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REVIEW OF RURAL AFFAIRS

India and Africa in the Global Agricultural
System (1961–2050)
Towards a New Sociotechnical Regime?
Bruno Dorin

The asynchronous but somewhat similar agricultural
trajectories of sub-Saharan Africa and Asia, especially
India, are analysed over nearly a century (1961–2050).
Millions of pieces of data available on the past
(1961–2007) and on a plausible future
(2006–50 projections by the Food and Agriculture
Organization) are organised in a simple world food
model where production, trade and consumption are
aggregated and balanced in calories. Given the current
and/or future land–labour relationships that characterise
India and Africa, can these regions experience the same
structural transformation that the developed countries
went through, or work together towards a new
sociotechnical regime by developing their own
regionally differentiated labour-intensive production
investments and technological capacities for economic,
social, and ecological sustainability?
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I

ndia and the African countries, like all other developing
countries, are subservient to an overarching expectation of
a sequential development trajectory, where incomes and
labour shift or climb from predominantly agrarian, to industrial, to service sector-led growth, as had been the case in developed countries. Within this paradigm of “structural transformation” (Chenery and Srinivasan 1998; Herrendorf et al
2014), understood as “a necessary condition for cumulative
and self-sustaining growth” (Johnston and Mellor 1961), recent
insights into the development processes of industrialised
countries have emphasised that growth and development in
Africa would also depend heavily on public investments and
regulations, and hence the capacity of the African governments to break out of the policies of the Washington or postWashington consensus (Chang 2009, 2012). Here, the lessons
from India are considered useful for Africa, with regard to
agricultural and industrial policies, production investments,
and technological capacities, especially agricultural research
and extension. Some may disagree (for example, Pimentel et al
1973; Dawson et al 2016), but 20 years earlier, Uma Lele and
Arthur Goldsmith (1989), drawing upon India’s successful green
revolution that lasted from the late 1960s until the early 1980s,
and the role the Rockefeller Foundation played in this growth
in productivity, advocated that Africa should find the same strong
political will and elite commitment as in India, to develop similar technological capacities, build its science and technology
personnel, and ensure appropriate production investments.
While India and Africa’s development trajectories raise
questions about how and when developing countries should
“kick away the ladder” (Chang 2002), there are issues regarding the nature of the technology that should be promoted and
its relationship with domestic land and labour, which are perhaps more pernicious and more substantively shaped by the
overarching assumptions about development. In an era when
we have the Alliance for a Green Revolution in Africa (Toenniessen et al 2008), India–Africa Forum Summits (April 2008,
May 2011, October 2015), increasing Indian (as well as Chinese
and Brazilian) investments by public- and private-sector entities
in African agricultural lands (Scoones et al 2016; Cabral et al
2016; Rej and Ngangom 2015; Chakrabarty and Mishra 2016),
and repeated calls for a more just, prosperous, and harmonious global community in 2050 (for example, Paillard et al 2014;
Kohli 2016), this paper questions some of these fundamental
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Figure 1: The Nine Regions of the Study*
Cartographic source: Articque

NAM
LAM
EU30
EU08
RUSS
MENA
SSA
ASIA
OCEA
No data

* See note 1 at the end of paper.
Source: Dorin (2014a, 2014b); Dorin et al (2013).

Table 1: Economic Growth (1970–2007, 2006–50)
Region

NAM
EU30
OCEA
LAM
ASIA
MENA
RUSS
EU08
SSA
World

Annual Growth Rate (%)
1970–2007
2006–50

+2.88
+2.50
+3.26
+3.46
+4.52
+4.06

+3.26
+3.09

+3.25
+3.24
+3.62
+4.57
+5.13
+4.57
+3.74
+3.77
+3.98
+4.06

Share of World GDP (%)
2007
2050

29.6
29.0
1.7
5.9
25.5
4.1

1.6
100.0

22.9
19.0
1.3
8.1
42.1
4.2
1.1
0.3
1.1
100.0

$/Cap/Day
2007
2050

81, 7
54, 1
63, 3
9, 9
6, 6
9, 6

2, 0
14, 4

368, 2
268, 7
266, 2
81, 7
65, 9
50, 4
36, 7
31, 8
4, 8
80, 9

(i) The 2006–50 estimates are based on the data sent to us by the FAO on 4 April 2012, with
“GDP in million $.” We did not apply any purchasing power parity or PPP rates to these GDP
values whereas the FAO did, before presenting its “Table 2.4 GDP assumptions and implied
convergence indicators” (Alexandratos and Bruinsma 2012: 38). In 2006 (2005–07 average),
we find almost the same world GDP per capita “at 2005–007 exchange rates,” but in 2050,
we find about $80/day as compared to $38/day in Table 2.4. Similarly, according to the data
received, the world GDP grows at +4.1% per annum from 2006 onwards, instead of +2.1%
per annum as displayed in Table 2.4 to which FAO’s PPP rates are applied.
(ii) 1970–2007 estimates based on UNSTAT (2010), total value added in 1990 US dollars.
(iii) $/cap/day (dollar per capita per day, a proxy of average income) cannot be compared
between 2007 and 2050 since values are not expressed in the same unit (base year).
(iv) Regions ordered in descending order of $/cap/day projected for 2050.
(v) Estimates for RUSS and EU08 regions over 1970–2007 are not shown due to
inconsistencies (former Union of Soviet Socialist Republics, which included some countries
of EU08, was a single statistical unit before 1991).
(vi) For details of region groups (NAM, OCEA, LAM, etc), see note 1 at the end of the paper.

assumptions after having demarcated the long-term agricultural dynamics of sub-Saharan Africa (SSA) in the global food
system over a period of nearly a century (1961–2050). The
methodological originality of this work, the complete technical aspects of which are detailed in a report available in French
(Dorin 2014a), relies on the quantitative, retro-prospective tool
Agribiom (Dorin, Chapters 2 and 3, in Paillard et al 2014).
From the scale of a nation or superior regional entities, up to
that of the whole world, Agribiom expresses balanced annual
volumes of production, trade and uses (for food, feed, seed,
industry, etc) of human-edible calories grouped under three
main categories according to their origin (plant, animal, and
aquatic). These resource-use balances of edible biomass in
calories are the inputs or the outputs of a simple biophysical
model that connects land surfaces with populations and their
consumptions through basic indicators of productivity (of
land, labour, feed, etc) either observed in the past or assumed
in future scenarios.
Using this tool, we demarcate and discuss here the overall
agricultural and food dynamic of SSA in relation to eight other

large regions of the world (Figure 1),1 notably Asia, over a time
span of almost a century (1961–2050). For the past period
(1961–2007), we used several millions of pieces of national
data, mostly from the Food and Agriculture Organization
(FAO) (especially its “commodity balances” in tonnes: http://
faostat.fao.org). For the projected period (2006–50), our reference scenario “PAB50” (Dorin 2014b) was backed by detailed
national data provided by the authors of the FAO projections
for 2050 (Alexandratos and Bruinsma 2012).2 As we will see,
according to these projections, Africa of the future would resemble India and other parts of continental Asia today, where the
rural population and labour force in agriculture is still massive
despite several decades of accelerated growth and urbanisation of the economy. Is this stunted structural transformation
in continental Asia, especially India (Binswanger-Mkhize
2013), the future of Africa, where accelerated urbanisation
and a high rural population growth is both predicted and
questioned (Losch et al 2012)? The second section of the paper
shows how such a common future is plausible and challenges
the global food and agricultural system and, more generally, a
development paradigm that shapes economic thought, policymaking and scientific and institutional innovations. In the first
section, we start by presenting and discussing our synthesis of
the FAO projections for SSA with no reference to structural
transformation, employment and farm labour productivity, as
in most prospective studies on world agriculture and food.
Projected African Boom

Between 2006 (2005–07 average) and 2050, the FAO expects
the gross domestic product (GDP) growth of the whole SSA
region to be more or less equal to the world economic growth, at
about +4% per annum as against more than +5% for Asia, the
highest regional rate (Table 1). In terms of demographic
growth, however, SSA would by far see the highest growth,
with +124% over 2006–50 as compared to +37% at the global
level and only +28% for Asia (+147% in India from 1961 to
2005).SSA would also continue to increase its net cultivated
areas3 (+49% over 1961–2005 against +5% in India), with
+20% over 2006–50, a level comparable to +24% in Latin
America as against +4.3% globally and +1.5% for Asia. And,
the average yield of plant food calories per cultivated hectare
would more than double over 2006–50, with +120% as against
+50% worldwide and +45% in Asia (+158% in India from 1961
to 2005). As a result of these increases in cultivated land and
yield, SSA would show the highest growth in production of
plant and animal calories (+164% and +185%, respectively,
as against +56% and +61% worldwide, and +47% and +91%
for Asia). This production performance would greatly contribute to increasing the average food calories availability per
capita in SSA, above all in plant calories (+21% as against
EPW is grateful to Surinder S Jodhka and P S Vijayshankar who have
been Guest Editors of this issue of the Review of Rural Affairs. The
members of the advisory group of editors for the biannual Review
of Rural Affairs are Ramesh Chand, Surinder S Jodhka, Duvurry
Narasimha Reddy and P S Vijayshankar.
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Figure 2: Food Availability per Capita in Plant Calories,1961–2007, 2050*

Figure 5: Net Trade in Plant Food Calories, 1961–2007, 2050*
Gkcal/day

3100 kcal/cap/day
3000
2900
2800
2700
2600
2500
2400
2300
2200
2100
2000
1900
1800
1700
1960
1970
1980
1990
* See note 1 at the end of paper.
Source: Same as in Figure 1.
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Figure 3: Food Availability per Capita in Animal Calories, 1961–2007, 2050*
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Figure 6: Net Trade in Animal Food Calories, 1961–2007, 2050*
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2010

Figure 7: World Demand in Plant Food Calories, 1961, 2006, 2050

Figure 4: Yield per Cultivated Hectare in Plant Food Calories, 1961–2007,
2050*
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+9% worldwide, while it was only +12% over 1961–2006)
which should be slightly higher than the global average of
almost 2,700 kcal/cap/day in 2050 (Figure 2).4
This projected African boom should, however, be tempered.
In terms of food production and consumption, SSA’s starting
point is extremely low (as was India’s in the early 1960s) and is
likely to remain so in several areas. The average food availability of animal products per inhabitant (milk, meat and eggs)
would barely increase and this would widen the gap with the
other regions, with less than 200 kcal/capita/day for SSA in
2050 (of a total of barely 3,000 kcal) as compared to 600 kcal/
capita/day globally (550 kcal for Asia) and over 1,200 kcal in
industrialised countries or countries in transition (Figure 3).
The average yield of plant food calories per cultivated hectare
would also remain very low at about 23,000 kcal/ha/day in
2050, far from the world average (32,200 kcal/ha including
SSA) and even further from the Asian or European average

23875
3789

15914

6118

0
1961
Source: Same as in Figure 1.

2006

2050

(over 40,000 kcal/ha) (Figure 4). This would probably result
in SSA doubling its net deficit in plant food calories (about 700
Gkcal/day in 2050, although it had a net excess of 70 Gkcal/
day in 1961). In comparison to 2006, it would nonetheless
remain in fourth position as a net importer of plant food calories,
behind the Middle East and North Africa (MENA) region, Asia
and Europe, while the other regions would continue to have a
net excess of plant food calories, with Latin America clearly
ahead of the others in this area (Figure 5). If we add the net
trade in animal food calories (Figure 6), in 2050, the ratio of
independence in food biomass for the SSA region (production/
consumption, in plant food equivalent)5 would, however, remain close to the 88% level observed in 2006 (113% in 1961).
This controlled deficit can be explained by the high growth
expected in African food production, the projected low increase
in consumption of animal products (and hence, the demand
for animal feed) and the almost zero usage of food biomass for
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Figure 8: Population and Demand in Plant Food Calories by Region, 1961, 2006, 2050*
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The limitations of such an exercise are, however, not always
well-known or understood. We
highlight several of them here,
to show that the FAO 2006–50
projections are not forecasts but
one possible future scenario
among other possibilities.

(i) Economic growth: To parameter its demand functions
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20
LAM
LAM
(using different Engel functions
10
10
EU30
EU30
for the different commodities
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and countries), the FAO used a
1961
2006
2050
1961
2006
2050
Feed (% world demand in animal feed)
Biofuel first generation (% world demand)
GDP growth scenario from the
100
100
Other
Other
World Bank Development Pros90
90
MENA
pects Group, dating from the
MENA
80
80
SSA
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few years later, with the slow* See note 1 at the end of paper.
Source: Same as in Figure 1.
down in global growth, such a
scenario
could
be
considered
“optimistic”
and may be revised
the production of first generation biofuels (unlike the American and European regions; see Figure 7 (p 7) and Figure 8 for a downwards.
synthetic presentation of world consumption by use).
This is our brief and original synthesis of the FAO projections (ii) Demographic growth: The FAO projections were based on
on key global issues. This synthesis has its own limitations, the UN 2008 projections (UN World Population Prospects: The
which are mainly related to the high level of geographical ag- 2008 Revision), and used the “Medium-fertility” scenario. In
gregation, as well as the principal unit of measurement, the the same demographic scenario, the UN “2012 Revision” (UN 2013)
food calorie. The latter has great advantages but also draw- shows almost 400 million more inhabitants in SSA. Such numbacks, which are just as important. In particular, it does not bers shatter some of the FAO’s conclusions (Dorin 2014a: 31–33).
tell us about the nutritional quality, for instance in macro and
micronutrients (which can be insufficient for securing human (iii) Animal feed: The transformation into animal food prodor animal health, despite satisfactory calorific levels), or the ucts (milk, meat, and eggs) of plant food products (cereals, oilmonetary value (the value of a calorie of coffee is not the same seeds, roots, tubers, etc) via livestock farming, is little develas that of a calorie of wheat). Neither does it include products oped in the FAO exercise, although in its scenario, the main
that are non-edible for humans, such as textile fibres or animal agricultural growth of the future would be driven by the defodder (hay, straw, silage, etc). Our estimates in food calories mand for animal products and animal feed. A few points of
are, in fact, only orders of magnitude; they are useful not in difference in the transformation coefficients used by the FAO
their absolute values, but to carry out comparisons across large could considerably modify its final reports (Dorin 2014b: 40–42).
geographical and temporal scales, like a “macroscope” eager
to observe and anticipate the big moves of a universe.
(iv) Demand for biofuels: Here, the FAO has only taken first genThe FAO’s anticipations have limitations too. For years, this eration biofuels into consideration. For the latter, it used projecUnited Nations (UN) organisation has been working on and tions until 2019, developed with the Organisation for Economic
propagating agricultural and food projections at the global Co-operation and Development (OECD) and validated by the conscale. For this exercise, it uses millions of pieces of historical cerned national authorities (OCDE and FAO 2010), and assumed
data, expert opinions, forecasts established by other institu- no further increases in subsequent projection years. For these
tions, and a partial equilibrium model of supply and demand. reasons, this biofuels scenario is qualified as “limited.” In any
As this complex exercise has no equivalent, its results have event, any biofuels scenario is very uncertain as far ahead as 2050,
become an international reference used by a number of commu- given the numerous ongoing interrogations in this area, at the political, economic, and technological levels (Dorin 2014b: 43–45).
nities as a basis for their reflections or their own projections.
30

30
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Figure 9: Active Population in Agriculture, 1961–2007, 2050*
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* See note 1 at the end of paper.
Source: Same as in Figure 1.
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(v) Productivity of agricultural work: This area is ignored in
the FAO report, although revenue from agriculture conditions
the production and consumption capacities of several hundred
million people throughout the world. We will return to this
fundamental aspect of development in the next section.
We can add the following points to the critical ones mentioned, notably:
(i) Changes in the price of fossil fuels and its impacts on the
cost of agricultural inputs and farm yields;
(ii) The effect of climate change on agricultural lands and
their yield; in particular the resilience of local (also non-traded) staple crops like millets or cassava, or feed resources for
livestock to new temperature and precipitation regimes;
(iii) The compatibility of the projected increases of cultivated
areas, yields and animal productions with health and environmental concerns (pesticides and antibiotics, drinking water,
soil fertility, climate change, biodiversity, animal welfare, etc);
(iv) Changes in the consumption of animal products, which
could shift away from historical trends due to a combination of
diverse factors (economic, health, environmental, ethical, etc);
(v) Changes in the demand for non-food agricultural products
(fibres, rubber, construction materials, etc) that could also shift
away from historical trends, particularly if the price of fossil fuels
increases greatly or if restrictive climate policies are adopted;
(vi) Changes in loss or wastage rates, first between the harvest and
the time it reaches the consumption units (rates currently high
mainly in developing countries), then within the consumption
units (mainly companies and households in developed countries);
(vii) The effects of public policies, particularly in the area of
support for agriculture and biofuels, agricultural research and
development, nutrition and trade in agricultural produce;
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(viii) Changes in human resource capacities, and aspirations
spurred by increasing investment in higher education and
healthcare;
(ix) The emergence of an educated middle class with heightened democratic awareness in the highly iniquitous global
economic and ecological space.
Structural Transformation, Farm Labour Productivity

Let us now focus the discussion on an issue that today’s models
and projections pay too little or no attention to, despite its importance in terms of thinking about and building the future: the
agricultural workforce and its income. The projections of active
populations in agriculture are not displayed and discussed in
Alexandratos and Bruinsma’s report (2012) but were available in
the files sent to us by the authors. For the SSA region they show a
2006–50 increase similar to that of Asia in the past: +81% as
against a global decrease of -13%, with a drop in all the other
regions, including Asia (-27% in Asia, that is, 260–280 million people presumed to have found a job outside agriculture by 2050,
against +83% over 1961–2005, with +94% for India; Figure 9).
Using these data for projected active populations in agriculture is undoubtedly questionable as they are neither documented nor used by the FAO, but they were the most credible
basis to continue our exercise. We combined them with our
estimates in calories, and arrived at the following results.
(i) In 2050, the average labour productivity in sub-Saharan
agriculture would fall below 18,000 kcal of plant food per
worker per day, as compared to 1.8 million in Europe (100
times more) (Figure 10, p 10).
(ii) To raise this low average labour productivity to the level of
Asia in 2050 (about 27,000 kcal/worker/day) would require,

10

Published on Saturday,

JUNE 24, 2017

vol lII nos 25 & 26

EPW

Economic & Political Weekly

REVIEW OF RURAL AFFAIRS
Figure 10: Production of Plant Food Calories per Agricultural Worker,
1961–2007, 2050*
1,00,00,000 kcal/w orker/day

Figure 11: Availability of Cultivated Land per Agricultural Worker,
1961–2007, 2050*
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* See note 1 at the end of paper.
Source: Same as in Figure 1.
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ceteris paribus (Dorin 2014a: 34–36), the following absolute
changes between 2006 and 2050, or a combination of them:
(a) an increase in the cultivated area of +175 million hectares
instead of +43 million in our reference scenario; (b) an increase in yield up to +24,500 kcal/ha/day instead of +12,600
kcal; and (c) an increase in the number of agricultural workers
limited to +37 million instead of +150 million.
Under either of these conditions, the average agricultural
labour productivity in SSA would then approach 27,000 kcal/
worker/day in 2050 as in Asia. But, it would still remain the
lowest in the world, and would continue to diverge instead of
converging with the productivity levels of the developed regions
(Dorin 2014a: 34–36). This productivity level would, for example, be 245 times lower than that of North America, where the
dynamics are very different. The North American region
should, in fact, continue to lose its agricultural workers (numbered slightly over 1.1 million in 2050) replacing them with increasingly impressive (and capital intensive) motorised equipment that allows the remaining farmers to exploit ever larger
surfaces: almost 200 ha on average per agricultural worker in
2050, as against 0.8 ha or less in SSA and Asia (Figure 11).
Alongside this widening international gap in agricultural
labour productivity in calories that seems less disputable than
monetary values in PPP for instance,7 and that higher prices or
lower production costs in SSA or Asia are unlikely to counterbalance due to the magnitude of the gap, we also tried to see
how the labour income gap between farm and non-farm employments would evolve within SSA in our 2006–50 reference
scenario. With our own rough country estimates of total economically active populations until 2050, we came to the conclusion that this gap would widen within SSA (Dorin 2014a:
37–38), as has been the case within Asia throughout the past
few decades (Dorin et al 2013; Dorin and Aubron 2016). To say
the least, in a context where many workers and their families
cannot find a dignified livelihood in agriculture (or elsewhere)
compared to the rest of the population, high-performing economies such as the ones of Asia today risk being undermined by
severe social crises (Hayami and Godo 2004).
Such long-term dynamics between and within international
regions do not seem to shake the presumption of unconditional
convergence in (higher) labour productivity of the neoclassical
growth theory (Rodrik 2013) or new structural economics
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* See note 1 at the end of paper.
Source: Same as in Figure 1.
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(Lin 2011), regardless of today’s disturbing ground realities in
terms of human life (billions of people still in extreme poverty,
rising inequalities) and its fi nite support (depletion of natural
resources). This belief in the long-term convergence of freemarket economies is rooted in the paradigm of “structural
transformation” that shaped economic thought after World
War II (Johnston and Mellor 1961; Chenery and Srinivasan 1998;
Herrendorf et al 2014), and which refers to the reallocation of
economic activity across three broad sectors: agriculture, industry and services. This paradigm is anchored in conceptions
and measures of economic development according to three sectors (“primary,” “secondary,” and “tertiary”: A G B Fisher, C Clark,
J Fourastié), in some historical experiences of “modern economic growth” (Kuznets 1966), and in dual economy models
inspired by Lewis (1954) of interrelated structural changes between the “subsistence” sector (elsewhere than in Lewis: agricultural, rural, traditional, informal, etc) and the “capitalist”
sector (or non-agricultural, modern, urban, formal, etc).
From all this literature emanates a development model
where agriculture provides cheap labour to propel the process
of industrialisation and urbanisation, which in turn deliver
technology and increasingly cheaper industrial inputs that increase agricultural yields and allow people to be fed at ever lower
costs. After a turning point, until which the intersectoral differential in labour productivity actually widens (Kuznets curve),
agricultural labour productivity should rise and poverty be
eliminated. In the process, the share of household expenditure
on food staples declines (Engel’s law), while outlay on manufactured food, other industrial goods and services rises, until
we reach the stage of a “world without agriculture” (Timmer
2009), as in the now-rich OECD countries. In the latter countries, the share of agriculture in both total employment and
value added is now 2%–3%, while labour productivity across
the agricultural and non-agricultural sectors has converged:
historical rural mass poverty has been eradicated.
The question that arises is whether one day this kind of historically dated structural transformation that has occurred in
a few countries (less than one-third of the world population in
2007) can really take place elsewhere, or at what financial,
social and environmental costs. In the OECD countries, what
actually boosted farm labour productivity and its convergence
with non-farm productivity was large-scale mechanisation of
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agriculture rather than yield increase (Dorin et al 2013). Can
densely populated regions such as India and Africa experience
a similar phenomenon one day? It is very unlikely since such
large-scale mechanisation of agriculture would require an offfarm migration and a concomitant mega-urbanisation unprecedented in human history.8 Instead, due to the convergence of
increasingly lower labour-intensive manufacture all over the
world (Rodrik 2013) and cities that are often already congested, the bulk of the workforce remains trapped in subsistence
agriculture (a lesser evil?) with insecure casual off-farm jobs
whenever they can be found. As a result, even if the share of
farmers in the total working population is slowly decreasing,
the numbers of farmers may continue to increase as observed
in the past in most developing regions of the world (Figure 9).9
This increase in the agricultural workforce then proportionately
reduces the already small size of farms in regions where agricultural land is finite, and the resulting fragmentation (less
available land per farmer) can only be compensated by higher
increases in crop yield or animal husbandry. This is a challenging situation, especially if land productivity relies on an
intensive use of inputs with high financial and environmental
costs (chemical fertilisers, pesticides, lab-seeds, fuels, and
irrigation). Asia, especially India, has had to face the reality of
this challenge throughout the last decades (Dorin et al 2013;
Dorin and Aubron 2016) with (i) average land availability per
farmer decreasing whereas it was already at the lowest world
level in the early 1960s, (ii) average land productivity increasing faster than elsewhere to maintain or enhance farmer labour
productivity, but (iii) natural capital (water, soil, and biodiversity) declining faster than elsewhere, and (iv) the productivity
gap between farm and non-farm labour diverging rather than
converging.
Such an “Asian trap” or “Lewis trap” was not anticipated by
Yujiro Hayami and Vernon Ruttan in the 1970s. They told us
that mechanisation was the key technological instrument to
augment farm labour productivity in the land-abundant Western countries (the United States in particular), whereas it was
water and modern agricultural inputs in the land-constrained
and labour-abundant Eastern countries (Japan in particular)
(Hayami and Ruttan 1971). But, obviously, despite huge investments in irrigation and modern agricultural inputs in Asia
since the 1960s (green revolution), population pressure on
land resources could not be circumvented so easily, contrary to
what the two agricultural economists predicted, and farm labour productivity has not increased “up to the levels of Western Europe in the early 1960s” (Ruttan 2002). There has not
been a rapid economic catch-up, but rather the opposite: in our
reference scenario, the average Asian agricultural labour productivity in calories in 2050 would still be 1.5 times lower than
that of Western Europe in 1961, and in 2050, it would be 65
times lower (Figure 10). Could a major breakthrough in biotechnology help reverse such a trend as some, especially the
seed multinationals, believe or claim? As in the 1960s or the
1970s, biotechnology can still be unconditionally trusted to
eradicate poverty, but, for the time being in India, after 50
years of heavy investment in the high-yielding varieties of the

green revolution, incremental yield per unit of inputs is declining, surface water conflicts are increasing, water tables dropping, input costs rising, and farmers’ distress is being transformed into political slogans.
Accelerated part-time farming with rural non-farm jobs can
certainly relax current agrarian tensions in Asia, especially
India (Binswanger-Mkhize 2013), along with policies to make
land rights transparent and the judiciary accountable (Gupta
and Giri 2016). However, accelerated part-time farming may also
mean accelerated “semi-proletarianisation” (Yadu and Satheesha 2016), and, all in all, it should not radically change the global
equation. In fact, in SSA and even more so in Asia, the amount of
available land for agriculture, in comparison to the size of the
current or future populations could make it extremely difficult—if not impossible—to replicate the development path followed by today’s industrialised countries. Unless we envisage
a free (and truly massive) movement of labour at an international scale, as is more or less the case for capital today. For the
moment, such an assumption helps economic theory find a
long-term universal wealthy equilibrium through mathematics. But on terra firma, this option is not on any short- or longterm political agenda, especially in wealthy countries that find
it difficult to welcome several hundred millions of destitute
people for the sake of convergence in labour productivity.
Conclusions

Our study incites us, in fine, to reconsider our “modern” model
of increasing land and labour productivity in agriculture. This
model could, in fact, be too circumscribed within the historical and geographical contexts that brought it into being.
Future avenues, maybe, lie in a new science and technology
paradigm, or a new sociotechnical regime (Schot and Geels
2007) where an increase in agricultural productivity does not
rest, above all, on a few large-scale monocultures (harvested
by very few or a plethora of farmers) and with intensive use of
water, fossil fuels, and agrochemical inputs (especially by
small-scale farmers), but rather on a context-specific agroecosystem that boosts biological synergies below and above
ground, amongst numerous plant and animal species (from
soil fungi to trees, from soil bacteria or worms to cattle, etc).
Boosting biodiversity and ecological functions in each unique
agroecosystem are highly complex and require marrying the
best science with traditional indigenous knowledge.
But, compared to the current technocentric modern agriculture, in the long run it is likely to be (i) more productive per
unit of land, (ii) more resilient to climatic or economic shocks,
(iii) more labour-intensive than capital-intensive, and (iv) more
profitable for farmers if commodities of higher quality (diversified tasty nutritious food, pesticide-free products, etc) and
ecosystem services of local and global importance (safe water,
carbon and biodiversity pools, soil fertility, nutrient recycling,
pollination, disease and flood control, climate mitigation/adaptation) are equitably priced on local and international markets (Dorin and Hourcade 2012; Dorin et al 2013). “Ecological
intensification” or “agroecology,” which is also a political or
social movement (Wezel et al 2009), seems to recommend this
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path but a lot remains to be done before the current sociotechnical regime can be redirected from a supply-driven, geneticsled production system towards an agroecological knowledgebased bio-economy that augments location-specific human
and natural resources (Altieri 1999, 2009; Bommarco et al
2013; Garibaldi et al 2016; Gliessman 2007; Griffon 2013; IFAD
and UNEP 2013; IPES-Food 2016; Jansen 2015; Kumaraswamy
2012; Levidow et al 2013; Martinez-Torres and Rosset 2014;
Perfecto and Vandermeer 2010; Reganold and Wachter 2016;
Tansey 2013; Vanloqueren and Baret 2009).
Instead of a sequential development trajectory, where incomes and labour shift or rise from predominantly agrarian, to
industrial, to service sector-led growth that seems out of reach
for both India and SSA, why not immediately embed agriculture in both the primary and tertiary sectors, via a mosaic of
highly productive and labour-intensive agroecosystems providing diversified quality products along with ecological and
social services of multi-scale importance and value? Working
more effectively with local agroecosystems could also considerably increase local employment opportunities in the secondary sector (manufacture of agri-inputs or processing and marketing of agri-outputs) and overall prevent the Indian states
and African countries from converting their demographic
Notes
1

2

3
4

5

6
7

ASIA (Asia), EU30 (European Union with 27
countries + Switzerland, Norway, Iceland),
EU08 (other Western European countries,
Ukraine included), LAM (Latin America),
MENA (Middle East and North Africa), NAM
(North America), OCEA (Oceania) and RUSS
(Russia and Central Asia). On the reasons for
and limitations of this regional partition, see
Annex 1 in Bruno Dorin (2014a); the partition
was partly constrained by geographical aggregates in the FAO data sets, such as “OEEU”
which gathers Albania, Bosnia and Herzegovina, Croatia, Macedonia, Serbia and Montenegro, Byelorussia, Moldova and Ukraine.
We present and discuss the methodology we
used to obtain our reference scenario “PAB50”
in Dorin (2014a, 2014b). Basically, to obtain
comparable estimates for the whole period
1961–2050, we applied to our Agribiom values
for “2006” (three-year average 2005–07) in different fields (population, surface, yield, trade,
consumption, etc) the growth rate calculated
with the data sent by the FAO for “2006”
(three-year average 2005–07) and 2050, after
their conversion and aggregation into calories
whenever relevant.
Seasonal and perennial crops.
Our estimates of food availability per capita result from calculations, they can be compared
throughout the period (1961–2050), but they do
not necessarily match those of the FAO, either
for the past (1961–2007) or in its projection exercise (2006, 2050); generally, our results are
slightly above the official FAO data on food
availability per capita.
Ratio of independence in food biomass = (ProductionVEG + ΦProduction ANI) / (ConsumptionVEG +ΦConsumption ANI) with Φ = 2.75, the
world average according to our estimates; see
Dorin (2014b), Dorin and Le Cotty (2012) or Le
Cotty and Dorin (2012) for details and a discussion on this issue.
See notes below Table 1 for clarifications.
See note 1, Table 1, for an illustration. That said,
while in Agribiom we use uniform coefficients

8

9

dividend into a debt (Desai 2010). Beyond their biophysical
and socio-cultural differences, India and SSA could look more
closely at this avenue, and lobby to direct research and market
incentives towards this track, possibly in partnership with
France, which has great ambitions in the area of agroecology
(Le Foll 2014), and other European countries concerned with
creating rural employment and other social, economic, and
ecological landscapes than large-scale and over-indebted
farms (Schuh et al 2016). This avenue demands massive investments in various fields, but it also, and maybe primarily,
presents an institutional challenge that involves discovering a
meeting point for different goods both in national and international markets. On the one hand, the generic industrial agricultural products that now feed a large part of humanity with
their upstream and downstream oligopsonic and oligopolistic
powers and, on the other hand, territory-specific agroecological products that have a very different economic, social and
ecological content. This opens up a wide spectrum of research
for economists. In the absence of this research, they could
merely estimate the cost of safety nets that would need to be
developed between now and 2050 in order to ensure the survival of the hundreds of millions of people living in the countryside or in mega urban slums in Asia and Africa.

across countries (and years) to convert tons of
products into calories, this is not the case in the
FAO food balance sheets (from 1961) nor in
Alexandratos and Bruinsma (2012) where, for a
product, the calorie content can vary greatly
(for example, for maize: from 1.20–1.45 kcal/g
in Russia and Canada, to 3.45–3.55 kcal/g in
Bangladesh, Egypt, Nepal and Peru). These
country differences greatly complicated our calculations as we wanted to conform as far as possible to the FAO scenario (Dorin 2014a: 16–17).
In Dorin et al (2013), we have broadly quantified what this could mean for India: see “Three
scenarios for India by 2050,” page 14. Very interestingly, Nitin Desai (2010) conducted a
similar exercise up to 2050, using a simpler
model but clearly showing how the conventional structural shift may lead to huge migratory
pressures from five northern states, on the rest
of India. It could of course be the same within
sub-Saharan Africa (Vergne and Ausseur
2015), but our own scale of analysis can only
highlight huge migratory pressures from Asia
or Africa to the rest of the world.
Estimating active population in agriculture is a
tricky exercise, and FAO country-wise estimates (based on ILO estimates, themselves
based on national statistics) are regularly questioned. FAO’s figures on the “economically active population in agriculture” may be overestimated, particularly in Asian countries, due to
a high rate of farmers with part-time off-farm
employment. Even if other active populations
classified in industry or services may also be
part-time farmers (which then minimises or
even compensates the plausible overestimates
in agriculture), national statistical systems in
Asia and Africa need serious improvements on
such an important economic issue. For France,
the FAO seems to report the number of annual
work units (AWU) spent in agriculture by professional farmers, either self-employed or salaried. These AWUs are lower than the number of
professional family farmers since in 2010, for
instance, only 50% of them declared themselves as working full time in agriculture
(Grandjean et al 2016). According to the FAO

data, the availability of cultivated land (that is,
agricultural land less pasture) per economically active agricultural worker is 33.5 ha as
against 0.64 in India (that is, 52 times less than
in France) in 2010–11 (year of the agricultural
census in both France and India and from
which the FAO data are drawn).

References
Alexandratos, Nikos and Jelle Bruinsma (2012):
World Agriculture Towards 2030/2050: The
2012 Revision, Rome: Food and Agricultural
Organization of the United Nations.
Altieri, M A (1999): “The Ecological Role of Biodiversity in Agroecosystems,” Agriculture Ecosystems & Environment, Vol 74, Nos 1–3, pp 19–31.
— (2009): “Agroecology, Small Farms, and Food
Sovereignty,” Monthly Review, Vol 61, No 3,
pp 102–13.
Binswanger-Mkhize, Hans P (2013): “The Stunted
Structural Transformation of the Indian Economy,” Economic & Political Weekly, Vol 48,
Nos 26–27, pp 5–13.
Bommarco, R, D Kleijn and S G Potts (2013): “Ecological Intensification: Harnessing Ecosystem
Services for Food Security,” Trends in Ecology &
Evolution, Vol 28, No 4, pp 230–38.
Cabral, Lídia, Arilson Favareto, Langton Mukwereza and Kojo Amanor (2016): “Brazil’s Agricultural Politics in Africa: More Food International and the Disputed Meanings of
‘Family Farming’,” World Development, Vol 81,
pp 47–60.
Chakrabarty, Malancha and Vidisha Mishra (2016):
India-Africa Partnership For Food Security:
Issues, Initiatives and Policy Directions, Observer Research Foundation.
Chang, Ha-Joon (2002): Kicking Away the Ladder:
Development Strategy in Historical Perspective,
London: Anthem Press.
— (2009): “Rethinking Public Policy in Agriculture: Lessons from History, Distant and Recent,” Journal of Peasant Studies, Vol 36, No 3,
pp 477–515.

Economic & Political Weekly

EPW

Published on Saturday,

JUNE 24, 2017

vol lII nos 25 & 26

13
REVIEW OF RURAL AFFAIRS

— (2012): “Industrial Policy: Can Africa Do It?”
IEA/World Bank Roundtable on Industrial
Policy in Africa, Pretoria (South Africa): International Economic Association, p 16.
Chener y, Hollis and T N Srinivasan (eds) (1998):
Handbook of Development Economics, Volume 1,
Part 2: Structural Transformation, Eastbourne:
Elsevier.
Dawson, Neil, Adrian Martin and Thomas Sikor
(2016): “Green Revolution in Sub-Saharan
Africa: Implications of Imposed Innovation for
the Wellbeing of Rural Smallholders,” World
Development, Vol 78, pp 204–18.
Desai, Nitin (2010): “Demographic Dividend or
Debt?,” Building from the Bottom: Infrastructure and Poverty Alleviation, Sameer Kochar
and M Ramachandran (eds), New Delhi: Academic Foundation, pp 143–67.
Dorin, Bruno (2014a): Dynamiques Agricoles en Afrique Subsaharienne: Une Perspective à 2050
des Défi s de la Transformation Structurelle,
New Delhi: Centre de Sciences Humaines,
http://hal.cirad.fr/cirad-01113012.
— (2014b): L’Europe Dans le Système Alimentaire
Mondial: Un Scénario Pour 2050 Adossé aux
Projections FAO, Montpellier-Delhi: CIRADCSH, http://hal.cirad.fr/cirad-01112998.
Dorin, Bruno and Claire Aubron (2016): “Croissance et Revenu du Travail Agricole en Inde:
Une Économie Politique de la Divergence
(1950–2014),” Economie Rurale, Vol 352,
pp 41–65.
Dorin, Bruno and Jean-Charles Hourcade (2012):
“A Planet without Farmers? Food Production,
Inclusive Development and Ecology: Historical
Evidences for a New Deal,” Planet Under Pressure, London, 26–29 March, http://agritrop.
cirad.fr/567477.
Dorin, Bruno, Jean-Charles Hourcade and Michel
Benoit-Cattin (2013): A World without Farmers?
The Lewis Path Revisited, Nogent sur Marne:
CIRED, https://hal.archives-ouvertes.fr/hal00866413.
Dorin, Bruno and Tristan Le Cotty (2012): “Food
Crops and Livestock: From Worldwide Past Evidences (1961–2007) to Open Scenarios (2050),”
12th Biennial Conference of the International
Society for Ecological Economics, Rio de Janeiro, 16–19 June, http://www.isecoeco.org/
conferences/isee2012-versao3/pdf/807.pdf.
Gupta, Anish and Aaleya Giri (2016): “Suicides Despite Compensation,” Economic & Political
Weekly, Vol 51, No 18, pp 4–5.
Garibaldi, Lucas A, Luísa G Carvalheiro, Bernard E
Vaissière, Barbara Gemmill-Herren, Juliana
Hipólito, Breno M Freitas et al (2016): “Mutually Beneficial Pollinator Diversity and Crop
Yield Outcomes in Small and Large Farms,”
Science, Vol 351, No 6271, pp 388–91.
Gliessman, Stephen R (2007): Agroecology: The
Ecology of Sustainable Food Systems, second
edition, Boca Raton: Lewis Publishers (CRC
Press).
Grandjean, Alexis, Frédéric Courleux, Anne-Sophie Wepierre and Marie-Sophie Dedieu
(2016): L’agriculture Familiale en France Métropolitaine: Éléments de Définition et de Quantification, Paris: Centre d’Etudes et de Prospective (Ministère de l’Agriculture), Analyse n° 90.
Griffon, Michel (2013): Qu’est ce que l’agriculture
Écologiquement Intensive? Versailles: Quae.
Hayami, Y and Vernon W Ruttan (1971): Agricultural Development: An Inter national Perspective, Baltimore, MD: Johns Hopkins University
Press.
Hayami, Yujiro and Yoshihisa Godo (2004): “The
Three Agricultural Problems in the Disequilibrium of World Agriculture,” Asian Journal of
Agriculture and Development, Vol 1, No 1,
pp 3–14.

Herrendorf, Berthold, Richard Rogerson and Ákos
Valentinyi (2014): “Growth and Structural
Transformation,” Handbook of Economic
Growth, Aghion Philippe and N Durlauf Steven
(eds), Elsevier, pp 855–941.
IFAD and UNEP (2013): “Smallholders, Food Security, and the Environment,” International Fund
for Agricultural Development, Rome, http://
www.unep.org/pdf/SmallholderReport_WEB.
pdf.
IPES-Food (2016): From Uniformity to Diversity: A
Paradigm Shift from Industrial Agriculture to
Diversified Aagroecological Systems, Louvainla-Neuve: International Panel of Experts on
Sustainable Food Systems, http://www.ipesfood.org/reports.
Jansen, K (2015): “The Debate on Food Sovereignty
Theory: Agrarian Capitalism, Dispossession
and Agroecology,” Journal of Peasant Studies,
Vol 42, No 1, pp 213–32.
Johnston, Bruce F and John W Mellor (1961): “The
Role of Agriculture in Economic Development,”
American Economic Review, Vol 51, No 4,
pp 566–93.
Kohli, Harinder (ed) (2016): The World in 2050:
Striving for a More Just, Prosperous, and Harmonious Global Community, Oxford: Oxford
University Press.
Kumaraswamy, S (2012): “Sustainability Issues in
Agro-ecology: Socio-ecological Perspective,”
Agricultural Sciences, Vol 3, No 2, pp 153–69.
Kuznets, Simon (1966): Moder n Economic Growth:
Rate, Structure and Spread, New Haven and
London: Yale University Press.
Le Cotty, Tristan and Bruno Dorin (2012): “A Global
Foresight on Food Crop Needs for Livestock,”
Animal, Vol 6, No 9, pp 1528–36.
Le Foll, Stéphane (2014): “Indo-French Cooperation: A Lot to Explore,” Agriculture Today,
Vol 17, No 4, pp 24–26, http://agriculturetoday.
in/img/archivies/2014/April%202014.pdf.
Lele, Uma and Arthur A Goldsmith (1989): “The
Development of National Agricultural Research Capacity: India’s Experience with the
Rockefeller Foundation and Its Significance for
Africa,” Economic Development and Cultural
Change, Vol 37, No 2, pp 305–43.
Levidow, L, K Birch and T Papaioannou (2013):
“Divergent Paradigms of European Agro-Food
Innovation: The Knowledge-Based Bio-Economy (KBBE) as an R&D Agenda,” Science Technology & Human Values, Vol 38, No 1,
pp 94–125.
Lewis, W A (1954): “Economic Development with
Unlimited Supplies of Labour,” Manchester
School, Vol 22, No 2, pp 139–91.
Lin, J Y F (2011): “New Structural Economics: A
Framework for Rethinking Development,”
World Bank Research Observer, Vol 26, No 2,
pp 193–221.
Losch, Bruno, Sandrine Fréguin-Gresh and Eric
Thomas White (2012): Structural Transformation and Rural Change Revisited: Challenges for
Late Developing Countries in a Globalizing
World, Washington DC: World Bank.
Martinez-Torres, M E and P M Rosset (2014): “Dialogo de Saberes in La Via Campesina: Food Sovereignty and Agroecology,” Journal of Peasant
Studies, Vol 41, No 6, pp 979–97.
OCDE and FAO (2010): “Perspectives Agricoles de
l’OCDE et de la FAO 2010-2019,” Organización
para la Cooperación y el Desarrollo Económicos (OCDE) and Food and Agriculture Organization (FAO).
Paillard, Sandrine, Sébastien Tréyer and Bruno
Dorin (eds) (2014): Agrimonde—Scenarios
and Challenges for Feeding the World in 2050,
Netherlands: Springer.

Perfecto, I and J Vandermeer (2010): “The Agroecological Matrix as Alternative to the Landsparing/Agriculture Intensification Model,”
Proceedings of the National Academy of Sciences
of the United States of America, Vol 107, No 13,
pp 5786–91.
Pimentel, D et al (1973): “Food Production and the
Energy Crisis,” Science, Vol 182, No 4111,
pp 443–49.
Reganold, John P and Jonathan M Wachter (2016):
“Organic Agriculture in the Twenty-first Century,” Nature Plants 2, No 15221.
Rej, Abhijnan and Tanoubi Ngangom (eds) (2015):
Common Futures: India and Africa in Partnership, New Delhi: Observer Research Foundation.
Rodrik, D (2013): “Unconditional Convergence in
Manufacturing,” Quarterly Journal of Economics, Vol 128, No 1, pp 165–204.
Ruttan, V W (2002): “Productivity Growth in World
Agriculture: Sources and Constraints,” Journal
of Economic Perspectives, Vol 16, No 4, No 161–84.
Schot, J and F W Geels (2007): “Niches in Evolutionary Theories of Technical Change: A Critical Survey of the Literature,” Journal of Evolutionary Economics, Vol 17, No 5, pp 605–22.
Schuh, Bernd, Helene Gorny, Jiannis Kaucic,
Stephanie Kirchmayr-Novak, Mauro Vigani,
John Powell, et al (2016): The Role of the EU’s
Common Agricultural Policy in Creating Rural
Jobs (Research for the Agri Committee), Brussels: European Parliament, Directorate General
for Internal Policies, Agriculture and Rural Development, http://www.europarl.europa.eu/
studies.
Scoones, Ian, Kojo Amanor, Arilson Favareto and
Gubo Qi (2016): “A New Politics of Development Cooperation? Chinese and Brazilian Engagements in African Agriculture,” World Development, Vol 81, pp 1–12.
Tansey, Geoff (2013): “Food and Thriving People:
Paradigm Shifts for Fair and Sustainable Food
Systems,” Food and Energy Security, Vol 2, No 1,
pp 1–11.
Timmer, C Peter (2009): A World without Agriculture: The Structural Transformation in Historical Perspective, Washington DC: The American
Enterprise Institute.
Toenniessen, Gary, Akinwumi Adesina and Joseph
De vrie (2008): “Building an Alliance for a
Green Revolution in Africa,” New York Academy of Sciences, Vol 1136, pp 233–42.
UN (2013): “World Population Prospects: The 2012
Revision,” United Nations, Department of Economic and Social Affairs, Population Division,
http://esa.un.org/unpd/wpp.
UNSTAT (2010): “National Accounts Main Aggregate Database,” United Nations, Statistical
Division, http://unstats.un.org/unsd/snaama/
selbasicFast.asp.
Vanloqueren, Gaëtan and Philippe V Baret (2009):
“How Agricultural Research Systems Shape a
Technological Regime That Develops Genetic
Engineering But Locks Out Agroecological
Innovations,” Research Policy, Vol 38, No 6,
pp 971–83.
Vergne, Clémence and Antoine Ausseur (2015): La
Croissance de l’Afrique Subsaharienne: Diversité
des Trajectoires et des Processus de Transformation Structurelle, Paris: Agence Française de
Développement.
Wezel, A, S Bellon, T Dore, C Francis, D Vallod and
C David (2009): “Agroecology as a Science, a
Movement and a Practice: A Review,” Agronomy for Sustainable Development, Vol 29,
No 4, pp 503–15.
Yadu, C R and B Satheesha (2016): “Agrarian Question in India,” Economic & Political Weekly,
Vol 51, No 16, pp 20–23.

