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In a nutshell

• Planetary boundaries (climate change, biodiversity, N&P) at the 
macro/aggregate level to which micro-level activities contribute

• Challenge 1: To be able do decide how to change these activities, we 
need to know how they contribute to these boundaries accurately 
(measuring the right thing in the correct way)

• Challenge 2: But we also need to know how these activities interact 
with each other and how they relate to socio-economic dimensions 
(cost, culture) to make societal choices

• Challenge 3: We need to translate knowledge into actions in complex 
food systems



Challenges

1. Trade-off in terms of timing (now, later)

2. Trade-off between sectors (food, buildings, transport, industry,…)

3. Trade-off between activities within sectors (plant, animal)

4. Trade-off between impact categories (land, biodiversity)

5. Dynamic, non-linear, variable, uncertain and context-specific nature 
of boundaries, activities and their interrelationships



Specific challenge

International collaboration leads to accounting rules that are different 
from scientific life-cycle accounting, thus creating an additional trade-
off between nations (linked to cap-and-trade/negotiate dynamics)

https://ghgprotocol.org/blog/you-too-can-master-value-chain-emissions

https://ghgprotocol.org/blog/you-too-can-master-value-chain-emissions




BELGIUM:
Agriculture: 9-10%
Of which livestock: 6-7%

Paradox?



“Sustainable development is development that meets the
needs of the present without compromising the ability of 
future generations to meet their own needs.

WCED, 1987. Our Common Future (Brundtland report)



“Sustainable development is development that meets the
needs of the present without compromising the ability of 
future generations to meet their own needs.

It contains within it two key concepts:
- The concept of needs, in particular the essential needs

of the world’s poor, to which overriding priority should
be given;

- The idea of limitations by the state of technology and 
social organization on the environment’s ability to meet 
present and future needs”

WCED, 1987. Our Common Future (Brundtland report)



Fig. 3 The current status of the control variables for seven of the nine planetary boundaries. 

Will Steffen et al. Science 2015;347:1259855
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Limitations

Willet et al., 2019, The Lancet



Needs

Willet et al., 2019, The Lancet



CHAD
$1

Source: TIME, 2016, Hungry Planet: What the World Eats, time.com



AUSTRALIA
$377

Source: TIME, 2016, Hungry Planet: What the World Eats, time.com



Needs

Willet et al., 2019, The Lancet



The doughnut of 
social and 
planetary 
boundaries 
(2017)
www.kateraworth.com



Willet et al., 2019, The Lancet



Willet et al., 2019, The Lancet



Behrens et al., 2017, PNAS



Key challenge 1

• How to measure contributions to these boundaries accurately? How 
to measure the right thing in a correct and consistent way?

• Taking into account:

• Trade-off between sectors (food, buildings, transport, industry,…)

• Trade-off between activities within sectors (plant, animal) → 
displacement effects

• Trade-off between impact categories (land, biodiversity) → 
weighing impacts

• Dynamic, non-linear, variable, uncertain and context-specific 
nature of boundaries, activities and their interrelationships



Main LCA phases (ISO 14040)

• Step 1: Defining the goal and scope of the study

• Step 2: Making a model of the product life cycle with all the 
environmental inputs and outputs = life cycle inventory (LCI)

• Step 3: Understanding the environmental relevance of all the inputs 
and outputs = life cycle impact assessment (LCIA)

• Step 4: The interpretation of the study

Source: Goedkoop et al. (2016), 
Introduction to LCA with SimaPro



Goal and scope definition

• Reason for executing LCA (questions which need to be answered)

• Precise definition of product, its life cycle and function it fulfills

• Definition of functional unit (especially when products are to be 
compared): kg, ha, kcal, kg protein,…

• Description of system boundaries and how to deal with co-production

• Data and data quality requirements, assumptions and limitations

• Requirements regarding LCIA procedure + interpretation

• Intended audiences and how results will be communicated

• If applicable, how peer review will be made

• Type and format of the report required for the study



System boundaries

1. First order: only the production of materials and transport are included 
(this is rarely used in LCA)

2. Second order: All processes during the life cycle are included but the 
capital goods are left out.

3. Third order: All processes including capital goods are included. Usually 
capital goods are only modeled in first order mode (only production of 
materials needed to produce the capital goods are included)

Inputs or outputs are not considered if they are below certain threshold 
(mass flow, economic value, contribution to environmental load)



Dealing with multifunctional processes

• System expansion (consequential modeling)

• Allocation (attributional modeling):

1. Subdivide the multifunctional process

2. Determine a physical causality for allocation

3. Use economic revenue as the key for allocation when physical 
relationship cannot be established



Inventory

1. Foreground data: specific data needed for modeling system. 
Typically, it is data that describe a particular product system or a 
specialized production system.

2. Background data: data for production of generic materials, energy, 
transport and waste management (in SimaPro databases—
ecoinvent—and from literature)



Impact assessment

Source: UNEP/SETAC, 2011, 
Towards a Life Cycle
Sustainability Assessment



Interpretation

• Uncertainty analysis

• Variation in the data

• Correctness (representativeness) of the model

• Incompleteness of the model

• Sensitivity analysis

• Contribution analysis



An example

• Nguyen et al. (2010). Environmental consequences of different beef 
production systems in the EU. Journal of Cleaner Production 18, 756-
766.

• Functional unit: one kg meat slaughter weight delivered from farms

• SimaPro/ecoinvent, five impact categories

• Also effect of indirect land use change included: carbon emissions 
from land conversion depreciated over 20 years



System boundaries
Nguyen et al. (2010)



Nguyen et al. (2010)



Nguyen et al. (2010)











High: all LUC from grassland, no CS

Medium: 50% LUC from grassland, 
moderate CS

Low: 25% LIC from grassland, high CS

COC: Carbon opportunity costs
following Searchinger et al.



Key challenge 2

• How do activities interact with each other and how they relate to 
socio-economic dimensions (cost, culture) to make societal choices

• What underlying values do we apply?

• Whose values matter? Anthropocentric versus ecocentric

• Can we discount the future?

• Is substitution allowed? Weak versus strong sustainability



LCSA life cycle sustainability assessment 

E-LCA environmental life cycle assessment

LCC life cycle costing

S-LCA social life cycle assessment



Scenarios…



Source: McKinsey & 
Company

Marginal abatement cost curves



WEF, 2020, Incentivizing Food Systems 
Transformation based on McKinsey & Company







Key challenge 3

We need to translate knowledge into actions in complex food systems

• Difficult to determine boundaries 

• May be open 

• May have a memory 

• May be nested

• May produce emergent phenomena (sum > parts)

• Relationships are non-linear and contain feedback loops:
• entities seeking balance but can show oscillating, chaotic or exponential 

behavior
• unintended consequences 





Figure 1 Stock-and-flow diagram of the world system



Source: HLPE, 2017



Evaluating patterns
rather than just
indicators



Beyond sustainability: resilience

• Increasing risks and uncertainty: shocks and trends

• Vulnerability and resilience

• Relationship between sustainability and resilience?



What is resilience?

The capacity of individuals, businesses, communities, or systems

to respond to perturbations (shocks or persistent stress, natural or 

anthropogenic origin),

that can push a system towards a tipping point where it can no longer 

maintain its previous state and fulfil its functions (collapse).

49



Three dimensions of resilience

Robustness: the capacity of a system to resist/withstand 

perturbations and to maintain previous levels of functionality 

without major changes to its internal elements and processes 

Adaptability: the capacity of a system to change internal 

elements and processes in response to changing external 

circumstances and thereby to continue its development along 

the previous trajectory while maintaining functionalities 

Transformability: the capacity of a system to radically change, 

including its identity, paradigms and logics

50



Source: Meuwissen et al. (2018) based on Holling (2002)



Beyond sustainability: resilience

Source: Meuwissen et al. (2018) 



Indicator What to look for

Socially self-organized Farmers and consumers are able to organize into grassroots networks and institutions such as co-ops, 
farmer’s markets, community sustainability associations, community gardens, and advisory networks 

Ecologically self-regulated Farms maintain plant cover and incorporate more perennials, provide habitat for predators and 
parasitoids, use ecosystem engineers, and align production with local ecological parameters 

Appropriately connected Collaborating with multiple suppliers, outlets, and fellow farmers; crops planted in polycultures that 
encourage symbiosis and mutualism 

Functional and response diversity Heterogeneity of features within the landscape and on the farm; diversity of inputs, outputs, income 
sources, markets, pest controls, etc. 

Optimally redundant Planting multiple varieties of crops rather than one, keeping equipment for various crops, getting 
nutrients from multiple sources, capturing water from multiple sources 

Spatial and temporal heterogeneity Patchiness on the farm and across the landscape, mosaic pattern of managed and unmanaged land, 
diverse cultivation practices, crop rotations 

Exposed to disturbance Pest management that allows a certain controlled amount of invasion followed by selection of plants that 
fared well and exhibit signs of resistance

Coupled with local natural capital Builds (not deplete) soil organic matter, recharges water, little need to import nutrients or export waste

Reflective and shared learning Extension and advisory services for farmers; collaboration between universities, research centers, and 
farmers; record keeping; baseline knowledge about the state of the agroecosystem

Globally autonomous and locally 
interdependent 

Less reliance on commodity markets and reduced external inputs; more sales to local markets, reliance on 
local resources; farmer co-ops, close relationships producer - consumer, shared resources (equipment )

Honors legacy Maintenance of heirloom seeds and engagement of elders, incorporation of traditional cultivation 
techniques with modern knowledge 

Builds human capital Investment in infrastructure and institutions for the education of children and adults, support for social 
events in farming communities, programs for preservation of local knowledge 

Reasonably profitable Farmers and farm workers earn a livable wage; agriculture sector does not rely on distortionary subsidies 
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Concluding remarks

• Indicators measure impact on a set of human and non-human 
categories

• Sustainability metrics should go beyond impact indicators taking into
account underlying structures

• Relationship between impact and structures is not straightforward
and e.g. scale dependent


