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Abstract

The Policy Research Working Paper Series disseminates the findings of work in progress to encourage the exchange of ideas about development 
issues. An objective of the series is to get the findings out quickly, even if the presentations are less than fully polished. The papers carry the 
names of the authors and should be cited accordingly. The findings, interpretations, and conclusions expressed in this paper are entirely those 
of the authors. They do not necessarily represent the views of the International Bank for Reconstruction and Development/World Bank and 
its affiliated organizations, or those of the Executive Directors of the World Bank or the governments they represent.
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As countries develop (and food saturation takes hold), agri-
culture’s role as domestic employer declines. But the broader 
agri-food system also expands, and the scope for agricul-
ture-related job creation shifts beyond the farm. Historically, 
technological revolutions have shaped and been shaped by 
these dynamics. Today, a digital revolution is taking hold, 
affecting agricultural labor and skill demands. In this pro-
cess, societies evolve from having a surplus to a shortage of 
domestic farm labor, typically met largely by foreign agri-
cultural wage workers. Yet, anti-immigration sentiments 
are flying high in migrant-destination countries, and robots 

in the fields and packing plants offer an alternative. Agri-
cultural trade may be similarly challenged. In the world’s 
poorest countries, particularly in Africa, labor productivity 
in agriculture remains at historically low levels. So, what 
can the role of agriculture as a source of employment be in 
the future? This viewpoint elaborates on these trends and 
reviews several policy options, including inclusive value 
chain development, better immigration policies, social 
insurance schemes, and ramp up in agricultural education 
and extension.

This paper is a product of the Social Protection and Jobs Global Practice. It is part of a larger effort by the World Bank to 
provide open access to its research and make a contribution to development policy discussions around the world. Policy 
Research Working Papers are also posted on the Web at http://www.worldbank.org/prwp. The authors may be contacted 
at lchristiaensen@worldbank.org. 



 
 

The Future of Work in Agriculture -  

Some Reflections* 
Luc Christiaensen, Zachariah Rutledge, and J. Edward Taylor 

 

 

 

 

 

 

 

 

 

 

 

 

 

JEL classification: J43, J61, O13, Q16 

Keywords: agricultural labor, digital technology, migration, agricultural value chain 
development, agricultural education and extension 

  

                                                           
*  Luc Christiaensen (lchristiaensen@worldbank.org), World Bank; Zachariah Rutledge (zjrutledge@ucdavis.edu) 

University of California Davis, J. Edward  Taylor (taylor@primal.ucdavis.edu) University of California Davis.  
This paper builds on the World Bank / IFAD / UC Davis workshop on The Future of Work in Agriculture held at 
The World Bank, Washington DC, March 19-20, 2019. The papers are available at 
https://farmlabor.ucdavis.edu/future-work-agriculture-conference. We thank all of the workshop participants for 
their contributions and the insightful discussions. The views presented here do not necessarily represent those of 
our respective institutions. 

mailto:lchristiaensen@worldbank.org
mailto:zjrutledge@ucdavis.edu
mailto:taylor@primal.ucdavis.edu
https://farmlabor.ucdavis.edu/future-work-agriculture-conference


 
 

2 
 

Introduction  

Agriculture has been a major employer across the globe and is at the center of discussions about 
poverty reduction and economic development. As countries develop (and food saturation takes 
hold), agriculture’s role as employer declines (Timmer 1988). The farm workforce becomes older, 
more wage-oriented, and more immigrant.1 At the same time, the broader agri-food system (AFS) 
expands, and the scope for agriculture-related job creation shifts beyond the farm. The income 
elasticity of demand for food declines, but urban consumers with rising incomes demand more 
protein- and nutrient-rich foods, as well as foods that are more processed and convenient. These 
dynamics have been observed across countries throughout history. They are broadly known as the 
structural transformation (from agriculture to non-agriculture) and the agricultural/dietary 
transformation (from unprocessed subsistence staples to processed market purchased non-staples). 
Often, they are accompanied by deeply wrought societal change and ineffective policy responses, 
including agricultural protectionism (Anderson 2010; Christiaensen 2013). 

Technological revolutions both shape and are shaped by these dynamics (Hayami and Ruttan 
1978). Examples include steam power, railways and tractors in the 19th century and electricity and 
cold storage in the 20th century.  The current century is witnessing a rapidly-unfolding digital 
revolution (automation, artificial intelligence, and information and communications technology), 
with another energy revolution (solar, mini-grids) just around the corner. These technological 
advancements of the 21st century are affecting the structural and agricultural transformations 
across the globe in new and unprecedented ways. They dramatically reduce transaction costs in 
input, factor and output markets; they change economies of scale; and they modify the optimal 
capital/labor mix in agricultural production, processing, and marketing. This has the potential to 
profoundly alter the global organization of the food system as well as labor and skill demands. 
Because agricultural tasks are arguably more automatable (routine and  less cognitive) than those 
in industry and services (Schlogl and Summer 2020), automation could accelerate the exit of labor 
out of agriculture in developing countries and transform farms and food processors in the 
developed world. A future with robots in the fields and packing plants, together with “tekked up” 
farmworkers to complement new technological solutions in specific commodities and tasks, 
already is taking shape. 

Historically, societies typically evolved from a surplus to a shortage of domestic farm labor as they 
developed. More often than not in developed countries, farm labor shortages have been met largely 
by foreign agricultural wage workers, especially for tasks that were difficult to automate. Migrant-
sending households in low-income countries benefited through remittances. However, with anti-
immigration sentiments flying high in migrant-destination countries, the agricultural 
transformation unfolding in migrant-source countries, and technology increasingly offering 
alternatives to hired labor everywhere, opportunities to close income gaps across countries through 
legal farm labor migration may be closing (Carolan 2020). A shift in policy dialogue away from 
immigration solutions to farm labor problems coexists with a bifurcating global demographic. 
Many developing countries, especially in Sub-Saharan Africa, struggle to provide employment for 
their young and rapidly expanding populations.  This presents a missed opportunity for 
                                                           
1 The agricultural workforce also may become more feminized as men move off the farm more rapidly than women. 

But evidence on this is mixed, see for example  Slavchevska et al. (2019), UN FAO (nd), and De Brauw et al. 
(2008). 
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development. Agricultural trade is similarly challenged in its role to help address global 
imbalances in farm labor, partly because of its purported contribution to global warming.  

These domestic and global forces provide the socio-economic backdrop against which the future 
of work in agriculture unfolds. How countries address these and related challenges will shape the 
evolution of the global agricultural workforce, as well as agriculture’s potential to continue its 
historically crucial role in reducing poverty and fostering shared prosperity. It calls for a policy 
and business environment supportive of inclusive agricultural value-chain development to 
leverage the food system for employment opportunities on and off the farm. It highlights the rising 
importance of rural education and digital upskilling of rural populations, so that the agricultural 
and rural workforce can maximally benefit from new technologies. It draws attention to the need 
for broad access to digital infrastructure and adequate competition policies to address the challenge 
of rising power concentration. It sheds an important and different light on the current migration 
debate. And finally, to mitigate the farm labor transition and prevent a reversal to agricultural 
policy distortions, it draws attention to the need for adequate social protection systems to mitigate 
populist calls for agricultural protectionism. The decoupling of social protection from employment 
holds promise in that regard.  

The remainder of this paper discusses the impact and evolution of these different forces in turn 
and reflects on a policy agenda that can leverage the future global food system to generate decent 
employment, accelerate poverty reduction, and attain shared prosperity. 

The Farm Labor Problem - From Surplus to Shortage 

Work in agriculture tends to be seasonal and dispersed across space, with labor productivity often 
low and unpredictable. High fertility among rural and agricultural populations, partly in response 
to low and variable agricultural earnings, often contributes to low productivity. As countries 
become more affluent, their demand for nonfood goods and services increases, and their 
workforces shift out of agriculture into more stable, high-paying jobs in industry and services.2 
Over time, cross-sectoral income differences virtually disappear (Taylor and Charlton 2018). This 
pattern of structural transformation is evident historically in high-income countries and is currently 
unfolding in low-income countries (Figure 1). Against this broad and sweeping background, what 
can the role of agriculture as a source of employment be in the future?  

                                                           
2 These operate in more controlled production environments and are typically less subject to seasonality and 
production risk. As agriculture industrializes, it also becomes less weather dependent and more like industry, with 
the number of environmental inputs that can be controlled progressively increasing (water with irrigated agriculture; 
temperature and light with green houses; land with vertical agriculture). 
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Figure 1. Proportion of Countries’ Workforce Employed in Agriculture vs. GDP per capita 

Note: Data were retrieved from The World Bank Group (https://data.worldbank.org). The beginning of each 
arrow represents each country’s position in 1991, and the arrowheads show where they wound up in 2017.  Nearly 
every country has an arrow that points to the southeast, indicating that as countries get richer, the workforce becomes 
less reliant upon agriculture. 

First, agriculture will continue to be a major employer in poor countries.  In low-income countries, 
as in much of Sub-Saharan Africa, a decrease in the share of the workforce employed in agriculture 
is still accompanied by an increase in agricultural employment in absolute terms, as the population 
continues to grow fast and cultivated land (the “extensive margin”) expands. Given high 
population growth, the agricultural workforce is projected to continue swelling in the foreseeable 
future before it starts to decline (Christiaensen and Brooks 2019). Therefore, in low-income 
countries, where most of the global agricultural workforce is still concentrated, the transition out 
of agriculture in the short-run does not necessarily imply a smaller agricultural workforce overall. 
In these settings, the challenge is largely to improve the quality of farmers’ jobs, (i.e., increase 
their labor productivity and earnings), including to facilitate the transition out of agriculture. In 
many middle-income countries on the other hand, as well as historically in high-income ones, the 
absolute number of agricultural workers has decreased over time, farm populations have “grayed,” 
and farm labor shortages in specific commodities at specific points in time have become a feature 
of the agricultural landscape. 

Second, agricultural labor productivity will continue to rise. The existence of a persistent and large 
productivity gap between nonagricultural and agricultural activities is received wisdom in 
development economics. It is often seen as proof of agriculture being intrinsically less productive 
and taken as suggestive that the policy solution for agricultural labor in the developing world lies 
in removing barriers that prevent people from exiting agriculture (Restuccia, Yang and Zhu 2008). 
Recent research, however, suggests that agricultural labor productivity is understated (Fuglie et al. 
2020). Using micro household data instead of national macro accounts, controlling for skill 
differences, and expressing productivity in terms of value per hour of labor (instead of per person 
employed in the sector), labor productivity in agriculture is not lower than in other sectors (Gollin, 
Lagakos and Waugh 2014; Gollin and Udry 2019; Hicks et al. 2017; McCullough 2017). This 

https://data.worldbank.org/
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suggests that agriculture is not intrinsically less productive, but rather that underemployment in 
the sector is high, at least in the earlier stages of development.  Underemployment is likely linked 
to the seasonal nature of agricultural production (de Janvry et al. 2018) as well as higher fertility 
rates (many more people in developing countries are born in agriculture than outside agriculture).  

If the productivity gap is much smaller than generally assumed, a disproportionate focus on 
policies to remove barriers to sectoral or spatial migration of labor, however well-intentioned, may 
be misplaced. In fact, if agricultural labor is only in surplus during the agricultural slack season 
(between harvesting and planting, and planting and harvesting), such policies may prove 
ineffective, or they may even exacerbate agricultural labor shortages during peak demand periods 
(planting and harvesting). Improving agricultural productivity would enable a productive move 
out of agriculture, leaving a more productive agricultural labor force behind. This could be 
accomplished through the development of complementary activities during the slack season, such 
as double cropping through irrigation and mixed farming systems (crop-livestock).3 It would 
maximize poverty reduction (Christiaensen and Martin 2018), in contrast to a scenario in which 
people leave agriculture due to distress following underinvestment. The road out of agriculture 
runs importantly through a path that increases labor productivity in agriculture. This agricultural 
job paradox remains underappreciated. It will eventually leave far fewer people in farming, but 
they will have better employment conditions, and there will be greater quantities of relatively 
cheap food available for those in the rest of the economy. This process is still not underway in 
earnest in many African low-income countries, as illustrated by low cereal yields (1.5 ton/ha on 
average, compared with about 3 ton/ha in India and about 6 ton/ha in China)  (Beegle and 
Christiaensen 2019).  

Third, the successful exit of labor out of agriculture is intimately tied to a successful agricultural 
transformation (Huang 2016; Charlton 2019). Food expenditure shares (and with them, agricultural 
employment shares) decline as incomes increase. Food consumption patterns also change from 
primary staples (grains, roots and tubers) to more protein and micro-nutrient rich diets (meat, dairy, 
fruits and vegetables) (see Figure 2). Eventually, societies tend to demand more processed and 
prepared foods, and they may develop food consumption patterns that involve eating as an 
“experience”.4 Societies become more dependent upon the downstream AFS as a result. This in 
turn opens up important new employment opportunities off the farm, in food processing, marketing 
and logistics, and food services.  

                                                           
3 As growth in overall agricultural output following technological change and rising labor productivity starts to meet 
less rapidly growing demand for food and other agricultural products, prices will drop, inducing an exit of less 
productive workers. This could introduce a price treadmill, whereby technological change and agricultural labor 
productivity struggle to outpace the decline in price. Agricultural exports provide one way out, at least temporarily 
for some countries. The use of agricultural output as input for the production of other, more price and income 
elastic, products such as biofuels or bioplastic could, in principle, provide another alternative. Yet, the appropriate 
policy packages necessary to broker this can be tricky, as seen in the case of biofuels (de Gorter et al. 2015).  
4 With only a couple of percentage points of the working age population in the European Union left to work in 
agriculture, despite substantial EU subsidies, Swinnen, Van Herck and Vandemoortele (2012) argue that the 
“experience economy” in which consumers are willing to pay premium prices for products and services that provide 
additional intangible “experiences” may well present one pathway for European farms to mitigate further exits. 
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Figure 2. Changes in the Composition of Global Per-Capita Daily Calorie Demand For Selected 
Commodities 

Source: FAO (http://www.fao.org/global-perspectives-studies/food-agriculture-projections-to-2050/en). 

Many farm workers who leave the farm remain within the broader food supply chain. In many 
low-income countries, off-farm work in AFS already makes up about 25 to 33 percent of overall 
off-farm work (see Table 1) (Allen, Heinrigs, and Heo 2018). It is still relatively small as a share 
of total employment (7 percent in Eastern and Southern Africa, Table 1); however, it rises to 25 
percent when expressed in full-time equivalent employment (hours worked) as opposed to the 
number of people employed (Dolislager et al. 2019).5 The importance of off-farm  employment 
(food manufacturing and food service) in the overall agri-food system (AFS) rises with income, 
from 9 percent (7/80) of total AFS employment in Eastern and Southern Africa to 52 percent 
(16/31) in Brazil and 80 percent (8/10) in the United States (Table 1). The share of off-farm AFS 
employment in total employment first rises (from 7 percent in Eastern and Southern Africa to 16 
percent in Brazil) and then falls (to 8 percent in the United States).  

Asia’s experience shows that the more successful countries develop their agri-food system as they 
pass through the structural transformation, and that this leads to a more rapid reduction in poverty 
(Huang 2016). Non-farm AFS jobs are often easily accessible for poor workers leaving the farm 
as well as for women, given their proximity and low entry requirements in terms of capital and 
skills. A large part of employment opportunities within the AFS is happening in secondary cities 
and towns (Cazzuffi et al. 2017), and most of the poor live in the rural hinterlands of these 
intermediate centers (Ingelaere et al. 2018). 

 

 

                                                           
5 While many more people have agriculture as their primary sector of employment, the number of hours actually 
worked in the sector is sizably less given seasonality and underemployment (McCullough 2017).  
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Table 1: As Incomes Rise, More Food System Jobs Are in Food Manufacturing and Services 

Sectoral share of employment (%) 

Low-income  
(Eastern 
and 
Southern Africa) 

Middle-
income 
(Brazil) 

High-income 
(United 
States) 

Food system Farming 73 15 2 
 

Food manufacturing 2 8 1 
 

Food services 5 8 7 

 Total AFS 80 31 10 

Non-food system Off-farm (non-food related) 20 70 90 

Source: World Bank and IFAD, 2017. The total for Brazil does not add up to 100 due to rounding error. 

The downstream AFS is indeed expanding rapidly in developing countries across the globe as part 
of the transformation of food markets. Several recent case studies support the beneficial effects of 
the AFS and related development of agri-food value chains for labor force participation, income, 
and working conditions, including for the poor and for women. Examples from the Future of Work 
in Agriculture conference include Sauer et al. (2019) for domestic food systems in Tanzania 
(2019), Edwards (2019) for post farm oil-processing farms in Indonesia,6 and Maertens and Fabry 
(2019) for horticulture exports from Senegal to European markets. The latter shows how vertical 
integration of production to meet the quality and standards requirements for European markets 
increased not only labor force participation, employment, and income in the source areas but also 
educational attainment and lower fertility rates—evidence that the development of ag-export 
supply chains contributes to the broader socio-demographic transformation.  

Fourth, fears of a mass exodus of African youth out of agriculture, disproportionate with normal 
patterns of youth transitions out of agriculture as countries develop, appear to be overblown.  Given 
Africa’s youth bulge, youth employment is especially high on the continent’s policy agenda. There 
is a perception that African youth may no longer be interested in agriculture (IFAD 2019). Exit 
from agriculture is a normal part of the structural transformation, and rural youth, in general, are 
less involved in agriculture than are older cohorts.  It is mostly through youth that the structural 
transformation occurs: young people on average are more agile, educated, and adaptive to 
changing labor market conditions. Rural youth typically have less access to land than their parents 
did, because many parents are not ready to transfer the farm or the farm is too small to set all 
children up with viable farms, and land (rental) markets are underdeveloped.   

A recent study of sectoral employment transitions in six African countries shows that both adults 
and youth are leaving agriculture, but not disproportionately relative to these countries’ level of 
development (Christiaensen et al. 2015). In the 13-country study mentioned previously, after 

                                                           
6 Edwards (2019) shows how the introduction of post-farm AFS firms, such as oil-palm processing factories in 
Indonesia, can create positive spillovers through the development of economic linkages, infrastructure, and local 
market integration. These spillovers can lead to the expansion and birth of towns and the introduction of new firms 
and other economic and social organizations. 
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controlling for location and agricultural potential, researchers found that youth do not spend less 
(or more) hours in on-farm work than older adults in general, and only younger adults spend less 
time in own farming (though more for wages on others’ farms) (Dolislager et al. 2019). Youth 
appear to access off-farm AFS employment more easily than non-AFS jobs, especially wage work 
in urban and peri-urban zones. For rural youth, gaining access to opportunities both inside and 
outside the AFS is important, but promoting employment opportunities within the AFS is more 
likely to bring employment opportunities within reach of the rural poor. 

Fifth, the farm-non-farm labor transition is also affected by societies’ socio-demographic features. 
The findings above suggest growing competition for labor between farm and non-farm activities 
as countries develop and the structural transformation unfolds. In part, this is because of a growing 
demand for workers in downstream, nonfarm, AFS activities as well as growing labor demand 
from non-agriculture related industries and services. Socio-demographic changes, including 
decreasing fertility rates, rising rural schooling levels, and increasing participation of women in 
the rural workforce, further stimulate labor to move from farm to non-farm AFS as well as to non-
AFS jobs. Liu et al. (2019), for example, find that, in Vietnam, the potential for agriculture to 
address youth unemployment is limited. However, as wages converge between rural and urban 
sectors, the rural economy is diversifying into non-farm activities, and access to education (rather 
than access to land) has become the key driver of improvements in rural household well-being. 

Gender differentiated preferences may affect the farm-non-farm labor transition as well. A field 
experiment in Ghana (Kramer and Lambrecht 2019) uncovered evidence that traditional gender 
roles lead to a division of labor that causes women to prefer investments in non-agricultural 
activities. This finding highlights the need to recognize women’s preference for diversification 
into nonfarm activities in regions where gender roles preclude women from engaging in 
agricultural production. Arslan et al. (2019) echo this conclusion, finding that opportunities for 
wage employment contribute to the empowerment of young women and to the rural economic 
transformation by speeding up the demographic transition. 

The dynamics described above raise the prospect of farm labor shortages over time, especially 
shortages of wage workers needed to meet the growing demand for food and agricultural products. 
This is already observed in high (and not so high) income countries across the world.  Global press 
coverage documents labor shortages and reliance on immigrant farmworkers on every continent 
where crops are commercially grown (see https://farmlabor.ucdavis.edu/news/links-selection-
press-coverage). Four options present themselves to deal with this, which Martin (2017) 
characterizes as the 4 S’s: Satisfy, Stretch, Substitute, and Supplement. Farmers can satisfy and 
retain existing workers by offering them higher wages, less onerous working conditions, benefits, 
and bonuses to make work on the farm more competitive. They can stretch workers by increasing 
their productivity, providing them with better technology like slow-moving conveyor belts to carry 
bags or trays of harvested produce that enable workers to pick faster. The option to substitute may 
entail replacing laborers altogether by labor-saving technologies or relying on food imports instead 
of local production. And finally, farmers can supplement the existing workforce with foreign guest 
workers.  

All four strategies are being deployed to different degrees depending on countries’ preferences and 
their position in the labor surplus-shortage continuum. The corresponding public policy domains 
are labor and social protection, innovation and competition policies, agricultural trade, and 

https://farmlabor.ucdavis.edu/news/links-selection-press-coverage
https://farmlabor.ucdavis.edu/news/links-selection-press-coverage
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migration. These go well beyond the traditional realm of the Ministry of Agriculture. Motivated 
by persistent low labor productivity in African agriculture, the salient nature of the digital 
revolution and rising anti-immigration sentiment in the current policy debates, this broader global 
assessment of the future of work in agriculture zooms in on the role of productivity-enhancing 
innovation and technology and immigrant agricultural labor.  

Technology Is Key 

Over the next 30 years, global calorie demand is expected to rise in tandem with the population, 
which is projected to increase by about 25% to nearly 10 billion people (see Figure 3). Ultimately, 
farmers will have to grow more food with fewer workers, and this will require the development 
and adoption of new labor-saving technologies. The induced innovation hypothesis, first advanced 
by Hicks (1932), posits that changes in relative factor (input) prices drive the development of new 
technologies. As wages rise, so do the incentives for researchers at private and public institutions 
to develop labor-saving solutions (Hyami and Ruttan 1971). Others view research and 
development (R&D) as largely an exogenous, self-perpetuating process: new  

Figure 3. Projected Global Population and Calorie Demand 

Source: FAO (http://www.fao.org/global-perspectives-studies/food-agriculture-projections-to-2050/en). 

inventions lead to others by lowering the cost of technological development over time (e.g., Arrow 
1962; Levin 1988). Both could be at work in practice, with the development of digital technologies 
for example partly driven by forces exogenous to agriculture, but their adaptation and adoption in 
agriculture are partly driven by the rising costs of labor.  

The classic example of labor-saving technology in fruit and vegetable production is the processing 
tomato harvester developed by researchers at the University of California, Davis (UC Davis) and 
commercially released by Blackwelder in the mid-1960s (Coatney 2006). Within five years of its 
commercial release, virtually 100 percent of processing tomato farms in the United States used the 
harvester, and most planted a tomato variety engineered (also at UC Davis) to go with it. 
Integrating mechanical engineering and agronomics was a novel feature of the tomato harvester’s 

15

17

19

21

23

25

27

29

6

7

8

9

10

11

12

Tr
ill

io
ns

Bi
lli

on
s

Global Population Global Calorie Demand

http://www.fao.org/global-perspectives-studies/food-agriculture-projections-to-2050/en


 
 

10 
 

genesis. Over the next 35 years, harvest labor requirements per ton of processing tomatoes dropped 
by 92%, while the U.S. processing tomato harvest more than doubled, from 4.1 million to 9.4 
million tons. Other examples of successful mechanical innovations that substantially reduce labor 
demand include dry-on-the-vine raisin grapes, shake-and-catch systems to harvest tree nuts, and 
wine grape harvesting machines (Charlton et al. 2019).  

Recently, R&D has combined mechanical engineering with information and technology to find 
labor-saving solutions for more difficult-to-mechanize crops and activities (Vougioukas and 
Fountas 2019). The harvest of fresh fruits, like peaches and strawberries, is particularly 
challenging. It requires optical and machine-learning technology to identify which fruits to pick 
and mechanical harvesting solutions to replace gentle human hands in harvesting fragile fruits.  
“Smart” technological solutions include mobile robots, mechatronic systems with precision 
sensing, actuation capabilities, and robots that can handle soft, flexible, and complex objects.  

While performing what once were labor-intensive tasks, these machines and other sensors also 
gather data. These data, in combination with cloud connectivity, advanced analytics and machine 
learning algorithms, create a world of new possibilities to manage and increase efficiency along 
agri-food chains. The result can be a reduction in other inputs, as well as labor, and increasing 
yields. Smart technologies also offer the potential to decrease adverse impacts of food production 
on the environment as well as on farm workers’ health, for example, by reducing chemicals in the 
food chain. 

Many of these high-tech solutions are still in the development and experimentation stages, but 
others are “on the shelf” and already in common use. For example, lettuce starts need to be thinned 
to about 10 inches apart, and thinning is one of the most labor-intensive operations in lettuce 
production: workers with hoes walk the fields, deciding which lettuce starts to keep and removing 
the rest. New automated lettuce thinners use advanced optics and machine learning to identify 
which starts to keep and eliminate the unwanted starts with a jet spray of concentrated fertilizer. 
This reduces labor demands from 7.31 person-hours per acre to only 2.03 (Mosqueda et al. 2017).  

Using artificial intelligence algorithms similar to those used in facial recognition software, robotic 
weeding technologies can distinguish weeds from productive plants and then target the weeds with 
miniscule jets of herbicide (or directly spray crop plants with fertilizer), minimizing chemical use. 
Robotic milking systems (RMSs) can reduce labor demand in dairies while monitoring milk output 
and animal health.  

Clearly, if ever it was accurate to think of agriculture as an intrinsically low productive sector, that 
time is past. But California’s tomato harvesters and “robots in the fields” seem far away from 
farms in low-income countries. Highly advanced agricultural technologies are expensive, and most 
of the world’s farms are too poor and small to buy them. Nonetheless, increasing agricultural labor 
productivity in the developing world will equally require increased use of technologies that enable 
the agricultural labor force to become more efficient and remain intersectorally competitive. As a 
result, agricultural productivity gains in much of the world may need to be induced primarily by 
more basic technologies, like small tractors, or mechanical devices that automate repetitive labor-
intensive tasks, like mechanical rice transplanters.  
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In some places, expansion of agricultural machinery services offers the possibility of increased 
mechanization on farms too small to justify the outlay to purchase machinery themselves. For 
example, Yang et al. (2013) report that in China, “in response to a rising wage rate, the most 
power-intensive stages of agricultural production, such as land preparation and harvesting, have 
been increasingly outsourced to special service providers.”  

The increasing use of machinery services is not confined to Asia. It is also observed in Africa and 
increasingly facilitated by digital platforms, such as Hello Tractor in Nigeria,7 an app-based Uber 
connecting smallholder farmers to affordable tractor service providers. Nonetheless, many hurdles 
to developing the integrated machinery chain needed to make it profitable remain (Diao et al. 
forthcoming). Socio-economic constraints can also stand in the way. Gulati et al. (2019), for 
example, report low adoption of mechanical rice transplanters in India due to women’s weak 
bargaining position in the household decision making process.  

Mechanization is often associated with a reduced demand for labor. In theory, the impact of 
mechanization on labor demand and wages is unpredictable. This is because of two opposing 
effects: substitution and scale. Agricultural mechanization often occurs in response to rising rural 
wages, following the structural transformation of national economies towards industry and 
services, which draws labor out of the agricultural sector. As rural-urban migration expands, 
greater urban income earning opportunities become the main driver of agricultural wages. Higher 
wages induce farmers to mechanize and substitute capital for labor. 

Mechanization can also enable farmers to expand the scale of their production and increase their 
income. This can even happen without an original increase in wages, especially in land abundant 
countries. In fact, it can even induce an increase in real agricultural wages and hired labor (Adu-
Baffour et al. 2019; Hassan and Korhner 2019), though the use of some intermediate labor-saving 
inputs like herbicides can mitigate this (Reardon et al. 2019). An observed concurrence of rising 
agricultural wages with mechanization would suggest that wages induce farmers to adopt labor-
saving methods, but when scale effects outweigh substitution effects, mechanization does not 
necessarily reduce rural employment.  

As such, it is not surprising that the evidence on the labor effects of mechanization is mixed. Kirui 
(2019) reports that in African countries where land expansion previously was limited, 
mechanization has led to scale effects through an increase in the amount of cropland cultivated 
(extensification). Scale effects have been accompanied by input intensification, higher productivity 
in maize and rice production, and greater labor use (or the substitution of hired for household labor 
(e.g., Senegal, Zimbabwe)). However, in a number of countries, he also finds that mechanization 
displaces labor (e.g., the Arab Republic of Egypt, South Africa) and induces off-farm work in 
some cases. Policy interventions and research efforts need be tailored to specific regions and 
contexts.  

Overall, where there are limits to agricultural extensification, for example, due to labor scarcity 
and rising wages, increasing labor productivity through technological change, including 
mechanization, is the key to expanding food supplies.8 As technology changes, better-educated 

                                                           
7 https://www.hellotractor.com/home 
8 Land and water scarcity can also limit the extensification of agriculture in some contexts. 

https://www.hellotractor.com/home
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and trained workers will also have to be available to complement new advanced technologies. 
Tekked-up agriculture and food systems require a tekked-up workforce. In most cases, 
technologies and skill demands in poor countries are not as advanced as in high-income countries 
like the United States, Western Europe, or Japan.  Nonetheless, studies from developing countries 
reinforce the need to train workers for more skill-intensive employment, not only on farms but 
throughout the food supply chain, as the agricultural transformation unfolds and digital agriculture 
takes hold (Takahasi et al. 2020).  

 
Migration (and Trade) Can Help 

In countries that are further along in the development process, the transition out of agricultural 
work is often accompanied by an inflow of immigrant workers, who help grease the wheels of 
farm labor markets by replacing native-born workers who are no longer willing to do farm work 
(Taylor et al. 2012).  Reliance upon immigrants has been a quintessential feature of the history of 
farm labor in the United States, particularly the state of California, where two-thirds of the nation’s 
fruits and nuts and one-third of vegetables are grown. It is also widespread in other high-income 
economies, as well as many not-so-high-income ones like Costa Rica (with its farm workforce 
from neighboring Nicaragua), Dominican Republic (Haiti), and South Africa (Zimbabwe and other 
southern African nations).  

In recent decades, California farmers have relied overwhelmingly on unauthorized migrant 
workers from Mexico, a nation that shares a border with the state and has relatively low wages.  
However, rural Mexicans are transitioning out of farm work as families become smaller, children 
become better educated, and non-farm employment expands (Charlton and Taylor 2016; Hill 
2019). The changing composition of the farm workforce has contributed to a decline in the number 
of immigrants willing to engage in follow-the-crop migration; workers become less willing to 
travel far away from their homes to work on farms for extended periods of time as they age, settle 
down, and have families (Fan et al. 2015). When farm workers are less mobile, more are needed 
to meet seasonal labor demands.9 Because farm labor markets are local and farm labor is not 
always mobile, the declining supply of immigrant farm workers has induced local labor shortages. 
In some cases, this has prevented farmers from being able to harvest high-value fruit and vegetable 
crops, which have simply rotted away in the fields (Preston 2006).   

The U.S. H-2A agricultural guest worker program is expanding, but it is unlikely to offer a long-
term solution to a shrinking farm labor supply because labor recruiters compete with Mexican 
farmers for a diminishing number of farm workers. Mexico is expanding its fruit and vegetable 
production, in part, by importing farm workers from Guatemala, while sending fewer farm workers 
to the United States. Several academic papers have further found that increased immigration 
enforcement has led to an exit of immigrants from local farm labor markets, revealing that the 
threat of deportation may exacerbate an already deteriorating situation for U.S. farmers (e.g., Ifft 
and Jodlowski 2016; Kostandini et al. 2013). 

These trends are not specific to California or Mexico. They have been observed across high-
income countries (Donaldson 2015; Agerholm 2018) and are evident in other middle-income 

                                                           
9 There is a striking analogue between this and the velocity and supply of money in macroeconomics. 

https://farmlabor.ucdavis.edu/sites/g/files/dgvnsk5936/files/inline-files/Ali%20Hill%3B%20US%20Labor%20Supply.pdf
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countries. Agricultural guest worker programs are common on all continents, in countries with 
vastly different incomes, and they tend to be controversial everywhere.  

Migration can benefit migrant-receiving areas, beyond the farmers themselves, to the extent that 
migrants complement native workers, make agricultural operations more competitive, and 
stimulate the demand for goods and services. More importantly from a development perspective, 
it can also benefit substantially those who remain in the migrant-sending economy (Taylor 1999). 
Migrant farmworkers often earn much more than they could in their place of origin, and the income 
they remit to family members can help loosen constraints on household production activities, 
generate income spillovers for other households, and create other positive externalities.10  

If outmigration causes the local labor supply to decrease, this can put upward pressure on wages, 
which can be beneficial to local workers but potentially harmful to farmers who rely on hired labor. 
Filipski et al. (2019) find econometric evidence that migration from Mon state in Myanmar to 
Thailand has caused Mon state wages to rise. However, migrant remittances offset the negative 
effects of higher wages on Mon production, as the infusion of remittances into the local economy 
stimulates productive investments and creates spillovers by increasing the demand for local goods 
and services. 

Migration by men can affect the empowerment of women and the types of work in which they 
engage. Kar et al. (2019) find that, in Nepal, male outmigration induces women to become the 
primary decision makers on the farm rather than simply providing labor to agricultural production. 
Women’s employment outcomes tend to improve if remittances accompany male migration. The 
receipt of remittances facilitates group membership and financial integration, as evidenced by the 
possession of bank accounts. However, in the absence of remittances, spouses of international 
migrants tend to be worse off with regard to several domains of empowerment, including decision 
making about certain productive activities, agricultural income, and access to information. In 
Senegal, when household members migrate but do not send remittances home, households become 
more food insecure. These findings underscore the importance of programs to reduce remittance 
costs and improve extension services enabling women to become more productive farmers and 
entrepreneurs in migrant-source economies. 

Farmers and countries could also switch out of labor-intensive crops. An alternative to producing 
labor-intensive commodities is to import them from lower-wage countries. According to Tom 
Nassif of the U.S. Western Growers Association, "Our [agricultural] industry is going to rely on a 
foreign workforce. It's only a question of whether that workforce harvests crops in this country or 
in another country and builds up the economy of that country” (as quoted in Glaister 2006).11 Some 
U.S. farm operations have already expanded into Mexico in order to meet the year-round demand 
of their customers.  In fact, about half of the fresh fruit consumed in the United States, and a third 
of fresh vegetables, are imported. There is some evidence that farmers are planting more land in 

                                                           
10 Remittances can permit vehicle purchases, housing improvements, and youth education. A general discussion of 

remittance impacts is available in Taylor (1999). 
11 The Western Growers Association is an organization that represents local and regional family farmers growing 

fresh produce in Arizona, California, Colorado, and New Mexico.  Their members and the workers they employ 
produce over half of the nation’s fresh fruits, vegetables, and tree nuts (see https://www.wga.com/about-western-
growers). 

https://www.wga.com/about-western-growers
https://www.wga.com/about-western-growers
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less labor-intensive crops like tree nuts, which are harvested using “shake-and-catch” machines 
(Rutledge and Taylor 2019; Rutledge et al. 2019). However, consumer demand for fresh fruits and 
vegetables, both in the United States and abroad, continues to rise, and food imports are expanding 
(see Figure 4). Consumers’ demand and willingness to pay for locally-grown produce increases as 
incomes rise, and this creates limits to countries’ reliance on food imports as a solution to the farm 
labor problem.  

At the other end of this trade often are countries with much lower land per laborer, such as China. 
Since the turn of the century, China has dramatically raised its exports of labor-intensive fruits and 
vegetables, while increasing its imports of less strategic, and more land (and water) intensive ones 
such as soybeans and corn for animal feed, much of it from the United States (soybeans) and Brazil 
(Christiaensen 2013).  

Figure 4. Fruit Imports for Europe and the United States 

Source: FAO (http://www.fao.org/faostat/en/#data). 
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Ways Forward 

The agricultural transformation is a quintessential part of economic development everywhere; 
people move off the farm and pressure on agriculture grows to feed a growing population. What 
this means for policy logically depends on what stage of the development process a country is in 
and what institutions and social norms are in place. But at the core must lie a policy package that 
raises labor productivity in agriculture, that continues to do so while leveraging the poverty 
reducing powers of the food system, and that mitigates the social adjustment costs inherent to this 
transition to avoid the introduction of inefficient policies such as a closure of borders for 
agricultural goods or laborers. This has been the challenge in the past and continues to be so when 
looking at the future of work in agriculture.  We conclude by pointing out a trio of policy entry 
points for developing countries, at the early to middle stages of the agricultural transformation, 
and for high-income countries at the late stages. 

The starting point for thinking about policy responses in developing countries is to recognize that 
agricultural labor productivity in many African countries continues to be dismally low, that current 
and future generations of young people are less willing than their parents to perform low-paying 
and onerous farm work, and that agricultural exports and emigration may offer fewer employment 
opportunities than in the past. However, domestic food demands continue to increase and diversify, 
and this creates important employment opportunities in the off-farm AFS. This means that both 
traditional and new digital technologies can be leveraged to induce a productive exit out of 
agriculture in Sub-Saharan Africa while maintaining a competitive agricultural workforce on and 
off the farm in the chains elsewhere. Three key policy implications emerge. 

First, productivity-enhancing investment in agriculture must accelerate in the lower income 
countries and proceed at least in tandem with the movement of workers off the farm elsewhere. 
Populations will continue to grow despite slowing birthrates, and food production will have to 
expand to keep pace. The movement of workers off the farm to meet the demand for other goods 
requires producing more food with fewer workers, once underemployed labor has been activated. 
Historically in today’s high-income countries, agricultural extension and investments in 
infrastructure, from irrigation to information, marketing institutions, and roads, played a critical 
supporting role in facilitating the labor exit out of agriculture.  This has enabled the remaining 
farmers to earn a living commensurate with nonfarm sectors, as competition for workers with the 
non-farm sectors (including migration to urban areas) and downstream food processors intensified. 
This agenda holds as much today as then.  

In China, agricultural wages are keeping pace with non-farm wages, and this underlines the 
important role of agricultural investments in the development process. In Sub-Saharan Africa, the 
agricultural share of public spending continues to be well below that in East Asia (3 percent on 
average during 1980-2012 versus 8 percent in Asia). Myriad input, factor, and output market 
constraints hold agricultural labor productivity back, and integrated solutions that simultaneously 
overcome a number of these constraints are needed. Inclusive value chain development (iVCD), 
which links farmers with buyers in contracting arrangements, offering knowledge, access to credit 
and inputs, and higher (less volatile) prices in exchange for a consistent volume of high-quality 
produce, provides a market-based solution to do so. Given the challenge to develop self-enforcing 
incentive compliant contracts, however, iVCD typically does not work well for raising staple crop 
productivity. Yet, in low income countries, this is where the need and scope for raising labor 
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productivity and poverty reduction is highest. For raising labor productivity in staple crops, more 
and better public investment in public goods is needed (Beegle and Christiaensen 2019). 

Second, the scope for iVCD to raise smallholder incomes and benefit the poor and women is 
greater for non-staples. It also creates jobs off the farm, in the chains and beyond (through 
consumption linkages). Success factors of iVCD include careful diagnosis of the competitiveness 
and sustainability of the product value chain chosen, starting small, involving financial institutions, 
monitoring producer-buyer relationships, and sustaining capacity building.  This is in addition to 
creating an economic environment that is conducive to investment generally.  Developing systems 
to monitor and enforce food quality standards in the AFS is equally critical. 
  
There is clearly a role for agricultural ministries, as well as for the private sector, to ensure that the 
development and use of labor-saving technologies keeps pace with the movement of workers off-
farm. Many questions remain, however, especially on the best entry points for support: through 
farmer organizations/cooperatives, large anchor firms and/or SMEs, or externally initiated 
stakeholder platforms.  More experiments are needed. Labor-market regulations and other social 
protections can also be useful in protecting vulnerable populations from exploitation as they 
transition into non-farm work (Swinnen and Kuijpers 2017; Barrett et al. 2019; Christiaensen 
2020). 
 
Third, investment in people is critical to raise agricultural labor productivity and to make sure that 
those leaving can access the new jobs in the AFS, as well as other non-farm sectors, and meet the 
rising economic aspirations of rural youth.  Continued investment in quality rural education, which 
continues to largely underperform in developing countries, is needed (World Bank 2018). 
Increasing educational attainment in rural areas facilitates technology adoption, as well as 
occupational mobility, and reduces income inequality. This is also important for young women 
facing social norms that make it difficult to escape from traditional gender roles.  

Nontraditional skill-building programs and effective agricultural extension systems will be equally 
needed to build up human capital in regions where traditional education has proven ineffective. 
The extension system is particularly weak in Sub-Saharan Africa, however, and has been largely 
neglected for the past couple of decades by governments and donors alike. The 2010s have 
witnessed a surge in studies on social network or farmer-to-farmer technology extension, which 
proves more promising especially in combination with public extension than traditional public-
sector extension approaches. But several issues remain such as the choice and compensation of 
appropriate lead farmers (Takahashi et al. 2020).  

Policy implications are different, but just as immediate, in high-income countries. Rich-country 
farmers will be required to produce more and higher-quality fresh and processed foods for a 
growing, and increasingly affluent, domestic and global population, and they will be required to 
do so under increasingly stringent environmental and animal welfare standards. However, they 
will have to do this with fewer workers. The transition of domestic workers out of farm work 
largely has run its course in rich countries. The option of importing foreign workers is gradually 
closing, due to a declining farm labor supply in farm labor-exporting countries and a less 
supportive political environment for immigration, particularly of low-skilled workers, in high-
income countries. Three key policy implications emerge for high-income countries in this era of 
growing farm labor scarcity: 
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First, farmers in high income countries (as well as the sending countries) will increasingly need to 
look beyond immigration policy as an answer to farm labor scarcity (surplus)—especially in the 
medium and long run. Guest worker programs can expand as a short-run response to farm labor 
scarcity. However, as the agricultural transformation progresses in farm labor-exporting countries 
and political resistance to importing low-skilled farm workers intensifies, the immigration solution 
to the farm labor problem becomes less of an option. This does not mean that immigration will not 
continue to play a central role in farm labor markets throughout the developed world for some 
time. But farmers will need to take steps to retain an aging, mostly immigrant, workforce while 
pursuing available options to contract new workers from abroad. International farm labor 
migration could continue to be a much-needed channel for sharing prosperity across nations and 
reducing poverty in the world’s poorest countries. For this, however, a much needed 
counternarrative needs to take hold rapidly. If not, its days may be numbered prematurely.  

Second, increasingly sophisticated technological change is going to be a fundamental feature of 
the food supply chain, from farming to food processing. Productivity-enhancing investments likely 
will include the use of highly-advanced robotic systems that will dramatically reduce the need for 
workers (the workers will change, too; see below).  Scouring the landscape in today’s high-income 
countries we find automation success stories like the ones described earlier in this paper, as well 
as major challenges. There is a danger that automation will not happen quickly enough to enable 
farmers to maintain their competitiveness in a high-wage, labor-scarce, world. Farmers can 
respond by shifting their production into less labor-intensive crops. However, more affluent 
consumers will demand fresh, locally-grown fruits and vegetables, as well as specific qualities like 
organics, environmentally friendly production practices, fair trade, and possibly better labor 
practices, all of which tend to increase labor demands compared to field crops where automation 
is more advanced. Prices of these fresh fruits and vegetables will rise, causing farmers to think 
twice about abandoning production as wages rise while intensifying pressure on public and private 
researchers and policy makers to accelerate the development of labor-saving technologies and 
deploy the necessary digital infrastructure to run it, including in remote rural areas. Society will 
need to keep an eye out for undue concentration of power in the supply of these new technologies 
and devise adequate policies to ensure competition (Carolan 2020).  

Third, a tekked-up AFS requires a tekked-up workforce, with more engineers and people capable 
of working with increasingly complex technologies. As agricultural and food processing 
technologies become more IT intensive, so do human capital demands all along the AFS. To some 
extent, developments in IT can help respond to human capital shortages; viz. bar codes in 
supermarkets and hamburger buttons at fast-food restaurants. Nevertheless, the numbers of 
workers with little education who pick themselves a living wage will diminish. As new 
technologies become available for relatively easy-to-mechanize crops and routine tasks, the farm 
workforce will move out of those crops and tasks into ones that have not yet been mechanized and 
are non-routine (e.g., farm tourism). A major policy challenge is to prepare the future farm 
workforce for technological change while also ensuring that employment opportunities expand as 
new technologies release workers from crop production. There is no magic bullet to guarantee that 
automation, human capital formation, and new job creation move apace.  

It is undeniable that the future holds far-reaching changes in mechanization and automation in 
developing and developed countries alike. Without it, agriculture and the AFS generally will not 
be able to keep up with rising food demands and a declining farm labor supply. Inevitably, many 
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farms and farm workers will have difficulty adjusting. Some farms and farmers, particularly larger, 
wealthier and better educated ones, are in a far better position to experiment with and adopt new 
labor-saving technologies, including advanced robotics. And some farmers and farm workers, 
particularly older ones, will have a difficult time shifting to new commodities and tasks; the more 
tekked-up farm workforce of the future is likely to be younger and better educated than current 
workers. Decoupling social insurance from employment, as proposed in Gentilini et al. (2019), 
could be a worthwhile social insurance model to mitigate adverse consequences of this transition 
and avoid the introduction of ineffective agricultural and food policies. Without successful social 
insurance schemes to help mitigate the adjustment costs and rapid ramp up in agricultural 
education and extension, the ongoing evolution in the agricultural labor force is bound to add a 
new voice to rising populism.  
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