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The State of Agri-Food Systems 
and Agri-Food Value Chains in 2020

One might reasonably invoke Dickens in describing AFSs and AVCs today: “it 
was the best of times, it was the worst of times.” There has been indisputable 
progress over the past hundred years, even the past decade. But there has 
also been backsliding, and contemporary AFSs are utterly unsustainable, 
with massive, adverse spillover effects on the natural environment, public health, 
and social justice. Optimists and pessimists can each find support for their views 
in the data on contemporary AFSs.1

Remarkable agricultural productivity gains occurred over the past century, 
as exemplified by gains in maize (corn) yields in the United States (Fig. 1). But 
the agri-food research and development (R&D) that yielded these gains has been 
heavily concentrated in a small number of crops, primarily starchy cereals (e.g., 
maize, rice, and wheat), roots and tubers (e.g., potatoes), and livestock. This has 
led to declining relative prices of these staple commodities as compared to nutri-
ent-rich fruits, legumes, nuts, and vegetables that have received far less R&D 
investment and which few countries produce in quantities sufficient to meet their 
populations’ dietary requirements (Pingali 2012; Mason-D’Croz et al. 2019; 
Haddad 2020; Sanchez 2020).

Moreover, these productivity gains have also varied sharply across regions 
(Fuglie et al. 2020) and food system types (Fig. 2). We see variation in the mag-
nitude of change, shown as longer time sequences in Fig. 2. Productivity gains in 
the world’s industrial and consolidated AFSs have outpaced those of the rural and 

© The Author(s) 2022 
C. B. Barrett et al., Socio-Technical Innovation Bundles for Agri-Food  
Systems Transformation, Sustainable Development Goals Series, 
https://doi.org/10.1007/978-3-030-88802-2_2

1 This is apparent in the recently released Food Systems Dashboard, which provides the 
most up-to-date data available on over 150 different indicators describing food systems at 
country, regional, and global scales (Fanzo et al. 2020).
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traditional systems. Moreover, differences exist not only in the magnitude of pro-
ductivity gains over time but also in their biases in favor of laborers or land own-
ers. In rural and traditional systems (mostly the poorest regions of sub-Saharan 
Africa and South Asia), advances in improved germplasm, irrigation, etc., have 
mainly favored gains in land productivity (i.e., yield growth) that mainly benefit 
landowners. This is reflected in expansion curves that climb more steeply than the 
dashed, diagonal lines representing constant land/labor ratios in primary agricul-
tural production. Conversely, labor productivity growth (e.g., from labor-saving 
machinery and agrochemicals) that chiefly rewards workers has outpaced land 
productivity growth in industrial and consolidated AFSs. Poverty remains both 
more pervasive and deeper in rural areas than urban ones in most of the world, 
coincident with the places where people depend most heavily on AVCs for their 
livelihoods as farmers, farm workers, transporters, meatpackers, etc.

Figure 2 also plainly reveals the stark difference in productivity across AFSs. 
Agricultural output per unit land in production is severalfold higher in industri-
alized systems than in traditional ones—reflecting the crop yield gaps on which 
so much of the agricultural sciences community focuses. But these gaps pale in 
comparison to those in labor productivity. Agricultural output per adult employed 
in agriculture is nearly two orders of magnitude greater in the industrialized 

Fig. 1  Average maize (corn) yields in the United States, 1866–2014, in metric tons/hectare 
(Source United States Department of Agriculture and UN FAOSTAT)
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systems than in the traditional ones. This stark difference is a central reason for 
radical differences in living standards across the globe. Many technologies and 
practices already widely in use could significantly close those gaps,2 but for  

2 As but one example, on-farm experiments in Nigeria generated dramatic yield gains in 
cassava simply through generous fertilizer application (Adiele et al. 2020).

Fig. 2  Trends in agricultural land and labor productivity, 1961–2016, by food system type. 
Colored lines show changes in productivity over time, from 1961 through 2016. Output is 
in 2004–2006 international dollars. Labor reflects number of adults employed in agricul-
ture, and land as agricultural land in rainfed equivalent (Data source USDA-ERS Interna-
tional Agricultural Productivity Database; figure adapted from Fuglie et al. 2020)
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myriad reasons are not widely available or adopted in poor rural areas in the 
low-income world. Closing existing productivity gaps using extant knowledge 
could help advance equity and healthy diets goals quickly, but too often with sig-
nificant environmental and climate sustainability tradeoffs.

The rate of agricultural productivity growth has slowed markedly over 
the last generation, however (Alston et al. 2009; Fuglie et al. 2020, Fig. 3). In 
addition, agri-food R&D has increasingly shifted to the private sector. Private 
R&D now accounts for more than two-thirds of total agricultural R&D spending 
in both China and the US (Chai et al. 2019). One result is that intellectual prop-
erty rights (e.g., patents) are increasingly likely to impede affordable access to, 
and adaptation of, new discoveries. Partly as a result, the R&D cost per unit pro-
ductivity gain has also been rising rapidly (Bloom et al. 2020). The gap between 
high- and low-income country agri-food R&D has been growing (Pardey et al. 
2016). Meanwhile, anthropogenic climate change has countered some of the 
favorable impacts of technological change, reducing global agricultural total fac-
tor productivity growth by 21 percent since 1961, equivalent to losing roughly a 
decade’s productivity growth (Ortiz-Bobea et al. 2020).

Gains in on-farm productivity have helped propel growth downstream in food 
processing and distribution. AVCs continue to dominate employment, especially 
in poorer countries. The agricultural share of an economy’s labor force steadily 
declines as part of the inevitable process of structural transformation, in which 
workers migrate from agriculture to other sectors even as agricultural output 
grows and despite agriculture’s greater labor-intensity than other economic sec-
tors (Barrett et al. 2017; Mellor 2017). But growth in downstream portions of 
AVCs accelerates at the same time. Today, employment in the post-harvest seg-
ments of AVCs dwarfs on-farm jobs and is growing globally, even by a factor of 
ten in Sub-Saharan Africa (Thurlow 2020; Yi et al. 2021; Dolislager et al. 2021).

Fig. 3  Global crop yield, labor, and land productivity annualized growth rates, 1960–
2020. Estimated as compound annual growth rates per decade, based on regressions of 
global data (Data sources FAOSTAT for crop yields and USDA-ERA International Agricul-
tural Productivity Database for partial productivity measures)
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While AVCs employ more people worldwide than any other sector—more 
than 1.3 billion (ILO 2015)—AVC jobs are also more poorly compensated, 
dangerous, and precarious than those in any other sector save mining, and 
more prone to child, forced, and unsafe labor than those in any other sector 
but textiles. The International Labour Organization (ILO) reports that agricul-
tural workers account for approximately half of all fatal occupational accidents 
annually (ILO 2017). Marginalization and group-based discrimination—against 
women, ethnic, racial, or religious groups, etc.—is pervasive in AVCs. This mar-
ginalization typically reflects broader systemic discrimination within the socie-
ties of which AVCs are a part. These features intersect, as economic desperation 
and sociopolitical marginalization drive under-resourced groups to take on more 
perilous and poorly compensated work. The concentration of marginalized pop-
ulations in AVC employment that is more dangerous and less remunerative than 
employment in other sectors thus magnifies broader societal problems within 
AFSs. Partly as a result, smallholder, farm, and AVC worker households are dis-
proportionately likely to suffer food insecurity (FAO 2019).

Over the past 30 years, science-based advances in AFSs have boosted both 
food supplies and incomes. This has enabled an average of 90 million additional 
people each year to secure at least minimally adequate daily dietary energy 
intake (Fig. 4). But since 2014, and even prior to the 2020 pandemic, the num-
ber of undernourished and the prevalence of moderate and severe food insecu-
rity have been slowly increasing, even as the total population that is food secure 
and receives adequate dietary energy intake has also increased (due to population 
growth). The undernourished increasingly concentrate in conflict-affected coun-
tries.

Past AFS advances were not designed with fragile settings in mind, thus 
different tools are increasingly needed to address hunger and famine con-
cerns that are closely bound up with conflict (Barrett 2021). Today at least 3 
billion people cannot afford a healthy diet, the cost of which exceeds the interna-
tional poverty line, with dietary shortfalls especially concentrated among essen-
tial minerals and vitamins (FAO 2019). On the flip side, never before have more 
than 4.5 billion people been able to afford and consume a healthy diet (Barrett 
2021)—once again, both the best of times and the worst of times.

Sustained productivity growth in AFSs drove real (i.e., inflation-adjusted) food 
prices to all-time lows at the turn of the millennium. And consumer food-budget 
shares have continued to decrease thanks to real income growth, especially in 
emerging markets in Africa and Asia. But real food prices both rose significantly 
and became more volatile over the first two decades of the twenty-first century 
(Fig. 5).
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Ironically, the human population and income growth that now challenge sus-
tainable management of natural systems and help foster a global overweight and 
obesity public health crisis have been enabled by scientific discovery that made 
food cheaper (Fogel 2004; Barrett 2021). Cheaper calories and protein have 
naturally led to massive dietary change, and not all for the better (Fig. 6). 
Diet is now the top risk factor for morbidity and mortality globally (GBD 
2019), as per capita daily consumption of meats, empty calories (refined sugars, 
refined animal fats, oils, alcohol), and total calories have increased dramatically 
over time but also quite unevenly across country groups. As processed products3 
represent an ever-growing share of what food consumers eat, the challenges of 

Fig. 4  Global population undernourished, 2000–2019. The colored areas reflect the num-
ber of people (not) undernourished (blue and yellow, respectively). The red line shows the 
global prevalence of undernourishment. The vertical dashed lines reflect the high and low 
points this century for prevalence, with the associated number of undernourished in paren-
theses (Data source FAOSTAT)

3 There is no universally accepted definition of processed foods. The basic idea is that pro-
cessed foods have undergone one or more changes to their natural, raw commodity state. 
That may involve blanching, canning, cooking, dehydrating, drying, freezing, milling, 
washing, etc., as well as combination in manufacturing that uses processed foods as inputs. 
Ultra-processed or “highly processed” foods are another ambiguous term, by which one 
typically means foods that have added fats, salt, or sweeteners and/or artificial colors, fla-
vors, or preservatives, with the objective of promoting shelf stability or palatability, or pre-
serving texture, but often at a cost of decreased healthfulness in some dimension.
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inducing higher-quality processing and more healthy (re)formulation loom larger 
than ever. Not all processed foods are unhealthy, although the market and regula-
tory incentives presently facing food manufacturers and food service firms such 
as restaurants broadly favor low-cost, unhealthy refined sugars and fats.

Further, the considerable food loss and waste in today’s AFSs—FAO (2019) 
estimates 14 percent average loss post-harvest, not including retail/consumer 
waste—are partly a direct function of cheap food (FAO 2019; Cattaneo et al. 
2020). United Kingdom households, for example, waste the equivalent of 42 
daily diets per capita per year, on average, with significant losses of key nutri-
ents already deficient in the diet (Cooper et al. 2018).4 Indeed, for some essential 

4 The total estimated climate impact was 20.4 million tons CO2-equivalent per year, roughly 
comparable to 6.5 million round trips across the United States by car.

Fig. 5  Global real food prices, January 1990–July 2020 (Data source FAO Food Price 
Index)
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nutrients, such as calcium or folate, residual nutrient availability after account-
ing for global loss and waste is less than 10 percent above the recommended 
daily dietary requirements (Ritchie et al. 2018), implying massive prevalence of 
micronutrient deficiencies given the grossly inequitable distribution of healthy 
foods across the global population. While food loss and waste is generally con-
sidered from a “farm to fork” perspective, the disposal of post-consumption nutri-
ents (through sanitary services or otherwise) can also be regarded as a form of 
waste, with enormous environmental and health consequences. “Fork to farm” 
approaches that recover resources for agriculture can address sanitation, health, 
and food security challenges, as discussed below.

Innovations in plant and animal genetics and nutrition, irrigation, mechani-
zation, and other technologies have enabled the intensification of production to 
an extent that has obviated massive amounts of deforestation (Evenson and Gol-
lin 2003; Pelletier et al. 2020; Gollin et al. 2018). But “modern agriculture” has 
depended heavily on dramatically increased use of inputs, including nitrogenous 
fertilizers made with the heavy use of petrochemicals, mined phosphates, irrigation, 
and pesticides (Tilman et al. 2002). Each of these input types are associated with 
problems and concerns related to environmental sustainability, as we discuss below.

Rural lands have massive potential to sequester carbon in soils and trees 
but today are a major source of avoidable GHG (i.e., CO2, CH4, and N2O)  

Fig. 6  Shifting food consumption patterns with income growth. Colored lines reflect 
1961–2013 average consumption trends with respect to per capita gross domestic product 
(GDP) in thousand 2010 US dollars. Empty calories estimated as calories from sugars, 
sweeteners, vegetable oils, and alcohol (Data sources FAOSTAT for calories and protein, 
World Bank World Development Indicators for per capita GDP; figure adapted from Til-
man and Clark 2014)
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emissions.5 Incentives based on production, global competition based on price, 
and long supply chains reducing transparency encourage the externalization of 
significant costs on the environment. This includes impacts on:

• Soils and their degradation through compaction, loss of organic carbon, salini-
zation, and erosion (Amundson et al. 2015).

• Biodiversity, where AVCs are the biggest driver of biodiversity loss (Newbold 
et al. 2016; IPBES 2019).

• Water, where extraction may reduce water below the safe level for environ-
mental integrity and deplete aquifers, as well as impact water quality through 
various forms of agricultural run-off. Nutrients in run-off have adverse con-
sequences, contributing to harmful algal blooms, dead zones affecting coastal 
fisheries, disease outbreaks, and other environmental and human health issues 
(Dalin et al. 2017; Kanter et al. 2020).

• Air quality, which is affected by the use of fertilizers and the burning of fossil 
fuels and crops residues. (As an example of the scale of the issue, one loca-
tional study suggested that the health-related costs of agriculture are approxi-
mately half the value of the agriculture itself [Paulot and Jacob 2014].)

• The concentration of GHGs, which are a major driver of climate change. 
(AVCs emit as much as 30 percent of anthropogenic GHGs [Bajželj et al. 
2013; Poore and Nemecek 2018].)

The per capita environmental footprint of AVCs is significant. Each global cit-
izen’s AVC use averaged about three-quarters of a hectare of land (Davis et al. 
2016); 776 tons of water, typically mostly rainwater (Davis et al. 2016); 284 g 
of pesticide-active ingredient (FAOSTAT as of 2015); 9 g of antimicrobials (van 
Boeckel et al. 2015); and 15 kg of nitrogen fertilizer (Davis et al. 2016), while at 
the same time emitting just over 2000 kg of CO2 equivalent (IPCC 2019).

Concerns about deteriorating resilience to growing risks abound. The number 
of natural disasters worldwide has been increasingly steadily, up more than three-
fold from 1980 to 2019, with most associated losses uninsured, especially in the 
low- and middle-income countries (LMICs) where insurance coverage is less than 
10 percent (Munich Reinsurance 2020). Massive shocks that disrupt agricultural 
production more specifically (e.g., droughts, flooding, deadly tropical storms, 

5 We note, however, that soil carbon sequestration capacity diminishes as soils saturate, 
while tree growth’s sequestration potential does not taper as much, if at all. Both are, how-
ever, reversible with changes in soil and forest management practices.
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locusts, fall armyworm, and other pests) have, likewise, grown in frequency, 
severity, and potential for co-occurrence with other shocks that compound dam-
ages. The COVID-19 pandemic is unlikely to be the last one of this century, so 
learning lessons from the massive disruptions of 2020 will be imperative to build-
ing back better and more resilient in the future. Largely due to war, but increas-
ingly due to climate change, according to the United Nations High Commissioner 
for Refugees, 80 million forcibly displaced people had fled their homelands at the 
end of 2019, more than at any time since World War II (UNHCR 2020). Address-
ing humanitarian needs is far more costly in both human and financial terms the 
further people move from their homes.

Nonetheless, the scope for AFS changes to reduce hunger and acute malnutri-
tion grow increasingly limited. The reason is that outside of zones of active, vio-
lent conflict (e.g., Yemen currently; Somalia, especially in 2011; or South Sudan, 
Northeast Nigeria, and eastern Democratic Republic of the Congo episodically 
over the past decade) and states with severe governance problems (e.g., North 
Korea or Venezuela) famine and near-famine conditions have largely disappeared 
with advances in early warning systems and humanitarian response, greater inter-
regional market integration, and more inclusive and effective social protection 
programs (Alderman et al. 2017; Maxwell and Hailey 2020). The acute malnutri-
tion and chronic hunger problems that motivated the last concerted global efforts 
at AFS transformation in the 1960s and 1970s have become primarily problems 
of conflict resolution and humanitarian response (Barrett 2021).

The growing link between acute malnutrition and humanitarian response, 
together with heightened concerns of fragility in key tropical ecosystems, have 
rapidly drawn attention to broad questions of resilience (Barrett and Constas 
2014; Hoddinott 2014; Tendall et al. 2015; Béné 2020). Resilience encompasses 
notions of resistance to, and recovery from, shocks. Will a shock perturb food 
supply or access to food? If so, how great a perturbation will occur, and how 
quickly and closely will it return to—or improve upon—previous functionality?

Resilience, whether at the production level or at the food system level, typi-
cally arises through one or both of two mechanisms: functional redundancy and 
diversity. The first typically would arise from having spare capacity (e.g., food 
stores for supplies, or decentralized processing so that there is no single point of 
failure). The second would include diversity in food products, suppliers, geogra-
phies, and products (e.g., multiple crop varieties/species or animal breeds/species 
so that a stress is less likely to hit at the most vulnerable point for all species). 
Both notions typically run antithetical to standard “efficiency” considerations, 
which rely on monocultures optimized for typical conditions and just-in-time 
supply chains that engage preferred suppliers who are highly specialized with no 
scope for substitution of products.



31The State of Agri-Food …

Building resilience, therefore, almost inevitably requires incurring addi-
tional costs relative to the way well-resourced AFSs have evolved under 
intense uninsured cost-minimization pressures from short-run profit-minded 
companies and investors. Socially optimal pricing must build in the cost of insur-
ance against catastrophic shocks. Companies that embrace the transformational 
changes required and undertake appropriately ambitious actions recognize this 
risk and can ensure the appropriate long-term thinking and funding to enable the 
needed changes. When made part of a company’s purpose, this reorientation has 

proved capable of attracting 
like-minded investors, as 
well as having beneficial 
impacts on other factors 
such as employee retention 
and brand loyalty.

From an ecological per-
spective, AVCs typically 
reduce ecological resilience 

by reducing diversity. Agriculture modifies landscapes from small to large scales 
in multiple ways, typically creating homogeneity at scale (Benton et al. 2003). As 
a result, across about two-thirds of the Earth’s land surface, ecological commu-
nities have been radically affected (Newbold et al. 2016). “Modern” agriculture 
commonly creates input-intensive monocultures by amalgamating small parcels 
of land into large, uniform blocks, accelerating the decline of both agricultural 
and wild biodiversity (Kremen and Miles 2012). Actively removing heterogene-
ity in the environment leaves the world vulnerable to pathogens and pests that 
can decimate crops at massive scale (Fones et al. 2020), depletes beneficial soil 
microbial communities (Zhao et al. 2018; Tang et al. 2019), and can allow weed 
communities to thrive (Poggio 2005) partially due to soil nutrient depletion 
occurring under uniform cropping patterns (Ehrmann and Ritz 2014).

Modern agriculture increasingly relies on inputs that have direct effects that 
bost farm productivity (e.g., pesticides killing pests) but which also kill “non-tar-
get organisms” (e.g., non-pests which may be the natural enemies of pests) and 
adversely spill over to other habitats, while also depending on fertilizers that neg-
atively affect air and water quality. Large-scale enterprises can achieve efficien-
cies of scale and scope that boost conventional economic measures of total factor 
productivity but concentrate adverse impacts, as when intensive, large-scale live-
stock enterprises create mass manure lagoons that are difficult to manage and risk 
catastrophic damage to nearby watersheds. Habitat complexity on a local scale 
is particularly important for maintaining specialist predator populations that are 
important for pest control (Chaplin‐Kramer et al. 2011).

BUILDING RESILIENCE, THEREFORE, ALMOST 
INEVITABLY REQUIRES INCURRING ADDI-
TIONAL COSTS RELATIVE TO THE WAY 
WELL-RESOURCED AGRI-FOOD SYSTEMS 
HAVE EVOLVED UNDER INTENSE UNINSURED 
COST-MINIMIZATION PRESSURES FROM 
SHORT-RUN PROFIT-MINDED COMPANIES AND 
INVESTORS.



32 The State of Agri-Food …

Lessons from the COVID-19 Pandemic: Directing 
Inevitable AVC Innovation6

The COVID-19 pandemic serves as both a 
warning and an accelerator. As above, the data 
support both optimistic and pessimistic inter-
pretations, revealing strengths, vulnerabilities, 
and weaknesses of modern AFSs. The pandemic 
has also underscored that simply returning to 
what was previously “normal” will not be good 
enough. 

Massive disruptions within AVCs have been 
commonplace throughout history. But most prior 
disruptions have been driven by supply-side 
shocks arising from a crop failure, a livestock disease outbreak, etc. In such cases, 
downstream buyers responded by finding other suppliers or drawing down stored 
commodities, bidding up prices temporarily until supply recovered. But in the 
COVID-19 pandemic, supply-side shocks have been largely restricted to some 
(relatively modest) labor supply disruptions, especially in Europe and India, aris-
ing from some nations’ restrictions on worker migration or due to disease out-
breaks in sites where workers operate in very close proximity to one another (e.g., 
slaughterhouses in Brazil and the US or at fruit and vegetable packing factories). 
Overall, primary production has proved remarkably robust. Indeed, the Food and 
Agriculture Organization (FAO) forecasts record global harvests for 2020.

The world has likewise grown accustomed to isolated logistics disruptions asso-
ciated with natural disasters (e.g., floods or earthquakes that knock out roads or 
bridges) or war and other forms of violence that disrupt the flow of food and drive 
up costs in specific, disaster-affected regions. Despite food export bans—most of 
them lasting only a few weeks—imposed by at least 20 different national govern-
ments (Laborde et al. 2020) and massive shutdown of commercial passenger trans-
port, merchandise freight shipments have been largely untouched, especially in 
multinational firms’ global supply chains. Virtually all AVCs recovered reasonably 
quickly to supply-side and logistics-driven disruptions associated with COVID-19.

6 Icon courtesy of Covid Vectors by Vecteezy (https://www.vecteezy.com/free-vector/
covid). A revised version of this sub-section appeared as Barrett et al. (2021). 

https://www.vecteezy.com/free-vector/covid
https://www.vecteezy.com/free-vector/covid
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The damage to AVCs from the COVID-19 pandemic, for the first time in liv-
ing memory, occurred overwhelmingly from a massive demand-side shock to 
AVCs, as widespread closure of many businesses (disproportionately food ser-
vice operations—both commercial ones like restaurants or entertainment venues, 
and institutional ones such as school cafeterias) left hundreds of millions of peo-
ple worldwide suddenly without jobs and the income to acquire a healthy diet 
(Barrett 2020). The loss of livelihoods has nearly doubled the number of people 
worldwide suffering acute food insecurity, to an estimated 270 million.7 This 
sparked long lines for private food assistance and sharp expansion of public food 
assistance.

Meanwhile, food service accounts for a large and growing share of food 
consumption globally—roughly half of all consumer food expenditures in 
high-income countries—so the pandemic represented a massive disruption to 
AVCs structured around serving people food away from home. The unprecedent-
edly fast and severe economic shock induced panic buying as food consumers 
were forced to redirect virtually all of their demand towards retail outlets. The 
shuttering of food service enterprises and resulting shutdown of value chains 
built to deliver to those outlets caught many farmers and food manufacturers with 
unsellable perishable products. Livestock farmers were effectively compelled to 
euthanize animals and to dump milk and eggs into waste lagoons. Horticultural 
producers plowed ripe fruits and vegetables back into their fields. And manufac-
turers ran out of warehouse storage space for bulk processed goods packaged for 
institutional buyers.

The most common responses by governments and private charitable organi-
zations have been (1) public health measures to control and treat COVID-19, 
and (2) unprecedented expansion of safety net and social protection programs  
(Gentilini et al. 2020). The mechanisms for doing so have varied markedly across, 
and within, countries—from universal basic income programs, to employment 
guarantee schemes, government payroll subsidy programs, enhanced unem-
ployment insurance, and expanded access to food assistance. In the short inter-
val of March–September 2020, 212 different countries/territories announced 
and/or implemented an astounding 1,179 different social protection measures in 
response to the massive dislocations caused by the COVID-19 pandemic (Gen-
tilini et al. 2020). The necessity of supporting consumer demand, especially 

7 Per the UN World Food Programme estimates from June 2020 (https://www.wfp.org/
news/world-food-programme-assist-largest-number-hungry-people-ever-coronavirus-devas-
tates-poor).

https://www.wfp.org/news/world-food-programme-assist-largest-number-hungry-people-ever-coronavirus-devastates-poor
https://www.wfp.org/news/world-food-programme-assist-largest-number-hungry-people-ever-coronavirus-devastates-poor
https://www.wfp.org/news/world-food-programme-assist-largest-number-hungry-people-ever-coronavirus-devastates-poor
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among the poorest and most vulnerable, has been the centerpiece of societal 
response, not only to the pandemic in general but also to cushioning AFSs from 
the demand shock.

Overall, AVC intermediaries adapted quickly, switching among value chains 
and service modes. Restaurants quickly flipped to delivery, takeout, and outdoor 
dining options. Processors modified manufacturing processes to expand retail-ori-
ented packaging while reducing wholesale packaging for food service clients.

Some of these adaptations are likely to prove permanent, as the pandemic 
boosted consumers’ and companies’ awareness of the value chains on which they 
draw, and farmers have become more aware of what happens downstream after 
they sell their product. This awareness has accelerated change towards online gro-
cery purchases and food delivery, community-supported agriculture and similar 
direct-to-consumer arrangements, and home gardens. Ventures such as Malaysia’s 
Myfishman.com, which connects fishermen to individual consumers, have flour-
ished worldwide while communities have revived gleaning as a way to reduce 
food loss and improve poor consumers’ access to healthy fresh foods.8

Already-growing demand for plant-based meat substitutes has likewise 
increased as consumers grew more concerned about the sustainability of pro-
duction systems and the potential for food contamination in long value chains 
(Siegrist and Hartmann 2019; Van Loo et al. 2020; Jalil et al. 2020).9 Crop and 
dairy farms, meatpackers, and other AVC firms have sharply stepped up invest-
ment in robots invulnerable to infectious disease transmission. Farmers, trad-
ers, manufacturers, and food service vendors have rapidly expanded their use of 
e-commerce platforms to help find customers and suppliers. Farmers and proces-
sors have adopted creative approaches to improve worker safety and firm resil-

8 Gleaning is a centuries-old tradition of mobilizing small groups to collect edible crop left 
in the field after a harvest, or of unsellable crops left in the field. In the US, for example, 
6–7 percent of planted acreage is unharvested because of cosmetic blemishes, mechanical 
harvesting error, or a lack of market for the crop (https://www.nytimes.com/2020/07/06/
dining/gleaners-farm-food-waste.html; https://www.sciencedirect.com/science/article/pii/
S0306919216301026).
9 For example, Impossible Foods expanded its retail distribution of plant-based beef sub-
stitutes from less than 200 stores in January 2020 to more than 3000 stores by May 2020 
(Nierenberg, Wall Street Journal, May 22, 2020), while Beyond Meat’s revenue increased 
69 percent year-on-year to June 2020 (Maidenberg, Wall Street Journal, August 4, 2020). 
See also Shahbandeh (2020, https://www.statista.com/topics/6057/meat-substitutes-market-
in-the-us/). The global plant-based meat market is predicted to exceed US$35 billion by 
2027 (Polaris 2020).

https://www.nytimes.com/2020/07/06/dining/gleaners-farm-food-waste.html
https://www.nytimes.com/2020/07/06/dining/gleaners-farm-food-waste.html
https://www.sciencedirect.com/science/article/pii/S0306919216301026
https://www.sciencedirect.com/science/article/pii/S0306919216301026
https://www.statista.com/topics/6057/meat-substitutes-market-in-the-us/
https://www.statista.com/topics/6057/meat-substitutes-market-in-the-us/


35The State of Agri-Food …

ience, such as the Nigerian chicken processors who organized dedicated bus 
transport for workers on more sparsely staffed shifts at factories (Reardon and 
Swinnen 2020). Meanwhile, governments and charitable organizations have dou-
bled down on the use of mobile digital transfers of cash and vouchers for food 
assistance. Many of these changes are welcome advances unlikely to reverse once 
the health scare and economic dislocation of the pandemic passes.

The pandemic has also laid bare great structural inequities of risk expo-
sure within AFSs. In high-income countries, “essential” workers in grocery 
stores, food delivery services, densely-packed meatpacking plants, etc., suffered 
far higher rates of infection and death than the food consumers they serve or 
white-collar executives in those same sectors. Essential workers were more likely 
to be people of color, not to have graduated from university, and to have lower 
income—all strong correlates of obesity and diet-related non-communicable dis-
eases such as diabetes and hypertension. Those structural inequities existed long 
before the pandemic but have been magnified by it. More than a century after 
Upton Sinclair’s The Jungle called attention to the inhumane working conditions 
in meatpacking plants, a groundswell of concern has reemerged about protecting 
farmworkers and meatpackers, both for their benefit and so as to safeguard food 
supplies and stem disease transmission from workers who migrate to follow har-
vest periods.

The COVID-19 pandemic has made clear that healthfulness, equity, resil-
ience, and sustainability are interlinked, precompetitive issues. They con-
cern our collective fitness as a species when faced with covariate shocks 
like pandemics, climate change, and mass extinctions. And this is a centerpiece 
of the challenge before us. Incentives that skew excessively towards the promo-
tion of individual interests can undermine collective action (Ostrom 2010). Then 
virtually everyone is worse off because, as elementary game theory makes clear, 
cooperative outcomes are almost always superior to noncooperative ones, but 
cooperation typically arises only when the rules of the game naturally induce a 
critical mass of people to do so.

Trust underpins cooperation (Barrett 1997; Ostrom 2010). The pandemic 
has made clear the importance of cultural and political responses to scientific 
uncertainty and trust in expert guidance. Responses have varied wildly across, 
and within, countries. If cooperation is the watchword on precompetitive issues, 
then many communities have failed this recent, lethal test, as basic public health 
measures became deeply politicized. The pandemic is a trial run not just for inev-
itable, future infectious disease outbreaks, but also for climate change and bio-
diversity loss. These are, likewise, natural processes but with even larger-scale 
and longer-lasting implications for humanity and the AFSs that support us than 
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that of COVID-19. As societies impose major sacrifices on younger generations 
in order to protect more vulnerable older populations, will reciprocity emerge 

wherein the older adults, 
who exercise most power 
in economic and political 
systems, accept responsibil-
ity to make some near-term 
sacrifices as investments to 
protect today’s young and 
as-yet-unborn generations 

from avoidable ravages of climate change?
Even as science has become further politicized in some places during the pan-

demic, we have witnessed historically unprecedented mobilization of finance for 
basic and applied science to seek vaccines to prevent, and treatments for, COVID-
19. Creative arrangements have emerged—not just conventional research con-
tracts and grants to research institutions, or venture capital, conventional debt or 
equity financing of private laboratories, but also advanced market commitments 
to ensure a large-scale, remunerative commercial market necessary to induce pri-
vate investment while simultaneously ensuring widespread access in low-income 
countries (GAVI 2020; Kremer et al. 2020).

The intellectual property behind whatever successful discoveries emerge will 
inevitably be hotly contested within, and among, countries. Pre-existing patents 
have not, however, impeded R&D progress, which has advanced at an unprece-
dented pace. Before COVID, the fastest vaccine ever developed, against mumps, 
took four years from initial sample collection and identification until vaccines 
were licensed for approved distribution. As this report goes to press, we appear 
on the cusp of vaccine approvals in just months, well under a year since the 
virus was first identified! The astounding pace of progress seems partly due to 
the Open-COVID Pledge launched in April 2020, which enables biomedical 
researchers to freely share their IP following a model similar to that used for 
open-source software; the pledge covered more than 250,000 patents worldwide 
by end-July (Contreras et al. 2020). The COVID-19 experience clearly demon-
strates that massive amounts of financing, scientific talent, and popular sup-
port can be mobilized quickly with adequate political will and a shared sense 
of urgency, which are equally needed for the task of AFS transformation.

Mainly, the pandemic has been a wake-up call to prepare and build back bet-
ter. The unprecedented global scale and speed of this shock to AFSs compel 
change. Return to the status quo ex ante seems both unlikely and unwise. At a 
defining moment when paths will almost-inevitably shift, we must focus intently 

THE COVI D-19 PAN DEMIC HAS MADE CLEAR 
THAT HE ALTH FULN ESS, EQUITY, R ESI LIENCE, 
AND  SU STA INAB ILITY ARE  I NT ERL INKED ,  
 P RE COMP ETITIVE ISSUES. THEY CONCERN  
O UR   C OLL ECTIVE FITNESS AS A SPECIES  
WHEN FACED W IT H   CO VARIATE SHOCKS  LI K E   
P ANDE MICS, CLIMATE CHANGE, AND  M A S S  
EXT INCT IONS.
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on crafting innovation pathways that can effectively navigate the world from 
its current vulnerable condition to our desired states. The pandemic creates an 
opportunity to address systemic needs arising from other pressures (e.g., climate 
change) but to which the world has, to date, been insufficiently responsive. This 
can be a moment of “creative destruction,” to invoke Joseph Schumpeter’s famous 
term (Schumpeter 1942), a moment for dismantling established processes that 
cannot possibly deliver healthy diets, equitable and inclusive livelihoods, environ-
mental sustainability, and resilience to shocks and stressors, and to replace them 
in a dynamic process of innovation and adaptive management. The following 
thirteen key, general lessons for AFSs stand out from the COVID-19 pandemic 
experience:

Stuff happens… be ready. This isn’t a one-off, short-run shock. No sensible person 
believes this pandemic will be the last major challenge of our lifetimes. We must 
be prepared for more severe and more frequent, compound shocks, as well as for 
simultaneous and cascading shocks. This implies we need greater redundancy and 
resilience in AFSs and AVCs.

Expect that ever-ready social safety nets are needed. The pandemic’s pain has 
aggravated underlying inequalities. Nations and communities need reliable, scala-
ble social protection programs that are sensitive to race, gender, ethnicity, and other 
dimensions of systemic discrimination. These cannot be built on the fly. Weak or 
incomplete social protection mechanisms undermine solidarity and cooperation within 
society, thereby discouraging responsible individual behaviors and hurting everyone.

Beware slower-moving catastrophes. The pandemic was fast-moving, compelling 
policymaker attention. We must beware slower-moving—but no less consequen-
tial—shocks, such as those due to climate change, biodiversity and habitat loss, sea 
level rise, etc. Slower transition can engender complacency—the mythical frog-in-
the-water-as-it-warms problem—and can imply lesser ability to get the shock under 
control once people finally feel compelled to act.

Realize that massive resources can be mobilized quickly. Trillions of dollars have 
been appropriated by governments in just a few months. Where the needs are appar-
ent and political leaders feel compelled to act, funds can be found fast (Herrero and 
Thornton 2020).

Move beyond uninsured cost minimization. Affordable, healthy diets are crucial 
for equity purposes but often involve resilience and sustainability tradeoffs. De-risk-
ing AFSs requires greater diversification of production, sourcing, processing, 
and distribution patterns to enhance flexibility and redundancy. This has a cost 
but also a value, as costly insurance against catastrophic systemic risk always does.
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Beware de-globalization. Supply chain disruptions have fueled many governments 
to pursue food self-sufficiency more aggressively. This carries significant prospec-
tive risk. First, de-globalization can harm the poor by making healthy diets 
more expensive. Second, it can undermine environmental and climate sustainabil-
ity because how a product is produced, processed, and distributed matters far more 
to its footprint than where it was made (Poore and Nemecek 2018). Third, trade is 
essential to manage changing climate (Baldos and Hertel 2015). Fourth, the more 
countries disengage from one another and pursue trade wars, the greater the like-
lihood of interstate conflict, which is the single greatest cause of severe acute mal-
nutrition globally (Barrett 2013). Build more diversified and resilient AVCs, but be 
careful about hidden nationalist agendas.

Fund and trust first-rate science. Technical skill is essential preparation. We can 
adaptively manage and innovate only if we can learn fast. We cannot build scien-
tific and engineering capacity overnight but can undermine it quickly through 
poor communications, especially if leaders let politics overrule, and even mis-
represent science.

Understand that barriers to success are more behavioral than scientific. 
Although the science on COVID-19 has progressed at unprecedented speed, behav-
ioral adjustments have proved far slower and more uneven across communities. Cul-
ture change is key and requires convincing social influencers and thought leaders to 
do things differently as we learn. This also requires checks and balances to avoid 
excessive concentration of political/commercial power, which has strong conserva-
tive tendencies to entrench itself.

Recognize that clear, consistent, trusted incentives and norms are key. No coor-
dinated response emerged at global scale and not even at national scale in most 
countries. The enormous numbers of independent agents throughout central-
ized AVCs made market incentives and social norms, not top-down directives 
other than to drive incentives and calibrate norms, the key policy instruments. 
Decentralized, market-based AVCs self-stabilized reasonably quickly and well 
under the circumstances, especially where markets were allowed to induce rapid 
response to shutdowns in AVC subsectors.

Value communication, transparency, and cooperation as essential. Spillovers 
are ever-present, so strong coordinating institutions are essential to build and main-
tain trust so as to quickly identify and contain contagion. Because trust inevitably 
requires verification, traceability is increasingly at a premium.

Assume that dramatic, fast improvements are possible. Behavioral change is 
hard but feasible. Societies worldwide rapidly adjusted, virtually shutting sectors 
(e.g., food service, commercial transport). This generated sharp reduction in disease 
transmission and in GHG and pollution emissions. These results demonstrate clearly 
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that we can dramatically improve outcomes if we have the incentives to exert our-
selves.

Treat underlying causes, not just symptoms. Pandemics are the long-predicted 
consequence of habitat and biodiversity loss (partly due to expanding land use in 
agriculture) that increases exposure to zoonoses, of inconsistent and non-transparent 
food safety regulations, and of insufficient integration between food and health sys-
tems. Root cause analysis is key to ensure each limiting factor is identified.

Emphasize high-frequency monitoring. Systemic shocks require near-real-time 
monitoring of fast-changing conditions. Innovations in remote sensing, digital 
records, “sewage epidemiology” (monitoring biomarkers for disease and other expo-
sures in human and animal waste streams), and crowd-sourcing open up new oppor-
tunities to improve the timeliness and cost-effectiveness of responses to systemic 
shocks.

Crises inevitably spark innovation. The crucial questions are what sorts of innova-
tion will happen as AVCs recover from the COVID-19 pandemic, and how can we 
best induce beneficial innovations? Because a disproportionate share of the recon-
struction of AVCs will—and must—happen in the coming 2–5 years, near-term 
innovations—in institutions and policies, as much as in technologies—will likely 
lock in for some time as investors and policymakers amortize the sunk costs they 
incur. So we need to influence today’s innovations with an eye to decades hence. 
What should the design objectives be, and what will AFSs and AVCs look like in 
25–50 years (i.e., the lifespan of a current person of median global age)?
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