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1. Changing Agendas of Global Food Security
- threatened by pandemics, economic crisis, climate emergencies (locusts, fires..)

2020s 2050s

Demography 7.8 billion 9.7 billion

Resource bases already overstep N/P/biodiversity loss; likely to overstep CC/water/land-useé 

Income/diet triple burden of malnutrition, acute poverty/malnutrition by pandemics

Technologies smart technologies from pilot to application

Agendas restore planetary - human health 

STI Goal ñGreat Food Transformationò

promote healthy/quality diets within planetary boundaries  

ñGlobal Safety Netò to avoid climate crisis & pandemics

mitigate emissions and biodiversity loss from agriculture, forestry and other land 

uses to achieve the 1.5ϴ goal

2020s 2050s

Demography 7.8 billion 9.7 billion

Resource bases already overstep N/P/biodiversity loss; likely to overstep CC/water/land-useé 

Income/diet triple burden of malnutrition, acute poverty/malnutrition by pandemics

Technologies smart technologies from pilot to application

Agendas restore planetary - human health to avoid future compounded crises

STI Goal ñGreat Food Transformationò

promote healthy/quality diets within planetary boundaries  

ñGlobal Safety Netò to avoid climate crisis & pandemics

mitigate emissions and biodiversity loss from agriculture, forestry and other land 

uses to achieve the 1.5ϴ goal



2. Global Food System Today
ïThe Definition of the Global Food System

All elements and activities that relate to production, processing, distribution, 

preparation, and consumption of food. Following the definition by the EAT-Lancet 

Commission, we focus on two endpoints of the global food system; final 

consumption (healthy diets) and production (sustainable food production).

Industrialized Agricultural Sector Smallholder Agricultural Sector 

environmental footprints

nutrition discourses nutrition discourses

technological evolutions

bottlenecks of transformation

environmental footprints

technological evolutions

bottlenecks of transformation

Analytical Framework of the Global Food System

PLANETARY HEALTH

HUMAN HEALTH

Role of STI?



2. Global Food System Today
ïDistinctive Bottlenecks of Transformation 

Industrial Agriculture Smallholder Agriculture

Bottlenecks of 

transformation

Output maximization leads to large 

application of inputs some of them 

not utilized but becoming pollutants

Agro-ecological heterogeneity prevents 

the application of standardized 

innovations to close yield gaps

Affholder et al. (2013) The yield gap of 

major food crops in family agriculture in 

the tropics The diversity of farms is 

particularly high, even within relatively small 

regions, and this translates into highly 

diverse management strategies applied at 

field level..

Paul et al. (2004) Scale economies 

and efficiency in U.S. agriculture  

Potential for the exploitation of 

significant scale and scope economies

and greater technical efficiency seem 

to be driving trends toward increased 

farm size é

assuming é. Yield =

the interaction of genetics (G) by environment (E) by management (M)

Yield Gap = 

Attainable Yield   (near-optimum G x E x M) 

ï Actual Yield       (sub-optimal G x E x M)

near 100% of Attainable Yield

with large external outputs

10-40% of Attainable Yield

due to sub-optimal G x E x M
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3. Global Food System at the Juncture of the 

Quadruple Crisis 
ïclimate emergencies, food and nutrition insecurity, pandemic, economic fallout
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3. Global Food System at the Juncture of the 

Quadruple Crisis 

quality, diverse 

food

ïclimate emergencies, food and nutrition insecurity, pandemic, economic fallout



Å 58.4% of terrestrial Earth is under moderate or intense human pressure

Å In 2000 - 2013, intact land, equivalent to the size of Mexico, became highly modified

Å Globally tropical and subtropical grasslands, savannah, and shrubland ecosystems 

and Southeast Asian forests were the most impacted

ïWilliams et al. (2020):  Change in Terrestrial Human Footprint Drives Continued 

Loss of Intact Ecosystems

4. Strategic Areas of STI

Williams et al. (2020)



4. Strategic Areas of STI

Industrial Agriculture Smallholder Agriculture

Bottlenecks of 

transformation

Output maximization leads to over-

application of inputs most of them not 

utilized but becoming pollutants

Agro-ecological heterogeneity prevents 

the application of standardized 

innovations to close yield gaps

Great Food 

Transformation

Redistribution and efficient use of 

fertilizers, minimize GHG emissions

Closing of yield gaps by fine-tuning of 

GxExM while maximizing efficiencies  

ND Mueller et al. Nature 490, 254-257 (2013) doi:10.1038/nature11420

ïAverage yield 

gaps for cereals



2. Global Food System Today
ïThe Definition of the Global Food System

All elements and activities that relate to production, processing, distribution, 

preparation, and consumption of food. Following the definition by the EAT-Lancet 

Commission, we focus on two endpoints of the global food system; final 

consumption (healthy diets) and production (sustainable food production).

Industrialized Agricultural Sector Smallholder Agricultural Sector 

environmental footprints

nutrition discourses nutrition discourses

technological evolutions

bottlenecks of transformation

environmental footprints

technological evolutions

bottlenecks of transformation

Analytical Framework of the Global Food System

PLANETARY HEALTH

HUMAN HEALTH

genetics(G) X environment (E)

- Smart Technologies

have potentials to reduce costs of implementing the fine-scale optimization of G x E x M:

ïSustainable Agricultural Intensification 

focuses on the state-of-the-art STI in genotype improvements and improved 

understanding of the benefits of ecological and agronomic management

management (M) 

digital decision-support tools

genome editing & phenotyping

Leapfrog opportunity for developing countries???

5. Leapfrog Opportunities for Developing Countries



5. Leapfrog Opportunities for Developing Countries

- Conditions Required for Enabling Smart Technologies to Realize Sustainable 

Intensification for Health Diets 

- Interdisciplinarity  

- Public investment in R&D for public goods / Entrepreneurship opportunities

- Coordination between research and implementation   

- Smart Technologies

have potentials to reduce costs of implementing the fine-scale optimization of G x E x M: 

through the acceleration and greater precision of spatio-temporal management decisions
http://www.icrisat.org/digital-agriculture/

Van Ittersum et al. (2013)
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