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This is the 44th of a series of Working Papers prepared for the Pro-Poor Livestock
Policy Initiative (PPLPI). The purpose of these papers is to explore issues related to
livestock development in the context of poverty alleviation.

Livestock is vital to the economies of many developing countries. Animals are a
source of food, more specifically protein for human diets, income, employment and
possibly foreign exchange. For low income producers, livestock can serve as a store of
wealth, provide draught power and organic fertiliser for crop production and a means
of transport. Consumption of livestock and livestock products in developing countries,
though starting from a low base, is growing rapidly.

The aims of this study are to analyse trends and determinants of dairy development in
East Africa and South Asia in order to assess the role of policies and institutions on the
evolution of the sector in general, and their impact on the poor in particular.
Although traditional and commercial dairy production/marketing systems coexist in
both regions, traditional/informal dairy production systems continue to dominate, are
generally competitive, and have played a key role in sector development, because of
continued strong demand for the products and services they offer. Policies which
build on traditional production systems, with a particular focus on employment
generation and food safety and quality, are therefore expected to be pro-poor.

We hope this paper will provide useful information to its readers and any feedback is
welcomed by the authors, PPLPI and the Livestock Information, Sector Analysis and
Policy Branch (AGAL) of the Food and Agriculture Organization (FAO).

Disclaimer

The designations employed and the presentation of material in this publication do not
imply the expression of any opinion whatsoever on the part of the Food and
Agriculture Organization of the United Nations concerning the legal status of any
country, territory, city or area or its authorities or concerning the delimitations of its
frontiers or boundaries. The opinions expressed are solely those of the author(s) and
do not constitute in any way the official position of the FAO.
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Overview of the Study

The process of dairy development that this study addresses is driven by underlying
fundamental changes in economic growth, the value of resources and consumer
demand. However, it is also shaped by public policies, interventions and investment
decisions and will be accompanied by changes in impact on incomes, opportunities
and livelihoods of producers and changes in opportunities and returns for market
agents and investors. This study examines dairy development in two key dairy
producing regions in the developing world: East Africa and South Asia. The aim of the
study is to analyse the trends in dairy development in these two regions and identify
their key determinants, to assess the impact of policy interventions on those trends
and to identify impacts of dairy development, particularly on the poor.

The study is reported in three parts: Part 1 presents a conceptual framework for dairy
development, followed by a section presenting a regional analysis of dairy
development trends across all the countries in the two regions and a synthesis of the
outcomes of the case study analyses, highlighting implications for policy interventions
and investment, including proposing a model for pro-poor dairy development. Parts 2
and 3 consist of in-depth case studies and analyses of dairy development trends,
determinants and outcomes in Kenya and Ethiopia (Part 2) and India and Pakistan
(Part 3).

A Conceptual Framework for Dairy Development

As a simplistic description of the beginning and end points of the dairy sector
development process, two stylized representations of dairy systems are used:

the ‘traditional system’ (also known as the small-scale subsistence or Southern
tropical model) to reflect the small-scale, farm-household milk production and
informal market systems that predominate in most developing countries; and

the ‘commercial system’ (also known as the large-scale industrial or Northern cold-
chain model), representing the large-scale industrialized production and integrated
marketing that is observed in developed countries.

It is important to note that elements of both models will often occur simultaneously in
both high- and low-income country settings. The characteristics of these models are
described below and reflect both farm and market differences.
Characteristics of ‘traditional” milk production systems include:

multi-objective household model of farmer behaviour,

low levels of inputs and outputs, and

nutrient deficits in both farm and household.

Characteristics of ‘commercial” milk production systems include:
single objective enterprise model of farmer behaviour,
high levels of both inputs and outputs,
nutrient surpluses in both farm and household.
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Characteristics of ‘traditional” milk marketing systems include:
diffuse market structure, consisting of many small-scale market agents,
artisanal processing, labour-intensive handling and transport methods,
low-cost products, mostly liquid and limited in diversity,
great diversity in market behaviour and roles, and
no voice or role in dairy sector policy making

Characteristics of ‘commercial’ milk marketing systems include:

concentrated market structure, consisting of relatively few, large-scale, vertically-
integrated market agents,

industrial processing, based on capital-intensive technologies at all market levels,
value-added products, mostly non-liquid and diverse,

little diversity in market enterprise types, and

strong voice and large role in dairy sector policy making.

At the heart of this process is the shift from a multi-objective farm-household activity
to a focused-objective enterprise activity. The conceptual framework postulates a
number of factors that drive this shift. These include:

Demand levels and consumption patterns, which are closely associated with income
and urbanization and with local consumption traditions. Milk is not a commodity but
rather a complex set of products, the demand for which is determined by:

income-related levels of demand, and
income-related changes in consumption habits and lifestyles, leading to
increased demand for quality, food safety and standardization, and
demand for convenience.
Opportunity costs of labour and land are also key driving forces for system change,

which tend to bring about a substitution of capital for both of these factors and a
general shift towards commercial systems. Aspects of this include:

opportunity costs of land,
opportunity costs of labour in milk production, and
opportunity costs of labour in milk processing and marketing.
Market access, infrastructure and institutional development condition the structure

and performance of production systems for a highly perishable product. Elements of
these described in the report include:

transaction costs and location of production,
transaction costs and infrastructure, and
transactions costs and institutions.

Finally, technology and policy interventions can alter the opportunities and incentives
for dairy system change and development. Generally, improved technology will
reduce production costs and induce shifts towards more commercial systems; adapting
to changes in other factors will be dependent on the availability of technological
alternatives, ether existing or new. Policies - deliberate or inadvertent - for market
regulation and infrastructure investment can alter market institutions and transactions
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costs. Critically, policies can partially determine the winners and losers of structural
changes in the sector, determine market participation of smallholders versus larger
producers and employment generation and incomes at both farm and market level.

Measuring Dairy Development

Our conceptual framework has at its core the shift from labour intensive practices
towards more capital intensive practices, both on farm and in market, due to
increased opportunity costs of labour. That shift also implies higher productivity of
labour. The stages of change between traditional and commercial systems can thus
be measured in terms of labour productivity; if we equate that change with “dairy
development” we can use labour productivity as a general proxy for dairy
development, reflecting changes in all parts of dairy systems. Due to data limitations,
however, that productivity measure will take several different forms in the analyses
that follow.

Impacts of Dairy Development on the Poor

While ‘development’, meaning a shift towards commercial systems, of the dairy sector
is favourably viewed by policymakers, it should be understood in the context of the
contribution of livestock production to livelihoods and income generation for
smallholder farmers through the production of higher-value products compared to
most crops. Of key importance are the differences in policies that can condition those
outcomes in terms of benefits to different communities and social groups. Elements
of the outcomes for the poor include income and employment generation, which
includes not only self-employment of farmers and market agents but also hired labour
on farm and in the market. Less tangible returns to milk production include the value
of livestock assets for finance and insurance functions.

Dairy development is also linked to nutrition, both among farm families and resource-
poor consumers of dairy products and also in terms of farm soil nutrients.
Consumption of even small amounts of milk can have dramatic effects on improving
the nutritional status of poor people and is especially important for children and
nursing and expectant mothers. Further, as long as low soil fertility remains a major
constraint to agriculture in most developing countries, manure from dairy cows can
provide a critical source of organic matter and nutrients, boosting smallholder’s crop
yields on farms where chemical fertilizers are often unavailable and unaffordable.

Policy interventions, as well as market forces, can help to determine whether dairy
development follows more or less equitable development paths. An equitable
development path occurs when shifts towards farm and market commercialization are
associated with increased alternative off-farm employment opportunities, in urban
areas and in alternative agricultural enterprises or industries. An inequitable
development path occurs when increased commercialization at farm and market
levels are associated with reduced opportunities and employment alternatives for
small-scale farmers and market agents.

Comparative Trends in Dairy Development among Countries in East
Africa and South Asia

These two regions represent some of the most important dairy development zones
among poorer countries globally. Within them occur countries where dairy production
and consumption has a long historical tradition and has been an important part of

Vi
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agricultural systems. In other countries in the same regions, however, dairy
production has been a less significant enterprise, often for cultural reasons but also
due to limited potential. These regions thus present an excellent choice for
understanding both the driving factors and the pro-poor implications of dairy
development and of related policies and interventions. Data used from five South
Asian countries and ten East African countries, based on FAOSTAT and the World
Bank’s World Development Indicators database, is used in a regional analysis of
comparative trends in milk production. Milk production is used as a proxy for dairy
development. Explanatory variables include proxies for various aspects of demand
and market development, inputs and labour markets, technology and human capital,
infrastructure and transaction costs and policy.

Summary of Results of Regional Analyses

East Africa. Demand-related factors play a key role in explaining development of the
dairy sector in East Africa, as shown by the significant contribution to growth of
demand-related factors in the three countries with the fastest growth in milk
production (Sudan, Kenya and Uganda). Development of formal milk markets, input
markets, technology and policy do not explain the differences between fast-growing
countries and the rest. This suggests that adjusting supply to type and quality of
products demanded, expanding demand by reducing consumer prices and reducing
transaction costs should be a necessary condition to expand the dairy sector in East
Africa.

South Asia. The dairy sector in South Asia is following a different path. Consumption
of dairy products is higher on average than in East Africa and demand-related factors
have been contributing to growth in the dairy sector for the past 30 years in all
countries. Differences in growth are more related to the possibility of expanding
supply to match the growing demand of dairy products. India and Pakistan were able
to link the transformation in agriculture originated in the Green Revolution to
successfully expand production and output; this is reflected in the contribution of
input markets and technology to growth in milk production. In the case of countries
with slow growth in milk production, such as Bangladesh and Nepal, development of
cereal production, feed markets and a growing demand did not translate into
technical change in the dairy sector, as was the case in India and Pakistan. The policy
environment in these countries is also less favourable than in the fast-growing
countries. Sri Lanka’s constraints to growth in the dairy sector appear to be mainly on
the supply side. As in East Africa, development of formal milk markets in South Asia is
not associated with increased growth rates.

Country Case Studies from South Asia and East Africa - Kenya,
Ethiopia, Pakistan and India

These four countries represent a range of production conditions, histories and policy
environments related to dairy development: India and Kenya are also held up as
examples of ‘successful’ dairy development. Where available, detailed provincial and
district data on dairy development and potential determinants were gathered. Data
were analysed using similar approaches to those applied in the regional analysis
outlined above. Due to severe data limitations, relatively complete analyses were
only possible in Kenya and in India. Data were also gathered from farm and market
level on income and employment generation in different scales of dairy enterprises.

The results exhibit more similarities than differences. Of importance to dairy
development in all cases are the roles of demand growth, the traditional market and
availability of improved dairy animals. Policies related to investment and trade show

vii
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mixed results. More detail from the four country case studies can be found in Part 2
(Kenya and Ethiopia) and Part 3 (Pakistan and India) of this series. The final synthesis
of the regional and case study results, summarized below, highlights the main results
from all the analyses.

Synthesis of Regional and Country Results: Defining an Agenda for
Pro-Poor Dairy Policy and Development
Demand for dairy products: The analyses highlight the importance of growth in

consumption and demand, brought about either through growth in GDP per capita or
exports, or through increased urbanization.

A clear understanding of potential market trends and opportunities is needed for
policy and planning in the dairy sub-sector. Because demand is highly conditioned
by local perceptions and traditions regarding dairy consumption, this understanding
should be pragmatic and based on local realities, not on assumed replication of
trends observed elsewhere.

Where poor people play a large role in the consumption of dairy products,
interventions to support the provision of low-cost products are likely to simulate
dairy development.

The Indian milk revolution, for example, may be largely a result of demand-side
forces, although the technical and agricultural sector factors discussed below
played a key role as well. Unless these facts are understood, there may be
overemphasis on supply-side interventions that have not been demonstrated to
bring about development in a number of cases.

Improved dairy animals and other farm technology. A consistent and clear result of
the analysis, both at the regional and country-case levels, is that nearly all strong
dairy development growth scenarios are associated with technical change in terms of
yield per animal. Genetic improvement has obviously had dramatic impact on
development and growth.

Clearly, use of exotic cattle genetics is a rapid and potentially sustainable path to
higher productivity, even among small-scale and resource-poor farmers and in
warm, semi-arid or humid climates. At the same time, the failures caused by
importing high-grade animals should be noted and avoided.

National and local breeding strategies need to address the realities of climate and
disease risk. Given appropriate breeding strategies and disease control measures,
however, it is possible to develop and sustain cross-bred dairy production systems;
such systems have often played a key role in dairy development.

Although it is difficult to capture the role of fodder technology in the aggregate
analyses in this study, for the Kenya case it was possible to demonstrate that
planted fodder technology played a key role in growth in dairy productivity.

Research has shown that the ‘appropriateness’ of intensive fodder production is
much more likely to depend on availability of cheap labour, scarcity of land and
good access to milk markets, than it is on agro-climatic setting. Where labour is
scarce, evidence shows that intensive fodder cultivation practices and feeding of
crop residues to cattle, unless mechanized, are unlikely to be taken up.
Interventions to promote those should pay very close attention to labour
opportunity costs.

Where relative land and labour values constrain uptake of specialized fodder
technologies, a potential avenue for increased productivity is through improved
‘food-fodder’ crop varieties, bred to increase the fodder quality and digestibility of
the straws and stovers they produce.

viii
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Agricultural sector growth. In some regions and countries, general agricultural
sector growth and transformation was shown to play a role in dairy development; for
example India and Pakistan were able to link the transformation in agriculture
originated in the Green Revolution to expand milk production. The link with the
agricultural sector is not as evident in some other South Asian countries or in East
Africa. Productivity change in those cases may continue to rely on fodder technology,
given the low opportunity costs of labour.

Traditional milk and dairy product markets. One of the key findings of the study is
that traditional/informal milk markets have apparently played a key role in dairy
development in both regions and in most countries. In countries with the strongest
growth, such as Pakistan, India, Sudan and Uganda, traditional, small-scale markets
control over 80% of marketed milk; there is no evidence that this basic structure will
change significantly in the next few decades. These facts, which are often overlooked
because traditional markets are generally not reflected in national dairy industry
statistics, pose several important implications for dairy policy and development.

All the evidence suggests that the traditional market dominance is not a result of
lack of investment in formal market channels, or of non-enforcement of national
milk standards; rather they are the result of continued strong demand for the
products and services that they offer. As a consequence, in many cases,
investment in formal dairy processing facilities, both in the private and public
sectors, have failed leading to underutilized capacity surviving on subsidies or
abandoned milk processing plants and cooling facilities.

In some cases there is strong demand for traditional products by high-income
consumers as well as the resource poor; growth in disposable income may not
necessarily significantly reduce demand for traditional products.

The analysis in this study does not support the view that formal market structures
are required to stimulate dairy development. One of the countries in this study
with the strongest growth, Pakistan, displays a negligible formal market share. In
East Africa, the analysis suggests a negative association between formal market
share and dairy development, as measured. This is likely to be because formal
market share in that region was less a result of market forces but rather due to
public investment decisions. Also, poorly managed formal market institutions
provided a much less effective link between farmers and consumers than the
traditional informal market.

Traditional informal markets have clearly provided an effective, functional link
between farmers and consumers which responds to consumer demand: they should
not be regarded as market failures. Moreover, such markets are generally those
most often serving the needs of small-scale farmers and resource-poor consumers.
The analysis has also demonstrated the large and positive employment implications
of such markets.

Public policy-makers should engage constructively with traditional markets rather
than oppose them directly, particularly as demand for food safety may grow with
increases in disposable income. Policies that allow the continued functioning of
such markets, but which support increased quality and food safety, are likely to be
pro-poor in nature. Policies that simply oppose and attempt to police such markets
are likely to impact negatively on small-scale farmers, consumers and small-scale
market agents.

Dairy co-operative development. Mixed messages emerge from the analysis of the
two countries where co-operatives have played a significant role in dairy
development: Kenya and India. In Kenya, evidence suggests that dairy co-operatives
played a significant role in fostering dairy development, primarily by providing a
stable market environment and delivering services to farmers. In India, there was no
empirical evidence that co-operative development was associated locally with dairy

























A Conceptual framework for Dairy Development

Milk Marketing Systems

Associated with the stylized extreme forms of milk production depicted above are
contrasting models for the processing and marketing of milk and dairy products.
Again, we will refer to these as the traditional market system, also referred to as the
informal or unorganized system, and the commercial market system, sometimes called
the formal or organized system. Again, both systems can exist simultaneously and can
be integrated to some degree.

Traditional milk and dairy product market systems can be characterized by the
following common features:

Diffuse_market structure, consisting of many small-scale market agents. Many
market agents handle only small quantities of milk and dairy products daily and are
found in large numbers where demand exists. They typically operate mostly
independently; there tends to be a limited role for collective organization.

Artisanal _processing, labour-intensive _handling _and _transport _methods.
Processing methods are based on indigenous traditional technology, primarily using
labour rather than capital. Labour-intensive distribution methods are generally
associated with short-distance market chains, even though there may be multiple
intermediaries. Small quantities traded require small product demand points, thus
shorter distances to travel. There is little or no integration with international
markets.

Low-cost products, mostly liguid and limited in diversity. Market agents tend to
focus on a limited range of products, mostly relatively low cost. Products are often
variable in quality.

Great diversity in _market behaviour and roles. In any given location there can
exist a myriad of different types of market agents, each occupying a particular
market niche and providing a specific market service, sometimes to a subset of
customer types. Associated with a lack of vertical integration, some agents provide
only bulking or transport services, or even contracted traditional processing.

No voice or role in dairy policy making. This is a systematic and consistent
feature of traditional milk market systems, which they share with other sectors
operating in the informal economy. Partly as a consequence, there is generally no
recording or monitoring of these systems.

In contrast, commercial milk market systems typically have the following features:

Concentrated market structure, consisting of relatively few large-scale,
vertically-integrated market agents. Large-scale businesses integrate a number of
market services, from bulking through processing to distribution. There is often a
large role for collective organizations, such as co-operatives and co-op federations.

Industrial processing based on capital-intensive technologies at all market
levels. Processing is based on heavy capital investment, using industrial methods
dependent on large volumes. Large-scale collection and distribution is also
associated with long-distance market chains and sometimes close integration with
international markets. Large volumes require large-scale net-demand centres, thus
longer distances to travel.

Value-added products, mostly non-liguid and diverse. Commercial market
products tend to exhibit a great range of forms and types, mostly with significant
value addition. As a consequence they have higher costs than traditional market
products. Products tend to be less variable in quality than traditional products.

Little diversity in _market enterprise types. Large-scale commercial dairy
processing and marketing enterprises tend to be similar across sites and countries,
although adapted to suit the products of demand in their target markets.
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Loud voice and large role in dairy policy making. Commercial market players are
typically well connected to government and have a high public profile. They are
usually monitored and their activities recorded.

The Determinants of Dairy Development Models, or Factors Driving
Dairy Development

The above descriptions of contrasting extremes in milk production and milk marketing
systems does not attempt to identify what factors determine the dairy development
process, although some are hinted at. In this section these factors are presented and
their incidence in the evolution of the dairy sector is discussed. Figure 1 presents the
main relationships and determinants of the process. During the dairy development
process, structural changes occur in consumption patterns, relative availability of
resources and transaction costs, which result in output and input market development
and the transformation of institutions. The diagram puts consumer preferences and
demand, along with opportunity costs of labour, both of which are driven by overall
economic and demographic trends, as the main forces driving the process of
commercialization and development of the dairy sector.

At the heart of this process is the shift from a multi-objective farm-household
activity, to a focused-objective enterprise activity. These two models differ
significantly in the benefits they accrue, the impact they have, their productivity and,
as a consequence, in the underlying behaviour they display.

Figure 1: Factors affecting development of the dairy sector.
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Demand Levels and Consumption Patterns

Changes in demand and consumption patterns are some of the key variables driving
the process of transformation and commercialization of the dairy sector. These
changes are closely associated with income growth, urbanization and increased access
to consumers in other countries (exports). It should be recognized that milk is not a
commodity, but rather a complex set of products. Although a single product at the
farm level, diverse demand affects market access for both domestic producers
(perishability) and importers (substitutability): these determine the structure of
distribution and markets and partially the structure of production.

Increased demand for quality, food safety and standardization. With higher incomes
comes increased willingness to pay for quality and food safety. This leads to a shift
away from traditional market products, which are more variable in quality and often
perceived as less safe, to commercial market products. These changes are very closely
tied to increases in disposable income; commercial market products are typically
more expensive than traditional products. Higher quality and food safety always
comes at a cost.

Changes in consumption habits and lifestyles. Again linked to growth in incomes, but
closely associated with urbanization irrespective of income, are changes in lifestyle
that bring about consumption of new, non-traditional products. These again
contribute to development of commercial dairy markets at the expense of traditional
ones. They can also contribute to greater use of imported products, which can more
easily be substituted for these industrial dairy products than traditional dairy
products.

Demand for convenience. Lifestyle changes associated with urbanization may also
determine where and in what form dairy products are purchased.

Changes in levels of demand. Changes in overall demand for dairy products can have
significant affects on dairy systems. Increased demand increases opportunities for
market entry both for market agents and milk producers. Increased overall activity in
the industry contributes to the development of infrastructure and services that may
reduce transactions costs in markets (more on that below) and production costs on
farms. However, it is not apparent that higher overall demand will lead to higher
market prices for milk, which is also dependent on supply and other factors.

The above factors are likely to favour commercial markets, but not in all cases. In
countries with strong traditions of dairy product consumption, traditional products are
often regarded as higher quality than commercial products. Traditional products are
also often delivered to customer homes and offices, meeting needs for convenience.

Where they do favour commercial market systems, these changes can also drive
changes in milk production systems. Commercial markets require large, regular
volumes of milk throughput to recover heavy fixed costs in plant and transport. As a
consequence, they are willing to pay a premium to milk producers who can
consistently supply large volumes. Such premiums provide an economic advantage to
larger producers, or collective organizations of farmers. In the case of the former,
these trends can lead to a greater proportion of larger farms, altering the structure of
production. Commercial milk buyers may also demand higher quality raw milk due to
changes in consumer demands, which may require farmer investment in cooling
equipment, again favouring larger producers.

Opportunity Costs of Labour and Land

Another key determinant of dairy system change and development, again linked to
growth in incomes, is the opportunity cost of labour. As real incomes increase across
the economy with economic development, wages demanded by labourers increase and
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entrepreneurs or producers raise the level of expectation of acceptable returns to
their labour.?

Opportunity costs of labour in milk production. Changes in the cost of labour can bring
about fundamental changes at the farm level and is the primary driving force behind
increases in scale of production, herd size and technological innovation. Increased
labour costs bring about substitution of capital and/or land for labour input on farm,
which typically requires shifts in technology, including higher productivity cattle and
feed. Larger herds per unit of labour are required to produce higher returns.
Production systems that require high levels of family labour generally decline relative
to production for the market with predominant use of hired labour. The increasing
opportunity cost of family labour leads to substitution of non-traded for traded inputs,
reinforcing the trend to develop input markets. At its simplest, other factors being
equal, increased labour cost, proxied by per capita income levels, is globally
associated with larger herd sizes. This is demonstrated in a study across 15 countries
(Baltenweck et al. 2003). Increased off-farm opportunities also lead to a shift in
household objectives towards more commercial aims. Opportunity costs of labour,
driven by economic development, are probably the key element driving changes from
traditional to commercial modes of milk production.

Opportunity costs of labour in milk markets. Important impacts of labour opportunity
costs can also be seen in milk markets, in shifting market activities from traditional to
commercial models. This occurs through the substitution of capital for labour as
labour costs rise, leading to mechanization and in turn requiring higher volumes and
larger scales of enterprise. This brings about reduced activity by small-scale agents,
reduced competition to the commercial market and gradual evolution of a formal
market.

Opportunity costs of land. Increase in the value of land primarily affects the model of
milk production and is unlikely to have significant impact on milk market
development, except indirectly through changes in the structure and location of
production. The effects of opportunity cost of land can be seen in the typical urban to
rural continuum and the associated variation in scale of production and level of
intensification. Generally, low opportunity cost of land in rural areas is associated
with extensive grazing systems and larger herds where cheap land is substituted for
labour. Higher opportunity costs of land are associated with more labour-intensive
systems, planted fodder, stall feeding and use of purchased feed. These are generally
simply variations within traditional or commercial systems; land value increase is not
closely associated with commercialization. Differences in observed level of
commercialization associated with the rural to urban continuum are rather an
outcome of differences in market access, not land value. Land value differences drive
variation in production within the systems.

Market Access, Infrastructure and Institutional Development

Increased market access generally drives increased commercialization of dairy
production. Market access can be described as increased opportunity to market
outputs regularly and at acceptable prices and increased opportunity to buy quality
inputs and services at acceptable prices and results in market participation.
Participation in output and input markets is limited by low production values and high
transaction and transport costs (Chen and Rozelle 2001). If there is a growing demand
for dairy products, transaction costs become one of the main factors determining not
just participation but general market maturity of output and input markets.
Transactions costs can include not just transfer and transportation costs; they are also
the costs associated with searching for markets, bargaining and arranging contracts

% | abour and land price shifts entail a shift in the shape of the supply curve.
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and the risks implicit in sometimes having less market information than other market
agents (Staal et al. 1997).

Transaction costs and infrastructure. Infrastructure, in the form of roads and milk
collection and handling facilities, can largely determine the opportunities for
participation in milk production for sale; it partially sets the farm-gate milk price.
Research has shown that poor feeder roads can reduce milk prices paid to farmers by
3% for each additional kilometre separating farm and market (Staal et al. 2000b). This
is not just due to simple costs of transport, but also to the seasonal risks that such
roads can impose. High transactions costs related to infrastructure limits commercial
milk production to locations close to consumers (more on that below). Where demand
raises prices or volumes, high transactions costs can be economically overcome.

Transactions costs and institutions. Well functioning market institutions and
organizations can reduce transactions costs; for example by reducing costs of
bargaining, obtaining market information and ensuring contracts, as well as reducing
transport costs. According to Engerman and Sokoloff (2003), however, no one
particular institution is required for development. There are often alternative
institutional forms or structures that are reasonable substitutes, each allowing the
sector to achieve similar economic performance. Any mechanism that reduces
transactions costs will promote dairy development and increased commercialization.
However, among the feasible set of institutional arrangements, different institutions
can have different implications for different segments of the population, some
allowing increased market access to poor producers, others favouring concentration
and marginalization of smallholders during the development process. Further, the
level of local supply and demand determines market surplus and the need for market
institutions - in many cases in developing countries, most milk is sold directly from
farmers to consumers due to unmet local demand, reducing or eliminating the need
for market institutions. Traditional market institutions, where they meet consumer
demand, may reduce transactions costs as effectively as any other institutional form.
Collective action organizations, such as farmer groups, can play a role in reducing
transaction and transport costs. Commercial market systems tend to be vertically
coordinated so as to reduce transactions costs to market agents through ensuring more
control over market opportunities in the context of high risks and information
asymmetry (Key and Runsten 1999).

Transaction costs and location of production. With high transaction and transport
costs and without equally high prices, markets are local or non-existent for most
commodities and inputs. In the absence of markets, milk is produced in traditional
systems when it offers a protein and energy source to the household at opportunity
costs which are lower than alternative sources of those nutrients. For market-oriented
systems, whether traditional or commercial, location of production is based on
proximity to consumption when transactions costs are high; when they are low it is
based on natural agro-climatic potential. As a consequence, market-oriented
traditional producers are likely to be found close to or within urban centres, while
market-oriented commercial producers can be found in rural areas wherever costs of
production are low.

Technology

Like changes in factor costs, changes in availability and use of technology can alter
production systems and market practices. Generally, improved technology will reduce
costs and induce shifts towards more commercial systems; adapting to changes in
other factors will be dependent on the availability of technological alternatives,
either existing or new. Even with the incentives provided by increased labour costs,
without alternative technology options factor substitution is limited to substitution
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along a fixed ratio and growth could be limited due to the inelastic supply of the more
limiting factors.* Indeed, without such changes in factor values or prices, there is
unlikely to be uptake of new technology (Baltenweck et al. 2003). In most cases, even
in developing countries, farmers are already making use of most of the available
technologies that meet their risk and return objectives. The existence of other
technologies locally, used by some commercial farmers, does not make them
‘available’ to traditional producers. Technology availability depends partially on the
capacity and objectives of farmers (Ruttan and Hayami 1988). In this context,
productivity growth is likely to be mainly driven by increases in opportunity cost of
labour, which in turn drives the demand for a switch in use of available technology or
even the development of new technologies, not by availability of improved
technologies. As indicated above, increases in cost of labour can be linked to a set of
dynamic processes occurring elsewhere in the agricultural sector and in the rest of the
economy. However it occurs, productivity shifts through technical change can drive
development to some extent, through lower relative prices and so higher demand,
even when all else is held constant.

Policies

All of the above factors can be conditioned and altered by public policies, whether
deliberate or unintentional. Policies for market regulation and infrastructure
investment can alter market institutions and transactions costs. Markets are affected
by macro policies including trade policy, which regulates the impact of international
prices on domestic markets. Policies and government interventions can also facilitate
or retard the transition to new stages of development by favouring certain institutions
and agents, particularly formal versus informal in the context of relative demand for
those institutions at different states.

Critically, policies can partially determine the winners and losers of structural changes
in the sector, market participation of smallholders versus larger producers and
employment generation and incomes at both farm and market level.

Impacts of Dairy Development

While development (meaning commercialization) of the dairy sector is favourably
viewed by policymakers, it should be understood in the context of the contribution of
livestock production to livelihoods and income generation for smallholder farmers
through the production of higher-valued products compared to most crops. One of the
key income-generating livestock activities available to resource-poor and even
landless households is market-oriented milk production. Not only does it generate
income on a steady daily basis, but also it has been shown to contribute to capital
accumulation of resource-poor households, enabling them to invest in education or
other productive activities and assets. Further, that income is often partially accrued
by the women of the household, subsequently yielding positive effects on child
welfare and nutrition. These impact outcomes will be altered by the development
factors described above. Of key importance, however, are the differences in policies
that can condition those outcomes in terms of benefits to different communities and
social groups.

* Improved technology moves the supply curve to the left.
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Income and Employment Generation

Income and employment generation in traditional systems, both on farm and in
traditional markets, must be understood in the context of the low opportunity cost of
labour which largely underlies the continued existence of those systems. Low costs of
labour contribute significantly to the competitiveness of small-scale production and
marketing. At low labour costs there are few economies of scale in production due to
limited incentive or means to invest in scale-dependent technology. As a
consequence, Delgado et al. (2003) found, in such diverse settings as Brazil and India,
that many small-scale dairy farmers exhibit similar levels of unit profitability as
larger-scale producers. The competitiveness of small-scale producers is further
strengthened by the multiple objectives of their activities, which is not readily
reflected in traditional analyses of competitiveness. Ouma and co-workers (2003)
showed that in Kenya the value of cattle assets for finance and insurance functions to
farm families added up to 20% of annual returns from cattle/dairy production.
Additionally, other non-market benefits, such as manure used on crops, contribute to
smallholder competitiveness. Commercial producers, who are likely to have other
sources of finance and insurance, are unlikely to gain significant value from those
functions and their larger-scale operations may also yield more manure than can be
used economically.

Farm-level direct and indirect employment and income generation. Figure 2 illustrates
the outcomes of the competitiveness of smallholder dairy production when
opportunity costs are low by comparing rural wages and dairy herd size; as long as
labour costs are low, small herds are seen to predominate. When there are few other
income opportunities, dairy production is likely to offer a viable opportunity for
employment and income. This opportunity is not just available to men, but also to
women and socially marginalized groups; often land availability is not a constraint to
engaging in milk production. In Kenya, female-headed households are statistically just
as likely as male-headed households to engage in milk production (Staal et al. 2003a)
and land holding size was found not to be a strong indicator of dairy activity. In India,
landless households, many of them from “tribal’ groups, are increasingly represented
in milk production systems and now make up a significant proportion of producers
(IFCN India 2003). Further, even small-scale farmers may often hire long-term
labourers. In Kenya, over 350,000 people, including some of the most resource-poor,
are employed full-time on small-scale dairy farms (SDP 2004b).
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Figure 2: Comparison of observed rural wage rates and dairy herd sizes from sites in sub-
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Not only is milk production an available activity to poor households, but returns can
be relatively high. In Kenya, smallholder dairy farmers were found, on average, to
generate above normal returns across several different types of production systems
(Staal et al. 2003b).® The impact of these revenues from dairy and livestock in general
can be seen on farm households; in Pakistan, households in the lowest income quintile
also had the lowest share of livestock income and that the share of income from
livestock grows as households move into higher quintiles (Adams and He 1995). In
India, farm households expand their bullock holdings as they move out of absolute
poverty (Rosenzweig and Wolpin 1993).

In summary, traditional production systems are associated with greater employment
and income opportunities for smallholders and those with poor access to capital, land,
government and education, than are commercial production systems.

Market-level direct and indirect employment and income generation

Similar results can be seen in traditional dairy market systems. Again, where wages
are low, traditional market systems predominate. This is due not just to the cost
advantages of labour-intensive small-scale marketing, but also to the type and
patterns of dairy product demand in low-income economies. The traditional milk and
dairy market share ranges from over 80% of marketed milk in poorer countries, such as
India and Tanzania, to more than 40% in more developed and wealthy countries, such

5 Above normal returns are those after normal returns to labour are deducted.
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as Brazil and Costa Rica.® This association between levels of income and role of the
traditional market suggests that it remains competitive when other income
opportunities are low and when buyers cannot afford high-value products. As in the
farm-level case, this competitiveness translates into market employment and income
opportunities for resource-poor people, some of whom may not have access to
productive assets, such as land.

Because of the labour-intensive nature of the practices, traditional markets employ
several times as many people per unit of milk handled than do commercial markets
and at comparable wage levels. Further, they also generate employment through
services such as transport. More of these results are presented later in this report.
Commercial market systems, because of their demand for more sophisticated market,
technology and information services, offer greater opportunities than traditional
markets for wider economic development. Further, their potential linkages to regional
and international markets offer growth opportunities not generally available to
traditional markets. However, even small-scale and traditional farmers, given
appropriate market structures, can participate in these opportunities through
commercial markets. As at the farm level, traditional dairy market systems are
associated with labour-intensive practices and greater employment and income
opportunities for the resource poor than are commercial production systems.

Nutrients and Nutrition

Dairy development also has impacts on various levels of nutrient flow and balances.
These include nutrients in milk for consumption by people, as well as animal waste
nutrients that are transferred to the soil or the environment. The general deficiencies
in nutrients available to both people and to soils are not an accidental association.

Milk and human nutrition. The diets of many people in developing countries are
deficient in energy, protein and essential micro-nutrients. Consumption of even small
amounts of milk can have dramatic effects on improving the nutritional status of poor
people; this is especially important for children and nursing and expectant mothers.
Dairy farmers clearly have ready access to fresh milk if they so choose, creating the
potential for positive impacts on human nutrition. Research in Kenya (Nicholson et al.
2003) demonstrates that households that kept cattle had significantly fewer children
with long-term malnutrition than households that did not keep cattle, controlling for
differences in income and other factors. The potential impact of commercialization on
child nutrition is not so clear. The same research did not find an association with
exotic or cross-bred dairy cattle keeping (associated with more market orientation)
and improved farm-household child nutrition. Even higher income was not statistically
linked to improved child nutrition. While it is unclear how commercialization affects
human nutrition, it is clear that for poor households traditional production systems
offer strong nutritional benefits.

The traditional milk market system also plays an important role in human nutrition by
generally offering lower cost dairy products to poor consumers than the commercial
market. Given the low levels of disposal income in countries where the traditional
market predominates and the relatively high price elasticity of many dairy products,
commercialization of the milk market that was not driven by demand could bring
about lower rates of consumption and negative impacts on human nutrition.

Milk production and soil nutrients. Low soil fertility remains the primary constraint
to agriculture in most developing countries. In traditional mixed crop-livestock
systems, manure from dairy cows can provides a critical source of organic matter and
nutrients, boosting smallholders’ crop yields on farms where chemical fertilizers are

5 From ILRI collaborative research.
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often unavailable and unaffordable. This can result in a positive soil nutrient balance,
supporting sustained intensive cropping of small parcels of land year after year (Staal
et al. 2000a). However, as systems commercialize and depend on increasing levels of
nutrient inputs in feed and fertilizer, there is a greater likelihood that soil nutrient
balances will become excessive and may leach into groundwater. This can lead to the
types of negative environmental impacts seen in commercial dairy systems in Western
Europe. In most traditional system environments, where soil nutrients remain in
deficit, some degree of commercialization is likely to have positive impacts on natural
resource management.

Impacts of Policies

Much of what we have described above in terms of dairy development are processes
that are closely linked to expected natural trends in economic growth and in
demographics. In order to assess the impacts of public policies, we need to recognize
two basic scenarios, or pathways, in the development of dairy systems and the shift
from traditional to commercial systems. For lack of better labels, we will call them:

1. The equitable development path, which occurs when shifts towards farm and
market commercialization are associated with increased alternative
opportunities off-farm, in urban areas and in alternative agricultural enterprises
or industries. Reduced smallholder and small-scale market agent participation
then occurs because individuals choose to move instead to better opportunities
elsewhere, or they themselves scale-up and commercialize. In that case, a
reduced role of the traditional sector may not imply negative consequences for
the resource poor, but rather a reflection of general growth of opportunities
across society.

This may be contrasted to:

2. The inequitable development path, which occurs when increased
commercialization at farm and market levels are associated with reduced
opportunities and alternatives for small-scale farmers and market agents. A
reduced role for traditional systems is then associated with structural changes
that reduce their opportunity to participate, without associated growth elsewhere
that can offer them alternatives.

Although these two scenarios are unlikely to be observed in such a differentiated
fashion, they serve simply to highlight the point that, under some scenarios,
commercialization and more generally dairy development can be associated with
positive impacts for livelihoods; in other scenarios this may not be the case. One
measure of which development path is predominating is whether or not the shifts in
commercialization occur in the context of rising opportunity costs of labour.

Policies play a key role in helping determine which of these two scenarios
predominate. Some public policy interventions may help to reduce opportunities,
while others can contribute to positive development trends, particularly economic
growth and employment. Which of these outcomes occurs will depend on the degree
to which policy-related incentives and benefits accrue to dairy industry players, both
traditional and commercial, either directly or indirectly through affecting related
industries, infrastructure and sources of demand and supply. Examples might include
credit policies that exclude producers with no land for collateral (negative) and
investment and support to collective farmer organizations (positive).

Finally, the differences noted above in policy profile and voices between traditional
and commercial systems would suggest that policy-makers may not have strong
incentives to support equitable policies. Although in some cases poor traditional
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producers have a significant role in policy debate, traditional market agents typically
have none.

Measuring Dairy Development and Its Determinants

For the analyses that follow, we now need to translate this conceptual framework for
dairy development into some quantitative measures, however approximate.

An Indicator of Dairy Development

Defining a single variable to reflect this process is difficult because it is complex,
involving several dimensions. As already described, our conceptual framework has at
its core the shift from labour-intensive practices on farm and in market towards more
capital-intensive practices due to increased opportunity cost of labour, as well as an
increase in absolute levels of production. The stages of change between traditional
and commercial can therefore be measured either in terms of labour productivity or in
level of production, depending on data availability and suitability. If we equate
changes in these with ‘dairy development’, we can use labour productivity and/or
production levels as general proxies for dairy development, reflecting changes in all
parts of dairy systems. Due to data limitations, those productivity measures will take
several different forms in the analyses that follow.

Indicators of Development Determinants

Similarly, we must identify some indicators to reflect the key factors identified above
that are likely to drive dairy development. A number of proxies, depending on
availability, will be used to reflect differences between places and over time in: a)
demand and consumption, b) changes in factor values, c¢) market infrastructure,
access and institutions, d) availability of technology, and e) policy interventions.
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As discussed in the conceptual framework, development of the dairy sector is
associated with the process of economic development, increased wages and incomes,
commercialization and increasing market specialization of production. In this section,
analysis is presented on the influence of different factors on the evolution of the dairy
sector in East Africa and South Asia.

These two regions represent some of the most important dairy development zones
among poorer countries globally. Within them occur countries where dairy production
and consumption has a long historical tradition and has been an important part of
agricultural systems. In some countries of these regions, annual milk consumption is as
high as 100 kg per head. In other countries in the same regions, however, dairy
production has been a less significant enterprise, often for cultural reasons but also
due to limited potential. Across these two regions there have been a wide range of
policy, infrastructure, market and investment environments. These regions therefore
present an excellent framework for understanding both the driving factors and the
pro-poor implications of dairy development and of related policies and interventions.

Data used in this regional analysis of comparative trends in milk production in East
Africa and South Asia is from FAOSTAT and the World Bank’s World Development
Indicators database’” and covers the period 1970-1999. Trends in milk production for
the target countries are shown in Figure 3. We proceed first to describe the variables
used as proxies for the factors determining development of the livestock sector. We
then compare the evolution of the dairy sector in five South Asian countries and ten
East African countries.

Figure 3: Trends in milk production in study countries.
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Choice of Indicators

Indicators of Development of the Dairy Sector

Defining a single variable representing development of the dairy sector is difficult
given the complexity of the process and the different dimensions involved. To
compare development of the dairy sector in low-income countries, one such indicator
could be the proportion of total milk production marketed, given that it captures the
degree of commercialization of the dairy sector. However, this information is only
available for some countries. Instead, given the conceptual framework above, we
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analyse long-run changes in milk supply and its determinants to explain development
of the dairy sector.

Demand and Market Development

Total domestic demand, income (GDP per capita) and urbanization are used as
demand-related variables affecting development of the dairy sector. Higher values of
milk consumption should have a positive effect on the sector’s development.
Indicators such as number of telephone lines and number of television sets per capita
are used as indicators of urbanization, mainly related to dairy development through
changes in consumer preferences and changing demand patterns. However, these
variables could also reflect developments in labour markets related to non-
agricultural activities, in which case they could have a negative affect on the long-run
milk supply. A related factor is the proportion of the total share of milk sold that is
processed formally, an indicator of the demand for more formal, Western-style
products and packaging, but it could also be interpreted as reflecting the impact of
policy and investment to support and develop the formal processing sector. A positive
sign in the estimated coefficient of this indicator means that growth in the formal
processing sector has a positive impact in long-run growth of milk demand.

Input and Labour Markets

Two variables are considered as proxies to measure development of input markets:
number of tractors and feed supplied to livestock. The growing number of tractors
reflects development in crop production; this relates dairy development to the Green
Revolution in the case of South Asia. It could also be considered as a proxy for general
development of rural infrastructure and services, contributing to increased milk
production and productivity. In the case of South Asia, an increased number of
tractors could also affect milk production through the substitution of milking cows and
buffaloes for draft animals. Total amount of feed supplied (in maize equivalents) per
head of animal stock is used as a proxy to measure development of feed markets.

Development of labour markets and labour opportunity costs are measured using the
ratio of workers in manufacture to total workers. This variable was only used in the
estimated model for Africa; collinearity problems did now allow its inclusion in the
model for South Asia.

Technology and Human Capital

Human capital is measured using two variables reflecting education and human
development: illiteracy rate and life expectancy. Innovation and R&D are captured
using data on expenditure on agricultural R&D for each country (Pardey and
Roseboom, 1989) complemented by several ISNAR statistical briefs on national
agricultural research systems. As a more specific indicator of technology in the dairy
sector, we use Yyields (milk produced per milking cow) which should capture
differences between technology packages used in different countries (genetics, feed
and health).

Policy

Policy variables are defined at two levels: a) variables reflecting macro policies and
the economic environment affecting development of the dairy sector, and b) variables
specifically reflecting policy for the dairy sector. Variables used as proxies for the
macroeconomic environment are: openness of the economy, measured as the sum of
total exports and total imports as a percentage of GDP; GDP growth; and domestic
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credit to the private sector (% of GDP). Performance of the dairy sector should be
positively related to GDP growth. The effect of openness is ambiguous, depending on
the effect of a more opened economy in other sectors and the interaction between
these sectors and dairy production (factor mobility between sectors, changes in
relative prices of inputs and outputs etc).

A specific policy variable for the dairy sector used here is the ratio of producer price
and import price of milk (milk equivalent). This is a straightforward measure of
nominal protection, although imperfect as used in this study because transport costs
of milk from the farm to the market and from the border to the market are not
considered. The effect of nominal protection on milk production should be positive
(positive supply price elasticity).

Performance of the Dairy Sector in East Africa and South Asia

Table 2 and Table 3 describe differences in the levels of the key variables above for
10 countries in East Africa and 5 countries in South Asia. A general comparison
between regions shows that South Asia’s dairy sector has performed better than East
and Southern Africa’s. Manufacture Value Added per agricultural worker is almost
three-times larger in South Asia than in East Africa and input and credit markets are
also more developed. This region also shows higher investment in agricultural R&D and
higher yields of milking cows than East Africa. The macroeconomic environment is also
apparently more favourable in South Asia, despite the fact that Asian economies do
not appear to be more open than those in East African. On the other hand, specific
policy indicators for the dairy sector (producer’s price/import price) show that, on
average, the dairy sector in East Africa is more protected than in Asia. Within each
region, Sudan and Kenya in East Africa and Pakistan and India in South Asia are the
countries exhibiting the best performance in dairy production measured as growth in
milk supply.

A more systematic approach than simple comparisons is needed to understand better
the affect of key factors on dairy development. In the next section an analytical
model is proposed to estimate the relationships between milk production, our proxy
for dairy development, and the main factors explaining development based on the
conceptual framework.
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Table 2: Indicators of performance of and factors affecting development of the dairy sector in East Africa (average values 1991-1999).

2.36 3.60 1.36 2.50 0.23 4.79 2.36 2.70 1.21 0.00 2.11

Annual growth rate of milk
production 1970-1999 (%)

Dairy policy

Milk producer's price/import
price

1.16 0.63 0.76 0.60 0.13 7.48 1.94 4.28 0.14 0.37 1.75

Macro policy

Openness (trade as % of GDP) 32 65 49 65 53 25 51 32 72 74 52

GDP growth 4.78 1.73 2.68 3.22 5.81 5.49 3.04 6.68 0.86 1.31 3.56

Domestic credit to private sector

(% of GDP) 18 33 13 9 14 3 7 5 8 32 14

Demand

Domestic consumption of milk

: 893,699 2,212,323 521,723 49,041 103,653 2,753,129 601,044 474,508 81,353 295,630 798,610
production (Mt)
Sc?go;)er EErsiteE (L), Rl 100 335 236 147 142 277 181 301 454 681 285
SIETE G Tl preeeEses) mille 0.3 0.03 0.01 0.01 0.01 0.3 0.2 0.006 0.2 0.2 0.1
in total output (%)
Number of TV sets per 1000 4 18 20 2 4 94 15 23 76 30 29

inhabitants

Input markets and labour

Feed supplied to livestock (kg of

- . . 28 40 64 79 42 94 32 95 99 171 74.25
maize equivalent per animal)
Number of tractors 3,502 11,167 3,367 1,419 5,750 10,757 7,158 4,689 5,994 20,752 7,455
MEMLZEITE VEIIE Aelled) oy 16 72 45 49 35 76 28 47 152 427 95

worker in agriculture (USD)

Technology and human capital

Yield (litres/milking animal) 208 498 276 453 170 480 182 350 300 365 328.15
R&D in agriculture per hectare

(USD) 7 27 4 2 13 8 9 11 3 20 11
Life expectancy (years) 44 53 54 42 44 55 48 44 45 49 48
Milking animals (number) 4,216,889 4,430,100 1,837,778 77,556 346,333 5,669,460 3,233,333 1,337,667 248,444 976,667 2,237,423
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Table 3: Indicators of performance of and factors affecting development of the dairy sector in South Asia (average values 1991-1999).

1.37 1.26

a
i 1 0, =
Annual growth rate of milk produced per capita (%) 1970 -1.87 2 49 -0.35 . . 0.58

1999

Milk producer's price/import price 0.85 0.81 0.31 0.87 0.89 0.75
Openness (trade as % of GDP) 26 22 52 36 77 42.59
GDP growth 4.96 6.02 4.87 3.83 5.29 5.00
Domestic credit to private sector (% of GDP) 19 24 21 27 21 22.49
Domestic consumption of milk production (Mt) 1,001,853 63,304,030 955,854 20,459,888 578,044 17,259,934
GDP per capita (2000 USD) 322 381 207 439 724 414.80
Share of formally processed milk in total output (%0) 0.42 0.38 0.40 0.41 0.04 0.33
Number of TV sets per 1000 inhabitants 6 58 4 60 74 40.38
Feed supplied to livestock (kg of maize equivalent per animal) 61 102 43 204 111 104.20
Number of tractors 5,339 1,319,631 4,589 303,012 6,719 327858
Manufacture Value Added per worker in agriculture (USD) 147 213 41 350 490 248.07
Yield (litres/milking animal) 209 1045 605 1581 301 748.23
R&D in agriculture per hectare (USD) 28 188 4 25 5 50.12
llliteracy rate (%) 63 47 64 61 10 48.83
Milking animals (number) 3,766,167 60,403,875 1,572,989 12,732,111 922,845 15,879,597
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Analytical Model and Results

A model relating milk production and its key determinants was estimated separately
for 5 countries in South Asia (Bangladesh, India, Nepal, Pakistan and Sri Lanka) and 30
years (1970-1999), a total of 150 observations, and 10 countries in East Africa
(Ethiopia, Kenya, Tanzania, Uganda, Sudan, Madagascar, Malawi, Mozambique, Zambia
and Zimbabwe) for the same period, a total of 300 observations.

The general form of the model for both regions is represented as follows:

@) In(y,) =« +Zﬂk In(xi,tfn,k)+7|n(s<i,tfn)

where y represents milk production in country i and year t, « represents country i’s
specific characteristics influencing development of the dairy sector not captured by
other variables, X are k exogenous variables embodying policies, infrastructure,
technology, human capital, demand and other variables affecting dairy development
and SK is the stock of milking animals. All explanatory variables are lagged n periods.
The model was estimated by generalized least squares: technical details of the
estimation can be found in the Appendix.

Determinants of Dairy Trends in East Africa

The parameters estimated from the model for East Africa are shown in Table 4. The
fit of the model is good and the variables show the expected sign. According to the
results, development/growth of the dairy sector in East Africa is associated positively
and significantly with:

GDP growth

GDP per capita (year 2000, USD)
number of television sets per capita
life expectancy (years)

yield (litres per milking animal)

On the other hand, development/growth of the dairy sector is negatively and
significantly associated with:

openness (trade as % of GDP)

domestic credit to private sector (% of GDP)

share of formally processed milk in total output (%)
Manufacture Value Added per worker in agriculture

Variables that are apparently not significantly associated with development/growth in
East Africa, some of which may be affected by multicollinearity are:

milk producer's price/import price

feed supplied to livestock (tonnes of maize equivalent per head)
number of tractors per hectare

domestic demand (tonnes)
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R&D in agriculture per hectare (USD)
milking animals

These results link closely to the conceptual framework: demand and income factors
are seen as important contributors, as well as technical change. Negative factors are
associated with some policies and trade issues, such as open markets, and
development of non-agricultural activities and labour markets. Remarkably, there is a
strong negative relationship between growth of milk production and the importance of
the formal sector.

Table 4: Determinants of change in milk production: parameter estimates for East Africa.

Variable Coefficients

Milk producer's price/import price 0.01
Openness (trade as % of GDP) -0.24***
GDP growth 0.23*
Domestic credit to private sector (% of GDP) -0.08***
Feed supplied to livestock (tonnes of maize equivalent per head) 0.02
Number of tractors per hectare 0.05
Domestic demand (Mt) 0.08
Share of formally processed milk in total output (%) -0.30***
GDP per capita (2000 USD) 0.40%***
Number of TV sets per capita 0.03**
Manufacture value added per worker in agriculture -0.16***
Life expectancy (years) 1.03***
R&D in agriculture per hectare (USD) 0.02
Yield (litres/milking animal) 0.36**
Milking animals, cows and buffaloes (number) 0.02
Time trend 0.01***
Ethiopia 1.42%**
Kenya 0.10***
Madagascar -0.48**
Malawi -2.42%%*
Mozambique -1.90***
Sudan 1980s-1990s 1.54***
Sudan 1970s 1.29%**
Tanzania 0.82***
Uganda -0.95%**
Zambia 1980s-1990s -1.37%%*
Zambial970s -1.48***
Constant */ 3.52%

Note: a/ (*), (**) and (***) statistically significant at the 10%, 5% and 1% respectively.
b/ Constant term represents country effect of Zimbabwe. Country effects for countries other than
Zimbabwe are obtained by adding the country coefficient and the constant term
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Determinants of Dairy Trends in South Asia

Estimation of the model for South Asia was more difficult than that for East Africa
given the occurrence of multicollinearity. Due to this problem, some of the variables
used successfully in the model for East Africa were not included. Results are
presented in Table 5.

Development/growth of the dairy sector in South Asia is positively and significantly
associated with:

GDP growth (%)

domestic demand (litres)

yield (litres per milking animal)

feed supplied to livestock (tonnes of maize equivalent)

number of tractors per hectare

milking animals (number of cows and buffaloes)
On the other hand, development/growth of the dairy sector in South Asia is negatively
associated with:

telephone mainlines (per 1000 people)

R&D in agriculture per hectare (USD)

Variables not apparently significantly associated with development/growth in South
Asia, some of which may be affected by multicollinearity (see Appendix), are:

milk producer's price/import price

openness (trade as % of GDP)

domestic credit to private sector (% of GDP)

GDP per capita (2000 USD)

illiteracy rate (%)

share of formally processed milk in total output (%)

Table 5: Determinants of change in milk production: parameter estimates for South Asia.

Milk producer's price/import price 0.02
Openness (trade as % of GDP) -0.08
GDP growth (%) 0.73**
Domestic demand (litres) 0.21**
Domestic credit to private sector (% of GDP) -0.01
GDP per capita (2000 USD) 0.09
Feed supplied to livestock (tonnes of maize equivalent) 0.15*
Number of tractors per hectare 0.23***
[lliteracy rate (%) -0.27
Telephone mainlines (per 1,000 people) -0.16**
Share of formally processed milk in total output (%) 0.04
Milking animals, cows and buffaloes (number) 0.19**
Yield (litres/milking animal) 0.23**
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R&D in agriculture per hectare (USD) -0.25**
Time trend 0.02%*
Bangladesh-1970s° 0.20%*
India 1.61%**
Sri Lanka -0.94

Pakistan 1.09%**
Nepal 0.14

Constant® _44.38*

Note: a/ (*), (**) and (***) statistically significant at the 10%, 5% and 1% respectively.

a/ Measured in metric tonnes

b/ Constant term represents country effect of Bangladesh-1980-1999. Country effects for other
countries than Bangladesh are obtained by adding the country coefficient and the constant
term

¢/ Dummy variable taking value of 1 when Bangladesh and year 1970

Comparing Regional Growth Determinants

Comparing the results in the two regions, there are several commonalities and
implication for policy:

The importance of growth in consumption and demand, either through milk
consumption, GDP per capita or urbanization. The implication is that attempts to
stimulate production and supply, without a clear understanding of where market
demand opportunities will come from, whether local or international, are unlikely
to be successful.

Importance of accompanying technical change, measured in yield per animal. That
technical change is not necessarily associated with changes in other agricultural
sectors, although in South Asia there is a clear link to the increase in agricultural
mechanization. Of note is the fact that we are not able to show any link between
agricultural R&D and dairy development in East Africa, while the impact of this
variable in South Asia is negative.

The role of the formal processed milk sector, including co-operatives, is shown to
be mixed at best. In South Asia there is no association of the formal sector with
growth overall, which is likely to be linked to the significant differences across
countries in the role of the formal sector. In East Africa, where demand for high-
value products is particularly low, growth in formally processed share is associated
negatively with dairy development, as measured. The implication is that there are
multiple institutional and organizational market structures, including traditional
informal structures, that are able to serve the needs of producers and consumers.

Credit, another important policy area, also shows mixed effects: it is not related to
growth in South Asia and has a negative association with growth in East Africa. This
may be a result of the fact that the measure being used here is crude, not specific
even to agriculture, or it may also be related to the fact that in most of these
countries, the small-scale producers and market agents dominating the dairy sector
generally have little or no access to the formal credit being measured here.

It should be noted that, although the results are not shown here, the model was
also run including dairy import and export data. The results were generally not
significant, although in South Asia exports were associated with higher dairy
growth. At least in the periods being considered, imports did not appear to play a
role in affecting dairy development.
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Factors Contributing to Dairy Development Growth

Which are the main factors explaining growth in dairy output in East Africa and South
Asia? To answer this question we use the estimated model to explain changes in milk
supply between each period and the preceding period (t and t-1) by changes in the
independent variables weighted by the estimated coefficients of the model.®

Detailed Effects of Determining Factors on Dairy Growth

Before we present that analysis, it is useful to understand the underlying trends and
differences.

Growth performance has been poor in East Africa. Sudan, with an annual average rate
of growth in milk output of 4.7% for the period 1971-2000, is the fastest growing
country. Kenya and Uganda follow Sudan with average annual growth rates of 3.4 and
2.4%, respectively. Growth rates for Ethiopia and Malawi are close to population
growth rates. All other countries show growth in milk production below population
growth; in extreme cases, such as Zimbabwe and Mozambique, milk production lagged
behind population growth resulting in negative growth rates per capita close to -2.0%.

India and Pakistan have shown the fastest growth of milk production in South Asia
(4.2%), followed by Sri Lanka (2.6%). Growth of milk production in Nepal has been
similar to population growth in the past 30 years (close to 2%), while in Bangladesh
milk production growth has, on average, been close to zero.

Table 6 and Table 7 show the contribution of different variables to growth in milk
supply in East Africa and South Asia respectively, by decade.
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Table 6: Contribution of different factors to the annual growth rates of milk production in East and Southern Africa 1970-1999 (%)

1970- 1980- 1990- [ 1970- 1980- 1990- | 1970- 1980- 1990- | 1970- 1980- 1990- | 1970- 1980- 1990-

vear 1979 1989 1999 1979 1989 1999 | 1979 1989 1999 1979 1989 1999 | 1979 1989 1999
Growth rate milk production 1.73 2.20 3.59 2.98 8.80 0.05 2.25 1.01 1.10 | 10.24 1.11 -0.28 1.12 -0.04 -0.40
Milk producer's price/import price -0.06 0.12 -0.13 -0.04 0.03 -0.07 0.05 0.01 -0.08 0.03 0.05 -0.11 0.04 -0.01 -0.31
Dairy policy -0.06 0.12 -0.13 | -0.04 0.03 -0.07 0.05 0.01 -0.08 0.03 0.05 -0.11| 0.04 -0.01 -0.31
Openness (trade as % of GDP) -0.79 -0.77 -1.01| -0.20 0.60 -0.63 0.22 0.19 -0.99| -0.33 0.66 -0.51| -1.08 -0.46 -1.38
GDP growth 0.00 0.09 -0.03 0.00 0.00 -0.08 | -0.11 0.04 0.02 0.02 -0.08 0.06 0.09 -0.03 0.07
Domestic credit to private sector (% of GDP) -0.31 -0.39  -0.21 -0.47 -0.21 -0.07 0.04 -0.17 0.50 -0.43 0.20 0.55 0.20 -0.21 0.87
Macro policy -1.10 -1.07 -1.25| -0.67 0.39 -0.79 0.14 0.06 -0.47 | -0.74 0.78 0.10 | -0.80 -0.71 -0.45

Domestic consumption of milk production (litres) 0.12 0.31 0.00 0.15 0.36 0.36 0.08 0.20 0.04 0.30 0.63 -0.30 0.27 0.17 -0.16

GDP per capita (2000 USD) 022 -0.10 0.28| 1.32 033 003]| -035 -095 -071| 1.07 -033 035| 061 019 0.83
(Sc;f)‘re e el b7 [Prosesees) mifl < i il Gup 077 0.47 023| 249 162 1.77| 000 000 000| 000 o000 000| 000 000 0.00
Number of TV sets per capita 042 035 037| 026 027 031| 040 049 039| 024 o024 o024| 072 076 050
Demand 152 1.02 087| 422 259 247| 014 -026 -028| 162 053 o029 161 112 1.17
el sz 9 (MesieEs (Eies eif el 002 001 001| 001 -001 -0.02]| -0.02 -0.03 -0.06| 0.03 -004 ©0.06| 002 -0.01 0.10
equivalent)

Number of tractors 0.35 0.02 -0.07| 0.00 020 010| 007 006 011| 028 013 002| 026 002 0.00
'éﬁuasng;ca"t“re Value Added per worker in agriculture 5§ 45 14| 121 -036 -012| 020 022 026 -007 009 -017| -1.58 -1.58 -1.72
Input markets and labour 0.61 0.45 0.08 | -1.20 -0.17 -0.03 0.25 0.25 0.32 0.23 0.18 -0.10| -1.30 -1.57 -1.62
Yield (litres/milking animal) 012 027 020| 005 016 018| 028 026 0.14| 1.41 031 -007| 000 000 0.00
R&D in agriculture per hectare (USD) 011 0.13 0.11| 013 003 0.09]| -003 -007 000| 012 o008 004| 011 014 0.06
Life expectancy (years) 055 0.46 012| 1.01 075 -1.25| 096 071 0.44| 086 065 -1.08| 040 0.16 0.24
Technology and human capital 078 086 043| 120 095 -098| 122 090 o058 239 1.04 -1.11| 051 030 0.30
Other™ 002 082 359]| -053 501 -055| 045 005 1.03| 672 -1.47 o064 1.05 084 051
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Table 6 (Continued): Contribution of different factors to the annual growth rate of milk production in East and Southern Africa 1970-1999 (%)

1970- 1980- 1990- | 1970- 1980- 1990- [ 1970- 1980- 1990- | 1970- 1980- 1990- [ 1970- 1980- 1990-

vear 1979 1989 1999 | 1979 1989 1999 | 1979 1989 1999 | 1979 1989 1999 [ 1979 1989 1999
Growth rate milk production 474 8.11 3.38| 0.38 358 3.08| 494 064 287| 352 205 -1.13| 520 0.05 -3.64
Milk producer's price/import price 0.04 0.08 -0.22 0.05 0.07 0.02 0.22 -0.02 0.02 0.02 -0.05 -0.24 0.00 0.10  -0.19
Dairy policy 0.04 0.08 -0.22 0.05 0.07 0.02 0.22 -0.02 0.02 0.02 -0.05 -0.24 0.00 0.10 -0.19
Openness (trade as % of GDP) 0.08 1.17 -0.68 0.33 0.38 0.20 1.99  -0.38 -0.52 0.25 0.31 0.14 | -1.21 -0.06 -1.44
GDP growth 0.06 0.03 0.01 0.00 0.01 0.00 0.00 -0.03 0.05 | -0.07 0.03 0.03 | -0.24 0.09 0.00
Domestic credit to private sector (% of GDP) -0.03 0.13 0.97 0.21 0.35 0.66 0.36 0.28 -0.16 | -0.75 0.59 0.14 | -0.33 0.00 -0.58
Macro policy 0.11 132 0.30)] 054 075 087 2.35 -0.13 -0.63|-0.57 093 0.31(-1.78 0.03 -2.03

Domestic consumption of milk production (litres) 0.13 0.40 0.51 0.15 0.14 0.20 0.22 0.19 0.16 0.29 -0.28 0.26 0.36 0.04 -0.18
GDP per capita (2000 USD) 0.79 @ -0.57 0.95 0.11 0.06 -0.01 1.01 0.97 1.55| -0.29 -0.84 -0.83 1.04 0.14 0.39

Share of formally processed milk in total output 5, 1 g3 549 | 075 -010 0.05| 000 000 28| 000 000 -002]| -001 -076 025

(%)

Number of TV sets per capita 054 0.36 019| 053 023 122| 054 008 047 040 029 062]| 013 0.27 0.13
Demand 123 202 1.46| 003 0.32 1.46| 178 1.24 5.04| 0.40 -0.83 0.03| 1.51 -0.30 0.59
Zgﬁ?\/z‘l*epn‘i')bd D DNl (=S CF TP 0.12 0.01 000| 0.19 0.00 -0.03| 005 -008 0.03| 0.06 -0.01 -0.04| 0.02 -0.02 -0.01
Number of tractors 057 0.02 004]| -0.17 -024 0.01| 036 035 009 035 013 0.04| 007 -0.01 0.15
Elluagggacture Value Added per worker in agriculture - o9 557 909 | 0.06 007 0.08| -1.10 -0.96 -1.40| -0.53 -0.03 -0.09 | -0.15 -0.06 -0.10
Input markets and labour 0.60 -0.24 -0.05| 0.08 -0.18 0.06|-0.70 -0.69 -1.27|-0.12 0.09 -0.10 [ -0.06 -0.09 0.04
Yield (litres/milking animal) 0.00 -0.01 -0.13| 0.00 0.05 0.52| 000 000 0.00| 000 000 000]| 005 0.09 -0.89
R&D in agriculture per hectare (USD) 0.01 0.02 0.01]| -0.05 0.02 -0.09| 008 005 004 002 000 003| 008 0.05 0.05
Life expectancy (years) 1.12 0.99 0.92 1.08 0.45 -0.66 0.12 -0.18 -1.16 0.89 0.16 -1.43 0.95 0.58 -2.16
Technology and human capital 1.13 0.99 0.79 1.03 0.53  -0.23 0.20 -0.13 -1.12 0.91 0.16 -1.41 1.08 0.72  -3.01
Other\® 1.63 393 1.09|-1.35 209 o089 1.10 037 084 287 177 0.27| 444 -042 0.96

Notes: a/ Defined as the change in the variable multiplied by the respective estimated coefficient expressed in percentage

b\ Other includes the effect of milking cows, the time trend and an error term

The sign of the contribution would depend, on the sign of the estimated coefficient and on the direction in the change of the variable. For example, a positive coefficient
together with a positive change in the variable result in a positive contribution to growth while a positive coefficient and negative growth in the variable results in a
negative contribution to growth.
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Table 7: Contribution' of different factors to the annual growth rate of milk production in South Asia 1970-1999 (%)

1970- 1980- 1990- | 1970- 1980- 1990- | 1970- 1980- 1990- [ 1970- 1980- 1990- 1970- 1980- 1990-

[y 1079 1989 1999 | 1979 1989 1999 | 1979 1989 1999 | 1979 1989 1999 1979 1989 1999
Growth rate milk production 3.59 -2.43 0.26 4.31 5.40 4.01 1.95 2.00 2.55 1.70 4.82 6.34 5.46 -0.81 3.71
Milk producer's price/import price 0.20 -0.12 -0.09 | -0.02 -0.09 -0.06 0.02 -0.05 -0.33| -0.05 -0.02 -0.11 0.10 -0.02 -0.05
Dairy policy 020 -0.12 -0.09| -0.02 -0.09 -0.06| 002 -005 -033|-0.05 -0.02 -0.11| 010 -0.02 -0.05
Openness (trade as % of GDP) 0.25 -0.05 -0.34| -0.19 -0.05 -038| -0.23 -0.27 -0.47| -0.18 -0.05 -0.05| 0.08 000 -0.19
GDP growth 001 004 011| 007 o006 005| 002 013 -004| -012 011 -020| -0.05 -0.12 0.10
i i i (o)
gg’;“)esm BRI 2 (1S SEEm (0 aF -0.20 -0.17 -0.05| -0.07 -0.06 003| -011 -0.00 -0.10| 003 -0.04 001| -005 -004 -0.02
Macro policy 0.03 -0.19 -028| -0.19 -0.05 -030]| -032 -024 -061|-027 002 -024]| -003 -0.15 -0.10
Zﬁ;‘;ﬁ;t'c SEMSILIT SHEN @1F WX proeE o 051 054 -019| 065 1.16 083| 056 034 045| 047 060 1.18| 038 1.22 032
GDP per capita (2000 USD) 002 -0.01 006| 006 026 019| -001 -008 -0.05| -0.04 001 029| -001 026 011

Share of formally processed milk in total

0.00 -0.02 0.04 | -0.04 -0.08 0.09 | -0.01 0.06 0.04 0.00 0.01 0.01 0.08 0.14 0.09
output (%)

Demand 0.52 0.51 -0.10 0.68 1.34 1.10 0.54 0.33 0.44 0.43 0.62 1.48 0.45 1.63 0.51
233?szepnpt')ied to livestock (tonnes of maize 57 539 030 030 042 053| 056 000 084| 059 084 067| 032 071 065
Number of tractors 2.76 1.04 0.19 3.63 2.43 1.60 3.90 1.53 0.92 3.64 3.12 1.41 0.96 -1.08 -0.46
Telephone mainlines (per 1000 people) -0.97 -0.93 -0.87 -1.35 -0.97 -1.94 | -2.27 -1.68 -2.10 | -1.10 -0.95 -1.95 -0.79 -0.93 -1.53
Input markets and labour 2.06 0.50 -0.38 2.58 1.88 0.19 2.19 -0.15 -0.34 3.38 3.27 0.45 1.23 -0.60 -0.61
Yield (litres/milking animal) 0.00 -0.43 0.00 0.26 0.51 0.51 -0.29 -0.35 0.19 0.02 -0.26 0.84 0.74 -1.39 0.50
R&D in agriculture per hectare (USD) -2.46 -2.51 -1.31 -2.98 -1.43 -0.88 -2.43 -1.05 -0.86 | -3.32 -2.60 -1.14 -1.41 -1.14 -0.65
llliteracy rate (%) 0.18 0.17 0.22 0.31 0.36 0.41 0.27 0.25 0.36 0.25 0.26 0.32 0.73 0.70 0.72
Technology and human capital -2.28 -2.77 -1.09 | -2.41 -0.56 0.04 | -245 -1.15 -0.31 ] -3.30 -2.86 -0.30| -0.67 -2.52 -0.15
Other’ 3.04 -0.36 2.20 3.67 2.88 3.05 1.95 3.26 3.70 1.50 3.80 5.06 4.39 0.86 4.11

Notes: a/ Defined as the change in the variable multiplied by the respective estimated coefficient expressed in percentage

b\ Other includes the effect of milking cows, the time trend and an error term

The sign of the contribution would depend, on the sign of the estimated coefficient and on the direction in the change of the variable. For example, a positive coefficient
together with a positive change in the variable result in a positive contribution to growth while a positive coefficient and negative growth in the variable results in a
negative contribution to growth.
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Results for East Africa

From the supply side, human capital (life expectancy) has contributed to the
expansion of milk supply in almost all countries, although for some periods the
contribution of this variable in Sudan, Uganda, Zambia and Zimbabwe was negative.
Increased yield had a positive contribution to growth of the dairy sector in Kenya,
Tanzania and Ethiopia. The expansion of manufacture and of job opportunities in this
sector, measured by manufacture’s value added in agriculture, has negatively
affected the expansion of the dairy sector in most countries. The impact of this
variable is particularly important in the cases of Mozambique and Uganda.

Demand factors like urbanization (number of television sets) and income (GDP per
capita) have been a source for expansion of milk demand in most countries. Countries
such as Zambia, Mozambique, Tanzania and Madagascar show a high contribution of
urbanization to growth in milk supply. Sudan and Kenya, with slower growth in
urbanization and GDP per capita than Mozambique, show a positive impact of demand
on milk production due to a reduction of the proportion of milk being processed. The
latter is especially important in Kenya where the expansion of the informal sector is
probably one of the factors explaining the increased access of a growing population to
milk supply.

The last set of variables to be analysed is related to policies directly or indirectly
affecting the dairy sector. Results show a poor macroeconomic environment for
development of the dairy sector in East Africa, mainly as a result of increased
openness of the economy in most countries.

Results for South Asia

From the supply side, two forces with opposite signs affected growth of milk
production. Development of grain production and feed markets has been a major
contributor to growth of milk production, especially in India and Pakistan. The
growing number of tractors and increased feed availability reflect development in
crop production, relating dairy development to the Green Revolution. These variables
may also proxy general development of rural infrastructure and services associated
with the Green Revolution, contributing to increased productivity. Increased number
of tractors could also affect milk production through the substitution of milking cows
and buffaloes for draft animals. Table 3 shows that these two variables contributed
four percentage points to annual growth of milk supply in the cases of India and
Pakistan during the 1970s, decreasing their contribution to two percentage points in
the 1990s. This transformation of agriculture that occurred throughout the region did
not impact in the same way on the dairy sector in Bangladesh and Sri Lanka. These
countries show relative disadvantages for milk production and still face problems with
the availability of feeds and fodder, which is reflected in smaller impact of changes in
the number of tractors and feed availability on milk supply (3.0% and 1.3%
contribution to annual growth in the 1970s in Bangladesh and Sri Lanka, respectively)
and in small or negative contributions of yields to growth of milk supply, specially in
the case of Bangladesh (no growth between 1970 and 1999). On the other hand,
changes in infrastructure and communications, reflected by the number of telephone
lines per capita, negatively affected milk supply in the region, possibly reflecting a
shift towards non-agricultural economic activities. These negative effects are more
severe in the cases of Nepal, India and Pakistan (reducing annual growth of milk
supply by 2.1%, 1.9% and 1.9%, respectively, in the 1990s).

Demand growth appears to be important as a driver of dairy development both in India
and Pakistan; its contribution to annual milk supply growth reached a peak in the
1980s in the case of India (1.2%) and in the 1990s in Pakistan (1.2%). These peaks
reflect increased milk production and increased access of producers and consumers to
milk markets. Demand contribution to growth is lower in the other countries, with the
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exception of Sri Lanka during the 1980s where milk supply increased by 1.2% per year
due to growth of demand.

The model results provide no evidence that the formal milk processing sector
contributed to India’s rapid output growth in the 1970s and 1980s. The negative
contribution to growth of this variable during this period (-0.04 and -0.08) means that
the share of the formal sector decreased in India during the first 20 years of expansion
of milk production. In contrast with India and Pakistan, traditional informal markets
play a less significant role in Sri Lanka where powdered milk is more popular than
traditional products among consumers. Because of consumer preferences, large-scale
processors are compelled to convert liquid milk into powdered milk and incur heavy
costs for transport of milk from rural areas to their processing factories. The
inefficiency of this process and the lack of support to the informal sector resulted in
growth of the formal sector and low impact on overall milk production (see Bandara
2002).

With respect to policies, dairy production in the region is suffering an increasingly
negative impact from macroeconomic changes and openness of the domestic
economies. This impact is small, however, compared with the effects of the
structural factors analysed above, reducing annual growth of milk supply by less than
0.6% per year in all countries and by less than 0.3% per year in India and Pakistan.

There has been as many policy approaches as countries in the region and this diversity
is probably not completely captured by the proxy used for dairy policy; this could
explain its small and non-significant estimated coefficient. India protected the dairy
sector from external competition by imposing quantitative restrictions and other non-
tariff barriers; in the domestic market co-operatives were protected from the
organized private sector by the provision of industrial licensing (Sharma and Gulati
2003). Pakistan’s policy towards the dairy sector has been less interventionist,
promoting the private sector by tax exemptions, special import regimes for inputs,
machinery and equipment and credit availability (Raja 2002). In Sri Lanka, prevailing
pricing systems are biased towards satisfying millions of consumers rather than
producers (Bandara 2002). Nepal’s policy is focused on development of a ‘modern’
formal sector based on a government-owned processing plant and an economic
environment not very conducive to private sector investment (Joshi and Bahadur
2002). Bangladesh regulates imports through duties and taxes and supports the private
sector in dairy development activities through research, extension, training, credit
and the development of appropriate infrastructure (Saadullah 2002).

Summarizing Dairy Development Growth by Period

The evolution of the dairy sector in different periods in the two regions was analysed
in order to understand better the impact of different factors and to link them to
policy and institutional change. In most cases, the variable called ‘Other’ explained
much of the change between periods. This variable combines the effect of herd
structure (milking cows) and, importantly, captures unexplained variation in the form
of a time-trend error term. In several cases, this variable is quite important during
periods of high growth in the dairy sector in a number of countries, which means that
there are shocks determining growth that we cannot explain with the structural
variable.

Table 6 presents growth rates of milk for three periods and the contribution of the
main factors explaining that growth in Kenya and other countries in East and Southern
Africa. The increase in milk production during the rapid expansion of the 1980s is
mainly explained by an expansion of demand (milk consumption and in the proportion
of milk processed in total milk production), signalling the relevance of the expansion
of milk consumption beyond the formal channels in Kenya. When consumption per
capita decreased in the 1970s and 1990s, milk production experienced very low
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growth, although as will be discussed in the Kenya case study (see Part 2 of this
series), the data on milk production in the 1990s are likely to be significant
underestimates. In the case of Malawi, explained growth is associated with GDP
growth and life expectancy and yields, although starting at very low levels. In East
Africa, perhaps the most remarkable result is how the share of processed
milk contributes negatively to growth in Africa (Kenya, Uganda and Sudan). One
interpretation is that when expansion of milk production in Africa occurs, it does so
generally outside the formal industrial sector. The positive sign on this
variable indicates that the share of processed milk decreased during those periods.
The worse performance of dairy development in Tanzania was in the 1970s, a period
associated with significant growth in the formal sector. Clearly, the informal sector
has played a key positive role during periods of dairy development growth.®

Changes in South Asia by period followed a different pattern than changes in East
Africa, especially in India and Pakistan (Table 7). As in the case of Africa, milk
consumption, urbanization and an improvement in the qualifications of the labour
force (reflected in a reduction in the illiteracy rate) have contributed to milk
production during the 30-year period analyzed here. The main difference with East
Africa is related to the role that the number of tractors and yields played in the
development of the dairy sector in Asia. Both in India and Pakistan, growth in the
number of tractors (inputs) was associated significantly with growth in milk production
during the 1970s but reduced its contribution in the following periods, while the
contribution of milk yields increased with time.

The importance of tractors and yields in growth of milk production relates dairy
development to the Green Revolution and growth in cereal production. The growing
number of tractors reflects development in crop production, which could also be
associated with development of input markets and agricultural services, also
impacting feed markets. These developments had two effects in dairy production: it
increased feed availability and motivated the substitution of draft animals for
tractors, allowing for a change in the structure of the animal stock by increasing the
share of milking cows and buffaloes and reducing that of draft animals. During the
1970s and 1980s, growth in the number of tractors should reflect increased stock of
milking animals substituting for draft animals. After this substitution was completed,
the impact of tractors in milk production is reduced and yields start playing a more
important role in increasing milk production through increased feed availability,
increased number of buffaloes (producing higher yields) and technical change (better
utilization of feed, genetically improved cattle etc).

Summarizing Impact of Main Groups of Factors on Dairy Development
Growth

East Africa. Demand-related factors play a key role in explaining development of the
dairy sector in East Africa, as shown by the significant contribution of these factors in
the three countries with the fastest growth in milk production (Sudan, Kenya and
Uganda). Development of formal milk markets, input markets, technology and policy
do not explain the differences between fast-growing countries and the rest. This
suggests that adjusting supply to the type and quality of products demanded,
expanding demand by reducing consumer prices and reducing transaction costs should
be necessary conditions to expand the dairy sector in East Africa.

° The coefficients in Table 6 and Table 7 are percentage point contribution to growth and must be interpreted in the context
of the sign on the coefficients in Table 4 and Table 5. A variable with negative estimated coefficient (like % of processed
milk in the case of Kenya) showing a positive contribution to growth means that that particular variable decreased during the
period. So, a reduction of 1% of processed milk resulted in a contribution of 2.5 percentage points to growth of milk
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South Asia. The dairy sector in South Asia is following a different path. Consumption
of dairy products is higher, on average, than in East Africa and demand-related factors
have been contributing to growth in the dairy sector for the past 30 years in all
countries. Differences in growth are more related to the possibility of expanding
supply to match the growing demand of dairy products. India and Pakistan were able
to link the transformation in agriculture originated in the Green Revolution to
successfully expand production: this is reflected in the contribution of input markets
and technology to growth in milk production. In the case of countries with slow
growth in milk production, such as Bangladesh and Nepal, development of cereal
production, feed markets and a growing demand did not translate into technical
change in the dairy sector, as was the case in India and Pakistan. The policy
environment in these countries is also less favourable than in the fast-growing
countries. Sri Lanka’s constraints to growth in the dairy sector appear to be mainly on
the supply side.

Conclusions

Some key outcomes of the analyses of determinants of growth of the dairy sector in
East Africa and South Asia include:

As expected in the conceptual framework, the results highlight the importance of
growth in consumption and in demand, either through income growth or
urbanization. Attempts to stimulate production and supply, without a clear
understanding of potential market opportunities, are unlikely to be successful.

Technical change in terms of yield per animal is associated with all the strong
growth scenarios. Technical change is not necessarily associated with changes in
other agricultural sectors, although in some countries in South Asia there is a clear
link to the increase in agricultural mechanization and to transformation of the
agricultural sector.

From the policy perspective, policy interventions such as agricultural R&D and
infrastructure development are not clearly associated with growth in dairy
development.

Credit, another important policy area, also shows mixed effects; it is not related to
growth in East Africa and is negative in South Asia. The huge majority of players in
dairy development in these regions probably have no access to credit as it is being
measured here.

Increasing openness of most countries’ economies showed mixed results; negative
in East Africa and insignificant in South Asia. While in some cases it resulted in an
unfavourable macroeconomic environment that negatively affected the expansion
of the dairy sector, it cannot be seen as an inevitable constraint to dairy
development generally. There is no evidence that dairy trade flows, including
imports, have affected dairy development in the two regions.

The formal, processed milk sector, including co-operatives, which have generally
been the main target of dairy development efforts by both donors and
governments, is not found to be associated with dairy development as we have
measured it. In East Africa, an increased role of the formal sector is significantly
associated with lower dairy production growth overall. It is clear that the
indigenous traditional markets, particularly in those countries where they are
strongest, can provide the required market services to producers and consumers.
The implication is that there are multiple institutional and organizational market
structures, including traditional structures, that may be able to serve the needs of
producers and consumers; new investment in markets should equally consider
opportunities in traditional products and processing. To date, however, these
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markets have been systematically ignored by both development agents and policy
makers.
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In this final section, the lessons from the regional and country case studies are
synthesized and, where appropriate, the implications of those lessons for policy and
planning strategies are elucidated.

Synthesis of Key Lessons for Dairy Development and Policy

Demand-side _change. The analyses highlight the importance of growth in
consumption and, as a consequence, in demand, brought about either through growth
in GDP per capita or exports, or through increased urbanization. This has been the
case particularly in India and South Asia in general, where these trends have been
stronger than in East Africa. In East Africa, demand-side factors were shown to play a
key role in the three countries with the fastest milk productivity growth: Sudan,
Kenya and Uganda. Conversely, in the poorer countries in East Africa, where for long
periods per capita incomes had hardly improved, the dairy industry also barely grew.
In some cases, where average consumption per capita has not grown strongly,
urbanization has contributed to change. While urbanization is one source of increased
demand growth for milk, the case studies also reveal the importance and the
magnitude of rural demand (for raw milk and traditional dairy products), even of low-
income household, such that stimulating this segment of demand through general
agricultural and rural income growth and development will have strong potentials in
furthering the development of the dairy sector.

This leads to several implications:

Supply-side interventions can, in some cases, be over-credited with bringing about
growth. The Indian milk revolution, for example, may be largely a result of
demand-side forces, although the technical and agricultural sector factors
discussed below played a key role as well. Unless these facts are understood, there
may be overemphasis on supply-side interventions that have not been
demonstrated to bring about development in some cases.

Clear understanding of potential market trends and opportunities is needed for
policy and planning in the dairy sub-sector. Because demand is highly conditioned
by local perceptions and traditions regarding dairy consumption, this understanding
should be pragmatic and based on local realities, not on assumed duplication of
trends observed elsewhere. This requires a deeper understanding of the
characteristics and nuances of these demand patterns, particularly for raw milk
and traditional milk products and by lower-income households, not just by higher-
income classes. More on this issue, below, related to informal markets.

Where poor people play a large role in the consumption of dairy products,
interventions to support the provision of low-cost products are likely to stimulate
dairy development. This is particularly relevant to the generally officially-favoured
formal sector, which continues to incur high costs of packaging and processing and
so struggles to compete against lower-cost traditional products. Through exploring
such alternatives as unpackaged bulk liquid sales and low-cost packaging, the
formal sector must reduce costs of products if it is to grow significantly. Supporting
demand by resource-poor consumers also implies more conducive policies towards
low-cost traditional products.

Interventions to facilitate better, more efficient supply-demand linkages are also
likely to have positive impacts.
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Supply-side change
Farm-level technical change

Improved dairy animals. A consistent and clear outcome of the analysis, both at the
regional and country case levels, is that nearly all strong dairy development growth
scenarios are associated with technical change in terms of yield per animal. This
occurred in the form of improved dairy cattle, generally but not exclusively cross-bred
with exotic Bos taurus genes and improved dairy buffaloes. Genetic improvement has
obviously had a dramatic impact on development and growth.

Clearly, use of exotic cattle genes is a rapid and potentially sustainable path to
higher productivity, even among small-scale and resource-poor farmers. This is true
particularly in a temperate climate, such as found in highland Kenya, Ethiopia and
Sri Lanka, but the significant and growing proportion of cross-bred dairy cattle in
India and in lowland Sri Lanka demonstrates that it is also a viable solution even in
warm climates, both semi-arid and humid.

The oft repeated warnings against promoting cross-bred cattle in high
temperature, high disease-risk environments do not always appear to be well-
founded, at least from the perspective of farm productivity and economic viability
(an animal welfare perspective might suggest otherwise). Although there are many
examples of catastrophic failures in introducing exotic cattle to the tropics (for
example air-freighting grade cows from temperate, disease-free zones), it is
equally clear that it is possible to develop and sustain cross-bred dairy production
systems given appropriate breeding strategies and disease control measures and
that these systems have often played a key role in dairy development.

National and local breeding strategies need to address these realities, both from
the perspective that demand for and suitability of cross-bred cattle may be greater
than assumed from a pure animal science point of view and that sustaining
improved cattle in high-risk settings may require adapted systems for delivering the
appropriate animal genetics. In milk-deficit coastal Kenya, for example, only pure
bred exotic or local cattle semen is available - systems do not exist to produce and
supply the cross-bred semen that experienced dairy producers demand.

While buffaloes play a key role in semi-arid India and Pakistan, their potential in
the humid tropics in South Asia may not be fully exploited. This may be the case in
Sri Lanka and Bangladesh, although in these cases buffaloes have traditionally
played a different role providing draft power, particularly for paddy cultivation.

Fodder technologies. Although it is difficult to capture the role of fodder technology
in the aggregate analyses in this study, due mainly to lack of data on fodder
availability, the Kenya case at least was able to demonstrate that planted fodder
technology played a key role in growth in dairy productivity in that country.

It is likely that improved fodder technologies have played or could play a similar
role in other countries or settings and should be promoted where appropriate.

Research has shown that the ‘appropriateness’ of intensive fodder production is
much more likely to depend on availability of cheap labour, scarcity of land and
good access to milk markets than it is on agro-climatic setting (Baltenweck et al.
2003). Where labour is scarce, evidence shows that intensive fodder cultivation
practices and even feeding of crop residues to cattle, unless mechanized, are
unlikely to be taken up. Interventions to promote these should pay very close
attention to labour opportunity costs.

Where relative land and labour values constrain uptake of specialized fodder
technologies, an avenue for increased productivity may be through improved ‘food-
fodder’ crop varieties that have been bred to increase the fodder quality and
digestibility of the straws and stovers they produce.
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Agricultural sector growth

In some regions and countries, general agricultural sector growth and transformation
was shown to play a role in dairy development. India and Pakistan were able to link
the transformation in agriculture originating in the Green Revolution to expand
successfully production and output per worker, which is reflected in the contribution
of input markets and technology to growth in milk production per worker. That
revolution was based on various combinations of the high-yield seed-fertilizer-
irrigation-mechanization technology packages. These packages not only increased
supply of crop residues and grains for feeding, but the wider services associated with
their delivery and with the grain market development, improved rural infrastructure
and services generally associated with agricultural development. They also increased
the demand for animal manure for crop soil amendments. A key factor was the
increased use of tractors associated with agricultural sector growth, thus reducing the
need for farmers to retain cattle for traction and allowing a shift in bovine production
towards milk. The link with the agricultural sector is not as evident in some other
South Asian countries or in East Africa, although a reduction in the proportion of
agricultural workers is linked to increased dairy development. Given the very low use
of fertilizer and high-yield varieties on smallholder farms in East Africa, except in the
most intensive highland settings, replicating the Green Revolution there is currently
unlikely. Productivity change in that case is likely to continue to rely on fodder
technology, given the low opportunity costs of labour.

Traditional milk and dairy product markets. One of the key findings of the study is
that traditional/informal milk markets have played a key role in dairy development in
both regions and in most countries. In countries with the strongest growth, such as
Pakistan, India, Sudan and Uganda, traditional, small-scale markets control over 80%
of marketed milk; in Pakistan the figure is well over 90%. Additionally, there is no
evidence that this basic structure will change significantly in the next few decades. In
India, in spite of heavy investment in formal co-operative structures, the formal
sector has grown by only a few percent of market share in the last 30 years. This
simply mirrors the reality in many developing countries, particularly those where milk
is a traditional product. For example, even in relatively developed countries such as
Brazil®, traditional markets still control over half the market share (Staal 2003). These
facts, which are often overlooked because traditional markets are generally not
reflected in national dairy industry statistics, pose several important implications for
dairy policy and development.

All the evidence suggests that the traditional market dominance is neither a result
of lack of investment in formal market channels, nor non-enforcement of national
milk standards; rather they are the result of continued strong demand for the
products and services that they offer. In short, regardless of policy interventions
and enforcement of regulations, these markets will continue to play a strong role,
even if they have to operate outside of the regulatory environment. As a
consequence, in many cases investment in formal dairy processing facilities, both
in the private and public sectors, have failed leading to underutilized capacity
surviving on subsidies, or abandoned milk processing plants and cooling facilities.

While much of the demand for traditional market products comes from resource-
poor consumers, in some cases there is strong demand for such products by high-
income consumers (SDP 2004a): growth in disposable income may not necessarily
reduce demand significantly.

The analysis in this study does not support the view that formal market structures
are required to stimulate dairy development. One of the countries in this study

10 while changes in private milk quality standards in Brazil have recently forced some producers out of the formally processed
milk market, it remains unclear whether these small producers have discontinued milk production or have instead moved into
the informal sector.
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with the strongest growth, Pakistan, displays a negligible formal market share. In
East Africa, the analysis shows a clear negative association between formal market
share and dairy development, as measured. This is likely to be because formal
market share in that region was less a result of market forces and more due to
public investment decisions; poorly managed formal market institutions provided a
much less effective link between farmers and consumers than have the traditional,
informal market.

Traditional, informal markets have thus clearly provided an effective, functional
link between farmers and consumers that respond to consumer demand; they
should not be regarded as market failures. Moreover, such markets are most often
those serving the needs of small-scale farmers and resource-poor consumers. The
analysis has also demonstrated the large and positive employment implications of
such markets.

Public policy-makers should thus engage constructively with traditional markets
rather than oppose them directly, particularly as demand for food safety is likely to
grow with increased disposable income. Policies that allow the continued
functioning of such markets, but which support increased quality and food safety in
those markets, are likely to be pro-poor in nature. Policies that simply oppose and
attempt to police such markets are likely to impact negatively on small-scale
farmers, consumers and small-scale market agents.

Dairy co-operative development. Mixed messages emerge from the analysis of the
two countries where co-operatives have played a significant role in dairy
development: Kenya and India. Although the Kenya data available were not able to
demonstrate this empirically, there is adequate evidence to suggest that particularly
up until the end of the 1980s, dairy co-operatives played a significant role in fostering
dairy development, primarily in providing a stable market environment and delivering
services to farmers. At the same time, however, as mentioned above, formal markets
of which co-operatives are part were negatively associated with dairy development. In
India, where some data were available, there was no evidence that co-operative
development was associated locally with dairy development, as measured. However,
they were found to be associated with genetic improvement in dairy animals and so
presumably with higher milk productivity.

Dairy co-operatives can play an important role in providing a base for farmer
service delivery and for stable agricultural knowledge systems for uptake of
improved technology and increased management skills among farmers.

There is no empirical evidence that dairy co-operatives are more effective than
other market channels in linking poor farmers to output markets. Pakistan
illustrates very dramatically that strong market growth can occur in the absence of
dairy co-operatives.

The mixed experience in both Kenya and India, over the decades and between
different localities, suggests that positive impacts from dairy co-operative
development is heavily dependent on good co-operative management, honest and
effective investment of resources and accountability to the interests of the farmer
members. The substantial financial resources and investment that some large co-
operatives control provide an attractive target for corruption. These all require,
again as demonstrated in both countries, that political and governmental influence
in co-operatives is minimized.

Further, dairy co-operatives often cannot easily tap into the strong demand for
traditional products and raw milk and generally remain tied to demand for formally
processed products. While traditional demand remains the driving force, dairy co-
operatives face the same growth impediments as does the formal private sector.

Investment in dairy co-operative development can be effective and pro-poor - if it
is well managed, placed outside strong political forces and is linked to strong
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demand. However, because that is difficult to achieve in what are often quasi-
parastatal organizations, dairy co-operative development should not be the primary
focus of dairy development efforts; rather it should be part of a mix of market
channels, including formal private sector and small-scale traditional. When market
forces shift more strongly towards formally processed products and when local
governance mechanisms improve, dairy co-operatives in these regions could play a
more important role, as they do in North America and many other industrialized
countries.

In the interim, other less formal types of farmer groups, such as self-help groups,
could play important roles in some local cases. In Kenya, they have played an
increasing role as co-operative shares declined in the 1990s (Morton et al. 1999).
Because they are smaller and control fewer resources, they are less likely to be
targeted by politically powerful interests and are also better adapted to linking
directly to the traditional market.

Other formalized forms of market linkages may also be explored, as discussed
below.

Smallholder competitiveness. In all of the country cases analysed, there was
evidence that larger dairy farms and producers are more efficient. In the four country
cases, for example, the amount of labour used per animal and per unit of milk
decreases as the herd size increases. However, there is also ample evidence to
suggest that smallholder dairy producers are competitive and are likely to endure for
some time to come, particularly where the opportunity costs of family labour and
wages remain low. The most compelling evidence towards this is the continued
dominance of role of smallholders in all the countries studied, even in the context in
some cases of steady economic growth. Outside of this study, other research has
shown that in terms of unit milk profitability, smallholder dairy producers nearly
match or exceed larger producers in India and Kenya and in other countries in Asia and
Latin America as well (Delgado et al. 2003; Sharma et al. 2003; Omiti et al. 2005).
Because of the demonstrated powerful employment benefits of smallholder dairy
production in this study, this competitiveness should provide a basis for continued
public support for the smallholder dairy sector. Further, dairy as an enterprise is an
available option for landless and socially marginalized groups, such as seen in India;
research in Kenya has also demonstrated that female-headed households are just as
able to enter into dairy production as male-headed households (Staal et al. 2002).
Research has also demonstrated that because of the value of cattle as insurance and
finance mechanisms, smallholder producers are able to capture non-market benefits
from the dairy enterprise that larger producers are unlikely to be able to capture (Moll
2005). These non-market benefits mean that, even where milk markets are providing
poor production incentives, smallholders are likely to continue to produce and achieve
some household objectives.

Policy-makers and development investors should resist the often-heard assumption
that the role of smallholders is ending and that efforts should now be made to
support larger scale ‘more efficient” milk production to meet growing consumer
demand. Instead, that growing demand should be used as a mechanism to help
continue and sustain smallholder dairy enterprises.

Smallholders may in some cases face increased barriers to participating in changing
markets through higher demand for quality and quantity; alternative options to
help them overcome those should be explored and promoted where appropriate.
Contract farming may be one example, allowing smallholder competitiveness at the
production level to be linked to scale economic and lower-risk mechanisms for milk
collection and distribution.

Public_investment. Due to data limitations, the analysis was not able to show a link
between agricultural R&D and growth in dairy development, mainly because no
measures of R&D investment specifically for dairy were available. It is possible,
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nevertheless, that R&D is generally not well linked to small-scale farmer needs,
reducing its effectiveness. In much the same way, no adequate analysis could be
conducted with regard to credit. The credit analysis available shows mixed effects; it
is not related to growth in East Africa and is negatively associated with dairy
development in South Asia. However, this may be a function of the way in which
credit is measured in this case: the majority of players in dairy development in these
regions may have no access to credit as it is being measured here. Nevertheless, R&D
in adapted technologies to improve dairy productivity is very likely to have positive
impact, particularly when targeted to the needs of the predominant smallholder
producers. Other studies have demonstrated mixed results in terms of the importance
of credit in dairy systems, at least at the small-scale farmer level. While Delgado et
al. (2003) underline its importance in contributing to profitable milk production in
India, Omiti et al. (2005) and Baltenweck (2000) suggest that access to credit is not a
significant barrier to either entry into or profitability of dairy production in Kenya. In
spite of the lack of strong empirical evidence in this analysis, it is reasonable to
assume that investment in dairy R&D and in provision of appropriate credit to
smallholder producers will grow in importance, particularly as producers shift towards
greater commercial orientation, increasing their demand for improved technologies
and for investment.

Trade policy. Imports and exports, as well as macro policy and level of openness of
the economy, show very mixed results: they cannot apparently be demonstrated to
play a consistent role in the pace of development. In East Africa, dairy development is
negatively associated with a more open economy, but that may be related to more
general growth factors. In that region, milk export levels are not associated with dairy
development. In South Asia, somewhat the reverse is suggested - no association with
the level of openness of the economy. In both regions, however, export levels are very
small in proportion to domestic production. Imports are also generally very small in
proportion to domestic production, except in Bangladesh, Sri Lanka and Malawi.

Exports, as demonstrated in South Asia, may play a role in dairy development and
export opportunities might increase if, for example, EU export subsidies are
curtailed, as is expected. However, quality requirements of export markets are
exacting; the levels of investment and expertise required to meet these will limit
opportunities.

Countries that do not have a strong tradition of milk production and consumption
are particularly susceptible to import competition. This is likely to be a function of
demand issues rather than lack of domestic supply. Where there are strong dairy
traditions, most demand is for raw milk and traditional products, which imports
cannot easily substitute for, if at all. Supporting the development of traditional
markets thus takes on the added feature of helping buffer domestic producers from
imports.

Even though trade in dairy products is generally a very small proportion of domestic
production, policy makers, industry and researchers tend to give a disproportionate
amount of attention to trade issues, most likely because of the issues of national
pride and self-sufficiency associated with them. However, there is little evidence
that trade issues are of major importance for the welfare of the large majority of
producers, market agents or even consumers. Again, this is largely due to strong
demand for domestic products in most of the countries in both regions. As a basic
measure, the quantity of milk handled annually in the Indian traditional/informal
market alone, is greater than annual total world trade in all dairy products,
measured in liquid milk equivalents (Staal 2003).%* The projections of the Livestock

' Using FAO production and trade figures from 2002, and estimates based on India milk market shares in this study, the
traditional market in India handled just over 70 million MTs of liquid milk equivalent (LME). In contrast, total global dairy
product trade was just under 70 million MTs of LME.
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Revolution (Delgado et al. 1999, 2001) show very clearly that the demand growth
and opportunities in milk is going to happen domestically rather than across
borders.

Policy-makers and planners would be well advised to focus their attention on the
much larger and more dynamic domestic markets, rather than the smaller and less
welcoming international markets.

An Agenda for Pro-Poor Dairy Policy and Development

The lessons learned from this analysis, as well as those gleaned from the other
research cited, present some elements of what might be termed ‘an agenda for pro-
poor dairy policy and development’. This model aims to raise the welfare of farmers
and small-scale market agents, meet the needs of poor consumers and sustain the
natural resource base in the context of continued intensification of mixed production
systems. Given these multiple facets, the objectives of pro-poor dairy development
could be summarized as follows.

employment creation in rural and peri-urban areas both on farm and along market
distribution and value chains

reliable income generation and asset accumulation for resource-poor farmers
provision of low-cost and safe dairy products to resource-poor consumers

improved natural resource management and sustained farming systems through
dairy cattle-mediated nutrient cycling

improved child nutrition and cognitive development in resource-poor households.

Elements of a Model for Pro-Poor Dairy Development

Such a model would simply incorporate the lessons and recommendations outlined
above and so would include the following main elements:

build on traditional dairy product consumption habits and preferences, at the same
time as promoting demand for new products

support development and evolution of traditional domestic markets for milk and
dairy products, at the same time as promoting appropriate formal market
development

emphasize and support the role of smallholder dairy production as primary means
of rural income generation and sustaining the intensification of mixed crop-
livestock systems:

O appropriate, improved animals and the systems required to deliver those to
smallholders

o fodder technologies and exchange mechanisms for fodder and crop residues

o institutional mechanisms for enhancing smallholder participation in growing local
markets - co-operatives but also contract farming and other forms of farmer groups.

Building on traditional consumption habits. The concept of ‘value addition’ is often
used to promote processing of milk into a variety of dairy products. However, the
choice of products promoted is often dictated by Western-style dairy processing
practices. This typically ignores the fact that in many countries, consumer preferences
and habits favour traditional products - Western-style products are often regarded as
not offering good value for money in the eyes of poor consumers. Markets for
traditional products are typically the largest in developing countries and so offer good
opportunities. Building on traditional habits also requires focusing first on products
known to consumers and adapting them for better ‘quality’, safety and value addition,
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while maintaining low retail cost as a primary consideration, given the preponderance
of resource-poor consumers. At the same time, opportunities can be exploited for
promotion of new products, which may offer better possibilities for fast growth within
small market niches.

Support development and evolution of traditional domestic markets. Traditional
markets continue to dominate many developing countries for the reasons outlined
above - strong traditional consumption habits for low-cost products. These markets,
typically highly labour-intensive and based on many small-scale market agents, are
known to generate greater levels of employment per unit of milk handled than
Western-style, processed dairy product markets. However, indigenous markets face
major constraints due to lack of established guidelines and procedures, lack of
appropriate low-cost equipment and lack of relevant and supporting policies. The
quality of products supplied through indigenous markets can be highly variable and
sometimes pose public health threats. Such threats, however, are often exaggerated
in the context of consumer habits of home processing (such as boiling) before
consumption. Nevertheless, variable quality impedes consumer confidence, raises
transactions costs for consumers and hinders market development. Development and
evolution of traditional markets requires integrated interventions to address the
above constraints, including policies, guidelines and training for small-scale market
agents. An example of this is the ‘training and certification’ for small-scale milk
agents developed by the SDP in Kenya, which provides a mechanism for raw milk sales
to be allowed under basic standards of hygiene. However, this does not preclude the
simultaneous development of formal, Western-style processed product markets, which
may offer greater long-term reliable market opportunities, including exports. The
focus should, however, remain on domestic markets rather than the higher-profile
international trade.

Sustaining farming system intensification through smallholder dairy production.
Many mixed crop-livestock systems in poor countries are characterized by small and
shrinking land holdings and poor soil fertility. Poor soil fertility generally remains the
largest single technical constraint to agriculture in many countries. Evidence from
highland areas of East Africa, as well as South Asia, shows clearly that small-scale
dairy production can play an important role in improving soil fertility and natural
resource management. Dairy cattle not only serve to improve cycling of nutrients on
farm by converting crop residues into manure, but also serve as a channel for
importing nutrients from off-farm through brought-in concentrate feeds and fodder.
Smallholder producers are more likely to operate in this integrated manner than large-
scale producers, who are typically more specialized in dairy production. Deliberate
emphasis on smallholder production and on production strategies that integrate crops,
livestock and natural resources management serves to promote both rural income
generation and sustainable intensification.
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Model and Variables

The main factors explaining dairy development as discussed in the conceptual
framework are included in a simple model of supply and demand to analyze shifts in
the long run milk supply. The model is as follows:

1) K = F¥(K. PSP, 2% ) ke{l..K}and ne{l..5

Where SK; is the number of milking animals in period t, which is a function of the
number of animals in t-n, the price of milk (P°), the price of feed (P*) and K factors
Z*¢ representing the impact of policies, technology, transaction costs and factors
affecting development of output and input markets. It is assumed that it takes five
years to produce a milking cow due to biological constraints. This is why the number
of milking animals in year t is a result of decisions made by producers mainly in year t-
5 according to expectations based on the evolution of factors affecting livestock
development. The inclusion of different lags for the variables determining animal
stock in t introduces some flexibility assuming that some decisions could impact
output in less than five years.'

Given our focus in long run changes, milk supply is assumed to be a simple function of
the number of milking animals:

@ §=f3%(XK,)

Domestic demand for dairy products is expressed in milk equivalent terms as a
function of price, income and variables reflecting consumer preferences,

® D =f°(R",Z2%) jefL..d}

while the price received by producers is defined as a function of consumer’s price and

the marginal cost (CS) incurred in the transformation and/or distribution of the final
X

product, which is assumed a function of factors Z, in equation (1) and of the
composition of the final product in terms of the proportion of industrially processed

and traditional products (Ztcs):
(4 PP =PS+Cg and Cg = f(2%,2%)

Finally, it is assumed that imports (M) and exports (X) of milk are exogenous. The
equilibrium identity of the model is then:

5) S +M,=D,+X,

A reduced form of the model relating milk supply (in litres) and its key determinants
in the long run was estimated for five countries in South Asia (Bangladesh, India,
Nepal, Pakistan and Sri Lanka) and 30 years (1970-1999), a total of 150 observations.
The general form of the estimated equation is represented as follows:
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Appendix 1: Model and Estimation

In(S,) = a; + B« In(s<i,t—n)+ Zﬂk In(zi?tK—n,k )+ Bo In(Di,t—n )+ ﬂcszic,;tsfn

© £ B INZ0 ) BT+ e

Where S represents domestic milk supply in country i and year t measured in metric
tonnes, « represents country's i specific characteristics influencing development of
the dairy sector not captured by other variables, and T is a time trend. The values of
the exogenous variables are weighted averages of their values in t-1 to t-5 with the
highest weight given to the value in t-5.

The first step in the estimation is model specification. Tests were conducted in order
to determine if countries in East Africa and South Asia share the same parameters, or
if separate regional or country models should be estimated. These different
specifications were tested using the Schwarz criterion (SC), which balances the trade
off between goodness of fit and parsimony (number of explanatory variables in the
model) minimizing the following expression:

SC=In[SSEj+ KIn(T)
T T

Where SSE is the sum of squared errors, T is the sample size and K is the number of
regressors. According to Kennedy (1998) the SC, which is derived using Bayesian
arguments, has performed well in Monte Carlo studies. The results obtained show that
separate regional models for South Asia and East Africa perform better than a single
model for both regions and than separate models for each country. The model that
pools together all countries assuming that they all share the same coefficients shows a
SC value of 6.08. In contrast, estimating different coefficients for all South Asian
countries (individual country models) result in a SC value of 19.18. The final regional
models for South Asia and East Africa result in SC values of 0.49 and 1.67 respectively.

Assuming two separate regional models, relationships between milk supply and factors
influencing development are estimated using pooling methods that combine cross-
section and time series data for each region. Following Greene (1993, Section 16.3) it
is assumed that the error is cross-sectionally heteroskedastic and time wise
autoregressive. Given the following model:

Yit = X'itﬁ—i_git

the assumptions of the model are that

E(e)= o
E(gitgjt ) =0
& = P€ Y,

Where V, is an error with zero mean, E(Vif

E(V V. )= Ofort # S and E(givt_lvjt):

it js

it Vit

):¢“ and E(VV )=0for ENE
0.
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Appendix 1: Model and Estimation

Estimates of p are obtained by a generalized least squares procedure. In the first step
B is estimated by ordinary least squares (OLS) and residuals are obtained. These

residuals are then used to compute ﬁi which is used to transform the observations.

OLS is applied to the transformed model and the error variances and covariances are
estimated from the regression residuals of the transformed model. Finally, the GLS
estimator is obtained using the estimated error covariance

@ =[1/(T — K)]V'V where V is the matrix of residuals. The specific estimated
model is as follows:

In(y;,) =a; + Zﬂk ln(xi.tfn,k)+ 7|n(s<i.tfn)

Where y represents milk production in country i and year t, « represents country’s i
specific characteristics influencing development of the dairy sector not captured by
other variables, X are k exogenous variables embodying policies, infrastructure,
technology, human capital, demand and other variables affecting dairy development
and SK is the stock of milking animals. The values of the exogenous variables are
weighted averages of their values in t-1 to t-5 with the highest weight given to the
value in t-5. It was assumed that development of the dairy sector in period t is the
result of developments in input and labour markets, institutions, infrastructure,
research and policies from previous years given that change in the independent
variable require several years to mature before these changes are actually reflected
in output. This means that milk production in year t is a result of decisions made by
producers at least in year t-5 according to expectations built based on the evolution of
factors affecting livestock development2.

Country Effects

Country effects are tested to determine if the estimation of a model using different
dummies for different periods and countries is justified. An “unrestricted” model
using a dummy variable for each country in three different periods (1970s, 1980s and
1990s) is estimated and the following hypothesis is tested:

Ho: 2*ai70 - aligg - ®igo=0 fori=1,...,ncountries

where o is the estimated coefficient for the dummy variable capturing country i’s
effect in year t. Given the possibility of heteroskedasticity if the unconstrained model
is true, the null hypothesis is tested using a Wald test, which is distributed Chi-
squared with n degrees of freedom.

Endogeneity

The potential endogeneity of demand and yields as explanatory variables is tested
using a Durbin-Wu-Hausman test:

12 Although it is not possible according to our assumptions to produce a milking cow in less than five years, after the decision
was made in year t-5, it is still possible to reduce the number of cows between t-5 and t using those cows as draft animals,
or for beef production if conditions if conditions prevailing in t-5 change before t.
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1. The potentially endogenous variables are regressed against a set of instruments
(other exogenous variables and variables not used in the regression many of them
included in table 1 in the article).

2. Inasecond step, the residuals of these regressions are added to the model. Under
the null hypothesis of exogenous variables, these residuals should have no
explanatory power. The coefficients of the residuals from the auxiliary
regressions included in the main model were simultaneously tested for the null
hypothesis of being equal to zero using an F test.

Multicollinearity

Tables Al.1 show the correlation matrices of several independent variables available
to explain development of the dairy sector. Correlation matrices are one of the
suggested means to detect multicollinearity (Kennedy, 1998). The off-diagonal
elements contain the simple correlation coefficients for the given dataset. A high
value (larger than 0.8 in absolute value) indicates high correlation between the two
independent variables. In general we observe that policy variables have low
correlations with other variables and that input market related variables (fertilizer
and feed), cereal production, tractors and GDP per capita show high correlation
among them and with other variables.

The inclusion of several highly correlated variables resulted in unstable estimated
coefficients. In order to avoid multicollinearity in the estimation, the number of
explanatory variables was minimized while trying to include variables that represent
all the main factors explaining development of the dairy sector.

To assess the incidence of collinearity in the final estimated model, principal
components of the matrix of independent variables are estimated and condition
indices and variance-decomposition proportions are derived. Multicollinearity is
indicated if a row that is associated with an eigen value that has a high condition
index contains two or more values of variance-decomposition proportions that are
greater than the rule of thumb value of 0.5. According to this test, there are no
serious multicollinearity problems in the model.
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Table A1.1: East Africa: Correlation matrix of variables related with dairy development.

L :l2]alefs el 7]s]olawolulazlia]ie]as]

1 Foreign Aid $ 1.00
2 Dc_)mestic/import milk 0.00 1.00
price
3 Milk imports 0.04 -0.20 1.00
4 Openness 0.45 -0.46 0.22 1.00
5 GDP growth -0.21 0.04 -0.06 -0.10 1.00
6 Milk exports 0.05 -0.21 -0.17 0.24 0.09 1.00
7 GDP 0.30 0.18/-0.58 -0.01 -0.10 0.23 1.00
8 Feed/animal 0.05 0.05-0.18 0.21 0.00 0.18 0.11 1.00
9 Cereal/capita 0.13 -0.12 -0.10 0.45 -0.14 0.22 0.15 0.72 1.00
10 Fertilizer/hectare 0.12 -0.36 -0.01 0.51 -0.12 0.28 0.14 0.19 0.65 1.00
11 Feed consum. 0.15 0.31-0.64 -0.31 0.11 0.11 0.60 0.44 0.16 -0.15 1.00
12 Tractors 0.06 0.03/-0.35 0.03 0.02 0.31 0.69 0.04 0.06 0.33 0.19 1.00
13 Irrigation -0.10 0.08 -0.03/-0.02 -0.05 -0.01 -0.01 -0.02 0.00 0.00-0.05 0.00 1.00
14 Manuf.VA/worker 0.27 -0.15-0.24 0.45 -0.14 0.32 0.45 0.70 0.82 0.55 0.25 0.42 0.01 1.00

15 Ag.workers/all workers -0.26 -0.11 0.24 -0.13 0.14 -0.34 -0.58 -0.58 -0.53 -0.37 -0.34 -0.61 -0.01 -0.71 1.00

16 Credit -0.04 -0.35 0.24 0.22 -0.19 0.27-0.04 -0.21| 0.02 0.57 -0.42 0.24 -0.01 0.03 -0.03
17 Milk cons./capita -0.08 0.43 -0.65 -0.19 0.02 0.09 0.68 0.24 0.19 0.06 0.49 0.53 0.06 0.35 -0.47
18 GDP per capita 0.16 -0.11 -0.18 0.48 -0.15 0.30 0.46 0.74 0.67 0.39 0.17 0.45 -0.01 0.85 -0.71
19 Urbanization 0.53 -0.12 -0.02 0.37 -0.30 0.13 0.59 0.36 0.45 0.35 0.17 0.46 0.00 0.62 -0.79
20 Population 0.13 0.28 -0.39 -0.47 0.05 -0.07 0.52 -0.61-0.50 -0.24 0.41 0.24 0.00 -0.38 0.12
21 Life expectancy 0.26 0.05 -0.45 0.32 -0.07 0.18 0.59 0.47 0.39 0.35 0.41 0.52 -0.07 0.54 -0.59
22 \llliteracy -0.42 0.29 0.30 -0.54 0.11 -0.46 -0.50-0.51 -0.49 -0.47 -0.32 -0.43 0.06 -0.70 0.62
23 Electricity cons. 0.09 -0.25 0.06| 0.41 -0.12 0.30 0.42 0.36 0.53 0.60-0.06 0.64 -0.01 0.68 -0.65
24 TV sets/ capita 0.45 0.19-0.41 0.17 -0.07 0.17 0.66 4 0.59 0.45 0.11 0.61 0.35 0.00 0.64 -0.78
25 Phone lines/cap. 0.14 -0.33-0.06 0.40 -0.07 0.38 0.42 0.49 0.56 0.67 0.11 0.56-0.01 0.73 -0.71
26 Pop. Density 0.06 -0.02 -0.13 -0.03 0.25 -0.01 -0.25 -0.15-0.26 -0.20  0.25-0.49 -0.02 -0.31 0.57
27 Milk/cow 0.10 0.28 -0.28 0.19 0.12 0.13 0.18 0.60 0.50 0.24 0.33 0.01 0.06 0.51 -0.43
28 Agric. R&D 0.19 0.03 -0.40 4 0.10 0.12 0.29 0.66 0.00-0.17 0.13 0.35 0.76 0.01 0.21 -0.37
29 Other livestock -0.11 0.28 0.08 -0.43 0.12-0.20 -0.23/-0.39 -0.46 -0.44 -0.10 -0.45 0.03 -0.50 0.36
30 % Milk processed 0.00 0.21 -0.33 0.01 -0.08 0.17 0.59 0.00 0.35 0.34 0.20 0.59 0.08 0.41 -0.41
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Table A1.1: East Africa: Correlation matrix of variables related with dairy development

(continued).

| |iclurlasliol20] 2122 )23 24] 25 ] 20 ] 27 28] 20 30
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Foreign Aid $

Domestic/import price

Milk imports
Openness
GDP growth
Milk exports
GDP
Feed/animal
Cereal/capita
Fertilizer/hectare
Feed consum.
Tractors
Irrigation

Manuf.VA/worker

Ag.workers/all workers

Credit

Milk cons./capita
GDP per capita
Urbanization
Population

Life expectancy
llliteracy
Electricity cons.
TV sets/ capita
Phone lines/cap.
Pop. Density
Milk/cow

Agric. R&D
Other livestock

% Milk processed

1.00

-0.02 1.00

0.11 0.40 1.00

0.08 0.23 0.66 1.00

-0.14 0.27 -0.52 -0.06  1.00

0.13 0.64 0.67 0.52-0.07 1.00

-0.11-0.17 -0.71 -0.60 0.20 -0.68 1.00

0.30 0.14 0.72 0.68 -0.29 0.43 -0.57 1.00

-0.31 0.50 0.61 0.72 0.05 0.60-0.62 0.39 1.00

0.34 0.16 0.74 0.68 -0.30 0.54-0.74 0.89 0.51 1.00

-0.23-0.28 -0.47 -0.60 0.21 -0.19 0.02 -0.60 -0.20 -0.36 1.00

-0.16 0.45 0.45 0.16 -0.26 0.45-0.36 0.16 0.61 0.36 0.14 1.00

0.23 0.57 0.33 0.32 0.32 0.61-0.43 0.26 0.34 0.36 -0.10 0.09 1.00
-0.07 0.04 -0.53 -0.42 0.28 -0.37 0.55-0.66 -0.19 -0.55 0.31 0.12-0.18 1.00
-0.05 0.44 0.25 0.35 0.33 0.19-0.11 0.56 0.29 0.31-0.45 0.05 0.18 -0.42 1.00
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Table Al1.2: South Asia: Correlation matrix of variables related with dairy development.

L 1l2]slaels]e 7 ]s]oli0l1laz]i3]alas]
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Domestic/import price

Milk imports
Openness

GDP growth

Milk exports
Feed/animal
Fertilizer/hectare
Cereal/capita
Tractors

Irrigation

Ag.workers/all workers

% Milk processed
Credit

GDP per capita
Milk cons./capita
llliteracy rate

Life expectancy
TV sets/ capita
Phone lines/cap.
Electricity cons.
Population density
Milk/cow

Agric. R&D

Other livestock
Urbanization

Feed consumption
Population
Manuf.VA/worker
GDP

1.00

-0.19 1.00

-0.47 0.64 1.00

-0.21 0.01 0.28 1.00

0.15 0.08/ 0.01-0.35 1.00

0.04 0.03/ 0.18 0.42-0.44 1.00

-0.47 0.68 0.63 0.43-0.46 0.52 1.00

-0.44 0.52 0.38 0.39-0.32 0.57 0.87 1.00

-0.05-0.30-0.23 0.46-0.53 0.73 0.30 0.44 1.00

-0.32 0.33 0.70 0.57-0.45 0.67 0.73 0.57 0.35 1.00

0.09-0.60-0.51-0.36 0.40-0.77-0.85-0.81-0.43-0.73 1.00

0.19-0.82-0.72-0.09-0.08 -0.04-0.56 -0.42 0.18-0.36 0.57 1.00

-0.29 0.07 0.25 0.68-0.38 0.67 0.56 0.62 0.68 0.74-0.57-0.11 1.00

-0.28 0.67 0.63 0.32-0.32 0.67 0.89 0.84 0.31 0.69-0.94-0.60 0.46 1.00
0.09-0.55-0.03 0.35 0.05 0.57-0.19-0.06 0.53 0.35-0.04 0.35 0.49-0.04 1.00
0.30-0.88-0.72-0.17 0.00-0.19-0.72-0.62 0.03-0.45 0.69 0.93-0.24-0.77 0.32
-0.51 0.68 0.72 0.46-0.27 0.50 0.92 0.85 0.32 0.75-0.83-0.71 0.64 0.88-0.04
-0.47 0.34 0.52 0.54-0.25 0.70 0.79 0.82 0.48 0.74-0.72-0.24 0.71 0.79 0.32
-0.52 0.26 0.47 0.57-0.48 0.74 0.80 0.80 0.65 0.79-0.73-0.25 0.79 0.77 0.33
-0.26 0.16 0.25 0.58-0.52 0.85 0.70 0.77 0.83 0.73-0.78-0.19 0.85 0.72 0.42
-0.31 0.55 0.18-0.19-0.10-0.31 0.44 0.34-0.46-0.10-0.13-0.21-0.29 0.28-0.83
0.10-0.62-0.12 0.35-0.08 0.55-0.22-0.08 0.64 0.29-0.03 0.32 0.47-0.09 0.95
-0.12-0.29-0.50 0.29-0.49 0.44 0.24 0.45 0.82 0.02-0.22 0.39 0.49 0.15 0.17
-0.09 0.68 0.64-0.25 0.44-0.47 0.13-0.09-0.83 0.02-0.02-0.68-0.41 0.14-0.53
-0.10 0.18 0.22 0.55-0.67 0.87 0.70 0.69 0.79 0.76-0.83-0.20 0.80 0.70 0.33
0.12-0.49-0.65 0.20-0.51 0.49 0.01 0.23 0.82-0.05-0.12 0.56 0.37 0.01 0.31
0.11-0.45-0.68 0.18-0.53 0.42 0.02 0.24 0.80-0.09-0.10 0.53 0.34-0.01 0.21
-0.19 0.49 0.44 0.42-0.58 0.80 0.87 0.81 0.54 0.75-0.96-0.43 0.60 0.93 0.06
0.03-0.26-0.49 0.26-0.60 0.58 0.26 0.45 0.85 0.09-0.34 0.35 0.45 0.26 0.19

54



Appendix 1: Model and Estimation

Table A1.2: South Asia: Correlation matrix of variables related with dairy development
(continued).

e T a0 | 20| 21 | 22 | 20 | 24 | 25 | 20 27 | 20| 20

1 Domestic/import price

2 Milk imports

3 Openness

4 GDP growth

5 Milk exports

6 Feed/animal

7 Fertilizer/hectare

8 Cereal/capita

9 Tractors

10 Irrigation

11 Ag.workers/all workers

12 % Milk processed

13 Credit

14 GDP per capita

15 Milk cons./capita

16 llliteracy rate 1.00

17 Life expectancy -0.85 1.00

18 TV sets/ capita -0.47 0.79 1.00

19 Phone lines/cap. -0.48 0.83 0.90 1.00

20 Electricity cons. -0.40 0.74 0.80 0.93 1.00

21 Population density -0.27 0.20 0.10-0.03-0.21 1.00

22 Milk/cow 0.33-0.05 0.22 0.30 0.43-0.88 1.00

23 Agric. R&D 0.18 0.15 0.36 0.47 0.61-0.04 0.25 1.00

24 Other livestock -0.54 0.19-0.15-0.29 -0.48 0.43-0.61 -0.85 1.00

25 Urbanization -0.35 0.68 0.68 0.82 0.94-0.19 0.38 0.54-0.44 1.00

26 Feed consumption 0.39-0.10 0.18 0.32 0.52-0.23 0.39 0.93-0.95 0.50 1.00

27 Population 0.36 -0.09 0.14 0.28 0.49-0.17 0.32 0.94-0.92 0.48 0.99 1.00
28 Manuf.VA/worker -0.60 0.81 0.75 0.82 0.85 0.14 0.06 0.35-0.13 0.90 0.27 0.26 1.00
29 GDP 0.15 0.14 0.34 0.48 0.66 -0.09 0.28 0.95-0.86 0.65 0.96 0.96 0.49 1.00

55



