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In a Nutshell

Literature review can be an arduous task  
(1) Find potentially relevant papers 
(2) Skim and reject 
(3) Read (understand) and reject 
(4) Summarize and report 
(5) Goto 1 

Increase of scientific literature over the years in many fields 
Literature reviews are even more challenging and time consuming 

Large Language Models (LLMs) excell at natural language tasks 
Leverage the power of LLMs? 

Existing approaches 
(a) could have better explainability; (b) show hallucinations; (c) do not measure performance 

Our contribution 
LLMs and symbolic reasoning methods for (2) and (3)  
Improved explainability by highlighting (a) 
Check against hallucinations (b) 
Performance evaluation of different LLM prompt strategies; four case studies (c)

2

≈ SLR
Systematic

Literature

Review



SLR Case Study 1 - Healthy and Sustainable Transitions in Agri-Food Systems
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Example Interdisciplinary System Research Questions 
(1) What are the drivers of human health risks in food systems transitions? 
(2) … 
(3) … 

GPT3 
GPT4 

Researcher

‣ Global Context  
‣ Associated Health Focus  
‣ Transition Pathway  
‣ Agri-food System Aspect  
‣ Public Health Risk  
‣ Synergies 
‣ Constraints 

Integrated Solutions 

Retrieve information on … … from paper(s) …

‣ Evidence from paper 
‣ Information from evidenace

Systematic Literature Review - Case Study 1
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Example Interdisciplinary System Research Questions 
(1) What are the drivers of human health risks in food systems transitions? 
(2) … 
(3) … 

GPT3 
GPT4 

Researcher

‣ Global Context  
‣ Associated Health Focus  
‣ Transition Pathway  
‣ Agri-food System Aspect  
‣ Public Health Risk  
‣ Synergies 
‣ Constraints 

Integrated Solutions 

Retrieve information on … … from paper(s) …

‣ Evidence from paper 
‣ Information from evidenace

Systematic Literature Review - Case Study 1

“Associated Health Focus = Key threat to human health explored in the paper”

-> Retrieval Example
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Query 
Associated Health Focus 

Researcher Answer: 
Novel pathogens (COVID-19) 

GPT3 Answer: 
pandemics, specifically  
the COVID-19 pandemic. 

GPT4 Answer: 
The associated health focus of  
this paper is COVID-19, a zoonotic infectious 
disease caused by the SARS-CoV-2 virus. 

"COVID-19 is the biggest pandemics in the last few 
decades and definitely the one with the highest 
socio-economic impacts worldwide and the situation 
is still characterised by a high degree of uncertainty 
(HLPE, 2020)." 
"COVID-19 is a zoonosis, that is, a disease or 
infection that is transmitted from other vertebrate 
animals to humans (Platto et al., 2020)."   
"Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) causing COVID-19, also known as 
coronavirus disease, has created a completely novel 
situation worldwide."

GPT4 Retrieved Evidence

Paper



Information Retrieval Example

4

Query 
Associated Health Focus 

Researcher Answer: 
Novel pathogens (COVID-19) 

GPT3 Answer: 
pandemics, specifically  
the COVID-19 pandemic. 

GPT4 Answer: 
The associated health focus of  
this paper is COVID-19, a zoonotic infectious 
disease caused by the SARS-CoV-2 virus. 

"COVID-19 is the biggest pandemics in the last few 
decades and definitely the one with the highest 
socio-economic impacts worldwide and the situation 
is still characterised by a high degree of uncertainty 
(HLPE, 2020)." 
"COVID-19 is a zoonosis, that is, a disease or 
infection that is transmitted from other vertebrate 
animals to humans (Platto et al., 2020)."   
"Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) causing COVID-19, also known as 
coronavirus disease, has created a completely novel 
situation worldwide."

GPT4 Retrieved Evidence

Paper

Evidence for “what” (Covid-19) (?)

No evidence for “how” (Food <-> Covid-19)”
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Query 
Agri-food System Aspect 

Researcher Answer: 
Supply chain: supplier connections,  
food processing and food service. 

GPT3 Answer: 
the impact of COVID-19 on food supply 
chains. 

GPT4 Answer: 
the impact of industrial food systems on emergent 

infectious diseases through land use changes and habitat 

fragmentation, the vulnerabilities of long food supply chains 

during crises like COVID-19, agricultural intensification and 

industrialization, the globalization of food markets, and the 

shift towards diets rich in ultra-processed foods and animal 

protein.

"Long food supply chains have been particularly affected by COVID-19 
crisis, however, it is important to avoid universalization of impacts and 
responses as agri-food systems are characterised by a huge diversity and 
heterogeneity."   

"Significant changes have occurred in food systems in the last decades 
that have contributed to widen such 'holes' in the barriers from phase to 
phase: agricultural intensification and industrialization (Matson et al., 
1997) causing major environmental deterioration, the increasing distance 
travelled by food in global markets (Nayak and Waterson, 2019), and the 
nutrition transition towards diets rich in ultra-processed food and animal 
protein (Popkin et al., 2012) are the three cornerstones of such changes. 

“…””

GPT4 Retrieved Evidence

Paper
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-> Retrieval Workflow
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A generalised hybrid process-empirical model for predicting
plantation forest growth

R.M. Waterworth a,b,c,*, G.P. Richards a,b, C.L. Brack a,c, D.M.W. Evans d

a School of Resources, Environment and Society, Australian National University, Acton, ACT 0200, Australia
b National Carbon Accounting System, Australian Greenhouse Office, Department of Environment and Heritage,

GPO Box 787, Canberra, ACT 2601, Australia
c Cooperative Research Centre for Greenhouse Accounting, GPO Box 475, Canberra, ACT 2601, Australia

d Sciencespeak, 1 Mudlark Crescent, Ballajura, WA 2066, Australia

Received 30 June 2006; received in revised form 15 October 2006; accepted 15 October 2006

Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243
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The two-way relationship between food systems and the COVID19 
pandemic: causes and consequences 

Marta G. Rivera-Ferre a,*, Feliu L!opez-i-Gelats a, Federica Ravera b,c, Elisa Oteros-Rozas a,c, 
Marina di Masso a, Rosa Binimelis a, Hamid El Bilali d 
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  

A R T I C L E  I N F O   

Editor: Emma Stephens  

Keywords: 
Zoonosis 
Social-ecological resilience 
Industrial farming 
Food security 
Food systems 
Emerging infectious diseases 
Agroecology 
Short food supply chains 

A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 

* Corresponding author. 
E-mail address: Martaguadalupe.rivera@uvic.cat (M.G. Rivera-Ferre).  

Contents lists available at ScienceDirect 

Agricultural Systems 

journal homepage: www.elsevier.com/locate/agsy 

https://doi.org/10.1016/j.agsy.2021.103134 
Received 20 October 2020; Received in revised form 12 February 2021; Accepted 16 March 2021   

A generalised hybrid process-empirical model for predicting
plantation forest growth

R.M. Waterworth a,b,c,*, G.P. Richards a,b, C.L. Brack a,c, D.M.W. Evans d

a School of Resources, Environment and Society, Australian National University, Acton, ACT 0200, Australia
b National Carbon Accounting System, Australian Greenhouse Office, Department of Environment and Heritage,

GPO Box 787, Canberra, ACT 2601, Australia
c Cooperative Research Centre for Greenhouse Accounting, GPO Box 475, Canberra, ACT 2601, Australia

d Sciencespeak, 1 Mudlark Crescent, Ballajura, WA 2066, Australia

Received 30 June 2006; received in revised form 15 October 2006; accepted 15 October 2006

Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243

* Corresponding author at: National Carbon Accounting System, GPO Box

787, Canberra, ACT 2601, Australia. Tel.: +61 428 343864;
fax: +61 2 6274 1439.

E-mail address: robert.waterworth@anu.edu.au (R.M. Waterworth).

0378-1127/$ – see front matter. Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2006.10.014

(50) Papers



Complete Information Retrieval Workflow

6

A generalised hybrid process-empirical model for predicting
plantation forest growth

R.M. Waterworth a,b,c,*, G.P. Richards a,b, C.L. Brack a,c, D.M.W. Evans d

a School of Resources, Environment and Society, Australian National University, Acton, ACT 0200, Australia
b National Carbon Accounting System, Australian Greenhouse Office, Department of Environment and Heritage,

GPO Box 787, Canberra, ACT 2601, Australia
c Cooperative Research Centre for Greenhouse Accounting, GPO Box 475, Canberra, ACT 2601, Australia

d Sciencespeak, 1 Mudlark Crescent, Ballajura, WA 2066, Australia

Received 30 June 2006; received in revised form 15 October 2006; accepted 15 October 2006

Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243

* Corresponding author at: National Carbon Accounting System, GPO Box

787, Canberra, ACT 2601, Australia. Tel.: +61 428 343864;
fax: +61 2 6274 1439.

E-mail address: robert.waterworth@anu.edu.au (R.M. Waterworth).

0378-1127/$ – see front matter. Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2006.10.014

Agricultural Systems 191 (2021) 103134

Available online 23 March 2021
0308-521X/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The two-way relationship between food systems and the COVID19 
pandemic: causes and consequences 

Marta G. Rivera-Ferre a,*, Feliu L!opez-i-Gelats a, Federica Ravera b,c, Elisa Oteros-Rozas a,c, 
Marina di Masso a, Rosa Binimelis a, Hamid El Bilali d 

a Chair Agroecology and Food Systems, University of Vic-Central University of Catalonia, Spain 
b Department of Geography, University of Girona, Spain 
c FRACTAL Collective, Spain 
d International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM-Bari). Valenzano, Bari, Italy   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  

A R T I C L E  I N F O   

Editor: Emma Stephens  

Keywords: 
Zoonosis 
Social-ecological resilience 
Industrial farming 
Food security 
Food systems 
Emerging infectious diseases 
Agroecology 
Short food supply chains 

A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 

* Corresponding author. 
E-mail address: Martaguadalupe.rivera@uvic.cat (M.G. Rivera-Ferre).  

Contents lists available at ScienceDirect 

Agricultural Systems 

journal homepage: www.elsevier.com/locate/agsy 

https://doi.org/10.1016/j.agsy.2021.103134 
Received 20 October 2020; Received in revised form 12 February 2021; Accepted 16 March 2021   

A generalised hybrid process-empirical model for predicting
plantation forest growth

R.M. Waterworth a,b,c,*, G.P. Richards a,b, C.L. Brack a,c, D.M.W. Evans d

a School of Resources, Environment and Society, Australian National University, Acton, ACT 0200, Australia
b National Carbon Accounting System, Australian Greenhouse Office, Department of Environment and Heritage,

GPO Box 787, Canberra, ACT 2601, Australia
c Cooperative Research Centre for Greenhouse Accounting, GPO Box 475, Canberra, ACT 2601, Australia

d Sciencespeak, 1 Mudlark Crescent, Ballajura, WA 2066, Australia

Received 30 June 2006; received in revised form 15 October 2006; accepted 15 October 2006

Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243

* Corresponding author at: National Carbon Accounting System, GPO Box

787, Canberra, ACT 2601, Australia. Tel.: +61 428 343864;
fax: +61 2 6274 1439.

E-mail address: robert.waterworth@anu.edu.au (R.M. Waterworth).

0378-1127/$ – see front matter. Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2006.10.014

(50) Papers
Agricultural Systems 191 (2021) 103134

Available online 23 March 2021
0308-521X/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The two-way relationship between food systems and the COVID19 
pandemic: causes and consequences 

Marta G. Rivera-Ferre a,*, Feliu L!opez-i-Gelats a, Federica Ravera b,c, Elisa Oteros-Rozas a,c, 
Marina di Masso a, Rosa Binimelis a, Hamid El Bilali d 

a Chair Agroecology and Food Systems, University of Vic-Central University of Catalonia, Spain 
b Department of Geography, University of Girona, Spain 
c FRACTAL Collective, Spain 
d International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM-Bari). Valenzano, Bari, Italy   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  

A R T I C L E  I N F O   

Editor: Emma Stephens  

Keywords: 
Zoonosis 
Social-ecological resilience 
Industrial farming 
Food security 
Food systems 
Emerging infectious diseases 
Agroecology 
Short food supply chains 

A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243

* Corresponding author at: National Carbon Accounting System, GPO Box

787, Canberra, ACT 2601, Australia. Tel.: +61 428 343864;
fax: +61 2 6274 1439.

E-mail address: robert.waterworth@anu.edu.au (R.M. Waterworth).

0378-1127/$ – see front matter. Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2006.10.014

Agricultural Systems 191 (2021) 103134

Available online 23 March 2021
0308-521X/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The two-way relationship between food systems and the COVID19 
pandemic: causes and consequences 

Marta G. Rivera-Ferre a,*, Feliu L!opez-i-Gelats a, Federica Ravera b,c, Elisa Oteros-Rozas a,c, 
Marina di Masso a, Rosa Binimelis a, Hamid El Bilali d 

a Chair Agroecology and Food Systems, University of Vic-Central University of Catalonia, Spain 
b Department of Geography, University of Girona, Spain 
c FRACTAL Collective, Spain 
d International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM-Bari). Valenzano, Bari, Italy   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  

A R T I C L E  I N F O   

Editor: Emma Stephens  

Keywords: 
Zoonosis 
Social-ecological resilience 
Industrial farming 
Food security 
Food systems 
Emerging infectious diseases 
Agroecology 
Short food supply chains 

A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 

* Corresponding author. 
E-mail address: Martaguadalupe.rivera@uvic.cat (M.G. Rivera-Ferre).  

Contents lists available at ScienceDirect 

Agricultural Systems 

journal homepage: www.elsevier.com/locate/agsy 

https://doi.org/10.1016/j.agsy.2021.103134 
Received 20 October 2020; Received in revised form 12 February 2021; Accepted 16 March 2021   

A generalised hybrid process-empirical model for predicting
plantation forest growth

R.M. Waterworth a,b,c,*, G.P. Richards a,b, C.L. Brack a,c, D.M.W. Evans d

a School of Resources, Environment and Society, Australian National University, Acton, ACT 0200, Australia
b National Carbon Accounting System, Australian Greenhouse Office, Department of Environment and Heritage,

GPO Box 787, Canberra, ACT 2601, Australia
c Cooperative Research Centre for Greenhouse Accounting, GPO Box 475, Canberra, ACT 2601, Australia

d Sciencespeak, 1 Mudlark Crescent, Ballajura, WA 2066, Australia

Received 30 June 2006; received in revised form 15 October 2006; accepted 15 October 2006

Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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due, inter alia, to their contribution to 
land use changes and habitat 
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→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 
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vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol

www.elsevier.com/locate/foreco
Forest Ecology and Management 238 (2007) 231–243

* Corresponding author at: National Carbon Accounting System, GPO Box

787, Canberra, ACT 2601, Australia. Tel.: +61 428 343864;
fax: +61 2 6274 1439.

E-mail address: robert.waterworth@anu.edu.au (R.M. Waterworth).

0378-1127/$ – see front matter. Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
doi:10.1016/j.foreco.2006.10.014

(50) Papers

Provide evidence for <query>: 3 quotes  
Summarize evidence as <answ> 

LLM For each

Agricultural Systems 191 (2021) 103134

Available online 23 March 2021
0308-521X/© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

The two-way relationship between food systems and the COVID19 
pandemic: causes and consequences 

Marta G. Rivera-Ferre a,*, Feliu L!opez-i-Gelats a, Federica Ravera b,c, Elisa Oteros-Rozas a,c, 
Marina di Masso a, Rosa Binimelis a, Hamid El Bilali d 

a Chair Agroecology and Food Systems, University of Vic-Central University of Catalonia, Spain 
b Department of Geography, University of Girona, Spain 
c FRACTAL Collective, Spain 
d International Centre for Advanced Mediterranean Agronomic Studies (CIHEAM-Bari). Valenzano, Bari, Italy   

H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  

A R T I C L E  I N F O   

Editor: Emma Stephens  

Keywords: 
Zoonosis 
Social-ecological resilience 
Industrial farming 
Food security 
Food systems 
Emerging infectious diseases 
Agroecology 
Short food supply chains 
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 
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vulnerable to global crises and shocks, 
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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factor in emergent infectious diseases 
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have been negatively impacted by 
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
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RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
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A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4
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CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.

Keywords: Carbon; Plantation; FullCAM; Modelling; NCAS; Spatial forest modelling

1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4
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virus outbreak, and as being impacted 
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
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1. Introduction

For the purposes of reporting on Article 3.3 of the Kyoto
Protocol it is necessary to know the net carbon increment
between 2008 and 2012 in plantations established on land not

forested in 1990 (Climate Change Secretariat, 1997). Article
3.4 (Forest Management) of the Protocol also includes the
reporting of the net difference of the 5-year carbon increment of
pre-1990 plantations and managed native forests for the period
2008–2012. Reporting of greenhouse gas emissions from all
managed forests is also required for the preparation of national
greenhouse gas inventories under the United Nations Frame-
work Convention on Climate Change (1992). All carbon pools
(trees, litter, soil) and non-CO2 greenhouse gases (fluxes of CH4

and N2O) are to be included in these accounts. The spatial scale
(<1 ha) and reporting period (annual) of the Kyoto Protocol
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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

→ Food systems have a twofold relation 
with COVID-19: as a facilitator of the 
virus outbreak, and as being impacted 
by the pandemic. 

→ Industrial food systems are a driving 
factor in emergent infectious diseases 
due, inter alia, to their contribution to 
land use changes and habitat 
fragmentation. 

→ Food supply chains and food security 
have been negatively impacted by 
COVID-19. 

→ Industrial food systems are highly 
vulnerable to global crises and shocks, 
such as COVID-19, due to their low 
resilience and flexibility. 

→ COVID-19 can be an opportunity to 
assess vulnerabilities and speed up the 
transformation of food systems.  
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A B S T R A C T   

CONTEXT: The COVID-19 pandemic has become one of the most pressing challenges for humanity. The pandemic 
is affecting all aspects of human lives and livelihoods, including food. In this context, new research shows the 
nexus between agri-food systems and the spread of emergent infectious diseases (EID) such as the coronavirus 
disease while at the same time, shows how the COVID-19 pandemics has heavily impacted food systems. 
OBJECTIVE: The aim of this work is to shed light and draw, through the case of COVID-19, the network of direct 
and indirect links and feedback loops between the globalised food system and pandemics. 
METHODS: We conducted a literature review. 
RESULTS AND CONCLUSIONS: As with climate change, food systems have a double relation with EID in general, 
and in particular with the present world health crisis linked to COVID-19. On the one hand, global agri-food 
systems, as currently organised, are a necessary step in the development of EID, through their impacts in land 
use changes, habitat fragmentation, biodiversity loss and climate change. On the other hand, COVID-19 has had 
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Abstract

A generic model of plantation growth was developed for Australia’s National Carbon Accounting System to allow spatial estimation of carbon
stocks over time. Unlike the primary goal of most forest growth models, which is to predict log volume at harvest age, the international guidelines
for carbon accounting require estimation of current annual increments of total (above and belowground) biomass. In contrast to most commercial
forestry systems that are concerned with rotations of many years, capturing the effects of annual climate variability is important, a feature that
would otherwise be largely ameliorated over a forest rotation.

While yield tables can provide the basis from which empirically based models can predict an ‘averaged’ performance over time, a process-based
model can capture the effects of variability over short time periods. To utilise the valuable empirical data contained in yield tables, while also
capturing the effects of process drivers, a hybrid model has been developed that integrates:

! a spatially and temporally explicit site class index based on a process model,
! a simple growth equation modified by the spatial and temporal site index,
! known empirical constraints on growth (as an average) sourced from yield tables,
! management effects.

Management effects may either increase overall site productivity, and hence biomass accumulation, or accelerate the rate of approach toward
site carrying capacity. The effects of management are important and need to be captured in the model. Some 5000 forest management regimes,
representing different species, regions, site qualities and variants in management in Australia have been described for application within the model.
A national program of identifying both forest areas and forest age classes, using a 30-year archive of Landsat satellite data has been undertaken to
provide inputs to the model.
Crown Copyright # 2006 Published by Elsevier B.V. All rights reserved.
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and is having impacts on all food systems at all scales. The review shows that all activities of the food system 
(from production to consumption) as well as all pillars of food security (availability, access, use, stability) have 
been affected. The impacts of COVID-19 pandemic on food systems can be divided between direct impacts of the 
virus outbreak, and indirect impacts derived from the containment measures (e.g. lockdowns, mobility re-
strictions, shops closure) adopted at different levels (from local to global). While all food systems across the globe 
have been affected by the pandemic, it is argued that vulnerability is different for different types of food systems. 
Long food supply chains have been particularly affected by COVID-19 crisis, however, it is important to avoid 
universalization of impacts and responses as agri-food systems are characterised by a huge diversity and het-
erogeneity. The review concludes by pointing out that while the pandemic represents a challenge for the global 
food systems, this ‘stress test’ can be also seized as an opportunity to highlight vulnerabilities to be urgently 
addressed during the recovery period and speed up the transformation towards more sustainable and resilient 
food systems. 
SIGNIFICANCE: A food systems approach is essential to have a broader picture of the relationship of agri-food 
systems with zoonosis and their centrality in the pandemics and the derived socio-economic consequences.   

1. Introduction 

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
causing COVID-19, also known as coronavirus disease, has created a 
completely novel situation worldwide. With more than two million 
deaths and 104 million infected (as at 2nd February 2021) (WHO, 2020), 
COVID-19 is the biggest pandemics in the last few decades and definitely 
the one with the highest socio-economic impacts worldwide - and the 
situation is still characterised by a high degree of uncertainty (HLPE, 
2020). As the pandemic spread around the world in early 2020, coun-
tries went into lockdown with only essential economic sectors remaining 
open (among which agriculture and food related ones) and most people 
confined to their homes (United Nations, 2020a). As a consequence, 
transportation of people and goods was drastically reduced, supply 
chains disrupted, businesses closed, the stock market collapsed, and 
unemployment boosted (Nicola et al., 2020). The exponentially growing 
pandemic has gone hand in hand with an exponentially growing 
worldwide economic crisis (Gunther, 2020; IMF, 2020; Maliszewska 
et al., 2020; United Nations, 2020a). According to FAO et al. (2020), an 
additional 83 to 132 million people can be added to the 690 millions of 
people undernourished in 2020 due to the economic consequences of the 
COVID-19 pandemic. In this context, it is our objective to shed light on 
the centrality that food systems have in the much needed reflections 
about COVID-19 pandemic, both due to the role they played in the 
growth of emergent infectious diseases (EID) in general (of which 
COVID-19 is an example), but also in how food systems and food secu-
rity have been directly and indirectly impacted by the COVID-19 
pandemic. To achieve this objective we have performed a literature 
review (Grant and Booth, 2009) of both academic as well as and non- 
academic and press articles using the search engines “scholar google” 
and “google.com”. 

COVID-19 is a zoonosis, that is, a disease or infection that is trans-
mitted from other vertebrate animals to humans (Platto et al., 2020). 
There are approximately 1400 human pathogens, of which about 800 
species are zoonotic (Levin, 2012). Globally, between 60 and 76% of 
emergent infectious diseases (EID)1 are zoonoses (Jones et al., 2013; 
Rohr et al., 2019). Of the approximate 180 emerging or re-emerging 
pathogens in the past three decades, 130 are known to be zoonotic, 
with a dis-proportionate number of the new zoonoses being caused by 
RNA viruses (Levin, 2012). As with other EID, COVID-19 is provoked by 
the transmission of a pathogen from a vector natural species to others 
intermediate hosts, and to humans, also known as cross-species zoonotic 
spillover (Plowright et al., 2017). It represents a global public health 

burden which, while associated with multiple outbreaks, still remains a 
poorly understood phenomenon (Plowright et al., 2017). Our ability to 
identify these viruses is limited by gaps in disease surveillance and an 
incomplete understanding of the process of viral adaptation (Walker 
et al., 2018). Animal viruses must pass through a series of highly se-
lective evolutionary bottlenecks to become established in the human 
population (Plowright et al., 2017). In the specific case of zoonosis, 
much attention is given to outbreak dynamics, vector control, and 
vaccine development, which is most understandably an anthropocentric 
viewpoint (Zeppelini et al., 2016). Although still preliminary, current 
data suggest that bats are the most probable initial source of the COVID- 
19 (Ashour et al., 2020), that begun on December 2019 in Wuhan, 
China. However, early presence also in Europe, before Wuhan’s 
outbreak was notified, has been reported (Platto et al., 2020). But what 
are the causes for the emergence of a zoonosis? How an EID may 
transform in a pandemic, as in the case of COVID-19? And what role food 
systems play within all these pandemics’ dynamics? 

The pathways for the emergence of zoonosis include complex 
ecological and physiological, microbiological and epidemiological, but 
also behavioural processes that determine how the pathogens are 
distributed, released and disseminated, which is the likelihood, dose and 
route of exposure for humans and what’s the susceptibility, and, 
therefore, the probability and severity of infection for a given pathogen 
dose (Daszak et al., 2013; Plowright et al., 2017). Several factors seem to 
contribute to the emergence of zoonoses and EID, including urbaniza-
tion, population growth, wildlife trade, the loss of biodiversity and 
pathogen pollution through invasive species (Jones et al., 2008). Glob-
ally, almost half of these diseases seem to result from changes of land use 
and productive models (Keesing et al., 2010), which suggests a direct 
linkage between EID and industrial-scale globalized agricultural prac-
tices (C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Jones et al., 2013) 
that we refer here as agri-food systems. Arguably, in order to develop 
predictive models or build alert systems, the focus on zoonoses as 
ecological entities should be strengthen, given the huge diversity of 
aetiological agents, hosts, interactions, and abiotic dynamics (Zeppelini 
et al., 2016). 

Discussions around food systems during this COVID-19 crisis have 
been prominent, coming from many different scientific disciplines and 
actors (Benton, 2020; HLPE, 2020; FAO, 2020a; IPES-Food, 2020; 
Ridolfi, 2020). First of all, because the emergence of the disease in China 
was initially attributed to a wet market, and this resulted in discussions 
around the need to close or not this type of markets (Petrikova et al., 
2020; Walzer and Kang, 2020). From an ecological point of view, dis-
cussions around the role that industrial agriculture plays in the emer-
gence of zoonosis is also gaining prominence (Altieri and Nicholls, 2020; 
C!ardenas-Gonz!alez and !Alvarez-Buylla, 2020; Everard et al., 2020). 
From a social sciences perspective, discussions about the impacts have 
emerged in the form of comments and perspectives in specialised jour-
nals – such as Agriculture and Human Values, 2020 (Agriculture, Food & 
Covid-19), Food Ethics, 2020 (Ethical dimensions of COVID-19 and the 

1 The WHO defines ‘emerging infections’ as ‘infectious diseases that have 
been identified and taxonomically classified recently. Some appear to be ‘new’ 
diseases of humans, others may have existed for many centuries and have been 
recognised only recently because ecological or other environmental changes 
have increased the risk of human infection. 
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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4 Results

4.1 Case Study 1: Similarity Metrics in Agri-Food Transition SLR

In this first case study we determine the accuracy of the chosen metrics and
explore if there is a significant difference in performance between GPT3 and
GPT4. There were eight tasks (as shown in the first column of Table 1) and ten
papers. GPT3 and GPT4 were given identical instructions to answer each task
in separate calls. We compared the researcher’s and models’ answers.

The models were asked to record three quotes (evidences), then give a final
answer in a second call. Cases where the average fuzzy string similarity was less
than 90% were manually investigated. There were 25 and 38 cases where this
occurred for GPT4 and GPT3 respectively, resulting in overall error rates of 2%
and 5%.

The semantic similarity between LLM and expert answers was calculated
using transformer similarity and SpaCy similarity. An example of an LLM/expert
answer could be “The Global context is Africa” which has a word count of 5. The
correlation between the Transformer similarity score and the expert’s judgement
of the model answers was 0.48±0.09 and there was almost no correlation (−0.07±
0.08) between the SpaCy similarity and expert judgment.
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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4 Results

4.1 Case Study 1: Similarity Metrics in Agri-Food Transition SLR

In this first case study we determine the accuracy of the chosen metrics and
explore if there is a significant difference in performance between GPT3 and
GPT4. There were eight tasks (as shown in the first column of Table 1) and ten
papers. GPT3 and GPT4 were given identical instructions to answer each task
in separate calls. We compared the researcher’s and models’ answers.

The models were asked to record three quotes (evidences), then give a final
answer in a second call. Cases where the average fuzzy string similarity was less
than 90% were manually investigated. There were 25 and 38 cases where this
occurred for GPT4 and GPT3 respectively, resulting in overall error rates of 2%
and 5%.

The semantic similarity between LLM and expert answers was calculated
using transformer similarity and SpaCy similarity. An example of an LLM/expert
answer could be “The Global context is Africa” which has a word count of 5. The
correlation between the Transformer similarity score and the expert’s judgement
of the model answers was 0.48±0.09 and there was almost no correlation (−0.07±
0.08) between the SpaCy similarity and expert judgment.
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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4 Results

4.1 Case Study 1: Similarity Metrics in Agri-Food Transition SLR

In this first case study we determine the accuracy of the chosen metrics and
explore if there is a significant difference in performance between GPT3 and
GPT4. There were eight tasks (as shown in the first column of Table 1) and ten
papers. GPT3 and GPT4 were given identical instructions to answer each task
in separate calls. We compared the researcher’s and models’ answers.

The models were asked to record three quotes (evidences), then give a final
answer in a second call. Cases where the average fuzzy string similarity was less
than 90% were manually investigated. There were 25 and 38 cases where this
occurred for GPT4 and GPT3 respectively, resulting in overall error rates of 2%
and 5%.

The semantic similarity between LLM and expert answers was calculated
using transformer similarity and SpaCy similarity. An example of an LLM/expert
answer could be “The Global context is Africa” which has a word count of 5. The
correlation between the Transformer similarity score and the expert’s judgement
of the model answers was 0.48±0.09 and there was almost no correlation (−0.07±
0.08) between the SpaCy similarity and expert judgment.

A
ut

ho
r 

Pr
oo

f

(Preferences, Weights)

Text/Keywords Similarity



Highlighting Algorithm - WordNet Similarity

10

WordNet Hypernym Tree

6 L. McGinness et al.

w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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w and that subset in the range [0, 1]. One of them is word vector similarity, as
readily provided by spaCy, and the other is Wu-Palmer similarity [34,40] based
on hypernym-reachability in WordNet [12].

Using WordNet for word similarity is an established and well-researched topic
[23]. In our algorithm, the search for similar words is broad and includes (one-
step) synonyms, pertainyms, and related derived forms, weighted for each cate-
gory. This was a design choice motivated by the case study in Sect. 4.2, where
the researcher wants to ensure they did not miss any key points in their man-
ual review. Similarity takes scores higher than given thresholds to determine
whether w should be highlighted or not. We found that Wu-Palmer similarity
often produces results more similar to what a human user expects from a high-
lighter. Hence, vector similarity acts only as a fall-back. Here are some examples
for highlighted evidence text with the keywords above.

1. It is also likely that climate change will contribute to novel occurrences of
disease emergence and transmission.

2. Foodborne illnesses significantly influence individuals nutritional status.
3. Changing lifestyles, mainly due to work commitment, have fuelled the increase

in numbers eating out and the need for convenience foods.
4. Significant changes have occurred in food systems in the last decades that

have contributed to widen such ’holes’ in the barriers from phase to phase:
agricultural intensification and industrialization causing major environmental
deterioration, the increasing distance traveled by food in global markets, and
the nutrition transition towards diets rich in ultra - processed food and animal
protein are the three cornerstones of such changes.

Entities (nouns, noun chunks) are colored red and relations (verbs) are colored
blue. Additional colors are used for supporting words according to their gram-
matical roles. Properties (adjectives) of colored entities are purple.

For each word, the algorithm can provide an explanation of why it is high-
lighted. These explanations are helpful for customising parameter settings; for
example, we get:

2. Foodborne illnesses (NCP(Foodborne illnesses, [SimilarTo(’disease’, 0.95, ’wup’)]))

significantly influence (SimilarTo(’affect, 0.84, ’wup’)) individuals
nutritional status
(NCP(nutritional status, [SimilarTo(’food’, 0.91, ’wup’)])).

In these annotations, NCP means ‘NounChunkPart’, and the similarity of the
highlighted word(s) to keyword(s) is indicated as in SimilarTo(keyword,
similarity, kind), where ’wup’ is Wu-Palmer similarity.

Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.
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Query: Associated health focus 
Expert answer: “Novel pathogens (COVID-19)” 

word count = 4 
GPT4 answer: “The associated health focus of this paper is COVID-19, a zoonotic infectious disease caused by the SARS-CoV-2 virus.”  

Word count  = 4, Transformer similarity to expert answer = …, SpaCy word embedding similarity = …,  
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Expert answer: “Novel pathogens (COVID-19)” 

word count = 4 
GPT4 answer: “The associated health focus of this paper is COVID-19, a zoonotic infectious disease caused by the SARS-CoV-2 virus.”  

Word count  = 4, Transformer similarity to expert answer = …, SpaCy word embedding similarity = …,  

How trustworthy/accurate are the LLM answers and evidence?
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Query: Associated health focus 
Expert answer: “Novel pathogens (COVID-19)” 

word count = 4 
GPT4 answer: “The associated health focus of this paper is COVID-19, a zoonotic infectious disease caused by the SARS-CoV-2 virus.”  

Word count  = 4, Transformer similarity to expert answer = …, SpaCy word embedding similarity = …,  
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Highlighting can be useful beyond marking up text excerpts. In one of our
case studies below we take the ‘highlighting rate’ as a statistical measure to
assess the similarity between the LLM’s response and the researcher’s benchmark
evaluation.

4 Results

4.1 Case Study 1: Similarity Metrics in Agri-Food Transition SLR

In this first case study we determine the accuracy of the chosen metrics and
explore if there is a significant di!erence in performance between GPT3 and
GPT4. There were eight tasks (as shown in the first column of Table 1) and ten
papers. GPT3 and GPT4 were given identical instructions to answer each task
in separate calls. We compared the researcher’s and models’ answers.

Table 1. Case Study 1: Average and standard deviation for similarity scores, fuzzy
matching scores, average word count and expert judged model accuracy are presented
for GPT3 and GPT4.

Information Complexity Model
Quote Fuzzy
Matching
Score

Model
Average

Word Count

Expert
Average

Word Count

Transformer
Similarity

SpaCy
Similarity

Model
Accuracy

GPT-! 97± 5 3.5 4.8 0.74± 0.25 0.58± 0.16 0.9Global
Context Low GPT-" 98± 6 5.2 4.8 0.84± 0.06 0.57± 0.14 1.0

GPT-! 97± 5 5.6 1.6 0.82± 0.13 0.57± 0.16 0.75Associated
Health Focus Low GPT-" 98± 4 7 1.6 0.85± 0.05 0.60± 0.14 0.94

GPT-! 95± 10 13.4 5.4 0.81± 0.04 0.66± 0.08 0.65Transition
Pathway Moderate GPT-" 97± 8 23 5.4 0.85± 0.06 0.65± 0.21 1.0

GPT-! 97± 4 32 17 0.83± 0.04 0.77± 0.14 0.5Agri-food
Boundary Moderate GPT-" 98± 6 50.6 17 0.87± 0.03 0.79± 0.12 0.85

GPT-! 99± 7 8.8 6.5 0.85± 0.05 0.59± 0.16 0.7Public
Health Risk Moderate GPT-" 97± 6 20.5 6.5 0.87± 0.06 0.74± 0.17 0.95

GPT-! 97± 5 31.3 26.4 0.83± 0.03 0.84± 0.07 0.25Synergies High GPT-" 98± 5 58 26.4 0.81± 0.05 0.83± 0.07 0.1
GPT-! 97± 5 35 18 0.82± 0.02 0.81± 0.08 0.44Constraints High GPT-" 98± 5 59 18 0.84± 0.02 0.83± 0.07 1.0
GPT-! 97± 4 28 30 0.89± 0.04 0.90± 0.07 0.88Integrated

Solutions High GPT-" 99± 3 50 30 0.89± 0.05 0.89± 0.07 1.0

The models were asked to record three quotes (evidences), then give a final
answer in a second call. Cases where the average fuzzy string similarity was less
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Findings 
Transformer similarity better than 
SpaCy similarity 

Correlation between expert answer 
and GPT3 answer is -0.07 +- 0.08  

Correlation between expert answer 
and GPT4 answer is 0.48 +- 0.09  

-> GPT4 “performs well”  
(on low to moderate complexity?)

How trustworthy/accurate are the LLM answers and evidence?
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Case Study 2 - Coordinated Response to Crisis Management SLR 
Experiment: ask LLM for “evidence” vs “direct” (no evidence to be reported) 
-> Retrieving evidence decreases accurracy (overload?)  

Case Study 3 - Sustainable Transitions SLR 
Experiment: querying LLM “separately” vs “together”, for all research questions 
-> “Together” model unusably inaccurrate 

Case Study 4 - Automatically Marking SLR 
20 papers almost all “relevant” / 20 papers almost all “irrelevant”  
Experiment: can LLM identify relevant papers only? 
-> Very high false positive rate / very low false negative rate 

LLM General 
GPT4 context window larger than GPT3 -> improves evidence finding 
GPT4:  Overall 83% accurracy wrt expert query answers (careful with such metrics though) 
Performace degrades with difficulty of query (compare “global context” vs “synergy”) 

Highlighting 
Helps sifting through papers (anecdotal evidence) 
Low highlighting rate of paper means: (a) irrelevant paper or (b) expert missed relevant issues  
Highlighting rate as similarity measure? 


