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Sustainability of food system: Changes and Challenges

* Climate change * Food insecurity

* Economic instability e Malnutrition

* Changes in food consumption patterns ¢ Overconsumption

* Policy actions * Non-communicable diseases
» Technological innovation * Socio-economic inequalities

Providing evidence-based knowledge on coexistence of changes and challenges

Shaping key dynamics of the economic, environmental and social unsustainability
of the food system through identifying metrics for a multidimensional assessment

N5
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Sustainability of food system: Assessing complex dynamics

* Multidimensional approaches for assessing food insecurity and poverty (Anand et Sen,
1994; Alkire et Santos, 2010)

* Assessment of the variability of resource flows and stocks (stiglitz et al., 2009; Ingram et al.,
2010)

» Systemic perspectives that highlights causal links (lonescu et al., 2009)

* Economic assessment of trade-offs between socio-economic and bio-physical
processes (Flichman et al., 2011 ; Masset et al., 2014)

* Implementation of public policies through strategic governance
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Aims

* Develop a new conceptual framework to explore the sustainability of food system
in the face of a change

* |dentifying the main variables to formalize and operationalize the socio-economic
and environmental interactions within food systems

Modeling vulnerability and resilience for sustainable food systems
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« Sustainable Development (UN, 1987)
» Sustainable Food Security (UN, 1996)
» Sustainable Development Goals (2000-2015)

Sustainability is a property of a system

Sustainability as the ability of a system

to maintain or enhance its essential outcomes over time

(Hansen, 1996; Ingram, 2011; de Ruiter et al., 2014)
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‘ Leadership Culture
Natural resource capital Innovation |  Globalization and trade Religions & rituals
Ecosystem services Technology |Confiicts anf:l humamtanar} crises Social traditions
Climate change Infrastructure Food prices and volatility | Women's empowerment |
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(Food System framework:
HLPE, 2017)
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« Metrics of Sustainable Diets and Food Systems

» (2012-2014)

* Diets

« Consumption behaviours

* Qutcomes

BIOPHYSICAL AND TECHNOLOGY.
ECONOMIC AND POLITICAL AND SOCID-CULTURAL DEMOGRAPHIC
Sl INNOVATION AilD MARKETDRIVERS ~ INSTITUTIONAL DRIVERS DRIVERS DRIVERS
e.0. e.g. e.g. e.g. e.g. e.g.
Natural resource Data-driven innovations Livelihoods and income Governance frameworks Social norms and traditions Urbanization
degradation New plant breeding Markets, firms and trade institutional support Social stratification Changing age profiles
Climate change technologies Land tenure Civil strife and conflict Women's empowerment Migration
Disease vectors Post-harvest infrastructure
SYSTEMS SUPPORTING FOOD SUPPLY CHAINS CONSUMER NUTRITION AND
FOOD PRODUCTION  Production systems BEHAVIOURS 7 HEALTH OUTCOMES
=+ Ecosystems + Storage and trade + Choosing where and
+ Human systems + Packaging and what food to acquire,
« Energy systems processing 5‘ ."U- cook,
« Economic systems « Retail and marketing
. + Awareness of impact
Heatlh systems Sy
FOOD SYSTEMS FOOD ENVIRONMENTS
» Production support systems » Availability and physical access
« Supply chain activities « Affordability
» Food environments + Acceptability

» Information, guidelines and advertising
+ Food quality and safety
+ Policy conditions

s g
---------------------------------------------------------------------

RIGHT TO FOOD FRAMEWORK

(Food System framework:
HLPE, 2020)
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Environmental feedbacks
e.g. water quality, GHGs
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GEC DRIVERS
Changes in:
Land cover & soils, Atmospheric
Comp., Climate variability & means,
Water availability and quality,
Mutrient availability and cycling,
Biodiversity, Sea currents
& salinity, Sea level

DRIVER
Interactions

Socioeconomic

DRIVERS
Changes in:
Demaographics, Economics
Socio-political context,
Cultural context
Science & Technology

GECAFS Food System Framework: a social-ecological system

nalth

~

/ Food System ACTIVITIES

Producing food
Processing & Packaging food
Distributing & Retailing food
Consuming food

Food System OUTCOMES
Contribution to

Social
‘Welfare

Envi
Welfa

Food Food
Utilisation A Access

/

Socioeconomic feedbacks
e.g. livelihood, social cohesion

(Ericksen, 2008)

Identification of interactions between Drivers of change and Food system outcomes

A -,—f’%\/.
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Modeling the interactions between variables @ M
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Theory of Vulnerability and Resilience

Exposure Sensitivity Adaptive Capacity

Potential impact < > Recovery potential

(IPCC, 2012)
Vulnerability is function of: exposure, sensitivity, adaptive capacity

Adaptation is the response of a system to a change and it informs on strategies

. Vg




Theory of Vulnerability and Resilience
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Causal dynamics of variables




New food system framework

KIM Food & Health

________ _Global

N

DRIVERS
OF VULNERABILITY
/

CHANGE
ADAPTIVE RESILIENCE

CAPACITY

/

Causal model of a food system
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1) Definition of scale and study area
France, Italy, Spain

2) Identification of Drivers of change

- Water depletion - Food price volatility
- Changes in food consumption patterns - Biodiversity loss

3) Identification food system Outcomes

- Affordability of food - Dietary Energy Balance
- Satisfaction of cultural food preferences - Nutritional quality of food supply

4) Causal models of interactions between

4'/ BN
Drivers and Outcomes \ ﬂ
W
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Al 15 Step. ldentifying study area:

MONTPELLIER UNIVERSITE 0'EXCELLENCE

Focus on the Mediterranean region

Context-specific literature review to s

i . L= _‘ﬁ
Identify: o A O

B\ RN o ah

. Common national and i §NREET<

] .. DA = S W

subnational Food & nutrition - N - A

security issues St )Ny
- Relevant global & regional e T R
drivers of change o

_ Mediterranean coastal regions ___ Bioclimatic imit of the \
[:]Non-laednevraneaiemnuiesolmEU Motseranioan (£00)

o

i

(Brunori et al., 2008; PARME, 2011; Freibauer et al., 2011; CIHEAM, 2012) @ /\J{?@ = =]
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Focus on France, Spain and Italy: the
Latin Arec.

Common national and
subnational Food & nutrition
security issues

Common biophysical and
socioeconomic common
features
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Identifying global and regional drivers of change...

* WATER DEPLETION (molden, 1997)

* BIODIVERSITY LOSS (csp, 2004)

* FOOD PRICE VOLATILITY (rao, 2011

¢ CHANG'NG FOOD CONSUMPT'ON PATTERNS (Kearney, 2010)
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el | dentifying Food and Nutrition Security Issues. ..

* NUTRITIONAL QUALITY OF FOOD SUPPLY (oguali - wHo)

* AFFORDABILITY OF FOOD (ingram, 2011)

* DIETARY ENERGY BALANCE (rateret a, 2004)

* SATISFACTION OF CULTURAL FOOD PREFERENCES (sobaret ai, 1998)




M “‘MUSE

Yox: 4th - Vulnerability assessment: interactions KIM Food & Health

Mnmptmmummﬁn EXCELLENCE
4) Causal models representing the interactions between drivers of change and outcomes

- 4 global and regional drivers of change (Drivers)
- 4 context-specific food & nutrition security issues (Outcomes)

FOOD SYSTEM OUTCOMES
FOOD AND NUTRITION SECURITY ISSUES

SUPPLY ACCESS UTILIZATION
NUTRITIONAL QUALITY | AFFORDABILITY OF DIETARY ENERGY SATISFACTION OF
OF FOOD SUPPLY FOOD BALANCE CULTURAL FOOD
PREFERENCES
DRIVERS
- - - =
WATER
DEPLETION ADAPTIVE CAPACITY
ENVIRONMENT
BIODIVERSITY
LOSS
ECONOMY FOOD PRICE
VOLATILITY
SOCIETY CHANGING FOOD SENSITIVITY EXPOSURE
CONSUMPTION _ .
PATTERNS o= =
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Water depletion <«——> Economic affordability

/POTENTIAL IMPACY-\K RECOVERY POTENTIAL \

*Increase water price » Food import

* Altering production, prices * Resistant crops
markets, supply *[rrigation efficiency
(Ingram and Kapadia, 2010; «\\ater reuse

Wood et al. 2010)

' (Hellegers et al, 2008; Waugray, 2011;
\ M Yang and Zehnder, 2008) /

Water depletion < > Nutritional quality
/ POTENTIAL IMPACT N RECOVERY POTENTIAL\
* Decreasing food supply * Water productivity
Food quality decrease * Agro-biodiversity
* Agri-food contamination e Water reuse
(Bates, 2008) * Importing food

A (Chapagain et al, 2000; ...) /
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Biodiversity loss <«——> Nutritional quality

/ POTENTIAL IMPACTY A/

* Homogenising production
systems

* Lowering response to
climate change

@emans etal, 2011; ...) M

RECOVERY POTENTIAL \

Fostering agrobiodiversity

*Increasing organic farming
(Thrupp, 2000; ...)

v

> Food preferences

Biodiversity loss <

/ POTENTIAL IMPACT

*Reducing health information and
benefits

« Losing traditional foods

(Kuhnlein et al., 2009; ...)

RECOVERY POTENTIAL \

* Investing on varied diets
* Promoting traditional food
(Termote et al., 2010; ...)

O & A /
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Price volatility = <«——> Nutritional quality

/POTENTIAL IMPACT Y A/  RECOVERY POTENTIAL )

* Altering supply for low * Dietary diversity
incomes * Local supply
e Decrease qua“ty foods (Pinstrup-Andersen, 2013)

*Hindering prod. from fossil

qmrgies (DEFRA, 2008, WHO, M /

Price volatility < > Economic affordability
/" POTENTIAL IMPACT NRECOVERY POTENTIAL )
« Altering incomes and purchasing »Food policies for supply variety
power *Dietary diversity
* Exacerbating economic shocks (Brunori and Guarino, 2014; ..)
(Regmi and Meade, 2013..)

O & A /
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Changing consumption<«——> Nutritional quality

/POTENTIAL IMPACY-\K RECOVERY POTENTIAL \

* Altering prod. patterns « Empowering healthy choice
*Demand of cereals and * Encouraging ecofriendly
processed foods consumption
(ETP, 2008; ...) (SCAR, 2011, Khoury et al. 2014)
Changing consumption < > Dietary energy balange
/" POTENTIAL IMPACT N RECOVERY POTENTIAL )
* Unhealthy consumption *Public awareness
*Dietary diversity decrease * Cultural knowledge
» Obesogenic environments » Metabolic health
(Johnston et al, 2014) - Dietary guidelines

A (Barling et al, 2010; ...) /
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- Setting up a long list of indicators derived from the
literature

- Shortlisting 136 indicators discussed during a focus
group

- Gaining consensus through an exchange of opinions

== Using a Delphi expert consultation protocol

- Testing an online Delphi questionnaire (3 rounds)

AL Shortlisting indicators
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M 80% [ 70% 60% 50% 2x35%
High Medium Low Majority Bipolarity

NUTRITIONAL QUALITY AFFORDABILITY NUTRITIONAL QUALITY DIETARY ENERGY
OF FOOD SUPPLY OF FOOD OF FOOD SUPPLY BALANCE
- % of food household
z EXPOSURE - % of nutrient intakes from 10 expenditure « EXPOSURE - Food Purchasing Power index - At-risk-of-poverty rate
S most volatile foods - Food Purchasing Z - Caloric share of ready-to-
5 Power Index 3 E consume products
o] 23
E SENSITIVITY - Price elasticity of 10 most - Sensitivity to price volatility Z g SENSITIVITY - Household Dietary Diversity - Prevalence of overweight &
Q nutrient-dense foods 3 E Score obesity
& Zs
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OF FOOD SUPPLY OF FOOD OF FOOD SUPPLY BALANCE
z EXPOSURE - % of nutri.ent intakes from 10 - % of f9°d household v EXPOSURE - Food Purchasing Power Index - At-risk-of-poverty rate
S most volatile foods expenditure z - Caloric share of ready-to-
5 8 E consume products
° - Price elasticity of 10 most 2 g
E SENSITIVITY ' nutrient-dense foods - Sensitivity to price volatility E g SENSITIVITY  -Household Dietary Diversity - Prevalence of overweight &
Q - Price elasticities of nutritional wE Score obesity
« adequacy of diet z E
8 - Presence of food safety net 5 2 ) )
© RESILIENCE - Household Dietary Diversity Score programs S RESILIENCE - EX’Ste'_’C‘B ofpol{cy plan for
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i a g ' SATISFACTION OF CULTURAL FOOD PREFERENCES / BICDIVERSITY LOSE
H[]H'[P[UJEHUHW[RS]TEQ EXCELLENCE EXPOSURE  Time dvailable for food preparation 24 Import Dependency Ratio 1% Import Dependency Ratio a7

SENEITIATY % af diets locally prodwoed 43 % gf diets locally produwced G2 % of diets locally produwoed 72

Integration of bicdwersity considerations Integration of bicdwersity Integration of bicdwersity considerations
in business consdiderations in business in business

NUTRITIONAL QUALITY OF FOOD SUPPLY / CHANGE IN FO0D CONEUMETION BATTERNS

RESIUERCE 53

EXPOSURE Food Purchasing Power Index 35 Food Purchasing Povwer Index 46 Food Purchasing Power Index G

EENEITIWATY  Howsehaold Dietary Diversity Soore 35 Househald Dietary Diversity Soare Gd Houzehold Dietary Diversily Soore g3

% al public expenditure an food subdidies
23 AND Existence of national dietary 28
guidelines

% al public expenditure an food

RESMIENCE  Existence of national dietary guidelines 22 A
subtidies

ROUND 1 ROUND 2 ROUND 3

NUTRITIONAL QUALITY OF FOOD SUPPLY / WATER DEPLETION

‘Water Footprint of nutrient-gense 55 ‘Water Footprint of nutrient-dense foads
faads [m3/kg] [m3/kg]

Intensity of use of actusl water
resources

EXPOSURE  Water Fotprint of nutrient-dense foods 35
SENSITIV IY  Intensity of use of actual water resources 35 49 Intensity of use of actual water resources 61

RESILIENCE  Irrigati sn Water Efficiency Index 51 Irrigation Water Efficiency Index 64 lrrigation Water Efficiency Index :E]

AFFORDABILITY OF FOOD / WATER DEPLETION

“EXPOSURE Wt r Footprint for an average diet 39 Water Footprint for an average diet 67 Water Footprint for an average diet 86
SENSHIMIY T ND i iy o daand s 27 TS dentor 0 most e gy Prendextor 10 st wotr e 55
m st water-demanding foods
i et kel v
NUTRITIONAL QUALITY OF FOOD SUPPLY / BIODIVERSITY LOSS

EXPOSURE % of tatal acreage of top § varieties 41 % of total acreage of top S varieties 44 % g total acreage of top 5 varieties &4

SENSITIMITY. - Nutsitianel Funetional Diversity 41 Nutritional Funetional Diversity 69 Nutitiona! Functional Divessity 82 7

RISIUENCE  Crop Agrabiodiversity Factor 53 Crop Agrobiodiversity Facter 74 Crop Agrobiodiversity Facter &3 [ ) [ ] [ ]

e ——— 136 Potential indicators

TIXPOSURE Time available for food preparation 24 Import Dependency Ratio 23 Import Dependency Ratio 47

SENSITIATY 9% of diets locally produced 49 % gf diets locally produced 62 % of diets locally produced 72

mesipnce  \MeAration of biodersity considerations o Integration of bisdiversity g5 IMtesration of biediversiy considerations
[r——

AFFORDABILITY OF FOOD / PRICE VOLATILITY

;DSURE % of food household expenditure 39 % of food household expenditure 62 % of food household expenditure &1

SELSITIVTY  Sensitivity to price volatility 55 Sengitivity to price valatility 74 Sensitivity to price valatility &8

RESIUENCE  Presence of food safety net programs 45 Presence of safety net programs 46 Presence of safety net programs 53

NUTRITIGNAL QUALITY OF FOOD SUPPLY / PRICE VOLATILITY

y [ [ o Ld
% of nuirient mtakes from 10 most volatile % of nutrient intakes from 10 most . % of nutrient intakes fram 10 most r
L o e ot ol s i e lnl 1 s e ln lc a O S
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AESILENCE  Househald Dietary Diversity Szare 59 Househald Dietary Diversity Scare 74 _Househald Dietary Diversity Seare 52
NUTRITIONAL QUALITY OF FOOD SUPPLY / CHANGE IN FOOD CONSUMPTION PATTERNS
EXPOSURE  Food Purchasing Power Index 35 Food Purchasing Power Index 46 Food Purchasing Power Index 64
SENSITIVITY  Household Dietary Diversity Score. 35 Househald Dietary Diversi 64 i iversi &1

e st g ST « Toolbox » for assessing, modeling and

DIETARY ENERGY BALANCE / CHANGE IN FOOD CONSUMPTION PATTERNS.
Calaric share of resdy-te-consume

o . . .
EXPOSURE  At-risk-of-poverty rate. 41 At-risk-ol-poverty rate 45 aduets a7
SENSITIVITY  Prevalence of overweight & obesity 33 Prevalence of overweight & obesity 41 Prevalence of overweight & obesity 58

Existence of policy plan for
36 averweight/obesity AND Funding 25 -
allocated to nutrition education

Dxistence of policy plan for

AESILENCE  Literacy rate of adults Seerweightfchesity
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Prosperi et al. | Allen et al. | Allen & Prosperi | Prosperi et al. | Allen et al.

Citations | 2014 SAGEO. | 2014 PNS | 2016 EM 2016 ESD 2019 SIR
Google 62 107 175 52 57
Scholar

SCOPUS 34 49 90 28 35
Web Of 8 44 78 - 29
Science
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Papers/ | Prosperietal. | Allen et al. | Allen & Prosperi | Prosperi et al. | Allen et al.
Citations | 2014 SAGE O. | 2014 PNS | 2016 EM 2016 ESD 2019 SIR

Google
Scholar
SCOPUS 34 49 90 28 35
Web Of 8 44 78 - 29
Science

Some examples:

Béné et al. (2019) Global Food Security - Béné et al. (2019) World Development - Béné et al. (2022) Plos ONE - Boylan et al.
(2019) Public Health Nutrition - Clapp et al. (2020) Food Policy - Dardonville et al. (2021) Journal of Cleaner Production -
David-Benz et al. (2022) FAO, CIRAD, EU - Fanzo & Davis (2021) Food Systems, Food Environments, and Consumer Behavior -
Glaros et al. (2022) Trends in Food Science & Technology - Mayton et al. (2020) Food Policy - Melesse et al. (2020) Global

Food Security - Paas et al. (2021) Ecology & Society - Rutten et al. (2018) Agricultural Systems - Seconda et al. (2019) British
Journal of Nutrition - Sonnino et al. (2019) Cities - Toillier et al. (2020) The Journal of Agricultural Education and Extension -
Valerino-Perea et al. (2020) Public Health Nutrition - Zou et al. (2020) Global Food Security, etc... { @ ,#%
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* Improvement of the conceptualisation of food systems as social-ecological systems

* Definition of drivers and outcomes of food systems (and additional adaptation)

e Operationalisation of a dynamic food system model

* Part of the «emerging literature that suggests causal vulnerability and resilience of food systems »
* « analyze concrete food system interactions and develop metrics that can capture them »

* « assessment tools, which accommodate this multidimensional systems perspective, and that can track
progress on SFS »

* Methodological reference of the DELPHI method for agri-food related literature
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* Value chain dynamics and actors are not considered in this analysis (from comments and literature)

* Some drivers do not take into account the time factor that distinguishes shocks and stresses (from
literature)

* No targeting audience (from literature)

» SES approaches do not interest practitioners (Foran et al., 2014)

* Practitioners use sustainability variables and metrics (Dicks et al., 2013)

* Reproducible models for different food systems

* Modeling tool to identify and build sustainable food system indicators
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“Food systems metrics are important to describe the current state of food systems,
facilitate quantifying relationships needed for exploring causal mechanisms, set
baselines against which to measure progress on key goals, evaluate impacts of system
transitions and proposed changes, gauge efficacy of interventions, and ultimately
facilitate the scaling up of successful interventions (Allen and Prosperi, 2014, Global
Panel, 2015; McDermott et al., 2015; IFPRI, 2016).”

Melesse, M. B., van den Berg, M., Bénég, C., de Brauw, A., & Brouwer, I. D. (2020). Metrics to analyze and improve diets
through food Systems in low and Middle Income Countries. Food Security, 12(5), 1085-1105.
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« For the rapid assessment we
adopted an analytical framework
proposed by Allen and Prosperi
(2016). »

J.R.A. Butler et al.

Global/regional system

Research impact

Environmental Science and Poliev 117 (2021) 34-45

Contents lists available at ScienceDirect

S Environmental Science and Policy

ELSEVIER

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

-

Environmental
Science &
Policy

A rapid assessment framework for food system shocks: Lessons learned from

COVID-19 in the Indo-Pacific region

James R.A. Butler *, Federico Davila b, Robyn Alders‘, R. Michael Bourke“, Steve Crimp
John McCarthy ', Andrew McWilliam ¥, Anton S.M. Palo " Lisa Robins, Michael J. Webb,
Monica van Wensveen’, Todd Sanderson k, Daniel Walker

SHOCKS
AND DRIVERS
OF CHANGE

————————————————————_————_——_——_————_—_—_——_—_——_—_———_

Food system of interest: national/sub-national \

“The lack of examples that linked
food systems responses with
external shocks and a step-wise
analytical process led us to adopt
Allen and Prosperi’s (2016)
approach which models a food
system’s sustainability and
resilience to global environmental
and socio-economic drivers and

y

Climate change
Natural disasters
Pests and diseases
Import prices
Global markets
Trade policies

Exposure
COVID-19 direct

Sensitivities and impacts
- Immediate, medium- and

- COVID-19 indirect long-term

- Multi-hazard effects -’ - Vulnerable groups »

- Political and - Institutional and political
economic exposure causes of vulnerability g =

@ 2

Responses B
Vulnerable groups & =
Transformational X =
responses Recovery potential -

Maladaptive
responses

Timeframes

- Vulnerable groups 5
- Institutional and political
constraints to recovery

Trade-offs
Cross-scale

Food system
outcomes
Food and
nutrition
security
No poverty
Gender equity
Climate action

—— - ———

- - - - - -

linkages

shocks”

e = e . e e e = = e e S e e e e W e e e e e e

Butler, J. R., Davila, F., Alders, R., Bourke, R. M., Crimp, S., McCarthy, J., ... & Walker, D. (2021). A rapid assessment framework for food system shocks:
Lessons learned from COVID-19 in the Indo-Pacific region. Environmental Science & Policy, 117, 34-45.
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Global/regional system
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N
SHOCKS y Food system of interest: national/sub-national X
AND DRIVERS 4 \
OF CHANGE [ !
| Exposure Sensitivities and impacts :
: - COVID-19 direct - Immediate, medium- and i
- COVID-19 indirect . long-term ' Y N
: - Multi-hazard effects - Vulnerable groups Food system 1
{ - Political'and - Institutional and po!itical g outcomes :
[ economic exposure causes of vulnerability e - Food and
! o i nutrition 1
: Responses @ security
i Vulnerable groups & - No poverty I
[ Transformational - - Gender equity I
Climate change [ responses Recovery potential - Climate action !
Natural disasters 1 Maladaptive - Vulnerable groups _» \ ) :
Pests and diseases | responses - Institutional and political 1
Import prices ! Timeframes constraints to recovery )
Global markets [ Trade-offs !
Trade policies \ Cross-scale ]
linkages ,’
> 4
A
Rapid assessment steps —
@ What is the system of interest? What are its boundaries? @ What are the sensitivities of and impacts on the system?
@ What are the characteristics of COVID-19 and the local response? @ What is the current recovery potential of the system?
@ What are other drivers of change and their interactions with COVID-19? g&v‘:oﬁ:;hirg ;sc:]i(:vt):'g Sirslenty Ga the esied systen
@ What are the desired food system outcomes? @ What responses are needed to boost recovery potential?
@ How exposed is the food system to COVID-19 and other drivers? What are the impacts on regional/global drivers of change?

Butler, J. R., Davila, F., Alders, R., Bourke, R. M., Crimp, S., McCarthy, J., ... & Walker, D. (2021). A rapid assessment framework for food system shocks: Lessons learned from
COVID-19 in the Indo-Pacific region. Environmental Science & Policy, 117, 34-45.
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REPORT ON THE 1ST MEETING OF THE EXPERT WORKING GROUP
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