the result of utilizing various 
sources of national scale plastic waste mismanagement rates, trade 
patterns, and aquatic environment reaches. In certain countries, 
national plastic waste mismanagement rates vary significantly 
depending on the reporting sources (e.g. Russia 18.5%-97.5% 
mismanagement rate) generating a significant amount of uncertainty 
(Kaza et al., 2018; Lebreton & Andrady, 2019b). Furthermore, the 
comparative fate of imported plastic waste compared to domestically 
produced plastic waste remains unclear. High-income countries typically 
guarantee the fate of their plastic waste exports as recyclate; however, 
research indicates that plastic waste imports are not more likely to be 
recycled than domestic waste and are frequently mixed with it (Gobbi et 
al., 2019; Liang et al., 2021). Moreover, contaminated plastic waste that 
is not suitable for recycling is routinely mislabeled as recyclable to avoid 
trade restriction (Basel Convention COP, 2023; Khan, 2020). In certain 
cases, waste is imported to be recycled, despite importing parties having 
no infrastructure to do so, increasing the likelihood of the imports being 
mismanaged (Gündoğdu & Walker, 2021; UNEP, 2020).  
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In addition to unclear mismanagement rates of both domestic and 
imported waste, including trade adds an additional layer regarding 
international and intra-national re-exports. Although we model one 
generation of re-exports, untangling the plastic waste trade network 
remains extremely arduous. Countries are not obligated to report re-
exports as such, and may export plastic waste illegally or report the 
waste under unrelated HS codes (Bishop et al., 2020c; Gündoğdu & 
Walker, 2021; Liang et al., 2021). For example, in 2019 authorities 
intercepted plastic waste illegally exported from Canada to India, via 
Belgium (Basel Convention COP, 2023; Khan, 2020). However, with 
congested ports, limited workforces, and massive volumes of goods to 
monitor, even suspicious trade cargo are typically not inspected (Khan, 
2020). As a result, effectively tracking the original source, true quality, 
and true quantities of plastic waste exports remains an obstacle to 
develop global inventories of plastic waste sources (Simon et al., 2021).  

Probabilistic models attempt to incorporate the influence of many 
parameters such as wind, terrain slope, and precipitation, river flow, 
and stream order however these can be difficult to properly calibrate, 
particularly at a global scale (Meijer et al., 2021b; Roebroek et al., 2022). 
Other modeling approaches include observational extrapolation or linear 
regression models connected to environmental drivers, though these 
may be skewed by incomplete or unrepresentative samples (Mai et al., 
2020; Roebroek et al., 2022; Weiss et al., 2021). These different 
techniques have led estimates of plastic litter in the environment 
spanning more than four order of magnitudes across the literature 
(González-Fernández et al., 2023). In the case of our probabilistic model, 
the relationship between mismanaged waste and the aquatic 
environment was a highly uncertain parameter. We modeled the spatial 
reach of the aquatic environment by using state-of-the-art hydrological 
information on the location of permanent surface water bodies, however 
the extent of the aquatic environment varies drastically depending on 
probability of intermittence used as the minimum threshold of a 
permanent water body (Messager et al., 2021).  

To explore the influence of these uncertain factors on our model, we 
performed a sensitivity analysis on five key input parameters (Figure 
C1). First, we develop minimum and maximum plastic mismanagement 
waste rates for each country using the data reported by Kaza et al. 
(2018) and Lebreton and Andrady (2019), and their mean as a midpoint 
estimate. We find this decreases total aquatic plastic waste to a 
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minimum of 23 Mt and a maximum of 50 Mt, highlighting the wide 
ranges of expected mismanaged wastes (Supplementary Table 1) for 
certain critical countries that generate large amounts of plastic waste 
annually such as China (range: 11Mt), Russia (range: 5Mt) and 
Indonesia (range: 1 Mt). Secondly, we modified which waste disposal 
pathways may be considered mismanaged for each income level. In this 
analysis we only consider dumped and unaccounted waste across all 
income levels as mismanaged waste (Extended Data Table 1). Doing so 
decreases mismanaged plastic waste to 28 Mt, with Indonesia (4 Mt) and 
China (2 Mt) accounting for the majority of this decrease. These two 
countries generate large amounts of plastic waste, of which more than 
60% is disposed of in ‘unspecified landfills’ (Supplementary Table 6). 
Nevertheless, excluding these two countries, the majority of 
mismanaged waste in the midpoint estimate is reported as dumped or is 
unaccounted for, with only a fraction of mismanaged waste being 
considered as disposed of in various types of landfills (Supplementary 
Table 6.  Thirdly, we adjusted the rate of waste mismanagement of 
imports by � 50% (maximum of 100%) of the mismanagement rate of 
domestic waste. Doing so creates a range between 0.7-2.1Mt of trade 
plastic waste reaching the aquatic environment, most affecting Malaysia 
(range: 0.3 Mt), Vietnam (range: 0.3 Mt), and Thailand (range: 0.2 Mt) 
highlighting the importance of ensuring adequate plastic waste disposal 
capacity in all major importing nations. Fourthly, we explored the 
impact of removing our re-export modeling due to the inherent 
uncertainty from a lack of reported data. This slightly reduces our 
estimate to 1.2 Mt (from 1.5 Mt), as the majority of intermediaries were 
found to be high-income countries before reaching their final 
destination. Without the re-export algorithm these high-income 
countries, with low mismanagement rates become the destination of 
trade plastic waste, reducing the global mismanagement rate of traded 
plastics. With this form of the plastic waste trade, we expect Vietnam 
would leak 0.15 Mt less plastic waste, Thailand 0.08 Mt, and Malaysia 
0.05 Mt. Finally, we altered the spatial reach of the aquatic 
environment, adjusting our criteria from rivers with a 50% chance or 
less of intermittence of at least 1 day per year to rivers with a 25% 
chance or less for a minimum estimate and a 75% chance or less for a 
maximum estimate. This parameter yields a total range of 25-43 Mt of 
total plastic waste entering the aquatic environment (Figure C1), 
particularly altering estimates in Asia, with China (range: 4 Mt), 
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Thailand (range: 2Mt), India (range: 2Mt), Indonesia (range: 2Mt) 
accounting for the largest disparities. 

 

 

Figure C1. Results of sensitivity analysis. ‘Mismanaged waste rates’ indicates 
the ranges in domestic mismanaged waste rates provided by Kaza et al. (2018) 
and Lebreton and Andrady (2019). ‘Mismanaged import rates’ indicates a change 
of plus or minus 50% (maximum of 100%) in mismanaged rates of imports 
compared to domestic waste. ‘No re-exports’ removes the re-export algorithm 
applied to net-exporters (see methods). ‘Mismanaged pathways’ adjusts the 
mismanaged waste rates of Kaza et al. (2018) using only dumped or unaccounted 
waste (see Table C6). ‘Aquatic environment’ adjusts the criteria of perennial 
rivers from 25-75% chance of intermittence for at least 1 day in year (midpoint = 
50%).   
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Table C6. Disposal pathways of plastic waste and their contribution to 
mismanagement. In red are pathways assumed to contribute to mismanagement 
in our midpoint estimate. These pathways are reduced to 0 in our sensitivity 
analysis to better understand their contribution to total plastic waste 
mismanagement. 

  Mismanaged waste (%) 
  HIC UMC LMC LIC 
Open dump 100 100 100 100 
Incineration 0 0 0 0 
Unspecified landfill 0 0 0 0 
Controlled landfill 0 0 0 0 
Sanitary landfill gas 0 0 0 0 
Recycling 0 0 0 0 
Other 0 0 0 0 
Unaccounted  100 100 100 100 
Marine Dump 100 100 100 100 

 

 

200  |  Appendix C



 

 

Appendix D – Appendix to Chapter 5 

The remaining supplementary materials for chapter 5 can be found at 
https://github.com/nicolas-navarre/Temporal-plastic-pollution and 
includes the following:  

- Table D1-3  
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