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 The dairy sector is one of the pillars of global food security, despite its diversity among countries. This
multidisciplinary review discusses several key elements of sustainability (i.e. labor and gender, water, and
diversity), with a specific focus on developing countries.

Introduction
According to FAO (Food and
Agriculture Organization of the
United Nations) estimates, ca. 150
million households (i.e. 750-895 million people) worldwide are engaged
in milk production (Hemme and Otte,
2010). In most developing countries,
milk is produced in small facilities and
contributes significantly to household
livelihoods, food security, and nutrition. Dairy development generates
many benefits for farmers, milk collectors, and dairy processors (Udo et al.,
2011). In industrialized regions such as
the European Union (EU), the United
States of America (US), New Zealand,
and Australia, milk production exceeds

domestic demand, which encourages
exports to countries that do not produce enough. Depending on the
country, the dairy sector involves a
variety of production models, animal
species, breeds, connections to production zones, actors, public policies,
and human diets.
These diverse models have evolved
over time and may need to be transformed to meet future food needs of
the growing global population, which
is projected to reach nearly 10 billion
in 2050 (Willett et al., 2019). Doing
so requires promoting more sustainable development models for the
dairy sector. According to the FAO, the
transition towards sustainable food
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production and agricultural practices
requires equal focus on the social,
environmental, and economic dimensions. It also requires following five
principles: (i) increasing the efficiency
of resource use; (ii) taking direct action
to conserve, protect, and develop
natural resources; (iii) protecting and
improving rural livelihoods and social
well-being; (iv) increasing the resilience of people, communities, and
ecosystems, especially to address climate change and market volatility; and
(v) using good governance to ensure
the sustainability of both natural and
human systems. The complex issue of
the sustainability of the dairy sector is
an essential part of the biennial multidisciplinary meetings “Milk, a Vector
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for Development”1, which have largely
inspired this article.
Within this context, this article
reviews sustainable development in
the dairy sector, focusing mainly on
developing countries and on three key
resources: labor, water, and the diversity
of livestock species and dairy products
(Hoekstra, 2012; Cournut et al., 2018).
This article is organized in three parts:
i) A brief overview of the diverse dynamics of development of the dairy sector
worldwide. It highlights the important
role of Asian countries, including India,
in dynamics of global milk production
and consumption. It also highlights that
most exports of dairy products come
from a few industrialized countries and
include a high percentage of processed
products (including milk powder).
ii) The three key resources for sustainability: labor, water, and diversity. The
first subsection describes the social
dimension, with a focus on farm work
and gender issues. Since family farming includes post-production activities, such as processing and marketing,
it is an important source of income in
some rural areas. According to the FAO,
family farmers make up more than 80%
of agricultural households and women
play a key role, making up ca. 43% of
the agricultural labor force in developing countries. The second subsection
addresses water resources, which is of
increasing concern in the context of climate change. Animal feed in this sector is produced by using large areas of
natural (permanent grassland) or cultivated fodder, with relatively intensive

use of irrigation, depending on the
area. The third subsection addresses the
diversity of the dairy sector, focusing on
the high diversity of livestock species
involved and the variety of methods
used to optimize milk production.
iii) An overview of developments in
the global trade in milk and milk derivatives. Due to production challenges
and/or sustained dynamics of domestic demand, trade in dairy products
can enable countries with a deficit of
milk production to meet their domestic demand. In some developing countries; however, reliance on inexpensive
imports could discourage expansion of
domestic production.

1. Diversity of dynamics
of production and
consumption of milk in
major areas of the world
This first section presents key
elements of the dynamics of milk
production and consumption of milk
from all species. This information is
necessary to consider the world dairy
sector and to place the geographically
focused analyses in a global context.

1.1. Global milk production
and consumption
Globally, per capita food consumption
(expressed as calorie intake (kcal) per
year) is increasing, although there are
large differences among geographic
regions. According to estimates of the
FAO and the Organization for Economic
Cooperation and Development
(OECD2), per capita calorie intake in
OECD member countries peaks at ca.

3500 kcal per day (figure 1). In contrast,
calorie intake continues to increase in
most developing and emerging countries, in regions such as Sub-Saharan
Africa (2400 kcal in 2016), India (2540
kcal), Southeast Asia (2800 kcal), and
China (3100 kcal).
While highlighting the importance of
cereals in the diet, these data indicate
that the percentage of cereals in the
diet is decreasing in countries with the
highest incomes (e.g. 54% in India vs.
30% in OECD countries). Dairy p
 roducts
(e.g. fresh milk, butter, cheese, milk powder, ingredients for the prepared-food
sector) represent 10.3% of mean per
capita calorie intake in OECD member
countries (in 2016). While this percentage increases slightly over time (10.6%
is projected in 2026), the overall change
in the volume consumed globally is low
for two main reasons: population growth
in OECD countries is lower than that in
developing countries (ONU, 2017), and
total calorie intake is no longer increasing. While the percentage of dairy products in total calorie intake is expected
to increase in many countries over the
next decade, it remains low in Southeast
Asia (1.2% in 2016), Sub-Saharan Africa
(2.5%), and China (1.9%). In India, which
will have a population of 1.26-1.65 billion from 2016-2050 according to UN
estimates, the percentage of dairy
products is higher (8.8% in 2016 and
10.1% projected in 2026). Developing
countries consume mainly fresh dairy
products (which sometimes makes it
difficult to estimate total consumption),
while industrialized countries consume
processed products (e.g. cheese, butter)
more often.

1 The authors of this article have co-organized and participated in an international meetings called “Milk, a Vector for Development». After the first meeting in
Rennes (France) in May 2014, subsequent meetings were held in Rabat (Morocco) in May 2017 and Dakar (Senegal) in June 2019. The presentations from the
three meetings are freely available on the “Milk for development” (website: https://colloque.inrae.fr/lait2019). The next meeting is scheduled for Tunisia in 2021.
2 The OECD was created in 1960, when 18 European countries, the US, and Canada joined forces to found an organization dedicated to economic development.
Today, the OECD has 36 member countries around the world, from North and South America to Europe, Asia, and Oceania. Many of these countries are among
the most advanced, but also include emerging countries such as Mexico, Chile, and Turkey.
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Figure 1. Contribution of food sources to total daily intake of calories (kcal/capita)
of populations in different countries/regions in 2006, 2016, and 2026 (projected)
(Source:OECD-FAO, 2018).
3 500

3 000

2 500

2 000

1 500

1 000

500

0

2006 2016 2026 2006 2016 2026 2006 2016 2026 2006 2016 2026 2006 2016 2026
OECD
Sud-Saharan
India
China
Southeast Asia
member
Africa
countries

Others

Fish

Vegetable oil

Dairy products

Sugar

Roots and tubers

Cereals

Globally, per capita consumption of
milk from all dairy livestock species
equals (in 2017) a mean of 113 kg of
milk equivalent (i.e. the amount of fluid
milk used in a processed dairy product)
(International Dairy Federation, 2018).
Mean per capita consumption varies
greatly among countries: nearly 300
kg in several EU member states (including France), close to the global mean
in India, and much lower in Japan (70
kg), China (ca. 45 kg), and Indonesia (13
kg). Several factors explain these differences, such as historical reasons related
to whether dairy production is a traditional activity, cultural reasons related
to preferred food models (Dahan and
Mingasson, 2016), and economic reasons (e.g. household purchasing power,
development of imports) (Dahan and
Mingasson, 2016).
According to theOECD-FAO (2018),
global consumption of dairy products

Meat

could increase by ca. 20% over the next
decade (i.e. 2018-2027). This growth
rate is higher than that projected for
most other agricultural products, including cereals and meat. Approximately
half of this increase, mainly from developing countries, is due to projected
population growth, and half to the
increase in per capita consumption of
dairy products. In developed countries, the annual increase in per capita
consumption of dairy products, already
low during the previous decade, is projected to be even lower over the next
decade (2018-2027): 0% for fresh dairy
products, 0.2% for skimmed milk powder, 0.6% for butter, 0.7% for cheese,
and 1.1% for whole milk powder.
However, in many developed countries, including several EU member
states, consumption (expressed in milk
equivalents) is expected to continue to
decrease. In developing countries, projections of dairy consumption are more

 romising, with an annual increase
p
of 2.7% for fresh products (figure 2).
Several factors prompt this increase in
consumption (FAO, 2013;FAO, 2017a),
which is particularly strong in Asia:
increase in mean income; urbanization,
which promotes cultural changes and
Westernization of food models; individual meals rather than family meals;
and technical progress that simplifies
distribution of dairy products (e.g. packaging of finished products, improvement in logistics, wider compliance
with the cold chain).
According to FAOSTAT, global
milk production from all species has
increased considerably over the past
few decades, from 344 million t (Mt) in
1961 (91% cow milk) to 809 Mt in 2016
(80% cow milk) (figure 3). From 19612016, mean growth in global production was 8.5 Mt per year. This growth
rate was higher from 2000-2016 (+14.3
Mt per year) than from 1961-2000 (+6.1
Mt per year). According to theOECDFAO (2018), milk production over the
next decade (2018-2027) is projected
to increase by ca. 9% and ca. 33% in
developed and developing countries,
respectively.
 1.2. Regional

trends in production
and consumption
of dairy products
Production systems in the countries
that contribute most to global production and consumption of milk differ
greatly in farm size, farm structure, labor
productivity, land intensification, types
of animals, and food self-sufficiency.
While improvements in animal genetics and animal production techniques
are helping to increase milk production,
it remains low in many countries for a
variety of reasons. Low production is
due in particular to low soil fertility,
low or irregular fodder yields, water
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Figure 2. Annual growth consumption of dairy products per capita during 20082017 and 2018-2027 (projected) in developed and developing countries (Source:
OECD-FAO).
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Figure 3. Global milk production by livestock species from 1961-2016 (in Mt)
(Source: FAO).
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a wide diversity of production models
(Pflimlin, 2010) and sustained development in milk production since milk quotas were abandoned in 2015, the EU has
a strong global influence (Commission
Européenne, 2017). EU imports of dairy
products are extremely low (ca. 1% of
domestic consumption), and exports
represent 12% of domestic production
(Chatellier, 2016). Several EU member
states have major advantages, such as
a temperate climate, high agricultural
potential, solid industrial infrastructure,
and wide diversity of finished products
(Perrot et al., 2018). The combined
milk production of the five highest
milk-producing member states in 2016
(Germany, France, the United Kingdom,
the Netherlands, and Italy, in descending order) was similar to that of the US.
Russia (30.8 Mt in 2016), the Ukraine,
Belarus, and Switzerland are non-EU
countries that contribute to European
production. Livestock and milk production in the Russian dairy sector
has decreased over the past 25 years
(it was 48 Mt in 1992). The increase in
production by large companies cannot
compensate for the decrease in that by
family-sized farms. Even though Russia
stopped purchasing dairy products
from the EU since the 2014 embargo
(Chatellier et al., 2018), it remains a
major importer of dairy products,
ranking third in the world after China
and the US.
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scarcity, local competition among
types of a gricultural production, lack
of investment, and competitive prices
of imported products.
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a. Europe
Milk production in Europe reached
224 Mt in 2016 (i.e. 28% of the world
total), 30 Mt more than in 1961. With

b. Americas
Milk production in the Americas
reached 184 Mt in 2016 (23% of the
world total), 100 Mt more than in 1961
(Table 1). In 2016, the contribution to
milk production in the Americas was
57% for North America (96.4, 11.8 and
8.2 Mt in the US, Mexico and Canada,
respectively), 34% for South America
(including 33.9 and 10.3 Mt in Brazil
and Argentina, respectively) and 9% for
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Central America. While self-sufficiency
in milk is less than 100% in Central
America (79%), it ca. 100% in South
America and nearly 110% in North
America.
The US is the world’s third largest
milk producer (12% of the total), after
India and the EU. Milk production,
mostly from large capital-intensive
farms (more than half of cows are
located on farms with more than 1,000
cows), will continue to increase, mainly
due to improved animal-production
performances and the use of external
inputs (USDA, 2017). As in other countries, this increase raises environmental issues. California is the leading dairy
region in the US, producing 19% of the
country’s milk and 33% of its exports
(by volume). California is also well
known for recurring droughts. As the
world’s third largest exporter of dairy
products, the US has intense trade
with Canada and Mexico through the
North American Free Trade Agreement
(NAFTA).
c. Oceania
Milk production in Oceania reached
30.7 Mt in 2016 (3.8% of the world
total), almost three times as much
as in 1961. Given Oceania’s relatively
small population, this production far
exceeds domestic demand. Thus, the
percentage of self-sufficiency in milk
in Oceania has reached nearly 290%.
Production in Australia (9 Mt in 2016)
decreased slightly after 2000, while
that in New Zealand (21.7 Mt) is d
 istinct
mainly due to its strong presence
on international markets (Institut de
l’Élevage, 2018a). New Zealand farms,
which are high-tech systems based on
grazing and high labor productivity,
are among the most efficient per unit
cost of milk production. The current
increase in production and intensification of agricultural practices (irrigation

and fertilization) raise serious environmental issues (Foote et al., 2015) that
could decrease the annual increase in
production in the future. New Zealand
exports 95% of its production, mainly
to Asian countries and through a single
cooperative company (Fonterra), which
gives it a strong influence on international prices. Price volatility, which has
increased since 2008, leads to strong
fluctuations in export revenue and
decreases farm profitability, especially
since farms receive little public support
(Gouin and Kroll, 2018).
d. Asia
Asian countries produced 322 Mt of
milk in 2016 (39.8% of the world total).
This region has experienced the largest
change in production, which increased
by 280 Mt since 1961, which represents 60% of global growth. However,
domestic demand is not yet fully met,
and Asia’s self-sufficiency is 90%.
India plays a crucial role in this
increase in production (Landes et al.,
2017). Despite internal difficulties,
including the low genetic potential of
cattle and production fragmented into
innumerable small family farms, milk
production has increased by 145 Mt
since 1961 (33% of global growth).
According to theOECD-FAO (2018),
India’s milk production is projected to
increase by 75 Mt over the next decade.
India is expected to produce nearly 25%
of the world’s milk in 2027 but not to
play a significant role on the world’s
dairy imports and exports market.
China has little influence on global
dairy production (ca. 4% in 2016). After
a sustained increase from 2000-2010,
milk production decreased (Chaumet,
2018). The development of milk production on a few modern “showcase
farms”, large and with little self-sufficiency in inputs, is counterbalanced by

a strong restructuring of family smallholdings. China’s milk production has
become more stable, but its costs are
higher than those in the US or the EU.
However, China can meet its domestic
demand mainly due to an increase in
imports (Institut de l’Élevage, 2018b),
especially of different types of milk
powder. Imports also meet the expectations of consumers who have become
less confident in the quality of local
products following the scandal of milk
contaminated with melanin in 2008 (Pei
et al., 2011). In 2027, milk production in
China is projected to be lower than that
in Pakistan, which has a strong dairy tradition (Zia et al., 2011).
e. Africa
According to FAOSTAT, African milk
production in 2016 represented 6%
of global milk production, for 16% of
the global population. Africa’s self-sufficiency in dairy products decreased
slightly from 88% in 2010 to 84% in 2017
(International Dairy Federation, 2018).
Africa’s milk production increased by
37 Mt from 1961-2016, which is 8%
of global growth or the equivalent of
countries such as Pakistan.
The influence of the livestock and
dairy sectors on the domestic agricultural economy varies greatly among
African countries. The top seven milk
producers, representing nearly 60% of
African milk production, are Kenya (5.3
Mt), Egypt (5.1 Mt), Sudan (4.4 Mt), South
Africa (3.5 Mt), Ethiopia (3.5 Mt), Algeria
(3.3 Mt), and Morocco (2.6 Mt). Milk is
an important component of pastoral
populations in Africa. Beyond its intrinsic economic value, it also has a strong
social and cultural value. Targeted studies of Morocco (Sraïri, 2011), Ethiopia
(Yilma et al., 2011), Kenya (Bingi and
Tondel, 2015), Senegal (Corniaux et
al., 2014; Seck et al., 2016), and Algeria
(Makhlouf et al., 2015) provide better

INRA Productions Animales, 2019, numéro 3

344e / Mohamed taher sraïri et al.

Table 1. Milk production (all species) in several areas/countries of the world (millions of t (Mt)) from 1961-2016 (Source:
FAO). “nd” = no data
Milk production (Mt)

Change in production

1961

1980

2000

2016

2016-1961

2016-2000

Europe
EU - Germany
EU - France
EU - United Kingdom
EU - Netherlands
EU - Poland
EU - Italy
EU - Spain
EU - Ireland
EU - Denmark
EU - Romania
EU - Austria
Russia
Ukraine
Belarus
Switzerland

195.0
25.3
19.4
12.0
7.0
12.8
10.6
3.6
2.4
5.5
2.9
3.0
nd
nd
nd
3.1

265.5
32.1
27.9
16.0
11.8
16.5
11.4
6.5
4.7
5.1
4.3
3.5
nd
nd
nd
3.7

213.2
28.4
23.9
14.5
11.2
11.9
13.3
6.9
5.2
4.7
4.6
3.3
32.3
12.7
4.5
3.8

224.8
32.7
25.4
14.7
14.6
13.3
11.4
8.2
6.9
5.5
4.6
3.7
30.8
10.4
7.1
4.0

29.8
7.4
6.0
2.7
7.6
0.5
0.8
4.6
4.5
– 0.1
1.7
0.7
nd
nd
nd
0.9

11.6
4.3
1.5
0.2
3.4
1.4
– 1.9
1.2
1.7
0.7
0.0
0.4
– 1.5
– 2.3
2.7
0.1

Americas
- North America
United States
Mexico
Canada
- Central America
- South America
Brazil
Argentina

83.9
65.3
57.0
2.5
8.3
3.3
14.4
5.3
4.2

101.0
65.7
58.2
7.2
7.4
8.6
24.8
12.1
5.3

143.1
84.1
76.0
9.5
8.2
12.2
45.1
20.6
10.1

183.8
104.5
96.4
11.8
8.2
15.5
61.6
33.9
10.3

99.8
39.2
39.4
9.3
-0.2
12.2
47.3
28.6
6.1

40.6
20.4
20.4
2.3
0.0
3.4
16.5
13.3
0.2

Oceania
New Zealand
Australia

11.5
5.2
6.3

12.3
6.7
5.6

23.1
12.2
10.8

30.7
21.7
9.0

19.2
16.5
2.7

7.6
9.4
– 1.8

Asia
India
Pakistan
China
Japan

42.8
20.4
6.0
1.8
2.1

69.9
31.6
9.0
2.9
6.5

169.4
79.9
25.6
12.0
8.5

322.5
165.3
42.9
34.8
7.4

279.7
145.0
36.9
32.9
5.3

153.1
85.5
17.4
22.8
– 1.1

Africa
Kenya
Egypt
Sudan
Ethiopia
Algeria
Morocco

11.0
0.7
1.2
nd
nd
0.3
0.4

17.1
1.2
1.9
nd
nd
0.8
0.8

30.6
2.7
3.8
nd
1.1
1.9
1.3

48.0
5.3
5.1
4.4
3.5
3.3
2.6

37.0
4.6
3.9
nd
nd
3.0
2.2

17.4
2.6
1.3
nd
2.4
1.4
1.3

344.2

465.8

579.5

809.8

465.6

230.3

World
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understanding of the diversity of the
African dairy sector.
Although the OECD-FAO suggests
that African milk production could
increase by 30% in the next decade,
these projections should be treated
with caution. Any relatively rapid development of milk production will depend,
in part, on the economic and trade policies adopted. Developing local production (as in Kenya) rather than resorting
to imports from the international market is crucial. This raises questions about
the optimal level of protection of the
domestic market via tariffs and the role
of foreign investors in the valuation of
locally produced milk (Corniaux, 2015).

2. Key elements
of the sustainability
of the dairy sector
in several geographic
regions
This second section addresses three
key elements of the sustainability of the
dairy sector: the farmers’ work and gender implications, water resources, and
the diversity of livestock species.

2.1. Labor and gender
considerations necessary
to develop of dairy farming
The work of livestock farmers is
a major issue in countries of the
Southern Hemisphere (Cournut et al.,
2018). How livestock farmers organize
and perform their work influences their
ability to secure their livelihoods and
meet the increased demand for agricultural products. Work organization is
an advantage in response to markets
due to its resilience and flexibility, but
is a limitation when labor resources
are few or tasks are arduous (Novo et
al., 2012). Although the organization
of work on dairy farms depends on
production and marketing systems

in specific contexts and individual
farm-management choices, common
gender-related behaviors exist. Even
though women are highly involved
in dairy production and contribute to
food security, nutrition, and natural
resource management, gender inequalities remain widespread and persistent. Women and girls encounter
significant restrictions that limit their
access to resources and services, as
well as their ability to obtain new jobs
or entrepreneurial opportunities in the
dairy sector that would allow them to
engage in more profitable activities. In
most cases, men perform and control
the activities that generate the most
value. Women engaged in this sector
are restricted to activities at the lower
end of the value chain33(FAO, 2016),
which affects their access to productive resources, services, and markets
(Njuki et al., 2011).
a. Variability in working hours
Workloads on dairy farms are often
high, which can limit their ability to
change (Cournut et al., 2018). The
opportunities for change vary, however, as indicated by the differing number of working hours per dairy farm
among countries (e.g. from a mean of
1910 hours per year in Morocco to 3780
hours per year in Vietnam) and within a
given production zone (960-3640 hours
per year in Morocco) (Santos Filho et al.,
2012; Sraïri et al., 2013). Working hours
vary due to a combination of factors:
available labor, task allocation, technical and mechanization choices (mecha-

3 According to the FAO (2015), a sustainable food
value chain is “the full range of farms and firms
and their successive coordinated value-adding
activities that produce particular raw agricultural
materials and transform them into particular
food products that are sold to final consumers
and disposed of after use, in a manner that is
profitable throughout, has broad-based benefits
for society, and does not permanently deplete
natural resources”.

nical milking vs. manual milking), herd
management (grazing vs. feed distribution), the possibility or not to increase
daily working hours, delegation of tasks
to employees, sharing, or contractual
assistance. (Hostiou et al., 2015). The
several interactions between these
factors make work organization a complex process in which individual choices
prevail; thus, each farm is a particular
case. These choices are related to each
farmer’s vision and access to available
resources. To manage the workload, a
farmer may request family volunteers,
while another might increase personal daily working hours (Cournut et al.,
2018).
b. Often difficult working
conditions
Working conditions on dairy farms
in the Southern Hemisphere are often
harsh. Milking is time-consuming (50%
of daily working hours) and includes
repetitive tasks. In some countries,
other tasks are important, such as feeding, grazing, and cutting. For example,
on mixed milk/meat farms in Morocco,
feeding requires the most time because
most fodder is grown on small plots and
requires long-distance transport (Sraïri
et al., 2013). Because equipment is often
modest (e.g. manual milking on 40% of
Brazilian dairy farms) (de Oliveira et al.,
2018), most work is manual. Technical
advances can reduce the workload and
increase milk production. For example,
cutting sugarcane instead of maize
silage reduces the time spent feeding cows (Hostiou et al., 2015). While
this change does not involve much
investment, it does require a certain
amount of equipment and know-how
to ensure the quality of animal feed. In
this respect, access to support services
is essential to disseminate information
and knowledge and to promote the
adoption of technologies and best
practices.
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c. A workforce that is often
family-based
Family members perform most of
the work on dairy farms (Wiggins et
al., 2010). When family labor is limited,
livestock farmers must change the
production system and simplify herd
management or hire employees, at
least when financial resources allow.
According to the gender division of
labor, women tend to be more involved
in small-scale, intensified operations
in addition to domestic and familycare work (Kathothya, 2017). In Africa,
women spend 15-22% of their time on
unpaid domestic work, 5-7 times as
much than men (World Bank, 2006).
In Latin America, women spend more
than 33% of their time on domestic
and family-care work, while men spend
10% (Rico, 2017). Women have high
workloads, which has a large impact
on their contribution to milk production (Kayotha, 2017). They perform
tasks on the farm such as milking, daily
care of the animals, and housekeeping.
Unlike women, men have no mobility
restrictions and perform tasks outside
the farm and community, including
growing fodder, transporting milk to
collection centers, and selling milk. Men
are more likely to work in the field and
in the community.
d. Reduced access to resources
for women
Managing livestock is positively
correlated with a decrease in poverty
(FAO and African Union, 2018) and
can be performed by both men and
women. However, a recent study on
job creation in the small-ruminant
livestock sector in Ethiopia showed
that although co-ownership, usually
between spouses, was the most common form of animal ownership, men
often made the final decisions, particularly for marketing (Mueller et al., 2017).
In addition, women often have limited
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access to and control over productive livestock resources; for example,
they own 13-25% of the livestock in
Zimbabwe, Botswana, Namibia, Niger,
and Gambia. Women have less access
to the resources and services that
would put them on equal footing with
male entrepreneurs, with whom they
often compete for resources and training (FAO, 2018a). As a result, women
in rural areas are easily trapped in a
vicious cycle of poverty and food insecurity, which challenges their ability to
improve their livelihoods. Lack of recognition of their contributions, social
norms, and educational and financial
barriers often relegate them to smallscale commercial activities, and are
obstacles to changing the scale of their
activity. In some developing countries,
available knowledge is lacking on how
the variety of stakeholders function and
benefit from milk production. In-depth
studies are required to better understand how social factors shape functioning of the value chain and to better
identify gender issues (Box 1).
 2.2. Sustainable use of
water resources and the
dairy sector
Since the 1950s, the increase in global agricultural production has been

based in part on increased use of water
and the subsequent development of
irrigation (Tilman et al., 2002). These
trends may not be sustainable due to
the progressive depletion of groundwater. Thus, many studies agree on
the need to base future agricultural
development on prioritizing the use
of rainwater (Falkenmark, 2007). This
recommendation also applies to the
development of cattle production,
which uses large volumes of water
(Hoekstra, 2012;Corson and Doreau,
2013). In arid and semi-arid areas, where
rainfall is highly seasonal, water restrictions are a decisive limiting factor for
dairy farming (Armstrong, 2004). This
phenomenon is expected to become
even more pronounced in the coming
decades due to climate change. Within
this context, this section studies the
relation between dairy farming and
water resources in Morocco and India,
two contrasted developing countries
with many small farms (figure 5).
In Morocco, more than 80% of the
country’s farms have less than 5 ha
of land (Sraïri, 2011). The study quantified the water consumptions (rainfall, irrigation with surface water or
groundwater). It also estimated inputs
of “virtual water” (i.e. used to produce

Box 1. The FAO conceptual framework to increase consideration of gender
issues.

To enable policy makers and stakeholders to increase consideration of gender issues, the FAO created a
conceptual framework that includes key concepts for developing a gender-sensitive value chain (FAO,
2017b) and published a corresponding practical guide (FAO, 2018b). This framework specifies how gender
inequalities affect the performance and sustainability of the value chain (figure 4). It identifies sources
of these inequalities so that interventions can benefit both women and men. This framework considers
social, cultural, economic, and political factors. The individual is placed at the center of the analysis by
considering the diversity of male and female stakeholders in the value chain. It emphasizes the importance
of the farm household and the power relations that occur. Adding these two dimensions - the individual
and the household - to value-chain analysis is essential to strengthen social sustainability and address
gender inequalities. The latter limits women’s equal access to production resources (capital, agricultural,
and financial services) and decreases their self-confidence and decision-making ability. These factors
influence the distribution of workloads and profits, which influences the efficiency and degree of inclusion
in the value chain.
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Figure 4. Gender limitations and value-chain performance (FAO, 2018b).
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the purchased feed - especially concentrates-) for each farm’s subsystems
(milk and meat). The study was performed over an entire agricultural year
on five farms (mostly small and mixed
crop/livestock farms) representing the
diversity of situations encountered in
a region that receives 560 mm of rainfall per year (from November-April).
On each farm, the study assessed: i)
the volumes of water used to produce
fodder; ii) the rations, which combined
farm-grown fodder and purchased
feed; and iii) the volumes of milk and
meat produced. The study also assessed
the profitability of the milk and meat
subsystems.
Results indicated that in this semiarid climate, cattle farming first uses
rainwater, which met 53% and 48%
of the water requirements for milk
and meat production, respectively
(table 2). In comparison, use of “virtual water” was lower for milk production (26%) but quite similar for meat

 roduction (45%). This result reflects
p
that the cattle obtain most of their
energy from crop residues and fodder
crops, which are either completely
rainfed (oat and wheat straw) or partially irrigated (berseem clover), and
whose vegetative cycle coincides with
the rainy season. Low forage yields
result in purchases of large amounts of
concentrates, increasing virtual water
use. The results also show that cattle
production uses little local groundwater (13% and 2% of the water requirements for milk and meat production,
respectively). The average water footprints (i.e. the sum of water consumption from all sources) were 1.6 m3 per
L of milk and 8.4 m3 per kg liveweight
(ca. 15.3 m 3 per kg carcass), which
is slightly higher than international
reference values. The gross margin
per m3 of irrigation water, considered
as the economic optimization of this
resource, was estimated at €0.12 and
€1.26 per m3 for milk and meat production, respectively.

These results also highlight the
advantage of combining crop and livestock farming from a water-use perspective, given the latter’s efficient use of
rainwater and contribution to the maintenance of soil fertility through manure
spreading. The results also strengthen
the idea that livestock farming can help
establish sustainable farming systems
as long as it does not increase groundwater withdrawals. In many parts of
Morocco, however, groundwater is overexploited for watering crops for market
gardening and orchards, whose water
requirements peak is in summer. These
crop-production systems experience in
addition more volatile prices than milk
and meat, increasing economic risks for
farms (Ameur et al., 2017).
A second study (Aubron et al., 2017)
assessed the relation between water
and dairy farming in India. India
withdraws the largest amount of
groundwater in the world (AeschbachHertig and Gleeson, 2012). Irrigation,
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Figure 5. Water use in dairy farming in Morocco and India.
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combined with high-yielding varieties and the increasing use of synthetic fertilizers as part of the “Green
Revolution”, has considerably increased
the quantities of cereals produced
in the subcontinent since the 1970s.
Borewells drilling continues at a rapid
pace, despite signs of resource depletion in certain areas (Shah, 2009). India
is also known for its “White Revolution”,
which have combined the development
of a vast cooperative network for milk
collection, processing, and distribution
with technical changes in genetics and
animal nutrition, and has thus helped
to make the country the world’s leading
producer.
Although using different methods,
the Green and the White Revolutions
had the same objective of building
national self-sufficiency in cereals and
dairy products (Aubron et al., 2017).
The White Revolution also aimed
at providing an alternative way to
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increase land productivity in areas
that remained aloof from the Green
Revolution. Statistical data show that
except for certain areas, there is a significant overlap between irrigated areas
- 40% of them irrigated with groundwater - and areas with high milk production, particularly in northern India.
This is due to the large use of rice and
wheat residues for feeding animals,
which are two major irrigated crops
of the Green Revolution. Although
grown less often, fodder crops are
almost always irrigate, and thus
contribute to this overlap. Regarding
the households involved in the White
Revolution, National statistical data
and field studies carried out by the
India Milk project point to the fact that
they have limited access to land and
water compared to households involved in the Green Revolution. However,
access water for irrigation increases
fodder and dairy production in small
family farms. With or without irrigation,

Purchased
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Virtual water

Watering
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dairy farming plays a major role in
the economy of the many households
involved.
Several studies have analyzed water
consumption of Indian dairy farms.
According to Amarasinghe et al. (2012),
water consumption for production of
fodder and concentrates, as well as for
livestock watering, is similar to that for
production of sugarcane and wheat at
national level, and represents 10-12%
of total agricultural consumption.
Depending on the methods and regions
considered, the economic valuation of
water in dairy farming equals €0.010.31/m3 (Clement et al., 2010), €0.08/
m3 (Singh et al., 2004), and €0.44/m3
(Amarasinghe et al., 2012), the last two
studies observing lower profitability
than irrigated market gardening.Caumartin (2017)studied three contrasting
Indian dairy systems in irrigated areas
and found that fossil-energy consumption for pumping water only for fodder
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Table 2. Estimates of different types of water use on five cattle farms in Morocco, and economic optimization of irrigation
water (Source: Authors’ calculations (M.T. Sraïri)).
Farm

Indicator

Mean

1

2

3

4

5

Total water used per kg of milk (m3)
- of which % rainwater
- of which % virtual water
- of which % groundwater
- of which % irrigation water

1.26
46
8
0
46

1.30
22
69
0
9

1.59
44
28
28
0

1.26
59
26
14
0

3.13
88
6
6
0

1.62
53
26
13
7

Economic optimization of irrigation water via milk
production (€/m3)

0.12

-0.10

0.16

0.57

0.00

0.12

Total water used per kg of meat in liveweight (m3)
- of which % rainwater
- of which % virtual water
- of which % groundwater
- of which % irrigation water

7.17
0
100
0
0

7.15
12
57
0
31

8.18
54
45
1
0

9.80
75
20
5
0

7.76
23
75
2
0

8.44
48
45
2
4

-

0.35

5.78

1.52

1.58

1.26

Economic optimization of irrigation water via cattle
liveweight gain (€/m3)

represented 7-18% of the total fossil
energy consumption. In this study,
which considered four dairy systems
in total, fossil-energy consumption per
liter of milk was higher than literature
values. The low efficiency of water and
fossil-energy consumption in Indian
dairy farming is due in part to the low
milk yield of cows and buffaloes (< 2500
liter per year). However, it is also related
to the generally low efficiency of Indian
agriculture for these criteria due to price
and subsidies conditions, which give
little incentive to save these resources,
and also likely because India’s energy
use is still based on coal.
Nitrogen balances of cropping systems in a village of the state of Gujarat
highlight the impact of dairy farming
on water quality (Aubron et al., 2019).
This area has a high livestock density
and has long been involved in the White
Revolution. Nearly all cropping systems
nitrogen balances are strongly positive (e.g. up to 1100 kg/ha of surplus
nitrogen in tobacco-based cropping

systems), which is consistent with the
high nitrate concentrations in drinking
water (the potability limit was exceeded in 11 of the 16 samples taken).
However, the contribution of livestock
manure (i.e. < 25% of nitrogen inputs)
is lower than that of synthetic nitrogen
fertilizers. This suggests that managing
manure differently could decrease the
use of synthetic fertilizers. Livestock
farming would then become less a problem for water quality than a potential
solution for improving it by strengthening the crop-livestock relations (e.g.
feeding crop residues to livestock).
In the two case studies presented,
the relation between cattle production
and water seems to structure sustainable agrarian systems. In Morocco, in
semi-arid areas where supplemental
irrigation is available, cattle production relies mainly on rainwater, while in
India it adds value to the co-products of
irrigated crops, mainly rice and wheat
straw. Moreover, it appears that for
many households with little land or

irrigation water, livestock farming is a
way to generate stable and sustainable
income by restoring soil fertility (returning manure to crop plots) and optimizing use of the available labor force
(Sraïri and Ghabiyel, 2017).

2.3. Milk diversity:
the role of non-cow milk
in development of the global
dairy sector
Cows dominate the approximately 10
species that humans have domesticated
to meet the need for milk. According to
FAO statistics for 2017, cow milk represents 81% of the milk produced worldwide, followed by buffalo (14.9%), goat
(2.3%), sheep (1.3%), and camel (0.4%);
the remainder is produced by species
such as the horse (Doreau, 1991), donkey, yak, reindeer, and llama (Morin et
al., 1995). In total, non-cow dairy species produce 152 Mt of milk. These species are useful mainly because of their
influence on product diversity, food
security, and regional development in
the most marginal regions of the planet,
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and less due to the volume of milk produced, especially since, except of small
ruminants, they depend on specific ecosystems in developing countries.
a. Contribution of non-cow
milk to food security
Although relatively small, the percentage of milk from non-cow species in
global milk production (19%) has more
than doubled in almost 60 years (Faye
and Konuspayeva, 2012;Faye, 2016a).
Since the increase in production has
exceeded human population growth,
mean per capita consumption increased
from 10 L per year in 1961 to nearly 20
L in 2017. While consumption of this
milk remains rare in Western countries and Latin America, it has reached
34% in Asia and 26% in Africa. It even
exceeds 50% in parts of West Africa
and South Asia. A large percentage of
this milk (23% on average) is consumed in the poorest countries (annual
per capita gross domestic product (GDP)
< US$1000); however, there is no correlation between GDP growth and the
percentage of non-cow milk consumed
(Faye, 2016a).
Qualitatively, these types of milk are
not simple substitutes for cow milk.
They are a food resource and a source
of income for populations living in specific and mostly disadvantaged ecosystems, being produced by dairy camels
in deserts (Wernery, 2006), yaks in
highlands (Dong et al., 1999), buffaloes
in wetlands (Bilal et al., 2006), horses on
steppes (Konuspayeva and Faye, 2011),
reindeer in polar regions (Holand et al.,
2002), and goats and sheep in areas
that are often semi-arid or have steep
slopes (Boyazoglu and Morand-Fehr,
2001). They are produced in areas in
which cattle farming is difficult. Even
though dairy farms with thousands
of Holstein cows have been set up in
deserts (e.g. Saudi Arabia), their ecolo-
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gical sustainability (compared to that
of dairy camel farms) is questionable
(Faye, 2016b). Non-cow milk is often
produced in farming systems that
have low external inputs. They are typically used for self-consumption in the
poorest households. This is the case
for the goat, which has earned its nickname as the “poor man’s cow”. In general, rearing non-cow species requires
less investment than rearing cattle and
usually involves local breeds that are
well adapted to their environment.
Moreover, consuming non-cow milk
is a cultural habit and is therefore a part
of the identity of specific populations.
This includes koumiss (fermented horse
milk) for Central Asians, yak butter for
Tibetans, and camel milk for Bedouins.
These types of milk have specific compositions (e.g. types of caseins and
serum proteins, fatty acids, oligosaccharides, vitamins, trace elements) and properties. For example, buffalo milk is rich
in calcium and protein, which is valued
in cheese making, and is part of the
success of products such as mozzarella
(Gaucheron, 2011). Camel milk is rich in
vitamin C and does not contain β-lactoglobulin, which is responsible for allergies to cow milk (Al Haj and Al Kanhal,
2010). Horse milk is rich in lactose and
polyunsaturated fatty acids, which is
similar to human milk (Malacarne et al.,
2002). The diversity of these fine differences in composition also explain the
specific technological characteristics
that allow for an extraordinary variety
of derived products. For example, yak,
horse, and camel milk are used to produce more than 500 dairy products in
Mongolia (Dugdill and Tsetsgee, 2006).
The percentage of dairy females is
a useful indicator of the main use of a
livestock species (milk or meat). Except
for sheep, non-cow species have a
higher percentage of dairy females than

cows, and the percentage has increased
considerably since 1961, except for
goats (figure 6).
b. Non-cow milk is often
produced in small-scale
systems to ensure sustainable
milk production in highly
constrained ecosystems.
The systems that produce non-cow
milk are usually small and extensive, in
which self-consumption is substantial
and on-farm processing predominates.
However, the variety of farming systems
is wide, from traditional high-mobility,
low-input systems to sedentary, intensive systems. For example, camels are
reared in both traditional “Bedouin” systems (i.e. no supplemental feed, mobile
herds, and low market integration) and
on large commercial farms that raise
them like high-potential cows, with
feeding of concentrates, mechanical
milking, and permanent housing (Faye
et al., 2017).
Since non-cow species are often
found in areas with low productivity
or strong health and environmental
constraints (e.g. arid, polar, mountain,
or marshy zones), rearing them for
milk production contributes to the
development of developing regions.
They also highlight the universality of
human consumption of milk and the
diversity of species involved. For example, buffalo, yaks, and camels are
known to value low-quality fodder, as
are reindeer, which can feed on lichens.
Moreover, most livestock subsystems
in these areas have multiple species
and thus less impact on the environment because the feeding behavior
of one species complements those
of the others (e.g. sheep and camels;
Rutagwenda et al., 1990).
Women often rear small species such
as goats and sheep, which provides
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income, especially since on-farm processing predominates. This applies to
almost all non-cow species, since the
volumes produced are small and of little
interest to outside investors and dairies.
This encourages farmers to add value
to their products via on-farm processing and to provide markets with local,
traditional products that have little or
no competition from international markets. There is no international market
for horse milk or camel milk powder
that could interfere with local production, although websites have begun
to market camel milk powder. Overall,
non-cow milk remains a small part of
the international market, although
exceptions exist. For example, large
amounts of mozzarella cheese made
from buffalo milk in Italy is exported
to other EU member states (Borghese,
2004). There is also a significant export
potential for some “exotic” dairy products such as camel milk, which is
known for its dietary and “medicinal”
virtues, or horse milk for the cosmetics
sector (Konuspayeva and Faye, 2011;
Nagy et al., 2014).
However, these value chains based
on non-cow milk are faced with
the low productivity of the species
concerned and the need to respond
better to the demand of larger markets (the milk is rarely sold beyond the
local scale). Successful development
of these sectors requires improving
hygiene, implementing real collection
networks, establishing specialized
dairies (Abeiderrahmane, 1997), and
identifying new products that correspond to the tastes of urban consumers
(Konuspayeva et al., 2017).
Because of their organoleptic and
technological qualities, these types of
milk increase humanity’s food diversity
greatly. Although small, the volumes
produced add value to specific ecosys-

Figure 6. Percentage of dairy females of livestock species in 1961 and 2014
(Source: FAO).
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tems that are often on the margins of
development. Therefore, they should be
assessed for their role in the food security of the most vulnerable populations.
Their relevance goes beyond food security, however; they clearly contribute
to sustainable regional development,
in case of promoting livestock farming
in marginal areas. Some of the dairy
products derived from these species
demonstrate clear added value.

3. Trade: a way to meet
a temporary or structural
deficit in dairy products
Given the production limitations
of the dairy sector (e.g. labor, water,
resource requirements for fodder) previously described and/or the sustained
increase in domestic demand, some
countries are unable to meet their
domestic demand for dairy products.
Purchasing dairy products from regional or international markets is one of
the best ways to meet that demand. The
higher the cost of producing milk locally
compared to the price of imported milk,
the greater the temptation to resort to

Cow

Goat

Sheep

imports. For strategic reasons (e.g. job
preservation, land maintenance, food
self-sufficiency), some countries may
nonetheless limit imports by encouraging domestic production through
multiple measures (e.g. investment
aid, development of local industries).
The global market for dairy products
is the result of these trade-offs and the
trade rules agreed upon, either bilaterally between two partner countries or
multilaterally within the World Trade
Organization.
Without underestimating the importance of international trade in dairy
products (71 Mt of milk equivalent
in 2017, excluding intra-EU trade, i.e.
8% of world production), most countries consume milk produced locally
according to production models that
vary greatly among countries. This
holds true in many developing countries, especially those that have little
economic ability to use imports, and
non-coastal countries whose imports
require long-distance land transportation. In contrast, developed countries import smaller amounts of dairy

INRA Productions Animales, 2019, numéro 3

352e / Mohamed taher sraïri et al.

products due to their high production
potential compared to the size of the
local population (e.g. New Zealand).
Similarly, and given the perishable
nature of fresh dairy products, these
exchanges are organized mainly
between neighboring countries, such
as in the EU and NAFTA.
The percentage of dairy products
traded internationally varies greatly
among products. For liquid milk and
a wide variety of fresh dairy products,
trade is historically extremely low
(often less than 2% of production).
According to the OCDE-FAO (2018), in
2027 this percentage is projected to
reach 8% for butter, 11% for cheese,
42% for whole milk powder, and 55%
for skimmed milk powder. In general,
international trade involves mainly certain cheeses and types of milk powder
(e.g. infant milk, skimmed milk, whole
milk, whey).
Depending on the objective of the
analysis, trade in dairy products is
expressed in tonnage, economic value,
or milk equivalents. Since developing
countries tend to buy less expensive
dairy products (especially cheese) than
developed countries, their contribution
to international trade is higher when
trade is expressed in milk equivalents
rather than value. In the dairy sector,
most trade involves standardized products that are increasingly processed
on a large scale by international companies. More rarely, specific products
that emerge from the diversity of local
expertise are traded.
Among continents, Asia is the leading
importer of dairy products, accounting
for 42.3 Mt of milk equivalent in 2017,
or 59% of international trade. The
main importing countries in Asia are
China (13.3 Mt, 19% of the world total),
Indonesia (2.7 Mt), Malaysia (2.2 Mt),
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Japan (2.2 Mt), and the Philippines (2.1
Mt). Asia’s exports of dairy products (6.2
Mt), one-seventh the size of its imports,
are mainly destined for Saudi Arabia,
Iran, and Turkey. Asian countries, especially China, are the main source of the
growth in international trade in dairy
products. In current currency, Chinese
imports, which amount to 8.5 billion
euros in 2016, have increased almost
eightfold in current currency since
2000. In contrast, India, the world’s largest milk producer, plays a minor role
in international imports or exports of
dairy products.
Africa is the second largest importer
of dairy products (in milk equivalents),
far behind Asia. The 9.8 Mt imported
into Africa in 2017 (14% of the world
total) went mainly to Algeria (3.6 Mt)
and Egypt (1.0 Mt). Products imported
into Africa can strongly influence
development of local supply chains.
In coastal countries, many multinational companies are located near ports.
The trade policy adopted by a given
country (e.g. tariffs on imported products), can promote or, conversely,
hinder development of local industries. In general, it is crucial to develop
local milk production when possible,
rather than to resort to imports from
the international market. African countries export few dairy products on the
international market (1.2 Mt, one-fifteenth the exports of New Zealand).
With a trade balance for dairy products of €-1.03 billion in 2016, Algeria
has the fifth largest deficit (by value),
after China, Russia, Japan, and Mexico
(table 3).
The other three continents (Europe,
America, and Oceania) combined provide only 27% of global milk imports
(by volume). The main importers are
Russia (4.1 Mt), Mexico (3.9 Mt), the
US (2.0 Mt), the EU (1.2 Mt), and Brazil

(1.2 Mt). These three continents produce 90% of the world exports of
dairy products. Expressed in economic terms, the top three exporters
in 2016 were the EU (€15.6 billion),
New Zealand (€8.4 billion), and the US
(€4.5 billion), followed by Switzerland,
Australia, and Belarus.
For the main dairy exporting countries exporting to a country with
a deficit of milk production becomes more interesting if the country
imports large amounts (as China), is
sufficiently solvent, regulates its trade
(e.g. importer approval procedure),
and is easy to access geographically
(preferably by sea). Thus, by economic value in 2016, China accounted
for 26%, 25%, and 9% of exports from
the EU, New Zealand, and the US, respectively. Compared to this, Africa is
less important: 15%, 12%, and 1% of
exports from the EU, New Zealand,
and the US, respectively. For the EU,
the leading exporting zone in terms
of value (excluding intra-EU trade),
Africa accounts for 34% of its skimmed milk powder exports, 28% in
liquid milk, 22% in fat powder, 15% in
butter, 10% in cheese, 8% in casein,
6% in cream and 5% in whey. The EU’s
main African customer is Algeria, followed by Egypt, Nigeria, Libya, and
Morocco (figure 7). Without a rapid
increase in domestic milk production
in Africa, the projected increase in its
population over the next few decades
could cause these exports to increase.

Conclusion
Despite the current restructuring of
the dairy sector, especially in industrialized countries (e.g. increasing
farm size, geographic concentration
of production, increasing importance
of a few breeds), and globalization
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of markets, the diversity of the dairy
sector remains extraordinary at the
global scale. Each country has its own
technical and production characteristics and a unique relation with the
dairy economy. No universal model of
dairy development exists.

In industrialized countries, technological progress (e.g. milking robots,
automation), which requires substantial investment, results in rapid
gains in productivity and a substantial
decrease in labor requirements (for a
given production volume).

Dairy production has a strong
influence on the development of agricultural land and food security in many
parts of the world, especially in developing countries, where investment
is limited and modern technology is
often lacking. It supports the employment of many people, especially
women, who do not receive sufficient
training, access to credit, or technical support from public authorities.

By nature, dairy production uses
large amounts of water (most of which
should come from rainwater rather
than groundwater) and fodder. Thus,
in many developing countries where
water resources are limited, an increase
in milk production cannot meet all
domestic demand, especially when
the country’s population is also increasing. Competition between milk production and other types of a gricultural

production (e.g. market gardening,
orchards) is sometimes extremely
strong locally, especially when water
is a strategic issue. At the global scale,
water management in dairy systems
must be optimized, not only by supplying locally produced feed, but also
by considering the quantities of water
imported in the feed purchased from
further away, including other countries
(e.g. Brazilian soybean imported by EU
farmers; US alfalfa hay purchased by
Chinese farmers).
While cows produce most milk in
many developed countries, the situation is less obvious in many developing countries, where certain non-cow
species can occupy a strategic position.

Table 3. The main zones/countries involved in the international trade of dairy products (in current billions of €) (Source:
BACI / Analysis: INRA SMART-LERECO).
Exports
2000-09

2010-15

Imports
2016

2000-09

2010-15

Trade balance
2016

2000-09

2010-15

2016

11.79
8.14
0.77
1.42
1.19
0.08
1.08
1.91
0.49
0.27

14.32
8.18
1.66
1.59
0.94
0.84
0.70
0.63
0.48
0.20

– 5.20
– 2.70
– 1.36
– 1.09
– 0.61
– 1.14
– 0.62
– 0.90
– 0.60
– 0.96

– 7.79
– 1.89
– 1.31
– 1.17
– 1.11
– 1.03
– 0.91
– 0.80
– 0.75
– 0.45

The 10 zones/countries with the largest dairy-product surplus (in descending order of 2016 trade balance)
EU-28
New Zealand
Switzerland
Belarus
Australia
Thailand
Argentina
United States
Uruguay
Lithuania

7.44
3.68
0.57
0.44
1.59
0.22
0.49
1.60
0.19
0.24

13.27
8.35
1.27
1.50
1.85
0.71
1.13
4.35
0.52
0.50

15.60
8.40
2.22
1.68
1.94
1.38
0.74
4.47
0.51
0.42

1.24
0.06
0.32
0.04
0.30
0.36
0.03
1.81
0.01
0.07

1.48
0.21
0.51
0.08
0.66
0.63
0.04
2.44
0.03
0.24

1.28
0.23
0.56
0.10
1.00
0.54
0.04
3.84
0.03
0.21

6.21
3.62
0.25
0.40
1.28
– 0.14
0.46
– 0.21
0.19
0.16

The 10 countries with the largest dairy-product deficits (in ascending order of 2016 trade balance)
China
Russia
Japan
Mexico
Vietnam
Algeria
Canada
Indonesia
Philippines
Saudi Arabia

0.24
0.21
0.05
0.20
0.08
0.01
0.24
0.09
0.08
0.36

0.42
0.30
0.14
0.39
0.08
0.02
0.24
0.09
0.18
0.71

0.76
0.30
0.16
0.49
0.06
0.00
0.24
0.09
0.21
1.07

1.10
1.17
1.04
0.96
0.26
0.62
0.54
0.46
0.52
0.98

5.63
3.00
1.49
1.47
0.70
1.15
0.86
0.99
0.79
1.67

8.56
2.19
1.47
1.66
1.17
1.04
1.15
0.89
0.96
1.52

– 0.86
– 0.96
– 0.99
– 0.76
– 0.18
– 0.61
– 0.30
– 0.38
– 0.44
– 0.63
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Figure 7. European Union exports of dairy products to African countries from 2000-2017 (in current millions of €). (Source:
COMEXT / Analysis: INRA SMART-LERECO).
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Not only do non-cow species support
economic development in disadvantaged ecosystems, they are promising
avenues for sustainability, and deserve
more attention in research and support,
especially since their milk often has
notable nutritional characteristics.
Focusing on the dairy sector, particularly in developing countries,
this review partially addressed certain dimensions of the broad issue
of sustainability. Many other studies
address this issue, which has become
as complex as it is essential. At the global scale, the dairy sector can contri-
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bute to the progressive achievement
of FAO’s five strategic objectives:
contribute to the eradication of hunger, food insecurity and malnutrition;
make agriculture more productive
and sustainable; reduce rural poverty;
promote open and efficient food and
agricultural systems; and improve the
resilience of livelihoods in the face of
threats or crises.
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Abstract
The dairy sector has a strong global influence due to its contribution to agricultural land use, employment, and wealth creation. Dairy
production has increased considerably in recent decades. It encompasses greatly different production models in many countries and
involves animal species with distinct characteristics. The future development of milk production is subject to a variety of limitations, which
raise issues about the paths that best promote sustainability. Within this context, this review first describes consumption and production
dynamics of the dairy sector in several geographic regions. It then discusses the sustainability of the dairy sector, mainly in developing
countries, according to three themes: i) the social dimension (often ignored) and the need to consider gender issues, ii) sustainable use of
water in two contrasting situations (Morocco and India), and iii) diversity of non-cow milk and its importance to local development. It ends
by discussing how international trade enables many countries with a deficit of milk production to satisfy domestic demand.
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Résumé
Réflexions sur le développement du secteur laitier et sa durabilité dans différentes parties du monde
La filière laitière occupe une place importante à l’échelle mondiale, en termes de contribution à l’occupation des surfaces agricoles, aux emplois
et à la création de richesse. La production laitière, qui résulte de modèles productifs très variés d’un pays à l’autre et qui relève d’espèces animales
aux caractéristiques différentes, a considérablement augmenté au cours des dernières décennies. Le développement futur de la production
laitière est soumis à différentes contraintes qui interrogent sur les voies à privilégier dans une optique de durabilité. Dans ce cadre, la première
partie de cet article présente la dynamique du secteur laitier, en termes de consommation et de production, et ce, pour différentes grandes zones
géographiques ; la seconde traite de la durabilité du secteur laitier, principalement dans les pays en développement, au travers d’une sélection
de trois thèmes : la dimension sociale (souvent oubliée) et la nécessité d’intégrer les questions de genre ; l’usage durable des ressources hydriques
en l’illustrant au travers de deux situations contrastées, celle du Maroc et de l’Inde ; la biodiversité et l’importance de la contribution des laits non
bovins au développement local. La troisième partie rappelle que les échanges internationaux permettent, pour de nombreux pays déficitaires en
lait, de satisfaire la demande intérieure.
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