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ABSTRACT

Although 86% of the Kenyan milk is supplied through informal markets, policy makers aim
to decrease the milk sold through informal markets due to safety and quality concerns. A
potential decrease of the supply through the informal market would therefore increase its
price. This study assesses the dairy product purchase and consumption patterns across
income groups in peri-urban Nairobi with a special focus on children aged 6 to 48 months.
It furthermore fits a demand system to examine the shift in demand of food items and
dairy products driven by income and prices. Therefore, expenditure and cross-price
elasticities of milk and other food items are estimated. It additionally fits a choice
experiment on changes in purchase and consumption levels based on an increase in raw
milk prices.

Results indicate that raw milk accounts for 83% of dairy consumption per households.
Households spent on average 73% of their monthly income on food items. The lower the
income, the more was spent on food items and on cheaper food items like grains.
Children aged 6 to 48 months consumed on average 42 liter of dairy products per year,
out of which 36 liter were consumed in the form of raw milk.

The results of the demand system indicate that households would increase their demand
for dairy products by 9.4% if the income increases by 10% and decrease their demand
for dairy products by 6.3% if prices increase by 10%. On the non-aggregated level, results
show that raw milk and Omena fish are most sensitive to changes in price. Raw milk will
be mostly substituted with Omena fish, banana and eggs.

The results of the choice experiment show that households will either decrease raw milk
consumption for all family members while replacing it with another product or keep the
same quantity for children below 4 years and decrease it for the rest of the family if raw

milk prices were to increase to 100 KES/ liter.

Keywords: Quadratic Almost Ideal Demand System, Elasticities, Nairobi, Raw milk

consumers



ACKNOWLEDGEMENT

I would like to express my gratitude to Dr. Nadhem Mtimet who supervised me during my
stay at the International Livestock Research Institute (ILRI). His input, knowledge and
feedback, especially for the demand model, helped me to improve and finish my thesis.

I would also like to thank Dr. Silvia Alonso Alvarez from ILRI for her constructive

comments and encouragement to improve my thesis.

I would also like to express my gratitude to Prof. Manfred Zeller for being my supervising
professor at university of Hohenheim. His input especially during the stage of proposal

writing was much appreciated.

| am also thankful to Prof. Regina Birner who decided on a short notice to evaluate the

thesis as a second examiner.

| would also like to thank all the people at ILRI who made my stay there such a wonderful
experience. | am especially thankful to the enumerators, the field coordinators and all
people who discussed with me my topic and who provided valuable input to my work. |
would furthermore like to thank them for showing me a new country and the discussions

about so many topics.

Lastly, | am aware that my thesis would not have been possible without the financial
support by the Federal Ministry for Economic Cooperation and Development (BMZ) and
the Bill and Melinda Gates Foundation.



Table of content

A [ 011 o o 18 o [ U PT 1
P (=T = LB (I V=P 5
2.1  Dairy SECLOr iN KENYA ....ccoeeieeeeeeeeeee e 5
200 Nt R I 7 Y Y 1 o [0 1 Y 5
2.1.2  Dairy CONSUMPLION ....uiiiieeiiiiiiieie e e e e e e e e e e e e e e e e e e e e e ara e e eeees 8
2.1.3  Milk quality and safety.............ueiiiiiieiiie e 11
2.1.4 Access to finance, iNputs and SEIVICES .......ccovveeeiiiiiiiiiiiiie e 13
2.1.5 Policy and regulatory environmMent............cccoevieeeiiiieiiiiiiiie e 14

2.2 DemMaNnd SYSIEMIS.....ccciiiiiiiii it 17
2.2.1 Linear Expenditure System (LES)........oooviiiiiiiiiiiiic e 18
2.2.2  Translog MOAEl ........ooi i 19
2.2.3  Rotterdam mMOdel ........oooviiiiiiiiiii 20
2.2.4 Almost Ideal Demand System (AIDS) ........ccoiiiieiiiiiiiiiiei e 21
2.2.5 Generalized Addilog Demand System (GADS)..........cccceeiiieeeiiieeiiiiiiiieeee, 24

3 Materials and MethOdS .........uuuiiiii e 25
3.1 Description of study POPUIALION .......cooeeeieeeeeeeeeeeee e 25

G T B - 1 - W o0 | [>T o 1T o ISR 25
3.3 DAtA ANAIYSIS ... 26

4 ReSUILS aNd iSCUSSION......uuuiieieeiiiieiiiie e e e e et e e e e e e e et e e e e e e e e eeasannneeaeees 33
4.1 Sample CharacCteriStiCS .........ccouiiiiiiiiiiii e 33
4.2 Households’ income and its effect on household demographics....................... 36
4.3 Expenditure on food and dairy productS.........ccccccvviiiiiiiiiiiiiiiiiieeeeeeeee 38
4.4 Dairy products intake of children aged 6 to 48 months..........ccccccvvvvviiiiiiinnnnnn. 49
S - 1 o3| 1= 52
4.6 Household choice decisions to an increase in Milk Price..........ccccevvvvivieeneeeen.n. 58

S o o3 013 o o 1 65
B REFEIENCES ... e 70



Table of abbreviations

AFC

Al

AIDS
ANOVA
ASF
CBO
FAO
GADS
GAIDS
GDP
ILRI
KCC
KDB
KEBS
KES
LA-AIDS
LES
MoALF
MoH
NGO
ODK
QUAIDS
SSMV
UHT

Agricultural Finance Corporation

Artificial insemination

Almost Ideal Demand System

Analysis of variance

Animal-source foods

Community-based organization

Food and Agriculture Organization
Generalized Addilog Demand System
Generalized Almost Ideal Demand System
Gross domestic product

International Livestock Research Institute
Kenya Co-operative Creameries Limited
Kenya Dairy Board

Kenya Bureau of Standards

Kenyan Schilling

Linear Approximate Almost Ideal Demand System
Linear Expenditure System

Ministry of Agriculture, Livestock and Fisheries
Ministry of Health

Non-governmental organization

Open Data Kit

Quadratic Almost Ideal Demand System
Small scale milk vendors

Ultra-high-temperature

Vi



List of tables

Table 1: Price elasticity of raw and pasteurized milk in Nairobi and Nakuru, Kenya......10
Table 2: The attributes used in the choice experiment .............cccoo 31
Table 3: Socio-economic and demographic characteristics of the sample (n = 200).....35
Table 4: Education of the household head in percent, by income group*...................... 36
Table 5: Socio-economic characteristics of the sample in percent, by household income
0 (0T o TN (=22 00 ) PP 38
Table 6: Dairy product purchase pattern of the sample (N=200)........c..ceeevrveirririinennnnn. 45
Table 7: Intake of dairy products by children between 6 and 48 months........................ 51
Table 8: Households expenditure elasticities from the QUAIDS model......................... 53
Table 9: Households compensated own- and cross-price elasticities from the QUAIDS
100 [ B PP 54
Table 10: Households uncompensated own- and cross-price elasticities from the
QUAIDS MOAEI ...ttt snannnnsnnes 55
Table 11: Households compensated own-price elasticities from the QUAIDS model, by
gToo] g =R e[ (0] 0] o H PP PPPPPPP 56
Table 12: Households expenditure elasticity for raw milk, eggs, Omena fish and banana
...................................................................................................................................... 56
Table 13: Households compensated own- and cross-price elasticity from the QUAIDS

1 0T0 T [ SRR 57
Table 14: Households uncompensated own- and cross-price elasticity ........................ 58
Table 15: Attributes score and relative iImportancCe............ocooevvvvviiiiiiii e 60

Vil



List of figures

Figure 1: Production of dairy products in Kenya from 1990 to 2014 in billion liters.......... 6
Figure 2: Marketing of milk in KENY&a ........ccooiiiiiiiiiiiiiieeeeeeeeeee 7
Figure 3: The study site in Dagoretti Division. Wards marked in red were not covered in
LTSI L0 o PR 25
Figure 4: Example of a choice experiment Card..............ccoovvvviiiiiiiie e e 32
Figure 5: Household weekly expenditure on food items and dairy products, by income

0 (0T o TN (=22 00 ) P 39
Figure 6: Household weekly expenditure on different food groups, by household income
(724010 ) 41
Figure 7: Food budget allocation in percent, by inCOMe group .........cceevvveveeiiiiieeiieeeennnn. 43
Figure 8: Average purchase of dairy products per household and week, by income
00U o PP 48
Figure 9: Average consumption of dairy products of children per week, by income group
...................................................................................................................................... 52
Figure 10: Attributes [EVEl SCOTES ........uvuiiiiii e 61
Figure 11: Decision households took during a time of high raw milk prices in percent, by
gToo] g =R o] (0] 0] o HER PP PPPPPPPPPPP 63

viii



1 Introduction

Despite improvements in the reduction of malnutrition of children worldwide, 156 million
children under 5 were still affected by malnutrition in 2015 (Unicef et al. 2014). In Kenya,
26% of under 5 years old are stunted and 11% are underweight (Worldbank 2016). Due
to a rapid urban growth in combination with poor governance, many urban residents are
living in so called informal settlements that are characterized by poor livelihood
conditions, inadequate sanitation and water infrastructure, poor child feeding and high
levels of food insecurity (Kimani-Murage et al. 2015). In informal settlements, the
prevalence of stunting of under 5 year old children can be even higher. Dominguez-salas
et al. (2016) reported that 41.5% of the children were stunted in low-income households
in deprived areas of Dagoretti (Nairobi), and found that 74% of the children were anemic.
Childhood malnutrition can have severe impacts including physical disabilities, impaired
cognitive development and an increasing risk of morbidity and mortality. Mothers, who
were underweight in their childhood, are furthermore more likely to have babies with a
low birth weight and a greater risk of infant mortality. Those factors can uphold to the

subsequent generations (James et al. 2015).

One way to improve the nutritional status of children is to increase their consumption of
animal-source foods (ASF) which are often lacking or present in insufficient amounts in
the diets of children in developing countries. Among the ASFs, milk plays a unique role
in the development of children (Dror & Allen 2011). Studies have shown that an increase
in the consumption of milk and other ASFs, such as meat and eggs, has a positive effect
on the physical growth and cognition of children (James et al. 2015) as well as reducing
morbidity and mortality (Cornelsen et al. 2016). James et al. (2015) found that a major
constraint of an increase in the consumption of milk and other ASFs is the low purchasing
power of households living in informal settlements. They also suggested that a small
decrease in the price of milk would lead to a proportionally larger increase in the purchase
and consumption of milk. This shows that, according to James et al. (2015), ASFs have
generally high price elasticities in low-income populations. On the contrary, Cornelsen et
al. (2016) reported low price elasticities for ASFs, and the Smallholder Dairy Project
(2004b) determined that milk is considered a necessity among poor people with a low
response in consumption of raw milk if the price rises. Furthermore, Pinstrup-Andersen
(1985) showed that the price elasticities often increase as incomes decrease, which

means that a given increase in milk price will lead to a higher percentage reduction in milk
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demand among poor people. To deal with higher prices, poorer people might reduce their
consumption of food items, with implications for health and nutritional intake (Smallholder
Dairy Project 2004b).

The demand for milk and milk products in Kenya is among the highest in developing
countries (Smallholder Dairy Project 2004b). Masembe Kasirye (2015) estimated that the
annual per capita milk consumption accounts for 130 liters in Kenya which is more than
five times higher compared to the milk consumption of other East African countries. In
Kenya, most milk is consumed as raw milk because of its cheaper price compared to
pasteurized milk (Smallholder Dairy Project 2004b). Furthermore, consumers often prefer
the taste of the raw milk over pasteurized milk and it can be sold in variable quantities to
suit every household’s purchasing power (Blackmore et al. 2015). Raw milk is sold
through informal milk markets, which accounts for about 86% of milk supplies to
consumers (Kaitibie et al. 2010). Over the last years, many developing countries,
including Kenya, are moving towards banning informal milk markets and therefore favor
pasteurized milk over raw milk based on concerns on quality and safety of raw milk
(Salasya et al. 2009). Countries aim to meet international standards of food safety by
implementing policies that criminalize and try to repress the informal sector (Grace &
Roesel 2015). However, Omore et al. (2004) found that packaged milk in supermarkets
in Kenya is no more likely to meet safety standards than raw milk sold in informal markets.
Moreover, most Kenyan households boil milk, which reduces biological foodborne
hazards. Additionally, policies aiming to develop formal dairy processing and packaging
while suppressing raw milk markets could potentially have a negative impact on the

accessibility to milk by children in poor households (Blackmore et al. 2015).

There are many studies which show the importance of milk consumption by children
especially in low income countries (Dror & Allen 2011; Dominguez-Salas et al. 2016;
Abuya et al. 2012) as well as studies on the price elasticities of dairy products and other
food groups in East Africa (Abdulai & Aubert 2004; Cornelsen et al. 2016; James et al.
2015). Yet, there are no studies that focus on the reaction of households” (and children’s)
milk consumption and reallocation behaviors to a decrease in raw milk availability and
therefore an increase in milk prices. To address these knowledge gaps, this study
specifically focuses on (i) the dairy product purchase pattern across income groups and
(i) the investigation of the reaction of households’ demand and reallocation for dairy

products and raw milk when milk prices increase.



The aim of the study, which belongs to the overall project “MoreMilk: Making the most of
milk” conducted by the International Livestock Research Institute, is to assess the effects
of an increase in the price of milk sold through informal markets on the milk demand of
households in a peri-urban settlement in Nairobi, Kenya, and milk consumption
reallocation among households’ members. The increase in the milk price could result from
policies promoting packed, pasteurized milk from the formal milk sector or a decrease in
raw milk availability. This study will therefore contribute to informing researchers and
policy makers about the effects of changes in raw milk availability. With this data,
strategies aiming to address children undernutrition in peri-urban settlements can be

developed and evaluated.

The concrete objectives of this study are twofold. The first one is to provide up-to-date
data on dairy product purchase and consumption patterns across income groups in peri-
urban Nairobi with a special focus on the consumption of children aged 6 to 48 months.

Second, to measure the shifts in demand driven by income and prices, this study will fit a
demand system and will assess food and milk price elasticities below the hypothesis that
a ban in informal milk trade will decrease milk availability and therefore increase its price.
It will furthermore estimate expenditure and cross-price elasticities of milk and other food

items.

The research questions that will be addressed are the following:

e What is the current dairy product purchase pattern in low income households in
peri-urban Nairobi? How is this associated with the income level?

e What is the current dairy products intake of children between 6 and 48 months in
peri-urban Nairobi and how is this affected by the household income?

e How does the demand of raw milk change when milk prices increase? Will it lead
to substitution effects?

e How does household and child consumption of raw milk change when milk prices

increase?



The structure of this thesis is as follows: After the introduction, a literature review is
conducted of the dairy market in Kenya and the most common demand systems. In
chapter 3, data collection as well as the methods used are introduced, which is followed
by the results and the discussion chapter. Chapter 5 brings the study to summary and

conclusion.



2 Literature review

2.1 Dairy sector in Kenya

Since the introduction of commercial farming in Kenya in the early twentieth century, the
production of milk has increased constantly to about 5 billion liters in 2014 (FAOSTAT
2017). The dairy sector plays a significant role in the nation’s economy and has the
potential to contribute to national development objectives (Muriuki 2011). In 2014, the
dairy industry contributed to 14% of the agricultural gross domestic product (GDP) and to
4% of the national GDP with an average annual growth rate of 5 to 7% (KDB 2014). With
more than 1.2 million Kenyans being employed in the dairy sector, it represents an
important source of income generation, especially for smallholders. Dairy also plays a

major role in assuring food and nutrition security in Kenya (Mukumbu & Diang’ 2010).

The demand for milk products in Kenya is amongst the highest with a per capita
consumption of about 130 liters per year (Masembe Kasirye 2015). Most of the milk is
sold in the form of raw milk through informal markets. The demand for milk and dairy
products is expected to grow driven by urbanization and a rising middle class. Quality and
safety concerns of raw milk have fueled the Kenyan government to move towards the
banning of informal milk markets, and promotion of pasteurization of all milk in the market
(Salasya et al. 2009).

2.1.1 Dairy industry

The Kenyan dairy industry is one of the largest in sub-Saharan Africa and the second
largest agricultural sector in Kenya after the meat sector, in terms of contribution to the
GDP. As it employs more people than the meat sector (about 1 million families), it can be
seen as the most important sub-sector (African Center for Economic Transformation
2015).

Numerous players are part of the Kenyan dairy sector. At the production level, smallholder
dairy farmers dominate the industry (Muriuki 2011). According to Nassiuma & Nyoike
(2014), about 1.8 million smallholder dairy farmers depend on the production and sale of
milk. In Kenya, small-scale producers yield about 5 — 8 liters per cow per day, while large-
scale farmers yield in general 17 — 19 liters per cow and day (African Center for Economic

Transformation 2015). Most of the dairy production is performed in the former Rift Valley
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Province and the highlands of Central Province. In Rift Valley, 53% of the dairy cattle can
be found and in Central Province 25% (TechnoServe Kenya 2008). This distribution can
be explained through the moderate temperatures by altitude and therefore a greater and
more reliable rainfall than in lower altitudes. Furthermore, as forage production is highly
related to rainfall, the risk of diseases is lower in higher altitudes (Reynolds et al. n.d.).
Besides smallholders, there are about 30 licensed milk processors. The four biggest ones
combined (New KCC, Brookside, Githunguri and Spin Krit) process more than 80% of the
total processed milk in the country. Other licensed milk traders include mini-dairies,
producers, cottage industries and cooling plants (Muriuki 2011). The volume of milk
processed increased in the last decade with an annual growth rate of about 7% (Gichohi
2014).

The total milk production amounts to about 5.2 billion liters (Kenya Markets Trust 2017)
with an annual growth rate of 5.3% (African Center for Economic Transformation 2015).
Figure 1 shows that most of the produced milk is cow milk, followed by camel milk and

goat milk. Sheep milk plays a negligible role.

mCow milk m®mCamel milk ®=Goat milk ®Sheep milk

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

Figure 1: Production of dairy products in Kenya from 1990 to 2014 in billion liters.
Source: Data from FAOSTAT (2016)

Out of total milk production, only 55% are marketed. The other 45% are used for home-
consumption, calf feeding and farmer-to-farmer sales (figure 2). Out of the marketed milk,
only 20% is sold through the formal, licensed market. The rest reaches the consumer
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through the informal market. The milk is sold either directly through farmers to the
consumer or at milk bars, shops, kiosks, through mobile traders or dairy coop societies
(Smallholder Dairy Project 2004a). Each of these traders sell on average 120 liters of raw
milk per day, which enables them to earn twice the national average income (Omore et
al. 2005).

5.2 billion liters/ year total milk production

55% 45%
Marketed milk Home consumption,
calf feeding and
20% 80% farmer-to-farmer sales
Processed and Sold through
packaged through the informal
formal channels milk market

Figure 2: Marketing of milk in Kenya
Source: Based on Kenya Markets Trust (2017)

Informal markets exist in many countries throughout Asia and Africa. Common
characteristics include (Grace & Roesel 2015):

e Many retailers do not pay taxes or have a legal status

e Food escapes effective safety and health regulations

e Preference is given to local products, traditional processing and retail practices

e Lack of infrastructure such as electricity, sanitation, water or refrigeration

e Provision of little support from the public or the governmental sector

Poor households and women are particularly involved in informal markets as both sellers
and buyers. In Kenya and other countries in Sub-Saharan Africa, the informal milk market
offers higher prices for producers and lower prices for consumers compared to the formal
market (Grace & Roesel 2015). Therefore, the high share of raw milk which is sold
through the informal markets is an indication of the consumers unwillingness to pay more
for processed milk and shows furthermore their taste preferences for raw milk (Staal et
al. 2008).



Most milk is sold either as raw milk or as its processed equivalent of fresh milk. In the
informal market, only about 16% of the milk undergoes processing and is sold as
homemade sour milk, butter milk or yoghurt. In the formal market, the same dynamics
can be observed. Out of the total processed produce 85% is sold as fresh milk either as
short life pasteurized milk or UHT milk. Fermented milk accounts for an additional 7%,
powder milk for 3%, yoghurt for 3% and value-added products such as butter and cheese

make another 2% (TechnoServe Kenya 2008).

Consumers in rural and suburban areas of Kenya buy mostly raw milk and this directly
from producers, kiosks or milk bars. In urban centers, raw and processed milk compete,
using mostly the same retail outlets. Kiosks and shops near residential areas sell both
processed and raw milk (Muriuki 2011; African Center for Economic Transformation
2015). The consumers preference for unpacked milk has also been notified by
supermarkets. The supermarket chain Tuskys started in 2010 to sell milk through milk
dispensers in its chain stores. Naivas and other supermarket chains as well as some
petrol stations followed Tuskys and sell now milk through milk dispensers (Njanja 2014).
In August 2017, 275 milk vending machines (so-called ATMs) were already installed in
Kenya which gives consumers the chance to access quality milk at a lower price than
from processors (Andae 2017). However, although formal market outlets like
supermarkets become more common and start selling milk through milk dispensers, the
informal milk sector will remain important for decades to come. Currently, informal
markets supply about 85 to 95% of market demand and are predicted to still supply 50 to
70% of market demand in 2040 (Tschirley et al. 2015).

2.1.2 Dairy consumption

The demand for milk and milk products in Kenya is among the highest in developing
countries with an annual per capita milk consumption of about 130 liters (Masembe
Kasirye 2015). This is more than five times higher compared to the milk consumption of
other east African countries. A survey in Nairobi found that households spend on average
17% of their income on dairy products, of which 91% is spent on cow fresh milk
(Cornelsen et al. 2016).

The figures of per capita milk consumption in Kenya vary between different studies. The
Ministry of Agriculture, Livestock and Fisheries (MoALF 2013) as well as Argwings-
Kodhek et al. (2005) reported the annual per capita consumption to be about 100 liters.
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A study from Kaitibie et al. (2010) estimated the annual per capita milk consumption to
be much higher at 145 liters. The KDB estimates the per capita annual milk consumption
to be between 80 and 125 kg (Gichohi 2014). Although this is much higher than the
average milk consumption in East Africa, it is still lower than the recommended annual
per capita milk consumption of 220 liters from the FAO. Moreover, there is a huge
discrepancy between urban and rural milk consumption as well as between different
income groups. Njarui et al. (2011) documented an annual per capita milk consumption
in rural areas for “milk-producing” households at 45 liters and for “milk-purchasing”
households at 19 liters. Urban per capita milk consumption was estimated at 125 liters.
Besides, 45% of the milk sold in urban areas was consumed by high income households
and the remaining 55% by low-to middle income households. With a higher income,
households tend to consume more milk, favor pasteurized milk over raw milk and
consume more processed milk products (Staal et al. 2008). Furthermore, Melesse &
Beyene (2009) showed that the education level has a great impact on the consumption
of milk: the higher the educational level of the food budget manager, the higher the milk

consumption of the household.

Many studies show that consumers in Kenya prefer raw milk over pasteurized milk
(Mukumbu & Diang’ 2010; Staal et al. 2008; Thorpe et al. 2000). The Smallholder Dairy
Project (2004c) identified the reasons why raw milk is so popular. First, raw milk is on
average 20 to 50 percent less expensive than pasteurized milk and can be sold in different
guantities. Therefore, even poor households can access small amounts of milk. Second,
many households prefer the taste of raw milk because generally the cream is not removed
from the milk. Third, especially in remote areas, raw milk is more accessible than
pasteurized milk and most consumers are accustomed to the consumption of raw milk.
Last, consumers feel that after boiling raw milk is safe for consumption. Nevertheless, the
consumption of raw milk is of concern due to the potential health risks caused by its
microbial load by the time it reaches the consumer, if not boiled before consumption
(Muriuki 2011).

Projections about future supply and demand for milk in Kenya vary a lot. Kenya Markets
Trust (2017) estimates the total milk production to grow from currently 5.2 billion liter/ year
to 12.6 billion liter/ year by 2030. They also projected the per capita consumption to grow
to 220 liters by 2030. Gichohi (2014) from the KDB expects that the demand for milk will



outstrip local milk production in the next few years unless the productivity per cow will

increase and the post-harvest losses will decrease.

A study from James et al. (2015) showed that ASFs (including milk) have a high price
elasticity in low-income populations, which means that a small decrease in the price of
milk and other ASFs leads to a proportionally higher demand of the product. Cornelsen
et al. (2016) estimated the price elasticity of demand of ASFs in low-income urban areas
of Nairobi. According to them, a 10% increase in the price of dairy products would lead to
a decrease in demand of dairy products by 9.5%. It would also lead to a decrease in the
consumption of beef of 1.7%.

The Smallholder Dairy Project (2004c) showed that the price elasticity of milk in Nairobi
and Nakuru in Kenya depends strongly on the type of milk (raw or pasteurized) and the
income of the households (table 1). A value of 0 indicates that the consumers wouldn’t
change their demand of the product if the price increases. A positive value indicates that
households would increase their demand of the product if the price increases while a
negative value indicates that households would demand less of that product. The higher
the absolute value, the stronger the demand response will be.

Table 1: Price elasticity of raw and pasteurized milk in Nairobi and Nakuru, Kenya

_ Elasticity
Commodity : _
Low-income group High-income group
Raw milk -0.12 -0.93
Pasteurized milk -0.70 -0.21

Source: Edited from Smallholder Dairy Project (2004c)

Table 1 shows that milk is considered a necessary good with a low response to price
changes. However, low-income groups wouldn’t change their consumption of raw milk
much but are more likely to reduce their amount of pasteurized milk. An increase in the
price of raw milk of 10% would lead for low-income households to a decrease of raw milk
demand of 1.2% and for pasteurized milk to a decrease in the demand of 7%. High-
income groups show the opposite effect: they are more likely to reduce their amount of
raw milk consumed due to an increase in its price, but would still buy about the same
amount of pasteurized milk. Staal et al. (2008) added that the elasticity of highly
processed dairy products like cheese or ghee are income elastic, which means that with

a higher income the demand for such products will increase.
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The preference and high consumption of raw milk implies that especially low-income
households would not easily change their milk consumption patterns if raw milk prices
would increase. According to the study of the Smallholder Dairy Project (2004c), poor
households would rather reduce their consumption of other food products to deal with
their budgetary constraints. However, there are no studies that assess with which
products the households would substitute a decrease in raw milk consumption and that

focus also on changes in the amount of raw milk given to children if milk prices increase.

2.1.3 Milk quality and safety

Milk and other dairy products are highly nutritious, especially for young children and
pregnant woman. Milk contains calcium and animal protein, and is an important source
of vitamin A, vitamin B12 and riboflavin. Along with other animal source foods, milk
consumption has been found to promote children growth and development. It furthermore
improves the bone development, reduces protein-deficiency malnutrition and improves

cognitive functions of undernourished children (Dror & Allen 2011).

Compared to other animal source foods, milk plays a unique role particularly among poor
and vulnerable populations because of its good nutritional value at affordable prices.
Dairy is furthermore a primary source of livelihoods for rural populations in low income
countries. Milk is also more suitable to children than other animal source foods.
Nevertheless, compared to meat, milk has a lower content of iron and zinc (Allen & Dror
2011).

Although milk has a significant positive impact on children’s and people’s health and
development, it can also be a major source of foodborne diseases. Most milk in Kenya is
marketed unprocessed and is therefore typically accused of facing milk safety issues.
Those include the presence of biological hazards, such as pathogens responsible for
foodborne diseases (e.g. Salmonella, Listeria monocytogenes) as well as the presence
of drug residues. A significant factor in the high counts of bacteria in raw milk has been
identified in the use of plastic cans to transport and store milk which are hard to clean
(Rademaker et al. 2016). A study from the Smallholder Dairy Project (2004b) found the
bacterial quality of raw milk to be quite low compared to standards and to have some

prevalence of brucellosis and tuberculosis. However, nearly all consumers of raw milk
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reported boiling the milk before consumption which reduces the risk of infection from

bacterial health hazards significantly.

Due to the weak monitoring of the milk market and a lack of efficient safety and quality
control, adulteration of milk is a big challenge in Kenya. Adding water or other substances
to milk can have negative impacts on the microbial quality, taste and market value (Omore
et al. 2005). A study from the Smallholder Dairy Project (2004b) conducted in rural and
urban areas of Kenya reported adulteration in raw milk to be on average 10%.
Adulteration varied within season, site and location but with the most cases of adulteration
to take place during the dry season. Because many consumers are not able to detect

adulteration, this favors high levels of adulteration in raw milk (ILRI 2007).

A study from Fadiga & Makokha (2014) assessed the importance of quality and safety
attributes of milk as well as the willingness to pay for them. They found that price is the
most important attribute of milk, followed by smell, hygiene and color for low-income
households. They were willing to pay more for not smelly, creamy and clean milk but not
for milk in sealed package. These results agree with the study from Walke et al. (2014),
which found that the majority of the Kenyan study population is willing to pay more for
improved quality.

There are many laws and regulations on milk safety. Regulations include licensing,
certification, authorization and permits required by those involved in the dairy value chain.
The KDB states that “The Kenya dairy industry does its utmost to supply products that

meet all its customers’ expectations, high quality, healthy and safe” (Muriuki 2011).

The justification for previous policies favoring processed milk over raw milk was the
assumption that raw milk is unsafe, and that pasteurized milk is safe for consumption.
However, a study from Omore et al. (2005) showed that the quality of raw milk is not any
worse than the quality of pasteurized milk. Furthermore, a study from Walke et al. (2014)
found that 99% of raw milk consumers boil their milk prior to consumption. The justification
from policies to shut down the informal sector due to safety concerns of raw milk does
not seem to be supported by the available evidence up to date. Furthermore, Grace
(2014) showed that there could also be an unintended consequence of safer milk. Safer
milk involves more costs and may therefore be too expensive for the poor, which could

lead to micronutrient deficiencies and stunting.
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2.1.4 Access to finance, inputs and services

The availability of agricultural credit institutions is critical for a positive development of the
dairy sector. In Kenya, the most important but not most popular one is the Agricultural
Finance Corporation (AFC). Furthermore, there are commercial banks as a source for
credit and micro-finance institutions. However, commercial bank credits are mostly
unsuitable for farming. In addition, cost of credit, inadequate grace periods and collateral
requirements make it difficult for smallholders to access commercial bank credits.
Smallholders rather use credits in form of dairy value chain financing — which means that
farmers can be paid before they deliver the milk or get credits on inputs (Muriuki 2011,
Rademaker et al. 2016).

In order to address the problem of limited access of subsistence farmers to both farm
inputs and outputs, the International Livestock Research Institute (ILRI) partnered with
Heifer International and other organizations to implement a hub approach in East Africa
in 2008. It aims to increase the dairy income of subsistence farmers through interventions
along the dairy value chain like improvement of farm productivity and market access. The
dairy hubs itself serve as community anchors for industry knowledge sharing, market
access and business services. In the beginning, the hub approach strengthens or
implements a network of inputs and services providers as well as a setup of a credit facility
mechanism. It will then become a platform where other service providers and input
suppliers can reach smallholder families. The dairy hub is, when fully functioning, a
dynamic cluster of activities and services that generate a greater income for dairy
smallholders and a successful triangulation between business delivery services, milk
traders and milk producers (Worsley 2012). Results show, that smallholders who

registered in such a hub have a greater household dairy income (Baltenweck 2014).

The dairy sector in Kenya faces many challenges. Constraints to an increase in the milk
production include the seasonality of production, inadequate quantity and quality of the
feed and a lack of good farming practices (Nassiuma & Nyoike 2014). Inadequate access
to Al services due to high costs, high-cost animal health care and inefficient input supply
are other identified challenges. Together with a poor infrastructure in some parts of
Kenya, inadequate marketing system and milk collection, limited farmers’ involvement in
the output market, fluctuations in the milk supply and a lack of quality up-to-date data on

the dairy sector hinders the successful development of the dairy sector in Kenya. To
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mitigate the challenges the dairy industry is facing, the Kenyan government has taken
several intervening steps. Those steps include tax incentives and investments in research

and policy development (Muriuki 2011; Nassiuma & Nyoike 2014).

215 Policy and regulatory environment

The Kenyan dairy sector is characterized by the involvement of several institutions,
partners and enablers. Value chain participants include regulators, input suppliers,
market agents and service providers. Moreover, partners and enablers like research and
development organizations, farmers and their groups/ organizations, non-governmental
organizations (NGOs), community-based organizations (CBOs), and development

partners belong to it (Muriuki 2011).

The Kenya Dairy Board (KDB) plays the lead role in dairy regulatory institutions in Kenya.
It was established in 1958 under the Dairy Industry Act Cap 336 of the laws of Kenya.
The aim of the KDB is the regulation, organization and development of the efficient
production, marketing, distribution and supply of safe and high-quality dairy products
(KDB 2014). It furthermore aims to ensure fair competition among the operators in the
industry and the organization and capacity building of the stakeholders in the dairy

industry to enhance efficiency and self-regulation (Nassiuma & Nyoike 2014).

Besides the KDB, the Ministry of Agriculture, Livestock and Fisheries (MOALF) plays a
role in regulation and policy direction of the sector as well as the Kenya Bureau of
Standards (KEBS) (Rademaker et al. 2016). The role of KEBS is to set and enforce
standards for dairy products (and all other products and services). Furthermore, the
Public Health Division which operates within both the Ministry of Health (MoH) and local
authorities, controls and ensures the maintenance of hygiene in milk handling activities
(Muriuki 2011). However, these regulations are not working properly to ensure milk quality
and safety. Muriuki (2011) pointed out, that problems in the regulation arise because of a
lack of personnel, equipment and other resources required to promote activities. Instead
of focusing on solving these problems, most effort is put into the collection of fees and
enforcement of regulations. Therefore, milk quality is of a big concern in Kenya. The
African Center for Economic Transformation (2015) added that the KDB does not seem
to recognize the consumers preferences for raw milk and that it sees the future of the
dairy market to be rather in the processed milk sector. On the other hand, the Ministry of
Agriculture, Livestock and Fishery (MoALF 2013) emphasizes that the KDB has
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increased the producer price of milk in the recent years as well as increased the milk
intake by processors. The volume of processed milk has increased by 7% per year with
about 600 million liters sold in 2016 (Gichohi 2014). However, the KDB recognizes the
need to look at the informal sector more closely for public health risks.

In the past, dairy cooperatives have played a significant role in the dairy sector in Kenya.
They contributed to the development of the smallholder milk marketing through the
provision of inputs and services and reduced the costs of milk marketing through bulking.
However, nowadays cooperatives play a minor role in the dairy sector due to poor
management, corruption and the inability to adapt to change (Muriuki 2011; MoALF
2013).

Before 1992, the dairy industry in Kenya was regulated by the government, which set the
milk prices, gave policy guidelines, set the market rules and determined the players in the
industry. KCC was a monopoly processing and marketing milk and dairy products. After
liberalization in 1992, KCC lost its monopoly and milk prices were deregulated (MAFAP
2013). This reform led to a rapid growth of the informal market with a huge increase in

the sale of raw milk (Wambugu et al. 2011).

However, up to 2004 under the old dairy policy, informal vendors and milk transporters
were not officially recognized. They frequently got into trouble because powerful dairy
market players wanted to increase their market share and the government expressed
safety concerns over informal marketed milk. Since 2004, the Dairy Policy now
acknowledges the role of small scale milk vendors (SSMVs) and KDB offers a training
and certification scheme for those SSMVs (Wambugu et al. 2011). After completing the
training and paying a fee the traders get licensed (Johnson et al. 2015). KDB adds, that
since 2003 the Kenyan government took several additional measures to improve the milk
production and marketing. Those steps include among others the revival of the New KCC
and other farmer organizations and cooperatives, review of dairy policies and regulations,
encouragement of private sector and development partners to invest in the dairy sector

and a better use of resources (Wambugu et al. 2011).

Still, most of the policies implemented are in favor of pasteurized milk. To meet
international standards of food safety, the government of Kenya launched in 2015 a

campaign to promote the consumption of packed, pasteurized milk. KDB managing
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director Margret Kibogi said, that “unpasteurized milk is very dangerous to the lives of the
public and causes diseases” (Gikundi 2016). Further current public health interventions
include the promotion of the selling of boiled milk and a ban of raw milk value chain
(Alonso 2017). MoALF (2013) further proposes policy interventions that support the
investment in long-life milk products and that encourage milk processors to engage in

milk collection in the rural areas.

The Kenya National Dairy Master Plan sets a vision for the growth of the dairy sector. Its
strategic vision is “to transform milk production and trade into an innovative, commercially
oriented and globally competitive dairy value chain by 2030” (Ministry of Livestock
Development 2010). The focus is to increase the productivity and competitiveness of the
dairy sector. By 2030 it aims to increase the share of marketed milk to 75% and to reduce
the milk sold through informal channels to 35%. However, given the popularity of raw milk
in Kenya, it is not clear how this strategy will be implemented (African Center for

Economic Transformation 2015; Rademaker et al. 2016).

The milk market in Kenya is clearly separated in a formal and an informal market with
consumers preference given to raw milk, especially among poorer households. KDB has
partly acknowledged these preferences through the licensing of informal milk traders.
However, according to the Kenya National Dairy Master Plan, the KDB plans a future in
which over half of the marketed milk is processed/ pasteurized. Policies move towards
banning raw milk commercialization which will likely decrease the raw milk availability and
likely subsequently increase milk prices. This could lead to negative effects on the food
and nutrition security of poor households and especially of children due to inability to
purchase enough milk. However, the impacts of such policies on the diets of children in
poor families have been rarely studied. It is therefore important to investigate the
contribution of the informal milk sector to the diet and nutrition security of poor households
and especially of poor children and the effect that decreases in milk availability and
increases in prices may have in the milk purchasing behavior of poor households

(Smallholder Dairy Project 2004d; African Center for Economic Transformation 2015).
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2.2 Demand systems

Consumers make choices every day on what and how much to buy and consume.
Therefore, the main purpose of demand theory is to explain how a rational consumer
would choose what to consume (Sadoulet & De Janvry 1995). A rational consumer refers
to a consumer who seeks to maximize satisfaction or utility in spending his or her income
(Salvatore 2008). However, the more of an identical item an individual acquires, the less
he or she will desire more units of this specific product. This law of diminishing marginal
utility is one of the fundamental principles of consumer demand behavior. The overall
maximum utility from one individual is reached when all “last goods” consumed have the

same marginal utility (Simple Economist 2017).

One can consider an individual with its utility function u(qg, z) where q is the vector of
guantities of n commodities on which a consumption decision must be made and z are
individual characteristics like education, family size or area. The budget constraint is p'q
=y, where y is the amount of money the individual can spend and p” is an n-dimensional
row-vector of prices. The individual seeks to maximize utility with respect to q, subject to

the budget constraint p"q = y. This can be written as:

maxu(q,z) + A(y —p'q) (1)

where A is a Lagrange multiplier. To solve this maximization problem, a set of n demand

eguations can be used (Sadoulet & De Janvry 1995)

= gi0y2),i=1,..,n )

The estimation of single demand functions involves some constraints. The quantity
projections obtained may not satisfy the requirements of demand theory, especially the
budget constraint. Therefore, complete systems of demand equations need to be
specified and estimated. Those must be able to take into account the mutual
interdependence of large number of commodities in the choices made by consumers
(Sadoulet & De Janvry 1995).

The first complete demand system was developed by Stone in 1954 and called the Linear
Expenditure System. Since then, several new demand systems have been developed
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and applied in empirical analysis. The price and income elasticities obtained from these
empirical analyses have been used for policy interventions and projections. Because of
the existence of many demand systems, it is important to know about the advantages and
disadvantages of each system, as different demand systems could result in different
estimations. Hence, the choice of the right demand system is an important step and

determines the outcome of the study (Meyer et al. 2011).

The current chapter will provide an overview of five of the most common demand systems
used in research. Each of the demand systems will be briefly introduced, their methods

will be presented and the advantages and disadvantages highlighted.

2.2.1 Linear Expenditure System (LES)

The Linear Expenditure System (LES) was introduced by Richard Stone in 1954. It is the
first empirical demand system that fulfills all general conditions of demand theory (Meyer
et al. 2011).

The equations are linear in expenditure and the LES can be estimated with the formula:

n
piq; = pia; + b;| m— ;Pj“j 3)

where p;, q; and m are the price, quantity and expenditure of product i, respectively. a; is
the subsistence parameter. This means that the individual first purchases «; units of good
i at a cost of p;a; which is called subsistence consumption. With the total cost of
subsistence being Y%, p;a;, it leaves m — }7_; p;a; as a supernumerary expenditure. b;
is therefore the parameter of how a consumer allocates his supernumerary expenditure

over different commodities (Chang & Fawson 1994).

Because of the underlying utility function, the following assumption is necessary:

q; > 4)

It is essential to add the following restrictions, to satisfy adding up and symmetry

conditions:

Z?:l bl' =1 and bl' >0 (5)
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The LES assumes independence of the marginal utility of consumption of one commodity
of the quantities consumed from other commaodities. It is unlikely that this assumption will
hold across all consumers and commodities. The LES is therefore a more reliable model
where the level of aggregation is very high and where separate estimations for separate
income classes can be done (Williamson & Shah 1981). Another weakness of the LES is
that the Engel-flexibility is restricted because of constant marginal budget share (Meyer
et al. 2011). Nevertheless, part of the disadvantages is offset by the advantages that the
LES imposes. For instance, the LES only needs a limited number of independent
parameters (2k-1, where k is the number of commodities), which makes its application
easy (Meyer et al. 2011). It furthermore satisfies the theoretical restrictions of adding up,
symmetry and homogeneity, parameters are ready to be interpreted and it is relatively

easy to estimate (Williamson & Shah 1981).

Williamson & Shah (1981) used the LES in their study to estimate expenditure and price
elasticities of demand for different food items in Kenya. In their study, all price elasticities
were negative because of the strict specification of the model. For dairy products, the
own-price elasticity added up to -0.382 and the expenditure elasticity to 0.745. The
average budget share was 4.2% among all expenditures, food and non-food items.
However, the study mentions a limitation of the LES which could have potentially impacts
on their results. They mention, that substitution effects between substitutes or
complementary commodities are not part of the formulas for the price elasticities of the
LES. Therefore, the LES lacks flexible substitution effects. Nevertheless, Phlips (1983)
concluded that the LES is a practical model if the goods are broadly grouped and the

price variations within these groups are restricted.

2.2.2 Translog model

The “Transcendental Logarithmic” or “translog” demand system was developed in 1975
by Christensen, Jorgenson and Lau. The translog model is a generalization of the Cobb-
Douglas function. It is a flexible functional form providing a second order approximation
(Sadoulet & De Janvry 1995). The logarithmic form of the translog production function is

the following:
n 1 n n
Iny=Ina, + Zailnxi+EZZﬁijlnxilnxj (6)
=1 i=1j=1
where «a is the efficiency parameter, x; input j, and a; and g;; (alli,j=1, ..., n) are

unknown parameters to be estimated.
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The biggest advantage of the translog model is that it has a functional form with less
restrictions on production elasticities and substitution elasticities. However, compared for
example to the LES, it is more difficult to interpret and requires the estimation of many
parameters (K+3+K(K+1)/2, with K being the number of inputs) (Holt & Goodwin 2009).

Agbola et al. (2003) used the translog system to estimate the household food demand in
South Africa. Food items were therefore grouped into six broad food groups, including
dairy products. The compensated own-price elasticity was estimated to be -0.55 with the
translog system and the expenditure elasticity 1.277. However, the authors question the
reliability of those elasticities, because most of the calculated elasticities were contrary to
expectations. They conclude, that the choice of the demand system has an impact on the

elasticity estimates.

2.2.3 Rotterdam model

The Rotterdam model was first proposed by Theil (1965) and Barten (1964). According
to Clements & Gao (2014) it was a breath-taking innovation because “this system of
demand equations allowed for the first time rigorous testing of the theory of the utility-
maximizing consumer”.

The Rotterdam model starts with demand functions. It then takes the total differential and
uses utility-maximization theory to impose restrictions (Clements & Gao 2014). The

conditional absolute price version of the Rotterdam model is given by:
n
wiDqir = w;DQ; + Zniijjt + vy (7)
j=1
where w;; = 1/2 (Wi,t + Wi,t—l) is the average budget share of good /7 between the
periods t- 1 and t, v; is stochastic disturbance, and DQ; = Yi-, w;:Dq;; is the log-change
in real income (Barnett & Seck 2008). Furthermore, g; is the quantity consumed of item J
in the time period ¢and p; is the price of item ;in the time period ¢ (Kinnucan et al. 1997).
u; is a parameter known as the marginal share of a good i. m;; is the substitution effect of

a change in the price of good j on the demand for good i when real income is held
constant, also known as the Slutsky parameter (Clements & Gao 2014).

The Rotterdam model has been widely adopted because of its simplicity and transparency
(Clements & Gao 2014). It can be estimated in a linearized form where theoretical

restrictions can be easily imposed and tested (Barnett & Seck 2008). Furthermore, it

20



allows for the estimation of substitutes and complements. Because total expenditure can
be divided into groups of goods, preferences in one group can be analyzed independent
of the quantities in other groups (Seale et al. 2003). Together with its consistency within
the demand theory and the same flexibility as any other local approximation form, it
became a prominent position in demand analysis (Kinnucan et al. 1997).

However, the Rotterdam model also possesses some limitations. According to Seale et
al. (2003), the Rotterdam model yields counterintuitive results in terms of changes in
income because it produces constant marginal shares. In their study, Meyer et al. (2011)
found that the Rotterdam model performs well when the substitution between goods are
low but with a high substitution of goods the model performed poor. Further limitations
include generality, tractability and ease of interpretation (Clements & Gao 2014). Itis also
limited in its application with cross-sectional data because of its first difference approach
(Gao et al. 1994).

Anwar et al. (2012) applied the Rotterdam model to major food items in Pakistan,
including milk. They used cross-sectional data from household expenditures surveys. To
estimate own price elasticities, cross price elasticities and expenditure elasticities a
complete demand function was computed by estimating a system of share equation
subject to the restriction with the help of Seemingly Unrelated Regressions (SUR).
Because there was no availability of data on food prices, they used the ratio of
expenditure to purchased quantity as a proxy for prices. The compensated own-price
elasticity for milk in Pakistan was -0.648 and the expenditure elasticity 0.682 and in
accordance with their theoretical expectations. In terms of compensation the authors

found that milk is compensated only with fruits.

224 Almost Ideal Demand System (AIDS)

In the field of agricultural economics, both the Rotterdam model and the AIDS, developed
by Angus Deaton and John Muellbauer in 1980, are frequently used in demand analysis.
They are attractive because of inter alia their flexibility, compatibility with demand theory,
plausibility and ease of use (Alston & Chalfant 1993). Nevertheless, according to Taljaard
et al. (2004), the AIDS appears to be the most popular one out of all demand systems.
The it equation in the AIDS is given by (Taljaard et al. 2004):

m

wie = a;+ XiyijInpj + 31“1(?‘,)) +u i=1,...n 8)
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where, in observation t, w;, is the budget (expenditure) share of the i good; p;, is the

nominal price of the j" good, In m is total expenditure; u;, is the error term and Ina(p) is

the translog price index which is defined by:
Ina(p) = ay + X a;lnp; + %Z?Z’}yitlnpitlnpjt t=1,....T (9)

However, this price index makes the system non-linear. This complicates in most cases
the estimation process. Therefore, Deaton & Muellbauer (1980) suggested to use the
linear price index. In the so-called linear approximate (LA) version of the AIDS the

translog price index is replaced by the Stone’s price index:

n
loga(p) = Z Wi logp; (10)

i=1

The LA-AIDS can be then written as (Akinbode 2015):

m m
a(p)> + kz_l){ka + uj (11)

Another shortcoming of the AIDS includes the limitation of the flexibility in expenditure.

n
Wi = a; + Zyijlnpjt + 5i1n<
=1

Therefore, Banks et al. (1997) proposed the Quadratic Almost Ideal Demand System
(QUAIDS). They added a quadratic term to the AIDS equation:

wij = a; + JZ:VU' Inp; + BiIn (agl))) + b?[l)) {ln [agl))]}z (12)

where b(p) is the Cobb-Douglas price aggregator.

Because the QUAIDS has rank three, it is more adequate to approximate non-linear Engel
curves in empirical analysis. Furthermore, it is flexible in the representation of income
effects and, compared to the regular AIDS and translog models, it has the same degree
of price flexibility (Xi et al. 2004).

Another further development of the AIDS is the Generalized Almost Ideal Demand
System (GAIDS). The GAIDS is a combination of the LES and AIDS and was developed
by Bollino in 1990. It uses the concept of committed and supernumerary expenditures of
the LES while adding flexibility to the estimated elasticities (Sadoulet & De Janvry 1995).
It replaces the fixed proportions in the LES (b;) by an AIDS specification to make it a

function of income and price. The GAIDS in share form can be then expressed as:
iCi M* M* o
w; = %+ F[ai + X1y In(p;) + BiIn (?)] ibj=1,...N (13)
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where w; is the budget share associated with the i™" good; p; represents the price of the
i" good, c¢; is the quantity of good i; M is the total expenditure; M* represents
supernumerary expenditure; InP is a non-linear price index; and a;, y;; and B; are

parameters to be estimated (Zheng & Henneberry 2009).

The AIDS as well as its further developments has been widely used in demand analysis
due to its linearity, flexibility and because it satisfies the axioms of choice exactly. Other
advantages include that it is as flexible as other locally functional forms but is additionally
compatible with aggregation over consumers. It can therefore be used in terms of
economic models of consumer behavior when estimated with both disaggregated
(household survey) and aggregated (microdata) data. It furthermore has a functional form

which is consistent with known household-budget data (Taljaard et al. 2004).

However, to estimate the AIDS a big sample size is most often required because a large
number of parameters has to be estimated (Williamson & Shah 1981). Therefore, many
studies applying the AIDS/ LA-AIDS/ QUAIDS use national survey data with big sample
sizes (for example Weliwita et al. 2003; Heien et al. 1990; Xi et al. 2004). Nevertheless,
recent studies from Akinbode (2015) and Cornelsen et al. (2016) showed, that the
estimation of the AIDS is also possible with a small sample size of less than 350
households. Cornelsen et al. (2016) used data from a cross-sectional household survey
among 205 randomly chosen households in two settlements in Nairobi to estimate the
demand for ASFs using the AIDS. The results of the AIDS provided measures of demand
elasticity for changes in food expenditure and food prices. Because their data included
many zero-observations (i.e. non-purchases), they employed a two-step sample selection
approach. The own-price elasticity for dairy products was -0.955. According to the study,
the beef consumption would increase if prices for dairy products increase.

Williamson & Shah (1981) not only used the LES to estimate expenditure and price
elasticities of demand for different food items in Kenya, but also the AIDS. They only
found for dairy products, vegetables and fruits an elastic price response. Although they
had poor price data, they could estimate the effect of income changes on consumption
using the AIDS. In comparison with the LES, the authors recommend using the AIDS,

because it better fills the needs of a general equilibrium model.
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2.25 Generalized Addilog Demand System (GADS)

The specific form of the GADS was developed by Bewley & Young in (1987). According
to Bewley (1987), the GADS makes sure that the sum of the component demand is
identical to total expenditure. Additionally, due to the nature of the functional form, it
ensures that the implied demands for all goods are positive. The GADS equation is

specified by:

n

— [ 4 Y
Wy In (W—li> = a;+ 6;In (FZ) + ij Inpj (14)

t n
j=1
where w;, represents the average budget share of the i"" good in period t; g;, is the

quantity of the i good in period t; ; is the marginal budget share and r;; the Slutsky

parameters (Gracia et al. 1998).

Bewley (1987) argued that the GADS has not a flexible functional form like the AIDS or
the translog model because it does not have an arbitrary second-order approximation to
the utility or cost function. However, empirical comparisons of functional forms suggest
that the GADS performs well in an empirical sense. It can also outperform more

conventionally based models.

Gracia et al. (1998) estimated the Spanish food demand using the GADS as well as price
elasticities and expenditure for six food groups. The expenditure elasticity for the food
group milk/ eggs was estimated to be 0.64 and the own-price elasticity to be -0.56. The
change in the price of milk/ eggs has therefore a negative effect on the milk/ eggs

consumption.
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3 Materials and methods

3.1 Description of study population

A structured household survey was carried out in May and June 2017 in Dagoretti, a peri-
urban area in Nairobi, Kenya. Dagoretti sub-county has a total population of 360,000 (as
of 2009), which is about 11.5% of the total population of Nairobi (InfotrackEA 2009). It is
characterized by high unemployment rate of about 60%, high prevalence of HIV/ AIDS
and crime (Kang’ethe et al. 2012). It has furthermore a large proportion of low-income
urban slums and a high migrant population (Kang’ethe et al. 2012).

Dagoretti sub-county is divided into 10 wards, whereof 8 were covered in this study as
shown in figure 3: Gatina, Kabiro, Kawangware, Mutu-ini, Ngando, Riruta, Uthiru/
Ruthimitu, and Waithaka. Two wards were excluded (Kileleshwa and Kilimani) because

they are primarily high-income areas, so excluded based on the study target.

Kabiro

Kawa-
ngware

Figure 3: The study site in Dagoretti Division. Wards marked in red were not covered in
the study.

3.2 Data collection

Households were chosen through spatial random sampling, where the household nearest
to the selected geospatial point and meeting the study inclusion criteria was identified and
invited to participate. The inclusion criteria were: households with the presence of at least
one child between 6 and 48 months, that had bought unpacked/ unprocessed milk or
dairy products the week previous to the interview and that have a disposable household
income under 30,000 KES were interviewed. If a first identified household was not eligible
for the survey or refused to participate, the next household to the right was screened and
invited to participate in the survey. The process was repeated until a consenting eligible
household was identified. The survey was conducted with the person more
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knowledgeable on food purchases. In total 200 households participated in the survey. All
interviews were conducted by trained enumerators in Kiswahili. The responses were
captured electronically with the help of Open Data Kit (ODK).

Before the start of the survey, a questionnaire pretesting was conducted in the same area
where the survey was carried out. Pretesting helped to adjust some wording and phrasing
of the questions in the questionnaire.

The questionnaire was divided into 6 sections. The first section captured general
information from the household members. For this survey, a household was defined as a
group of people that take food from the same pot or food basket. In addition, only persons
who have eaten in the household the past 6 months for at least half of the week in each
week of those months were considered households members. This could also include
non-family members like servants or agricultural members. The second section of the
questionnaire addressed the purchase, consumption and production of milk and other
dairy products by the household. Following this, a choice experiment was conducted on
changes in purchase and consumption levels based on an increase in milk prices.
Thereatfter, perceptions of milk quality and safety were captured, followed by a section on
expenditure on other food items consumed at home (Muunda upcoming). The last section
addressed information on the household income and expenditure on food and non-food

items.

3.3 Data analysis

To describe the socio-economic and other relevant variables in this study, means,
standard deviations and standard errors were calculated for continuous variables. For
comparisons between nominal data a Chi-square test was applied. To test the null
hypothesis that more than two sample means are equal, analysis of variance (ANOVA)
was applied. ANOVA was done to compare the mean of the dependent variable with the

income group of the households.

To analyze the demand for food and dairy products, the QUAIDS model from Banks et
al. (1997) was applied. The QUAIDS maintains the desirable demand properties of the
AIDS model which are a) it satisfies the axioms of choice exactly; b) to any demand
system it gives an arbitrary first-order approximation; c) it is compatible with aggregation
over consumers; d) it has a functional form and is therefore consistent with previous

household budget data and e) it can be used to test for the restrictions of symmetry and
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homogeneity (Jiang & Davis 2007). In addition, the QUAIDS adds a quadratic term to the
AIDS to overcome the limitation of the flexibility in expenditure (Meyer et al. 2011). It also
facilitates the comparison with other studies who used the AIDS to estimate the demand
for milk and other dairy products in Africa (Agbola et al. 2003; Akaichi & Revoredo-Giha
2014; Cornelsen et al. 2016).

The expenditure share equation of the QUAIDS for good 7is given in chapter 2.2.4 with
the equation (12) and the translog price index in equation (9).
Restrictions imposed by demand theory on the model’s parameters are implied because

of adding up, homogeneity of degree zero in prices and total expenditure, and the Slutsky

symmetry:
Yia;=1 X;p=0 %,y;; =0 (adding up) (15)
Y;jvij =0 Vi (homogeneity) (16)
Yij =vji Vi,j (symmetry) (17)

The QUAIDS model was carried out accounting also for demographic effects. According
to Kane et al. (2015), demographic effects can have an impact on the household’'s
behavior in terms of demand and allocation of expenditure of goods. Therefore, the
approach as shown in Poi (2012) by Ray (1983) was applied. Using z as a vector of s
household characteristics, z could be the scalar representing the household size in the
simplest case. Let e®(p,u) be the expenditure function of a reference household with just
a single adult. Ray (1983) uses for each household an expenditure function of the form:

e(p,z,u) = my(p,z,u) X eR(p,u) (18)
Furthermore, Ray decomposes the scaling function as

mo(p,z,u) = My(z) X p(p,z,u) (19)

where the first term measures the increase in a household’s expenditure as a function of
z and the second term controls for changes in relative prices and the actual goods
consumed.

Incorporating Ray’s method into (12), the expenditure share equations take the form
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K
wp = a; + ;Vij Inp; + (B;+1'iz) In (rﬁ()%a(p))
T - {m[_ 5 ]}2
Pc(p,z) U Lmy(z)a(p)

(20)

where ¢(p, 2z) = [I}, p;]'jz

Due to the adding-up condition, it is required that Zlenrj =0forr=1,..,s.

Price elasticities are calculated following Poi's (2012) approach. The uncompensated

price elasticity of good 7 with respect to changes in the price of good jis

E--=—8--+i --—[ﬁ-+ "z 4+ 24 ln{ m }]x a-+z i In
T T T TN E T ) n)  mo@a@)] T\ T LT

: (21)
_ (B +n'z)2, (R — }]2
b(p)c(p,z) mo(z)a(p)
The expenditure (income) elasticity of good 7is computed as
1 , 2/11 m
w= e e e el (2)

Finally, compensated (Hicksian) price elasticities are obtained from the Slutsky equation

€ = €+ mw (23)

The parameters were estimated using the quaids command from Poi (2012) in Stata
version 13. Demographic variables used in this study were: gender, marital status,
primary activity (i.e. job) and education level of the household head; number of household
members; income group. Wald tests were performed on the demographic variables to

determine if the variable is explanatory of the expenditure patterns.

In order to reduce the number of parameters that has to be estimated, food items were
grouped into 7 food groups according to the USDA Food Pattern Food Groups (USDA
2010). The food expenditure share of the respective food group was estimated by
summing the expenditures of all food items purchased the previous week and dividing it
by the expenditure of the respective food group. Whenever unit prices (i.e. KES per kg)
were not reported for the food items, the unit prices were derived by dividing the
expenditure reported on the respective food item by the amount purchased in kilogram

the week previous to the study. Because many quantities were reported in different non-
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standardized units, conversion factors were obtained from USDA Food Composition
Databases (USDA 2017), the Malawi Third Integrated Household Survey (2011), from
ILRI nutritionists and from studies on the local market in Dagoretti. The studies on the
local market were done by weighing the amount of food items provided in a non-
standardized unit (for example 1 bunch of carrots or 1 piece of water melon). Households
that reported the unit to be “other”, “don’t know” “bottle big > 330 ml” or “bottle small <
330 ml” could not be converted to a unit price (i.e. KES per kg) and were therefore
substituted with the mean price as calculated from the survey data of the respective food
item. Calculated unit prices that were more than 2.5 times higher than the mean unit price
of the respective food item were also substituted with the mean unit price. Following Rizov
et al. (2015), price indices for the food groups were calculated using the expenditure
share as weights and calculating the price as the sum of the respective expenditure share
times the respective unit price. Deaton (1988) adds that the price indices are effectively
a value to quantity ratio, which is therefore called “unit price”. The calculated price is
furthermore household specific and therefore represents the households’ purchase
decisions. The variations in food group prices between households is thus due to
differences in the consumption of food items consumed in each group and price
differences of each food item across households. This difference is due to seasonal
effects, regional market conditions and quality differences (Rizov et al. 2014). The study
contains few zero observations (i.e. food groups not consumed in a household), which
could result due to non-consumptions of food items of a specific food group. Because of
the zero observations no specific food group price could have been estimated. Therefore,
the prices of the food groups that were not consumed were substituted with the mean

price of the respecting food group.

To calculate both the expenditure and price elasticities for raw milk and possible
substitutes, a further QUAIDS was applied. However, all other dairy products except for
raw milk had many zero-observations, many products were even purchased by less than
5% of the households. To fit a QUAIDS model with only 10 or less observations from
some goods is not possible. Therefore, the QUAIDS was only fitted with raw milk as a
dairy product. One possible substitute for raw milk is eggs. According to a recent study
from Cornelsen et al. (2016), poor households in Dagoretti replace dairy products mainly
with eggs. Thus, eggs were included in the QUAIDS. Additionally, raw milk is an important
source of calcium. Therefore, a possible further substitute is Omena fish, with which an

adequate protein quality can be achieved (Maina et al. 2007). During the survey,
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households were furthermore asked, with which product they would substitute raw milk.
Because the most common answer was “fruits” and an accessible and nutritive fruit is
banana, the yellow banana was furthermore added to the model. Therefore, the QUAIDS

was fitted with the four goods raw milk, eggs, Omena fish and yellow banana.

However, with those four goods still many zero-observations can be observed, which
could lead to significantly biased results without adjusting the demand model for it
(Cornelsen et al. 2016). Therefore, the two-step estimation of a censored system
approach proposed by Shonkwiler and Yen (1999) was applied for the estimation of the
demand model and elasticities for these products. In the first step, a probit model was
estimated to determine the probability whether a given household would consume a food
item in question. It is modelled as a dichotomous choice problem: The endogenous
variable is Y;,; = 1 if household h consumes the i-th food item in period t and is Y;;,, = 0
if the household does not consume the item in question (Jonas & Roosen 2008).
Household’s socioeconomic variables are used as independent variables. The variables
selected were the number of children aged 6 to 48 months per households, the household
income group a dummy variable whether households paid for rent or not, total food
expenditure and total number of household members. From the probit model, the normal
probability density function ¢;; as well as the normal cumulative distribution function @®;,

were estimated.

To reduce the number of parameters that have to be estimated, only two household
demographics were included in the QUAIDS: household income group and the number
of household members. Those household demographics were highly significant in the

aggregated version of the QUAIDS and were therefore being chosen.
For the second step, the normal probability density function and the normal cumulative

distribution function were incorporated into the QUAIDS. Equation (12) is therefore

replaced by the following equation (Akaichi & Revoredo-Giha 2014):

n
w = &y, [ai + Z lyij Inpj: + B; ln(xt/pt) + Aidin (24)
]:

The parameters were estimated using the nlsur command as shown in Poi (2008).
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To assess the behavior of households in terms of changes in purchase and consumption
based on raw milk prices, the survey included a choice experiment exercise (Muunda
upcoming). The hypothetical scenario chosen was that raw milk prices increase by about
40% because of a drought to a price of 100 KES/ liter. Households were presented a set
of 9 choice cards, and each card included a set of 4 alternatives. The households were
asked to choose their most (best) and least (worst) preferred alternatives that best
describe respectively the most likely decision and the least likely decision they would
make. All cards were presented as a graphic to facilitate the decision of the respondents.
Table 2 below includes the list of 9 attributes/statements used to develop the choice

cards.

Table 2: The attributes used in the choice experiment

1 Decrease raw milk quantities for all family members without replacing it by any
other food product

2 Decrease raw milk quantities for all family members, and replace it with another
food product only for children <4 years

3 Decrease raw milk quantities for all family members, and replace it with another
food product for all family members EXCEPT for children <4 years

4 Decrease raw milk quantities for all family members, and replacing it with another
food product for all family members

5 Keep raw milk quantities the same for children < 4years and decrease it for the
rest of family members

6 Decrease the quantities of raw milk | give to the children <4 years, without
replacing it by other food products. Will keep the same quantities of raw milk for
adults

7 Decrease the amount of raw milk | give to the children <4 years, while replacing

it by other products. Will keep the same amount of raw milk for adults
8 Keep buying the same quantities of raw milk by increasing milk budget

9 Stop buying raw milk

The number of attributes (9) and the number of choice alternatives (4) will lead to a high
number of choice cards. To reduce this number, we used a balanced incomplete block
design (BIBD) using SAS software. In total 9 choice cards were presented to each

participant. Figure 4 shows an example of a choice experiment card.
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If raw milk price increases by 40% compared to high season prices, which corresponds
to new raw milk price around KES 100/litre, from the 4 alternatives/actions below please
indicate which is the most likely alternative/action you will choose/do and the least likely

alternative/action you will not choose/do? (Tick only one case as most important and one case as
least important)

Most likely Alternatives Least likely
D Decrease raw milk quantities for all family members, and
replace it with another food product only for children <4 years D

Keep raw milk quantities the same for children < 4years and
decrease it for the rest of family members

Decrease the quantities of raw milk | give to the children <4

the same quantities of raw milk for adults

Decrease raw milk quantities for all family members, and
replace it with another food product for all family members
EXCEPT for children <4 years

[] []
D years, without replacing it by other food products. Will keep D
[] []

Figure 4: Example of a choice experiment card

To analyze the choice experiment, standardized Most-Least scores were calculated to
assess respondents’ stated importance of the alternatives (Rao et al. 2016). The

standardized scores are calculated as follows:

Standardized Most — Least Score = (M — L) / (m*n) (25)

Where:

M = Number of times where the alternative was chosen as most important
L = Number of times where the alternative was chosen as least important
m = Number of respondents

n = Number of times the alternative was presented to the respondent
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4 Results and discussion

4.1 Sample characteristics

In total 200 households were surveyed. The main characteristics of the sample are
presented in table 3. Most of the households had a male head (83%). Women were the
head of the household only if being single, divorced, widower or living separately. Except
for 4 households, the household head was male if the household head was married. 11%
of the households reported to be single households. Compared to the national housing
survey of Kenya (Ministry of Land Housing and Development 2013), where 70% of the
peri-urban households were headed by males, and the survey from Cornelsen et al.
(2016) where 75% of the households in Dagoretti and Korochogo had a male head, this
survey came to a noticeably higher result of 83%.

The majority of the household heads were between 18 and 39 years old (80%). The
national housing survey reported only 48% of the household heads being between 20
and 39 years old nationwide (Ministry of Land Housing and Development 2013). From
the heads of the households, 29% had primary education only and out of those 29% only
73% finished primary school. Most household heads went to secondary school and 71%
finished it. Four didn’t attend school and 2 respondents didn’t know about the education
of the household head. Majority of the heads of households were employed (69%) or self-
employed (28%). Only 6 household heads were unemployed. The average number of
members in a household was 4.33 (SD = 1.53, min. = 2, max. = 12) and therefore about
the same compared to the national housing survey of 2012/ 2013 with an average
household size of 4.3 in peri-urban areas (Ministry of Land Housing and Development
2013) but slightly lower compared to the survey from Cornelsen et al. (2016) who reported
5 household members. Most households (85%) had only one child between 6 and 48
months with an average of 1.16 (SD = 0.44, min. =0, max. = 3) and 1.05 children between
4 and 18 years (SD = 1.174, min. = 0, max. = 6) which makes a mean of 2.2 household

members under the age of 18 years.

As previously explained in the data collection section, we have deliberately chosen
household income as one of the selection criteria (only households reporting earnings of
less than 30,000 KES per month were included in the study). One household reported to
earn less than 3,000 KES per month whereas about a quarter of sampled households

earned between 25,001 and 30,000 KES per month. The average gross monthly national
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income per capita was in 2013 7,572 KES/ capita. This survey revealed a slightly lower
number, which is not surprising given our selection criteria to include only low- and

middle-income households.

Households were furthermore asked if they think that raw milk is of better, worse or the
same quality compared to packaged milk. Forty-eight percent responded that raw milk is
of worse quality, 46% said that it is of better quality and 6% said that the quality is the
same for raw and packed milk. Out of those households that answered that the quality of
raw milk is the same compared to packed milk, 64% would purchase packaged milk if the
quality would be the same for both. Further 18% would purchase raw milk and another
18% said, it depends on other factors. Ultimately households were asked if they would
buy raw or packaged milk, if the price of raw milk was the same as that of packaged milk.
Fifty-four percent would then purchase packaged milk, 44% raw milk and 5 households

said it depends on other factors.
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Table 3: Socio-economic and demographic characteristics of the sample (n = 200)

Variable Categories %
Sex of the household head Female 17.0
Male 83.0
Age of the household head 18 — 29 years 36.0
30 — 39 years 44.5
40 — 49 years 13.0
50 — 59 years 3.5
60 — 69 years 15
Above 70 years 0.5
Don’t know 1.0
Education of the household head Primary school (class 1-8) 28.9
Vocational school 3.1
Secondary school (form 1-4) 47.4
Technical college / Diploma 18.6
University / Degree 2.1
Marital status of the household head Married living with spouse 84.0
Married living separately 2.5
Single/ divorced 115
Widow/ widower 2.0
Primary activity of the household Unemployed/ Retired 3.5
head Employed/ laborer 69.0
Self-employed 27.5
Household members Two 3.5
Three 30.0
Four 31.0
Five 18.0
More than five 17.5
Children 6 — 48 months living in the  Zero 1.0
household One 84.5
Two 125
Three 2.0
Household monthly income (KES) Less than 3,000 0.5
Between 3,000 and 6,000 4.0
Between 6,001 and 10,000 14.5
Between 10,001 and 15,000 18.5
Between 15,001 and 20,000 18.5
Between 20,001 and 25,000 17.0
Between 25,001 and 30,000 27.0
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4.2 Households’ income and its effect on household demographics

Table 4 shows the education level of the household head by income group. Therefore,
the households were classified into three different income groups, so that they contain
approximately the same percentage of households (T1: 37.5% with an income of less
than 15,000 KES/ month; T2: 35.5% with an income between 15,001 and 25,000 KES/
month; T3: 27.0% with an income between 25,001 and 30,000 KES/ month). Because
the households only stated their household income as a range (for example between
3,001 and 6,000 KES/ month), the groups contain a different percentage in each group.
The threshold between the poorest and middle group was set according to the current
minimum wage of Kenya (about 13,000 KES/ month in July 2017, Daily Monitor 2017).
The threshold between the middle and the wealthiest group was set at 25,000 KES/

month to divide the remaining households almost equally.

The Chi-square test revealed, that the education level of the household head was overall
not associated with the household income, because the Null-hypothesis the education of
the household head has no impact on the income has to be accepted (table 4). The
gender of the household head was furthermore not associated with the income group (p-
value = 0.076, annex Al). Eighty percent of the surveyed households paid rent for their
house, 72% for the education of their children and almost all households paid for medical
expenses (98%).

Table 4: Education of the household head in percent, by income group*

Gl G2 G3
Primary school/ 40.3 38.7 21.0
Vocational school (25) (24) (13)
Secondary school 38.0 32.6 29.4
(35) (30) (27)
Technical college/ 27.5 40.0 325
University/ Degree (11) (16) (13)
Total 36.6 36.1 27.3
(71) (70) (53)

Pearson chi2(4) = 3.2357 Pr =0.519
*Count in between brackets
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Table 5 characterizes the households according to their income. The poorest group had
a higher percentage of female household heads, though without a significant difference
between the income groups (p-value = 0.076, annex Al). The poorest group had
furthermore a higher percentage of younger household heads compared to the other
income groups and less people went to technical college or university. Ninety-three
percent of the household heads of the wealthiest group lived with a spouse and only 4%
were single compared to the poorest group where 19% were single, which may also
explain the higher percentage of female headed households in the poorest group. The
wealthiest group had more household members (4.9 on average) compared to the middle
group (4.3 on average) and the poorest group (4 on average). This agrees with other
studies which also reported that the household size increased with an increase in the
income (for example Argwings-Kodhek et al. (2005), Musyoka et al. (2010)). However,
according to a chi-square test, there was no statistically significant difference between
the different income groups relating to the number of children aged 6 to 48 months in the

household (p-value = 0.517, annex A2).
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Table 5: Socio-economic characteristics of the sample in percent, by household income
group (n=200)

Variable Categories Gl G2 G3
Sex of the household Female 22.7 16.9 9.3
head Male 77.3 83.1 90.7
Age of the household 18-29 years 48.0 29.6 27.8
head 30-39 years 37.3 49.3 48.2
40-49 years 8.0 15.5 16.7
50-59 years 2.7 2.8 5.6
60-69 years 1.3 1.4 19
70 years and above 0.0 1.4 0.0
Don't know 2.7 0.0 0.0
Education of the Primary/ Vocational school 35.2 34.3 24.5
household head Secondary school 49.3 42.9 50.9

Technical college/

University/ Degree 15.5 22.9 24.5

Marital status of the Married living with spouse 76.0 85.9 92.6
household head Married living separately 2.7 2.8 1.9
Single 18.7 8.5 3.7
Divorced/separated 0.0 1.4 0.0
Widow/ widower 2.7 1.4 1.9
Primary activity of the Unemployed/ Retired 1.3 5.6 3.7
household head Employed/ laborer 74.7 76.1 51.9
Self-employed 24.0 18.3 44.4
Household members mean 4.0 4.3 4.9
SD 1.39 1.38 1.76
Children 6 — 48 months mean 1.2 1.2 1.1
living in the household SD 0.44 0.41 0.47

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

4.3 Expenditure on food and dairy products

The higher the income of the households, the higher was the weekly expenditure as a
percentage of the total expenditure on dairy items and food products in general of the
surveyed households (figure 5). The wealthiest group spent on average more than double
the amount on dairy products compared to the poorest group and more than 1.5 times
the amount on food items in general. Obviously, the lower the income the less can be
spend on food items because households still have to pay for rent, education, medical

bills and non-food items.
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Figure 5: Household weekly expenditure on food items and dairy products, by income
group (n=200)

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

Households were asked to report their expenditure on 100 food items in addition to their
expenditure on 9 dairy products. For the purpose of the analysis, the food items
(excluding dairy products) were grouped into 6 food groups according to the USDA Food
Pattern Food Groups (USDA 2010) plus an additional group for other food items not listed

in these groups.

Households spent the highest amount on grains (on average 780 KES/ week), followed
by vegetables (578 KES/ week), meat (493 KES/ week) and dairy products (396 KES/
week). The lowest expenditure was done on oils and solid fats (180 KES/ week). In total,
the average household expenditure on food products during the last seven days was
3,031 KES (SD 1524.41, min. 633, max. 11769), which translates to an average daily per
capita food expenditure of 100 KES. Kamau et al. (2011) found a similar daily per capita
expenditure among urban households in Kenya, whereas Cornelsen et al. (2016)
estimated it at only 40 KES/ capita/ day. The big differences could be that Cornelsen et
al. only included households up to a monthly income of 20,000 KES and only asked the
households to estimate their total food expenditure without asking for the specific

components. Households may therefore have underestimated their food expenditure.
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Figure 6 provides an overview of how monthly income effects the expenditure on the
different food groups. Except for the food group “other food items”, households from the
wealthiest group spent the highest amount compared to the other income groups on the
different food groups. The poorest group always spent the least amount on food groups.
The total expenditure on food items was also significantly lower compared to the other
income groups. The null hypothesis that there is no significant difference in total food
expenditure between the poorest group and the middle and wealthiest group from the
ANOVA was rejected (p < 0.001, annex A3).

The household expenditure on food products ranged in this study from 2,332 KES/ week
(SD 841.61, min. 633, max. 4422) for the poorest group to 3,134 KES/ week (SD 1491.40,
min. 1404, max. 9729) for the middle group to 3,869 KES/ week (SD 1837.88, min. 1466,
max. 11769) for the wealthiest group. These figures are higher compared to other studies,
but those studies also show that the expenditure on food increased over the last years.
For example Kamau et al. (2011) showed that expenditures on food increased by over
100% between 2003 and 2009 for low and middle income households. A comparison with

older studies is therefore not meaningful.
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Figure 6: Household weekly expenditure on different food groups, by household income
(n=200)

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

When looking at the expenditures in percent of the monthly income, one can observe a
different picture. According to the results, the poorest group spends almost all their
income on food items (95.6%). Reasons for this might be that during the time of the survey
food prices were higher compared to the average food price (Ngotho 2017; Trading
Economics 2018). Households may therefore have spent more money on food items than
usually. Respondents may also have underestimated their household income.

The middle-income group spent on average 63% on food items and the wealthiest group
56%. The poorest group spent a significantly higher percentage on all food groups
compared to the other income groups (p-value < 0.001, annex A4). In general, the higher
the income of the households, the lower was the percentage spent on food items,
confirming Engel’s law that as income rises, the proportion of income spent on food falls
(Kamau et al. 2011).

Because households only indicated their monthly household income as a range, the
percentage spent on food might be over- or underestimated. A study from Argwings-

Kodhek et al. (2005) estimated the expenditure on food to be 34% among households in
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Nairobi with an income of up to 55,000 KES/ month. Kamau et al. (2011) came to a higher
result with households in Nairobi earning up to 25,000 KES/ month spending 44% of their
income on food items. Staal et al. (2008) found that Kenyan households spend on
average 56% of their budget on foods. Because these studies use different thresholds for
the income and were done in different parts of Nairobi or Kenya, a meaningful comparison
is difficult to make. However, this study reveals that households in peri-urban Nairobi
spend a big portion of their monthly budget on foods. This might be because households
in peri-urban Nairobi have good access to food. Furthermore, the consumer price index
increased by 85% from 2010 to 2016 (FAOSTAT 2017), showing that prices increased
substantially over the last years. If the income of the households didn’t increase in the

same percentage, households have to spend more on food from their budget.

The households were also asked to estimate their monthly expenditure on food. The
estimated household monthly expenditure on food items was in every income group
clearly lower compared to the total food expenditure calculated from the details of the
guestionnaire. On average, households estimated their monthly food expenditure to be
8,526 KES compared to 13,138 KES calculated. Reasons therefore might be that the
respondents, in their estimation of an average expenditure in food, accounted for
expenditures they didn’t do during the last seven days or that the week (which was the
recall period for the detailed food expenditure survey) wasn’t representative for the month.
Thirty-two percent of the households received their income only once per month and
further 17% irregularly. This means that about half of the study population have money
available at a given point of time in the month. Because the recall period of this study was
only seven days, households may have spent already most of their money earlier in time
or spent more the previous week. Therefore, expenditures in food may be higher the
previous week compared to the average weekly food expenditure.

Furthermore, during the survey, food prices were higher compared to other periods of the
year (Ngotho 2017; Trading Economics 2018). Respondents may also not have an
accurate perception of how much they really spend on food per month, whereas when
asking for specific food items during a short amount of time, respondents were able to
remember their food expenditures more accurately. This all together may explain the
difference found between the calculated monthly food expenditure and the estimation the

households gave.
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All the households allocated most of their food budget to grains, followed by vegetables
and meat (figure 7). The poorest group spent a significantly higher percentage of their
weekly food budget on grains compared to the wealthier groups (p<0.001, annex A5) and
a significantly lower percentage on dairy products (p<0.001, annex A6). This indicates
that poorer households substitute dairy with grains most probably due to its cheaper price.
The study from Staal et al. (2008) confirms these results by showing that grains take the
largest share in the household food budget, followed by dairy products with 17% of food
expenditure. In this study on average 13% was spent on dairy products from the total
weekly food budget, which might be slightly lower compared to the study from Staal et al.
(2008) because of the lower income of the households. Kamau et al. (2011) also showed
in their study, that the share in the household food budget decreases for grains with an
increase in the income. Although grains are a staple and households will purchase it also
with an increase in the income, there is a maximum needed. Households will therefore
stop purchasing more grains after a certain point as their income grows. The opposite
behavior can be seen for dairy products and meat, which have a higher price compared
to grains. All the households from this study still have a low income and the amounts
consumed are far below the maximum threshold. They will therefore increase their

consumption of meat and dairy as their income rises.
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Figure 7: Food budget allocation in percent, by income group

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.
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Average expenditure on dairy products amounted to almost 400 KES per week (13% of
total food expenditure) with a maximum household dairy expenditure of 1,400 KES (table
6). On average, households purchased 1.7 (SD 0.701, min. 0, max. 4) dairy products the
previous week. The questionnaire asked for the following 9 dairy products: unpacked raw
milk, unpacked boiled whole milk, unpacked fermented milk (mala), packed fermented
milk (mala), unpacked yoghurt, packed yoghurt, packed pasteurized whole fresh milk,
UHT milk, powdered milk.

Due to the sampling strategy (i.e. targeting households that consume raw milk), almost
all households (99%) purchased unpacked raw milk during the previous week. The
households who did not purchase unpacked raw milk produced their own milk. Around
40% of the households purchased packed yoghurt, 17% purchased packed pasteurized
whole fresh milk and 7% purchased UHT milk. Unpacked and packed fermented milk
(mala) as well as unpacked yoghurt and powdered milk were bought by less than 4
households only. Other dairy products like ghee, butter, cream or cheese were not

purchased by the participating households (table 6).
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Table 6: Dairy product purchase pattern of the sample (n=200)

Mean Total Purchase % of
quantity Mean price . households
L expendi-  frequency :
purchased per unitin purchasing
.. ture KES/ days/ :
last 7 days KES/ liter N . dairy
T week week
in liter* products**
Unpacked raw milk 3.8 76.0 287.5 5.6 98.5
(2.77) (15.09) (207.30) (2.07) (297)
Unpacked boiled 0.0 0.0 0.0 0.0 0.0
whole milk (0.00) (0.00) (0.00) (0.00) ©)
Unpacked fermented 0.01 100.8 1.3 1.0 2.0
milk (mala) (0.10) (27.54) (9.68) (0.00) (4)
Unpacked yoghurt 0.0 170.0 0.6 1.0 1.0
(0.04) (42.43) (6.07) (0.00) (2)
Packed pasteurized 0.3 117.7 35.1 3.4 17.0
whole fresh milk (0.86) (16.70) (103.44) (2.10) (34)
Packed fermented 0.02 210.0 3.5 1.5 2.0
milk (mala) (0.22) (77.46) (31.58) (1.00) (4)
Packed yoghurt 0.3 188.9 61.4 2.2 39.0
(0.68) (70.08) (127.84) (1.84) (78)
UHT milk 0.1 1354 15.0 3.6 7.0
(0.50) (15.75) (69.52) (2.53) (14)
Powdered milk (kg) 0.0 1000 0.4 1.0 1.0
(0.01) (0.00) (5.35) (0.00) (2
Total dairy household 397.03
expenditure KES/
week (276.130)

* Standard deviation between brackets
** Count between brackets

Two households reported to produce and consume their own raw milk (2 and 10.5 liter/
day) and three households received dairy products as a gift (the week before) from their

relatives or friends.

The participants in the study relied heavily on raw milk for their dairy needs and bought
not many other dairy products, unlike other studies, where households purchased in

particular more pasteurized milk. Although only 7 out of the 200 households reported to
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keep their milk in the fridge, not much UHT milk was bought. Reasons therefore could be
the different taste of the UHT milk and the higher price. Many studies found that
consumers in Kenya prefer raw milk because of its better taste compared to other milk
products as well as the preference for raw milk due to its lower price (Blackmore et al.
2015; Smallholder Dairy Project 2004b). Furthermore, households purchase of unpacked
raw milk is almost done on a daily basis: on average, 5.6 times per week for an average
quantity of 3.8 liter per week (SD = 2.72, min. = 0, max. = 14). Per purchase households
bought on average 0.66 liter (SD = 0.48, min. = 0, max. = 5). Packed yoghurt was, after
raw milk, the second-most purchased dairy product (39% of the households) followed by
packed pasteurized whole fresh milk (17% of the households). The mean quantity
purchased of both dairy products in the last seven days was 0.3 liter. Half of the
households purchased packed yoghurt only once per week and on average about 0.4 liter
per purchase (SD = 0.24, min. = 0, max. = 1), whereas packed pasteurized whole milk
was purchased irregularly, with on average 3.4 purchases per week. The other dairy
products were purchased by less than 10% of the participating households. In general,
the higher the degree of processing, the lower the purchasing frequency and the lower
the proportion of consuming households.

In total, households purchased on average 4.53 liters of dairy products per week, which
amounts to 236 liters per year and household. With an average household size of 4.33,
the per capita consumption per year of dairy products of this study population is 54.4 liters
and therefore clearly lower compared to other studies. For example, Argwings-Kodhek et
al. (2005) found a per capita consumption of 101 liter per year in Nairobi, Njarui et al.
(2011) estimated the yearly per consumption to be 125 liter per capita in urban areas of
Kenya and Kaitibie et al. (2010) estimated it at even 145 liter per capita and year. Official
figures from the Kenya Dairy Board set the annual per capita consumption between 80
and 125 liter (Gichohi 2014). However, those official data are most likely calculated by
dividing the estimated production quantity by the official number of inhabitants and
therefore bears some risks of an overestimation of the per capita consumption. Higher
processed dairy products require more liters of milk to produce them. The production
guantity is furthermore just an estimate and can be lower especially during drought years.
Further reasons for the lower consumption compared to the other studies could be the
higher prices during the survey period, which could have reduced the purchasing power
of the households. Indeed, sixteen percent of the households indicated a lower
consumption of dairy products the surveyed week compared to the rest of the year. Also,

one inclusion criterion was to have a household member between the age of 6 and 48
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months. Dominguez-Salas et al. (2016) showed that more than 50% of the children aged
one to three years are still breastfed in Dagoretti which may therefore decrease the

consumption of other dairy products.

According to the survey, powdered milk had the highest unit price, followed by packed
fermented milk (mala), yoghurt, UHT milk and unpacked fermented milk. Unpacked raw
milk was the cheapest dairy product with an average price of 76 KES/ liter, ranging from
26 KES/ liter to 130 KES/ liter. Compared to packed pasteurized whole fresh milk, raw
milk was on average 36% cheaper, which agrees with studies done by TechnoServe
Kenya (2008) and The Smallholder Dairy Project (2004b). Unpacked dairy products were
in general cheaper than packed dairy products. Due to the high amount of unpacked raw
milk purchased during the previous week, households spent most of their total dairy
expenditure on it, followed by packed yoghurt and packed pasteurized whole fresh milk.

Households were furthermore asked from which market outlet they primarily bought their
dairy product during the last 7 days. Primarily, they bought their dairy products from a
corner shop or kiosk (40%), milk dispenser in a milk bar (16%), directly at the producer
gate (12%) or from a milk bar in a dairy shop (11%). Most households only bought from
one market outlet (79%), whereas 2 households bought their dairy product every day from
a different market outlet. The time spent to travel to the market outlet accounted on
average for 6.6 minutes (SD 7.343, min. 0, max. 40). Households therefore have good

access to the milk market.

Households from the poorest group purchased a significantly lower number of dairy
products in the previous week (on average 1.5, SD = 0.58, min. = 1, max. = 3) compared
to the wealthiest group (on average 1.9, SD = 0.76, min. = 1, max. = 4; p-value = 0.001,
annex A7), whereas there was no significant difference between the middle (on average
1.7, SD =0.71, min. = 0, max. = 4) and the wealthiest group (p-value = 0.222, annex A7).
This means, that poorer households can only afford the cheaper products.

Households of the wealthiest group purchased a higher amount of each dairy product the
previous week compared to the other groups (figure 8). The poorest group purchased in
total a significantly lower amount than the middle (p-value = 0.038, annex A8) and the
wealthiest group (p-value < 0.001 annex A8). They also purchased a significantly lower
amount of unpacked raw milk (p-value < 0.001, annex A9). Surprisingly, there was no

significant difference in the purchasing behavior of packed pasteurized whole fresh milk
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and UHT milk between the poorest and the wealthier groups. One reason is that poorer
households have less household members and therefore need less dairy products. Per
capita, households from the poorer group purchase 0.76 liter/ week, the middle group
purchases 1.15 liter/ week and the wealthiest group 1.29 liter/ week. The biggest
difference is therefore between the poorest and the other groups, showing that household

from the poorer group have less income that they can spend on food and dairy products.
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Figure 8: Average purchase of dairy products per household and week, by income group
G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

With the possibility of an implementation of policies that criminalize the informal milk
sector and therefore a decrease in the availability of raw milk, consumers would have to
substitute raw milk with other products. Argwings-Kodhek et al. (2005) calculated that if
all households who consume raw milk would have to substitute raw milk with pasteurized
milk without reducing their quantity, about 13.5 million KES per day would be transferred
from relatively poor households to distributors, processors and retailers promoting
pasteurized milk. On the other hand, if those households would reduce their consumption
to the average pasteurized milk consumption, the demand will fall by about 15,000 liters

per day due to the price difference. This would lead to a reduction in nutrient intake,
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possibly also among children, with its associated negative impacts on especially the
development of children.

Taking the prices and consumption levels of raw and pasteurized milk determined in this
study, the 200 surveyed households alone would transfer 4,170 KES/ day to distributors
et cetera if they were to substitute raw milk with pasteurized milk. If the prices and
consumption level were at the same level as from this study for the whole population of
Kenya with an income of less than 30,000 KES/ month, those 40% of the population
(Worldbank 2018) would transfer about 94 million KES per day to retailers, distributors
and processors promoting pasteurized milk. Although this is unrealistic, because the
households from this study consumed less pasteurized milk than the average Kenyan
population, it shows how important raw milk is. And because most households from this
income group could not afford the additional expenses, this would reduce the milk intake
of households and children with the negative impacts on child development.

4.4  Dairy products intake of children aged 6 to 48 months

Children were defined according to their age. For this study, children refer to household
members aged 6 to 48 months. This age group was targeted because it covers an age
group for which feeding is critical for growth and development. According to the sampling
strategy, every household had at least one child in this age range. In total, 231 children
aged 6 to 48 months were reported and 734 between 6 months and 18 years. This implies
that more than half of the household members are less than 18 years old, with an average
number of children below 18 years per household of 2.2 (SD = 1.303, min. = 1, max. =
8).

Ninety-nine percent of the children aged 6 to 48 months consumed unpacked raw milk
the week previous to the survey visit. Packed yoghurt was consumed by 40% and 17%
consumed packed pasteurized whole fresh milk (table 7). Most children who consumed
dairy products “as it is” consumed it either as unpacked raw milk or packed yoghurt (43%
and 42%, respectively). “As it is” means that the product was consumed in the way the
households bought it, without using it as an ingredient of a dish or a drink. Only 7%

consumed packed pasteurized whole fresh milk “as it is”.

All children aged 6 to 48 months consumed on average 0.8 liter/ child of dairy products

in the previous week, which means a total consumption per year of 42 liter per child. Most
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children consumed raw milk (99%) with an average weekly consumption of about 700 ml.
Packed yoghurt was consumed by 40% of the children aged 6 to 48 months with an
average weekly consumption of 60 ml of it. Packed pasteurized whole fresh milk and UHT
milk were consumed in a quantity of 30 ml and 13 ml, respectively.

Compared to household members above the age of 4 years, children aged 6 to 48 months
consumed on average 0.06 liter of dairy products less the week previous to the study.
Except for powdered milk, UHT milk and unpacked yoghurt, each household member
above 4 years of age consumed on average a higher quantity of dairy products compared
to children up to 4 years of age. The biggest difference can be observed in the
consumption of raw milk, where household members above the age of 4 years consumed
on average per person 80ml more raw milk (total consumption 780 ml, SD = 649.31, min.
=60.8, max. = 6285.7). Many of the children between 6 and 48 months are still breastfed,
which could explain the lower average consumption as well as the general lower

consumption of children below the age of four compared to older children.

Only three dairy products were consumed as part of a dish by children aged 6 to 48
months. In the majority of cases (84%) it was consumed using unpacked raw milk, 11%
used packed pasteurized whole fresh milk and 5% used UHT milk. The respondents were
asked for which dish or drink they used the respective dairy product and if the children
consumed this dish or drink. The responses show that most of the children aged 6 to 48
months consumed the dairy products as part of a tea or coffee (85%). The second most
common answer was as part of porridge (23%). Consumption with cereals (6%),

vegetables (1%) and in other forms (2%), represented the other further answers.
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Table 7: Intake of dairy products by children between 6 and 48 months

% of children Mean % of children 6 % of children
6-48 months  consump- - 48 months consuming
consuming tion per consuming dairy product
dairy children in dairy products as part of a
products* ml/ week**  asitis* dish*
Unpacked raw milk 98.7 693.0 36.8 77.5
(228) (585.34) (85) (179)
Unpacked fermented 1.7 0.6 0.9 0
milk (mala) (4) (0.74) ) (0)
Unpacked yoghurt 0.9 0.2 0.4 0
(2) (0.3) 1) (0)
Packed pasteurized 16.5 29.2 6.1 10.0
whole fresh milk (38) (31.80) (14) (23)
Packed fermented 2.6 0.8 2.2 0
milk (mala) (6) (1.03) 5) (0)
Packed yoghurt 394 58.2 35.5 0
(92) (247.27) (82) (0)
UHT milk 6.5 12.9 3.0 4.8
(15) (11.59) @) (11)
Powdered milk 1.3 0.00 0.4 0
(3) (0.01) (D) 0)

* Count between brackets
** Standard deviation between brackets

Figure 9 provides an overview of the intake of dairy products by children aged 6 to 48
months in the previous week. The estimated average dairy products intake of children
from the wealthiest group (956 ml/ week, SD = 674.56, min. = 95.12, max. = 3560.93)
was higher than the one in the middle group (787 ml/ week, SD = 633.3, min. = 49.49,
max. = 2301.6) and the poorest group (679 ml/ week, SD = 626.34, min. = 60.71, max. =
3365.79). However, the ANOVA revealed that there is no statistically significant
difference, because the null hypothesis of equal means has to be accepted (p-value =
0.856, annex A10). Only one child consumed unpacked yoghurt and 2 consumed
unpacked fermented milk (mala) and powdered milk, each from the wealthiest
households. There was no statistically significant difference in the consumption of packed
yoghurt (p-value = 0.463, annex A11), UHT milk (p-value = 0.887, annex A12) and packed

pasteurized whole fresh milk (p-value = 0.253, annex A13) across income groups.
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Guidelines from the FAO recommend that a diet from children aged six months to 5 years
should contain at least 200 — 250ml of milk and other dairy products per day (Muehlhoff
et al. 2013). The poorest group of this survey consumes on average less than 100 ml per
day and child, which is clearly lower compared to the guidelines from the FAO.
Nevertheless, because milk and other dairy products are an important source of energy,
protein, vitamins and minerals, the low consumption without an adequate substitution
could hinder the proper development of the children. A survey done in 2016 by
Dominguez-Salas et al. (2016) in the same study area, revealed that 41.5% of the children
between 1 and 3 years were stunted and 4.4% showed acute malnutrition. This could be
due to the low intake of dairy. But because the two studies are not connected, a direct

connection cannot be drawn.
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Figure 9: Average consumption of dairy products of children per week, by income group
G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

45 Elasticities

Table 8 shows the expenditure elasticities (with respect to total food expenditure) for the
different food groups from the QUAIDS model, as an approximation to the income
elasticities. The coefficients from the QUAIDS are summarized in Annex B1. All

expenditure elasticities are considered significant at 1% and are positive. The product
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with a largest elasticity is meat with 1.405, followed by fruits with 1.333, while the lowest
one is grains with 0.767. Because all the values are positive, the expenditure on all food
groups will increase with an increasing income, for which expenditure is a proxy.
However, a value below 1 indicates that the households demand for this food group will
increase less than proportionally to the income, because it is considered a necessity
good. For example, an increase in the income/ expenditure by 10% will increase the
demand for grains by only 7.7%. On the other hand, a value above 1 indicates that the
demand for this food group increases more than proportionally to the income. Those items
are considered luxury goods. The demand for meat will increase by 14.1% if the income/
expenditure increases by 10%. The low expenditure elasticity for grains and the high one
for fruits and meat point to a shift in the diet from grains to fruits and meat when income
increases. These household expenditure elasticities are in line with other studies from
Kenya. Cornelsen et al. (2016) found the expenditure elasticity for dairy to be 0.95 and
Musyoka et al. (2010) found it to be 0.99. Expenditure elasticities for vegetables range
from 0.877 (Abdulai & Aubert 2004) to 1.01 (Musyoka et al. 2010) and the expenditure
elasticity for grains was found to be 0.738 (Abdulai & Aubert 2004). The expenditure
elasticities from the other food group are difficult to compare, because the studies used

a different grouping of the food items.

Table 8: Households expenditure elasticities from the QUAIDS model

Oils & Other
Vegetab Solid food
Dairy Meat Grains les fats Fruits items

Coefficient 0.939***  1.405** 0.767** 0.984** 0.902*** 1.333*** 1.005***
Significant at least *p < 0.1; **p < 0.05; ***p < 0.01

Households compensated (Hicksian) own- and cross-price elasticities from the QUAIDS
model are summarized in table 9. All the own-price elasticities (in bold) have the expected
negative sign, showing that an increase in the price of the product will lead to a reduction
in its demand. Furthermore, all the own-price elasticities are significant at 1% level.
Demand for meat is least sensitive to price changes with a 10% price change leading to
a reduction in demand of 4.1%, followed by dairy with a demand reduction of 5.1%. The
demand for oils & solid fats is most sensitive to price changes with a reduction in demand
by 8.9% for an increase in its price by 10%. This means that households put a high value

on meat and dairy products and would try to preserve consumption when prices increase.
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It could also be that households will limit the reduction in their demand on meat and dairy,
because their consumption is already very low, especially for meat.

Cross-price elasticities indicate by how much the demand for one product will change if
the price for another product will increase. In this study, all significant cross-price
elasticities have positive values. Those show substitution effects, meaning that if the price
from one product increases, the demand for the other product will increase. For instance,
if the price for grains increases by 10%, the demand for oils and solid fats will increase
by 5.3%, dairy will increase by 3.3%, vegetables by 2.3% and other food items by 1.5%.
Dairy products (1% of price increase) will be mainly substituted by grains (1.5%) and meat
(1%) and are substitution goods for those products. In case the price of one category will

increase, households still have alternative substitutes.

Table 9: Households compensated own- and cross-price elasticities from the QUAIDS
model

Oils & Other
Vegeta- Solid food
Dairy Meat Grains bles fats Fruits items
Dairy -0.505*** 0.117**  0.333*** 0.031 -0.064 0.057 0.031
Meat 0.099* -0.412** 0.076 -0.043 0.023 0.063* 0.194***
Grains 0.154***  0.042 -0.555**  0.147**  0.109***  0.036 0.067**
Vegetables 0.022 -0.035 0.225**  -0.508*** 0.099**  0.047 0.150***
Oils & Solid fats  -0.140 0.055 0.527**  0.309*** -0.885*** -0.016 0.151**
Fruits 0.120 0.155* 0.162 0.141 -0.015 -0.688*** (0.123*

Other food items 0.033 0.235***  0.154**  0.223** 0.072**  0.060* -0.776***

Significant at least *p < 0.1; **p < 0.05; ***p < 0.01

Table 10 displays the uncompensated (Marshallian) own- and cross-price elasticities from
the same model. For the uncompensated price elasticities, consumers’ money income is
held constant (maximize utility given income), whereas for the calculation of the
compensated price elasticities consumers’ real income is held constant (Clements & Si
2016). All uncompensated own-price elasticities are like the compensated ones negative
and significant at 1%. The demand for oils and solid fats is most sensitive to a change in
price, followed by other food items, grains and fruits. Meat and dairy products are least
sensitive to price changes. An increase in its prices by 10% reduces the demand by 6.3%
for each group of products.

Nineteen coefficients show different signs between the uncompensated and
compensated cross-price elasticities. According to Rizov et al. (2014) this suggests that

the income effects are very important in the demand decision of the consumers (both
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types of elasticities are linked through the Slutsky equation that include income/
expenditure elasticity). In other words, if the uncompensated cross-price elasticity is
negative and the compensated cross-price elasticity positive (for example for meat with
dairy), the income effect outweighs the substitution effects (Musyoka et al. 2010).
Substitution effects are better measured using the compensated cross-price elasticities,
because they measure only substitution effects devoid of income effects (Musyoka et al.
2010).

Table 10: Households uncompensated own- and cross-price elasticities from the
QUAIDS model

Oils & Other

Vegeta- Solid food

Dairy Meat Grains bles fats Fruits items

Dairy -0.628** -0.026 0.066 -0.144*  -0.120** -0.001 -0.086*
Meat -0.085 -0.627** -0.32**  -0.303*** -0.061 -0.024 0.018
Grains 0.053 -0.075*  -0.772*** 0.005 0.064* -0.012 -0.029
Vegetables -0.107*  -0.185*** -0.054 -0.691** 0.041 -0.014 0.027
Oils & Solid fats  -0.258*  -0.083 0.270 0.142 -0.938** -0.072 0.038
Fruits -0.054 -0.048 -0.217 -0.106 -0.094 -0.770*** -0.044

Other food items  -0.099*  0.082 -0.132*  0.036 0.012 -0.002 -0.902***

Significant at least *p < 0.1; **p < 0.05; ***p < 0.01

Table 11 shows the compensated own-price elasticities for the different food groups by
income group. Significant differences can be observed between the poorest and
wealthiest group for the food groups dairy, grains and oils & solid fats. With an increase
of 10% in the price of dairy products, households from the poorest group will reduce their
demand by 4.5%, whereas the wealthiest group will reduce it even more (by 5.4%). For
grains and oils & solid fats the poorest households will reduce their demand significantly
more when the prices increase compared to the wealthiest group. The biggest difference
can be observed for oils & solid fats, where an increase in price by 10% leads to a

reduction in quantities by 9.7% for the poorest group and by 7.9% for the wealthiest group.
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Table 11: Households compensated own-price elasticities from the QUAIDS model, by
income group

Vegetab- Oils & Other food
Dairy Meat Grains les Solid fats  Fruits items
G1 -0.448a -0.396a -0.574a -0.508a -0.966a  -0.689a -0.773a
G2 -0.522ab -0.422a -0.566ab -0.509a -0.887ab  -0.671a -0.776a
G3 -0.538b -0.419a -0.508b -0.508a -0.788b -0.703a -0.781a

Different characters represent a significant difference at p < 0.05,

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month

On a second step, another QUAIDS model was fitted on a disaggregated level, to
calculate elasticities for raw milk and its possible substitutes. Households expenditure for
raw milk, eggs and Omena fish are summarized in table 12. The coefficients for the
QUAIDS model are presented in Annex B2. All expenditure elasticities are significant.
With an increase in the income, the demand for raw milk will increase more than
proportionally to the income, while the demand for eggs, Omena fish and banana will
increase marginally less than proportionally to the income. Those results are in line with
other studies. Salasya et al. (2009) found the raw milk expenditure elasticity to be 1.15
and Cornelsen et al. (2016) estimated it for fish in general to be 0.87. However, for eggs
they found an expenditure elasticity of 0.48 without being statistically significant.

Because all expenditure elasticities are very close to one, which means that the demand
for these products will increase proportionally to the income, an increase in the income
will lead to a proportional increase in the demand of these products with no big preference
for one or the other product. Compared to the expenditure elasticities on the aggregated
level (table 8), eggs, Omena fish and banana show a clearly lower expenditure elasticity.
Reasons could be in the slightly different method to calculate the elasticities and that
households put a higher emphasis on other food items from that food groups like beef.
The expenditure elasticity for raw milk is higher compared to “dairy products”. Households
are therefore more likely to increase their raw milk consumption with an increase in the
income and increase the consumption of other dairy products less compared to raw milk.

This shows how important raw milk for households of this study population is.

Table 12: Households expenditure elasticity for raw milk, eggs, Omena fish and banana

Raw milk Eggs Omena fish Banana (yellow)
Coefficient 1.136*** 0.930*** 0.991*** 0.943***
Significant at least *p < 0.1; **p < 0.05; ***p < 0.01
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Table 13 shows the compensated own- and cross-price elasticities. The results for the
own-price elasticities (in bold) show, that the demand for raw milk will decrease less than
proportionally when its price increases, meaning that the households from this survey put
a high value on raw milk and will therefore decrease its consumption the least possible
by possibly increasing their milk budget. An increase in the price by 10% for raw milk will
decrease its demand by 4.8%. The own-price elasticity for eggs and banana showed no
significant effect, while the demand for Omena fish will decrease by 6.2%.

As previously explained, compensated cross-price elasticities are a better measure for
the explanation of substitutes than uncompensated elasticities (table 14). Most
compensated cross-price elasticities are significant and positive, showing substitution
effects. If the price of raw milk increases by 10%, households will substitute their raw milk
consumption with banana, eggs and Omena fish by increasing their demand by 10.9%,
10.2% and 7.9%, respectively. Eggs will be substituted by banana, while Omena fish and
banana will be substituted with eggs. There is only one statistically significant negative
cross-price elasticity. With an increase of the price of Omena fish by 10%, households
will not only substitute it with eggs, but will also reduce their raw milk consumption. This
might indicate income effects, meaning that the higher price of Omena fish leaves less

budget left for buying raw milk.

Table 13: Households compensated own- and cross-price elasticity from the QUAIDS
model

Raw milk Eggs Omenafish Banana
Raw milk -0.481*** -0.039 -0.130* -0.022
Eggs 1.016%** -0.101 0.434*** 0.631***
Omena fish 0.787*** -0.017 -0.617*** 0.208
Banana 1.093*** 0.499*** 0.384 -0.323

Significant at least *p < 0.1; **p < 0.05; ***p < 0.01

Table 14 displays households’ uncompensated own- and cross-price elasticity for raw
milk, eggs and Omena fish. The own-price elasticity of raw milk shows an elastic behavior
because the demand for it will decrease more than proportionally than an increase in its
price. Eggs, Omena fish and banana are inelastic, but only the Omena fish own-price
elasticity is statistically significant.

The findings for the own-price elasticity of raw milk are higher (in absolute value)
compared to other studies. Salasya et al. (2009) found it to be -0.97 and Cornelsen et al.
(2016) found it to be -0.955. This means that this study population decreases the raw milk
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consumption more than proportionally, if money income is held constant. Cornelsen et al.
(2016) furthermore estimated the uncompensated own-price elasticity for eggs and found
it to be -0.736, which is higher (in absolute value) than the estimate from this study. Due

to a different model, the comparison is difficult to make.

Table 14: Households uncompensated own- and cross-price elasticity

Raw milk Eggs Omenafish Banana
Raw milk -1.215%** -0.195*** -0.209*** -0.189**
Eggs 0.416 -0.228 0.369*** 0.494***
Omena fish 0.147 -0.154 -0.686*** 0.062
Banana 0.484** 0.370*** 0.319 -0.462

Significant at least *p < 0.1; **p < 0.05; ***p < 0.01

The results from the compensated own-price elasticity for dairy products on the
aggregated level show, that households substitute dairy with grains and meat products,
if the price of dairy increases. The estimation on the non-aggregated level confirms this
first part of the analysis partly, indicating that households will substitute raw milk (which
is the biggest proportion in dairy) primarily with Omena fish and banana, but also with
eggs. Dairy products are furthermore used as substitutes for grains and meat. However,
on the non-aggregated level, raw milk showed no significant substitution effect for the
compensated cross-price elasticities. Even without any statistically significance, the
values are very close to zero, showing that the analyzed goods are substituted with other
goods than raw milk. However, the expenditure elasticity for raw milk, eggs, Omena fish
and banana indicate that preference is given to raw milk when income increases.

The biggest difference between compensated and uncompensated price elasticities can
be seen by raw milk. For the compensated own-price elasticity it is -0.481, while for the
compensated one it is -1.215. Uncompensated elasticities are generally lower compared
to the compensated elasticities, because they are linked through the Slutsky equation

(equation 23 in the material and methods chapter).

4.6 Household choice decisions to an increase in milk price

During the survey, the households were asked to make choices on how they would
change their purchase or consumption behavior when the price of raw milk increases. For
each of the cards that were presented to the respondent, they had to indicate their most
and least likely decision. Table 15 and figure 8 show the attribute level scores for the nine

different attributes or statements. Figure 8 shows the attribute level scores by household
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income group and for each attribute graphically the relative association between different
attributes and the choice of alternatives as least or most preferred. Positive values
indicate an increased preference for the attribute while negative scores indicate a lower
preference (Rao et al. 2016).

The two most preferred options were to decrease the quantities for all family members
and replace it by other food items for either all the family members or only for children
below the age of 4 years. Decreasing the raw milk quantities only for adults is also
associated with a higher preference as well as decreasing the raw milk quantities for
children below the age of 4 and replace it by other food items while keeping the same
amounts of raw milk for adults. Possible reasons could be that adults can easily replace
the raw milk for children with porridge.

The lowest score and therefore the least preferred option for the households is to stop
buying raw milk. Households seem to put such a high value on raw milk, that even with
an increase in the price of raw milk by 40%, they would continue to buy raw milk through
opting for other options with a positive score. Other options with a negative score include
the reduced consumption of raw milk quantities without replacing it for children below the
age of 4 years, without replacing it for any family members or to just decrease the raw
milk quantities for children without replacing it by other food items.

According to the scores, households prefer to decrease raw milk quantities and replace
it by other food items instead of stop buying raw milk, increasing the milk budget or
decrease the raw milk quantities without replacing it by other food items. This can be also
seen from the relative importance, where a decrease of the raw milk quantities for all
family members and a replacement with other food items only for children under the age
of 4 years is ranked highest, followed by a decrease in the consumption of raw milk and
replacement with other food items for all family members with a relative importance of
89%.
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Table 15: Attributes score and relative importance

Attributes Best Worst Score Std.* Impo?tea:ﬁce**
Al 45 205 -0.2000 0.3070 12.7%
A2 494 13 0.6013 0.2870 100.0%
A3 24 235 -0.2638 0.2713 9.1%
A4 518 17 0.6263 0.3666 89.2%
A5 305 45 0.3250 0.3850 48.6%
A6 12 319 -0.3838 0.2651 6.3%
A7 239 48 0.2388 0.3556 43.8%
A8 146 217 -0.0888 0.5074 19.2%
A9 17 699 -0.8525 0.3392 6.0%

*Standard deviation from the individual scores

**Calculated from the square root of the ratio of the attribute best frequency by the attribute worst frequency
and taking the highest attribute (A2) as the reference level (100%) (Mtimet et al. 2015)

Al: Decrease raw milk quantities for all family members without replacing it by any other food product

A2: Decrease raw milk quantities for all family members, and replace it with another food product only for
children <4 years

A3: Decrease raw milk quantities for all family members, and replace it with another food product for all
family members except for children <4 years

A4: Decrease raw milk quantities for all family members, and replacing it with another food product for all
family members

A5: Keep raw milk quantities the same for children < 4years and decrease it for the rest of family members
A6: Decrease the quantities of raw milk | give to the children <4 years, without replacing it by other food
products. Will keep the same quantities of raw milk for adults

A7: Decrease the amount of raw milk | give to the children <4 years, while replacing it by other products.
Will keep the same amount of raw milk for adults

A8: Keep buying the same quantities of raw milk by increasing milk budget

A9: Stop buying raw milk

Figure 10 also shows the scores according to the income level of the households. The
biggest difference can be seen for the option “Stop buying raw milk”. Although still the
least preferred option, it is more negative for households with a higher income. Poorer
households have a lower budget which they could spend on raw milk. Therefore, an
increase in the price of raw milk by 40% affects them more compared to wealthier
households. Some of them therefore may consider to stop buying raw milk and replace it
with other products.

The score for the option “Keep buying the same quantities of raw milk by increasing the
milk budget” for the wealthiest group is zero, while the score for the middle and poorest
group is negative. For the poorer households it is therefore least likely that they can
increase their milk budget, probably because of low diet diversity and low options for

substitution effects.

60



The results show that households are more likely to either decrease the raw milk
guantities for adults and keep the same amounts for children below the age of 4 years or
decrease the raw milk quantities for all family members but replace it with other food items
for all family members or at least for their children. This means that the caregiver puts a
specific emphasis on the nutrition of the children or knows of the importance of milk in the

diet for children.
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Figure 10: Attributes level scores

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month

Al: Decrease raw milk quantities for all family members without replacing it by any other food product

A2: Decrease raw milk quantities for all family members, and replace it with another food product only for
children <4 years

A3: Decrease raw milk quantities for all family members, and replace it with another food product for all
family members except for children <4 years

A4: Decrease raw milk quantities for all family members, and replacing it with another food product for all
family members

A5: Keep raw milk quantities the same for children < 4years and decrease it for the rest of family members
A6: Decrease the quantities of raw milk | give to the children <4 years, without replacing it by other food
products. Will keep the same quantities of raw milk for adults

A7: Decrease the amount of raw milk | give to the children <4 years, while replacing it by other products.
Will keep the same amount of raw milk for adults

A8: Keep buying the same quantities of raw milk by increasing milk budget

A9: Stop buying raw milk

Households were furthermore asked for their behavior during the time of the survey,
where the prices of raw milk were higher compared to other periods of the year. Figure
11 shows the percentage of households that made each decision. One out of two
households decided to buy the same amount of raw milk by increasing their milk budget.
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The higher the income of the households, the more households made this decision. The
choice experiment, however, revealed a different view. There, the option for buying the
same quantities of raw milk by increasing the milk budget had a neutral or negative score,
which means that households would prefer another option. Reasons therefore could be
that the raw milk price during the study period was about 76 KES/ liter, and the choice
experiment asked for a price of around 100 KES/ liter. This could mean that households
are willing to increase their milk budget up to a certain point, after which they opt for other
options. The results from the calculation of the elasticities show that the increase in the
dairy and therefore milk budget will be mostly achieved by decreasing the budget for meat
and grains.

Eighteen percent of the households decided to decrease the raw milk quantities for all
family members without replacing it by other food products. This option was chosen more
often from the poorest group compared to the wealthier groups. Decreasing raw milk
guantities for all family members and replacing it with another food product for all family
members was chosen the third most. Further 13% of the households would replace raw
milk with other food items only for household members above the age of 4 years. The
middle group chose this option more often compared to the other groups, while from the
wealthiest group only 9% chose this option.

Seven percent chose the option “other”. Some households felt that the price increase was
not different from the normal situation and therefore kept buying the same amounts of
raw milk without increasing the milk budget. Others changed from buying packed raw milk
to buying unpacked raw milk or changed from buying packed pasteurized milk to
unpacked raw milk. This means that households decided to go for the cheapest option

possible (unpacked raw milk).
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Figure 11: Decision households took during a time of high raw milk prices in percent, by

income group

G1 = Poorest group with an income of less than 15,000 KES/ month, G2 = Middle group with an income
between 15,001 and 25,000 KES/ month, G3 = Wealthiest group with an income between 25,001 and
30,000 KES/ month, error bars indicate standard error of the mean.

1: Decreased raw milk quantities for all family members without replacing it by any other food product

2: Decreased raw milk quantities for all family members, and replaced it with another food product only for
children <4 years

3: Decreased raw milk quantities for all family members, and replaced it with another food product for all
family members except for children <4 years

4: Decreased raw milk quantities for all family members, and replaced it with another food product for all
family members

5: Kept raw milk quantities the same for children < 4years and decreased it for the rest of family members
6: Decreased the quantities of raw milk | give to the children <4 years, without replacing it by other food
products. | kept the same quantities of raw milk for adults

7: Decreased the amount of raw milk | give to the children <4 years, while replacing it by other products. |
kept the same amount of raw milk for adults

8: Kept buying the same quantities of raw milk by increasing milk budget

9: Stopped buying raw milk and replaced by other food product(s)

10: Stopped buying raw milk without replacing it by another food product

II II n =i II
4 5

3 6 7 8 9 10 Other

Households were asked to specify by which food items they would replace raw milk, if
they choose to replace it. The only answers were either porridge or fruits. Porridge is
made of millet, water and/ or milk, sometimes honey or sugar is added. Affordable and
most consumed fruits could be either banana or mango, whereby mango is a seasonal
fruit and therefore only eaten during the season. Bananas are a good source of
potassium, vitamins and various antioxidants and phytonutrients, but with a significantly
lower calcium content compared to milk (USDA 2017). The QUAIDS revealed that
households would substitute raw milk with banana, eggs and Omena fish. Because not
enough households purchased millet the week previous to the study, it could not be

included in the model. The choice experiment exercise revealed that households are likely
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to reduce the amount of raw milk consumed if prices increase and replace it with other
food products if the prices are very high or keep buying the same amounts of raw milk by
increasing the milk budget when prices increase, but less compared to the other
scenarios. The result from the QUAIDS confirm those results partly. There, households
would decrease their raw milk consumption and substitute it with banana, eggs and
Omena fish. Furthermore, they would reduce their raw milk consumption less than
proportionally when raw milk prices increase, indicating that they have to increase their
milk budget to buy the desired amount of raw milk. But still households would reduce their
raw milk consumption, they will not keep buying the same amounts as households did
during the time of the survey where prices were higher compared to other times of the

year.
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5 Conclusion

Given the high prevalence of stunting and wasting among children worldwide, this study
helps understanding dairy consumption among poor urban communities in Kenya and
provides evidence that can be used to formulate food and nutrition policies. It reveals the
changing patterns of food, and especially raw milk, demand as prices and income
increase and shows the interaction between the demand of dairy products with the

income level.

The purpose of this study was to assess the effects of an increase in the price of milk sold
through informal markets on the milk consumption of households in a peri-urban
settlement in Nairobi (Kenya). The study was conducted in an area in Nairobi, where
previous studies found that malnutrition rates are high among children. One way to
improve the nutritional status of children (as well as other household members), is to
improve their intake of ASFs. As the literature review has shown, milk plays a unique role
among ASFs due to its high prevalence of calcium, animal protein and vitamins while

being offered at affordable prices.

Although consumers prefer raw milk in Kenya, the vision in the “Kenyan National Dairy
Master Plan” aims at a reduction of the milk sold through informal markets due to
concerns over quality and safety of the milk sold through these channels. Because
pasteurized milk is in general more expensive compared to raw milk (in this study 55%
more expensive on average), a reduction of milk availability in the form of raw milk may
result in reduced accessibility of dairy products to poor households. Subsequently, it is
important to study the consequences of an increase in the price of raw milk due to policies
favoring pasteurized over raw milk and by which products households would substitute

raw milk.

This study has shown that households who buy raw milk are very dependent on it. It
accounts on average for 83% of dairy consumption per household and has the lowest unit
price of 76 KES/ liter. Besides raw milk, packed yoghurt was consumed the second most
dairy product, followed by packed pasteurized whole fresh milk. Households with a higher
income consumed a higher amount of raw milk and other dairy products compared to
households with a lower income. Raw, pasteurized and UHT milk was purchased more

frequently compared to other dairy products (5.6, 3.4 and 3.6 times per week,
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respectively) and the consumption of it declined with an increase in processing of the
dairy products, which corresponds equally to an increase in price of product. If prices
were to be the same for raw and pasteurized milk, households stated that they would buy
more pasteurized milk than raw milk. However, for many households the taste is also of
a big concern, so that they would prefer raw milk over pasteurized milk. This shows that

there is both a market for raw and pasteurized milk but that the price is of a big constraint.

Children aged 6 to 48 months consumed on average 0.8 liter of dairy products per week,
which sums up to a total consumption of 42 liter per child and year. Out of the 42 liters of
dairy products, children consumed 36 liters in the form of raw milk. With an increase in
the income of the households, the children consumed a higher quantity of dairy products.
Nevertheless, children from the surveyed households consumed considerably less
compared to the national average and only about 25% of recommended levels. Reasons
for the different estimates might be the low income and different ways of the estimation
of the quantity. Still, there is potential to increase the consumption of dairy products. UHT
milk has especially in more remote areas the potential to boost the intake by those
households because it doesn’'t need to be stored in a refrigerator. With only seven
households who reported to use a refrigerator in this study, this can be of great
importance. However, due to the higher price (almost twice as expensive compared to
raw milk) and other factors like the taste, freshness or smell, UHT milk is likely to be

consumed less compared to raw milk if the prices remain the same.

Household expenditure on dairy products increased with an increase in the income as
well as a percentage of the total weekly food budget, mostly due to the higher price of
dairy products compared to for example grains. On average, households spent 73% of
their income on food products. Because households still have to pay for their rent, school
fees, medical insurance and other expenses, these results imply that households are
becoming food insecure and that those households need protection against food

insecurity.

Households with a monthly income of less than 15,000 KES spent more of their food
budget on grains compared to households with a higher income. Because of their lower
budget, those households eat more of the cheaper foods. Policies aiming to increase the

nutritional intake of the poorer households should take this into account.
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To examine the effects of a price increase on the demand of raw milk and other food
products, a Quadratic Almost Ideal Demand System was fitted, both on an aggregated
and a non-aggregated level. On the aggregated level, both the uncompensated and
compensated own-price elasticities are negative, showing a decrease in the demand if
the price of food were to be increased. In absolute numbers, the expenditure elasticity is
always higher compared to the compensated own-price elasticity, showing that income
policies might be more effective than price policies in influencing consumption patterns.
A policy aiming to increase the income of the households by 10% would increase the
demand for dairy by 9.4% with its positive effects on, among others, child development
and household nutrition, whereas a price policy might influence the consumption pattern
less because of the lower elasticity compared to the expenditure elasticity.

The analysis of the elasticities on the non-aggregated level was done for raw milk, eggs,
Omena fish and Banana. Demand for eggs was least price sensitive, both for the
compensated and the uncompensated elasticities, which is likely to reflect households’
preference for it. This is followed by banana. Raw milk and Omena fish were most
sensitive to changes in prices. Households will mostly substitute raw milk with Omena
fish, banana and eggs if its price increases. Expenditure elasticity in this model was
highest for raw milk, indicating a preference towards raw milk if the income were to be

increased.

During the time of the survey, where the prices of raw milk were higher compared to other
periods of the year, households mostly kept buying the same amount of raw milk by
increasing their milk budget. The choice experiment, asking households what they would
do if prices were to be increased up to 100 KES/ liter, revealed a different view where
households would rather replace raw milk with other food items. This shows that
households are willing to increase their milk budget up to a certain point (in this case 76
KES!/ liter), after what they will substitute raw milk. This aspect of the work however needs
further examination and ongoing analysis will help understand more deeply decision
making around food consumption and intra-household food allocation in resource limited

contexts (Muunda upcoming).

The results of this study should be interpreted taking its limitations into account. First, this
study focused only on households that consumed raw milk on regular basis the week
previous to the study, that have a child between the age of 6 and 48 months and that

have a disposable income of less than 30,000 KES per month. Therefore, the scope for
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comparison with other studies is limited and should be done carefully. Second, the study
showed that households that rely heavily on raw milk consume only a limited amount of
other dairy products. Due to the low consumption of dairy products other than raw milk,
the demand for all dairy products could not be calculated. This is also due to the small
sample size of only 200 households. Third, the survey was done only once during a period
of high food prices, which could lead to a different purchasing behavior from the
respondents. The study was also restricted to a specific region of Kenya, and therefore
the results apply to a restricted population. For broader policy recommendations, a bigger
sample size would be necessary as well as a repetition of the study (both spatially and
temporally) to capture seasonal and regional differences (Cornelsen et al. 2016).

Further limitations include that the accuracy of the data relies on the respondents’ ability
to recall their households’ consumption and expenditure on food items. Respondents also
stated their amount of consumption or purchase in non-standardized units. The

conversion of those units could have led to potential bias.

To enrich the information obtained in this study it would be interesting to conduct a
repetition of this survey during a time of lower milk prices. A survey with a higher sample
size would furthermore be beneficial, so that the QUAIDS could be estimated with more
products. To make statements on the impact of raw milk consumption on the development

of children, the prevalence of stunting and wasting should be furthermore assessed.

From the policy perspective, interventions should focus on raising incomes to increase
the milk consumption because of the high value of the expenditure elasticity. This could
include raising the minimum wage, creating new job opportunities or reducing corruption.
Similarly, social security should be addressed by the policy makers. An increase in the
disposable income will improve the affordability of raw milk and other food items and
therefore also improve the nutritional intake of children and other household members.

Other interventions could focus on the reduction of milk prices through an improved
efficiency in transport and cooling systems, a reduction of the food waste along the value
chain, an increase in the market competition or the support of small businesses. Because
only two households of this sample were producers of milk, most households will benefit

directly from lower prices.

With household’s preference for raw milk, policy initiatives should focus on an

improvement in the licensing of raw milk sellers and therefore in an improvement of the
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quality and safety of raw milk. As the study has shown, higher prices which could result
from policies favoring pasteurized over raw milk, will lead to a reduction in its demand

with its negative effects on the nutrition of especially children.
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Appendix A: Significance tests

Al: Chi-square test to test the null hypothesis that the gender of the household head
has no influence on the income group

Income group

Gender of the household

head Gl G2 G3 Total

Male 38 38 38 114
Female 17 11 5 33
Total 55 49 43 147

Pearson chi2(2) = 5.1533 Pr=10.076

A2: Chi-square test to test the null hypothesis that

Frequency of

Children 6-48

months Gl G2 G3  Total
0 0 1 1 2
1 65 50 54 169
2 8 11 6 25
3 2 0 2 4
Total 75 62 63 200

Pearson chi2(6) = 5.2142 Pr=0.517

A3: Analysis of Variance to test the null hypothesis that the mean food expenditure in the
three income groups are not different

Source SS df MS F Prob > F
Between groups 7.53E+09 2 3.77E+09 1944.88 0
Within groups 3.87E+10 19997 1935975.55

Total 4.62E+10 19999 2312325.36

Bartlett's test for equal variances: chi2(2) = 3.80E+03 Prob>chi2 =0

Comparison of total hh food expenditure by hh income group (Bonferroni)
Row Mean - Col

Mean Gl G2

G2 801.866
0

G3 1536.86 734.996
0 0
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A4: Analysis of variance to test the null hypothesis that the mean expenditure of
households on food groups in the three income groups is not different

Source SS df MS F Prob>F
Between groups 178600383 2 89300191.7 409 0
Within groups 4.37E+09 19997 218338.589

Total 4.54E+09 19999  227247.22

Bartlett's test for equal variances: chi2(2) = 4.90E+03 Prob>chi2 =0

Comparison of expenditure per hh per food group by hh income group (Bonferroni)
Row Mean - Col

Mean Gl G2

G2 118.3
0

G3 237.414 119.114
0 0

A5: Analysis of variance to test the null hypothesis that the mean expenditure on grains
in percent in the three income groups is not different

Source SS df MS F Prob>F
Between groups 9929.68415 2 4964.84207 50.71 0
Within groups 273825.346 2797 97.8996588

Total 283755.03 2799 101.377288

Bartlett's test for equal variances: chi2(2) = 41.6751 Prob>chi2 =0

Comparison of expenditure on food group grains of total food expenditure in % by hh
income group (Bonferroni)
Row Mean - Col

Mean Gl G2

G2 -3.87279
0

G3 -3.91199  -0.039195
0 1
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A6: Analysis of variance to test the null hypothesis that the mean expenditure on dairy in
percent in the three income groups is not different

Source SS df MS F Prob>F
Between groups 49223.1707 2 24611.5853 532.32 0
Within groups 924553.974 19997 46.2346339

Total 973777.145 19999 48.6912918

Bartlett's test for equal variances: chi2(2) = 523.5899 Prob>chi2 =0

Comparison of expenditure on dairy of total food expenditure in % by hh income group
(Bonferroni)
Row Mean - Col

Mean Gl G2

G2 2.91454
0

G3 3.56849 0.653957
0 0

A7: Analysis of variance to test the null hypothesis that the mean number of dairy products
purchased the week previous to the study in the three income groups is not different

Source SS df MS F Prob>F
Between groups 6.77237089 2 3.38618545 7.32 0.0009
Within groups 91.1026291 197 0.46244989

Total 97.875 199 0.49183417

Bartlett's test for equal variances: chi2(2) = 5.311 Prob>chi2 = 0.07

Comparison of number of dairy products purchased last week by hh income group

(Scheffe)

Row Mean - Col

Mean G1 G2

G2 0.196056
0.222

G3 0.464444 0.268388
0.001 0.094
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A8: Analysis of variance to test the null hypothesis that the mean purchase of dairy
products in liter of the three income groups is not different

Source SS df MS F Prob>F
Between groups 35.8101475 2 17.9050738 7.7 0.0005
Within groups 4179.46045 1797  2.3257988

Total 4215.27059 1799 2.34311873

Bartlett's test for equal variances: chi2(2) = 183.4083 Prob>chi2 = 0

Comparison of purchase in liter by hh income group (Bonferroni)
Row Mean - Col

Mean Gl G2
G2 0.209902
0.038
G3 0.347374 0.137472
0 0.403

A9: Analysis of variance to test the null hypothesis that the mean raw milk purchase of
the three income groups is not different

Source SS df MS F Prob>F
Between groups 199.564931 2 99.7824656 15.48 0
Within groups 1269.98108 197 6.44660444

Total 1469.54601 199 7.3846533

Bartlett's test for equal variances: chi2(2) = 10.0057 Prob>chi2 = 0.007

Comparison of raw milk purchase in liter by hh income group (Scheffe)
Row Mean - Col

Mean Gl G2

G2 1.70992
0

G3 2.36689 0.656964
0 0.36
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A10: Analysis of variance to test the null hypothesis that mean dairy consumption from
children of the three income groups is not different

Source SS df MS F Prob > F
Between groups  96799.317 2 48399.6585 0.16 0.8562
Within groups 119333854 383 311576.642

Total 119430653 385 310209.488

Al1l: Analysis of variance to test the null hypothesis that the mean consumption of packed

yoghurt from children of the three income groups is not different

Source SS df MS F Prob > F
Between groups 33919.9102 2 16959.9551 0.78 0.4625
Within groups 1896327.47 87 21796.8675

Total 1930247.38 89 21688.1728

A12: Analysis of variance to test the null hypothesis that the mean consumption of UHT
milk from children of the three income groups is not different

Source SS df MS F Prob > F
Between groups 37.0925088 2 18.5462544 0.12 0.8873
Within groups 1843.431 12 153.61925

Total 1880.52351 14 134.323108

A13: Analysis of variance to test the null hypothesis that the mean consumption of packed
pasteurized whole fresh milk from children of the three income groups is not different

Source SS df MS F Prob > F
Between groups 2825.19092 2 1412.59546 1.43 0.2532
Within groups 34598.8104 35 988.53744

Total 37424.0013 37 1011.4595
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Appendix B: Coefficients from the QUAIDS model

B1: Coefficients from the QUAIDS model. The conditions adding-up, homogeneity and
symmetry are satisfied.

Other
Oils and food
Dairy Meat Grains Vegetables Solid fats  Fruits items

Alpha 0.0564 0.2434 -0.2068 0.2581 0.3064 0.1330 0.2096
Standard Error 0.0901 0.0757 0.1430 0.0880 0.0867 0.0587 0.0559
P>z 0.5310 0.0010 0.1480 0.0030 0.0000 0.0240 0.0000
Beta -0.0586 0.0777 -0.3728 0.0314 0.2163 0.0269 0.0792
Standard Error 0.0779 0.0671 0.0866 0.0725 0.0563 0.0495 0.0480
P>z 0.4520 0.2470 0.0000 0.6650 0.0000 0.5870 0.0990
Gammal 0.0592 - - - - - -
Standard Error 0.0265 - - - - - -
P>z 0.0260 - - - - - -
Gamma 2 -0.0174 0.0856 - - - - -
Standard Error 0.0191 0.0258 - - - - -
P>z 0.3630 0.0010 - - - - -
Gamma 3 0.0603 -0.0940 0.3008 - - - -
Standard Error 0.0482 0.0533 0.1212 - - - -
P>z 0.2110 0.0780 0.0130 - - - -
Gamma 4 -0.0239 -0.0313 -0.0279 0.0580 - - -
Standard Error 0.0146 0.0147 0.0508 0.0138 - - -
P>z 0.1000 0.0320 0.5830 0.0000 - - -
Gamma 5 -0.0476 0.0262 -0.1317 0.0177 0.0906 - -
Standard Error 0.0352 0.0289 0.0578 0.0298 0.0500 - -
P>z 0.1770 0.3650 0.0230 0.5520 0.0700 - -
Gamma 6 -0.0040 0.0057 -0.0246 -0.0018 0.0038 0.0171 -
Standard Error 0.0101 0.0098 0.0335 0.0069 0.0195 0.0072 -
P>z 0.6900 0.5590 0.4630 0.7900 0.8450 0.0170 -
Gamma 7 -0.0266 0.0252 -0.0829 0.0093 0.0410 0.0038 0.0302
Standard Error 0.0173 0.0155 0.0382 0.0143 0.0227 0.0096 0.0188
P>z 0.1240 0.1050 0.0300 0.5160 0.0710 0.6960 0.1080
Lambda -0.0137 0.0038 -0.0583 0.0056 0.0434 0.0002 0.0190
Standard Error 0.0154 0.0136 0.0191 0.0137 0.0124 0.0096 0.0106
P>z 0.3720 0.7770 0.0020 0.6850 0.0000 0.9830 0.0730
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Eta_genderhhhead 0.0001 0.0182 -0.0010 -0.0104 -0.0050 -0.0046 0.0028

Standard Error 0.0058 0.0092 0.0088 0.0067 0.0040 0.0039 0.0055
P>z 0.9880 0.0490 0.9060 0.1210 0.2050 0.2340 0.6120
Eta_maritalhhhead 0.0024 -0.0081 -0.0015 0.0023 0.0032 0.0011 0.0007
Standard Error 0.0025 0.0038 0.0036 0.0028 0.0017 0.0017 0.0024
P>z 0.3460 0.0320 0.6700 0.4220 0.0680 0.5180 0.7560
Eta_activityhhhead -0.0041 -0.0022 0.0000 0.0012 0.0006 0.0006 0.0040
Standard Error 0.0023 0.0034 0.0033 0.0026 0.0015 0.0015 0.0022
P>z 0.0800 0.5230 0.9980 0.6420 0.7100 0.7190 0.0660
Eta_eduhhhead -0.0020 -0.0008 0.0006 0.0012 0.0008 -0.0001 0.0003
Standard Error 0.0009 0.0013 0.0013 0.0010 0.0006 0.0006 0.0008
P>z 0.0290 0.5450 0.6280 0.2340 0.1840 0.8290 0.7360
Eta_nohhmembers 0.0029 0.0005 -0.0018 -0.0017 -0.0002 0.0007 0.0003
Standard Error 0.0011 0.0015 0.0015 0.0012 0.0007 0.0007 0.0009
P>z 0.0070 0.7260 0.2170 0.1440 0.7480 0.3340 0.7410
Eta_hhincomegroup -0.0059 0.0018 0.0031 -0.0005 -0.0015 -0.0001 0.0030
Standard Error 0.0020 0.0028 0.0028 0.0021 0.0013 0.0013 0.0018
P>z 0.0040 0.5270 0.2710 0.8200 0.2550 0.9480 0.0880
Eta_frequchild -0.0056 -0.0032 0.0076 0.0031 0.0017 -0.0040 0.0004
Standard Error 0.0032 0.0047 0.0045 0.0035 0.0021 0.0021 0.0028
P>z 0.0770 0.4990 0.0930 0.3700 0.4370 0.0550 0.8810

A2: Coefficients from the Quaids model with raw milk, eggs, Omena fish, banana

Raw milk  Eggs Omena fish Banana
Alpha 1.068 0.242 -0.018 -0.292
Standard Error 0.077 0.046 0.016 0.097
P>z 0.000 0.000 0.237 0.003
Beta 0.136 -0.070 -0.009 -0.057
Standard Error 0.044 0.020 0.014 0.040
P>z 0.002 0.000 0.518 0.151
Gamma 1 -0.002 0.010 0.001 0.014
Standard Error 0.006 0.016 0.009 0.012
P>z 0.708 0.524 0.886 1.180
Gamma 2 -0.013 0.036 -0.020 -0.003
Standard Error 0.022 0.014 0.007 0.029
P>z 0.539 0.013 0.003 0.930
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Gamma 3
Standard Error
P>z

Gamma4
Standard Error
P>z

eta_hhincomegroup
Standard Error
P>z

eta_nohhmembers
Standard Error
P>z

0.001
0.009
0.886

0.014
0.012
0.238

0.000
(omitted)

0.029
0.008
0.001

-0.020
0.007
0.003

-0.003
0.029
0.930

0.000
(omitted)

0.033
0.005
0.000

0.013 -0.005
0.004 0.010
0.000 0.646
-0.010 0.022
0.005 0.030
0.053 0.466
0.000 0.000
(omitted) (omitted)

-0.0116399 -0.0506507
0.016707 0.0181956

0.486 0.005
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Appendix C: Questionnaire for the household survey

Section 1: General information about the household
s01g01. For how many years has the household lived in this area? | | years [put O if <1 year] (if 0 — go to sO1g01_01)

s01g01_01, If less than 1 years, is it more or less than 6 months? (1=more, 2=less, 98=don’t know)

I will now ask you to give me some details of all the individuals living in this house; that is all those individuals, children included, who usually shared

the same meals in the last 6 months, and for more than half the week in those 6 months. This may include even your maids or others who shared the

meals.
s01q02 s01q03 | s01g04 | s01qg05 s01q06 s01q07 s01q08 s01q09 s01q010 s01q011 s01q01
2
Please give me the What is Male or Inthe last 7 | During the past What is What is Has (name) What is the Did [NAME] What is
names of all the [NAME]’s | Female? days, how 6 months, how [name]’s [name]’s attended school highest level complete that [name]’s
household members | relation to (1=male; many days many months age? (in marital (1=yes; 2=no; of education highest level of primary
the HH 2:femalé did [NAME] | did [NAME] eat completed status? 98=don’t know) attended by education? activity?
head? ) eat both main | away from the years) (code b) [name]? (code (1=yes; 2=no; (code d)
meals away household? (code €) . c) 98=don’t know)
{eatlcld) from the (months) _ L0l 2 e
household? (if<3-goto to Q12)
(days) Q13)

1. [ | L1 L1
2. [ | L1 L1
3. [ | L1 L1
4. L1 L1 L1
5. [ | L1 [ |
6. [ | L1 L1
L1 L1 L1
L1 L1 L1
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Codes
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Section 2: Milk and other dairy products purchase, consumption, and production by the household

Now I would like to talk with you about milk and dairy products from cow you and others in the household consumed and purchased in the past 7
days. I will go through a list of dairy products and ask you a few questions about each of them.

502901 01| s02g01_02|s02g01_0| s02q01_0| s02g01_ | s02q01_ |s02q01_0| s02g01_ | s02g01_9 | s02g01_ | s02g01_ | s02q01_ | s02g01 | s02q01_ |s02g01_1
3 4 05 06 7 08 10 11 12 13 14 5
(only if Q_13=1)
Did your How |Howwas| How Unit of How |Whatwas| Unit In which (for (for Inthe last | Which How Unit
household | many days| the much of | purchase | much | the price | (code d) type of PRODUC | PRODUC |7 days, did| other much of | (code d)
purchase | didyou |purchase| [product did all of [ market TS TS _ lyouobtain| sources | [product
[PRODUC| purchase |frequency| name] | (code d) this product outlet did I'E'\IIDD\:\(/:I'_?_‘; 'EI\E)D\;\%’_‘FL [PRODUC| did you name]
T NAME] | [PRODUC of did you amount | name] you X) X) T NAME] | obtain did you
inlast7 | TNAME]| [product | purchase cost? per unit? PRIMARI How fromany |[PRODUC| consum
days? in last 7 [name] this| in total (K. Sh.) |(e.g. Ksh/ LY long does How other | TNAME]| e from
(1=Yes; days? week in the unit) purchase it take many | SOurce for [frominthe| own
2=No) (code b) |compared| last7 (if [product you to different free? last 7 producti
to days? answere name] in travel market (1=Yes; days? on in the
If “No”, previous d, go to the last 7 from outlets 2=No) (code f) last 7
skip to weeks? s02q01_ days? your did you days?
next (code 9) (code €) hometo | purchase If “No”, (if #1,
product c) [MARK | it from in skip to skip to
ET the last 7 next next
OUTLE days? product | product
T FROM )
Q9] (one
way)?
(minutes)
s02q | UNPACK L] L L] X X
01 ED Raw
Milk
s02q | UNPACK L] L L] X X
02 ED Boiled
whole
milk
s029 | UNPACK L] L L] X
03 ED X
fermented
milk
(mala)
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s02q | UNPACK
04 ED
yoghurt
s02q | PACKED
05 pasteurize
d whole
fresh milk
s02q | UHT milk
06
s02q | PACKED
07 fermented
milk
(mala)
s02q | PACKED
08 yoghurt
s02q | Powdered
09 milk
Codes
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s02q10. Are there any other dairy products that the household consumed over the last 7 days (prompt participants if needed)? [ ] (1= yes /2= No). (if
“no” go to s02q14)

s02q11. Which product did the household consume? (#) (code: 1=ghee, 2=butter, 3=cream, 4=cheese, 5=camel milk, 6=sheep/goat milk, 97=other,
98=don’t know)

[FOR EACH PRODUCT INDICATED IN s02q11]:
s02q12. How much of the products did you consume? [ ] Units (code d)

s02g13. Was it purchased, or from other sources? (1=purchased, 2=other sources, 3=both, 98=Don’t know)
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Now I will ask you, for each of the household members you named before and for each of the
products that you told me you purchased last week, how much each of the household members

consumed in the past 7 days.

s02g14 | s02qg15 s02g16 |s02ql7 | s02 s02g19 502920 s02
gl8 g21
(FOR Excludin | What Unit Has any Was any Which | (FOR Unit | Wasany of | Which | Which
PRODU | gtoday, | amount of of the of it househo | EACH of the dishes/ HH
CTS when of purch | purchased | [PRODU Id HH consu | purchased drinks | membe
PURCH | was the [PRODU | ase [PRODU | CT member | MEMBE | mptio | [PRODUC | did you rs
ASED lasttime | CT (code | CT NAME] S RWHO |n T NAME] | prepare | consum
OVER you NAME] | ¢) NAME] consumed | consum | CONSU | (code | consumed with ed it?
THE purchase | did you been “as is”? editas | MED AS | c) “as part or that (presen
LAST7 |d purchase consumed is? IS) ingredient | product | tist of
DAYS) | [PRODU | that last by now? (1=Yes, (listof | How ofa d’Esh or ? HH
cT time you (1=Yes, | 2=No: househo | much did drink™? membe
NAME]? | bought 2=No: 98=D;)n’t Id [HH *) rs)
d it? s
(recor 98=Don’t member | MEMBE -
Know) (1=Yes, (code
n. of Know) S) R] 2=No: 2)
days consume 98=Don’t
from (If 2 0OR (from the KHOW)
today) (If2or | 98goto ® | total
98,9010 | Qxx20) amount)?
next (If2OR
product) 98, go to
next
product)
UNPACK
ED Raw
Milk L] 7 L]
UNPACK
ED Boiled
whole
milk L1 L1
UNPACK
ED
fermented
milk
(mala) L] L]
UNPACK
ED
yoghurt L1
PACKED
pasteurize
d whole
fresh milk [ ] [ ]
UHT milk L] L]
PACKED
fermented
milk
(mala) L] L1
PACKED
yoghurt | |
Powdered
milk
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Now I would like to enquire about how the purchase of liquid milk (both packed and unpackaged) in
the household changes over the year and why.

s02g21. Over one year, from January to December, which are the months in which your
household purchases more liquid milk? [__] (1=Yes, 2=No) (if no, go to question s02q24)
s02g22. Which months? (#)

s02g23. And why? #)

s02g24. which are the months in which your household purchases less liquid milk? (1=Yes,
(if no, go to question s03q01)

s02g25. Which months? (#)

s02g26. And why? #)

Code a
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Section 3: Changes in purchase/consumption levels based on milk price

Suppose that, because of a longer drought situation, the prices of RAW milk will increase by 40%
compared to the current price and go up to KES 100/litre. In the following exercise you will be shown a
series of 9 cards. Each card contains 4 statements that describe different behaviours/ decisions that you
might make or not. For each card, please indicate what is the most likely decision you would make, and
the least likely decision you would make.

There are no wrong or correct answers. We only want you to describe what would be the decision you
will make.

(code a)

1 Decrease raw milk quantities for all family members without replacing it by any other food
product

2 Decrease raw milk quantities for all family members, and replace it with another food product
only for children <4 years

3 Decrease raw milk quantities for all family members, and replace it with another food product
for all family members EXCEPT for children <4 years

4 Decrease raw milk quantities for all family members, and replacing it with another food produ
for all family members

5 Keep raw milk quantities the same for children < 4years and decrease it for the rest of family
members

ct

6 Decrease the quantities of raw milk | give to the children <4 years, without replacing it by other

food products. Will keep the same quantities of raw milk for adults

7 Decrease the amount of raw milk | give to the children <4 years, while replacing it by other
products. Will keep the same amount of raw milk for adults

8 Keep buying the same quantities of raw milk by increasing milk budget
9 Stop buying raw milk
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S03q01. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely Alternatives Least likely
2. Decrease raw milk quantities for all family members, and
D replace it with another food product only for children <4 years D
L]

[

5. Keep raw milk quantities the same for children < 4years and
decrease it for the rest of family members

6. Decrease the quantities of raw milk | give to the children <4
years, without replacing it by other food products. Will keep the
same quantities of raw milk for adults

3. Decrease raw milk quantities for all family members, and
replace it with another food product for all family members
EXCEPT for children <4 years

$03q02. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most important

Alternatives

Least important

O

Keep buying the same quantities of raw milk by increasing milk
budget

[

O

Decrease raw milk quantities for all family members, and replace
it with another food product only for children <4 years

O

Decrease raw milk quantities for all family members, and replace
it with another food product for all family members EXCEPT for
children <4 years

00

Stop buying raw milk

Hln
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$03q03. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

[

Decrease the amount of raw milk | give to the children <4 years,
while replacing it by other products. Will keep the same amount
of raw milk for adults

[

Decrease the quantities of raw milk | give to the children <4
years, without replacing it by other food products. Will keep the
same quantities of raw milk for adults

O

Decrease raw milk quantities for all family members, and replace
it with another food product only for children <4 years

O

Decrease raw milk quantities for all family members without
replacing it by any other food product

S$03q04. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

O

Keep raw milk quantities the same for children < 4years and
decrease it for the rest of family members

[

Keep buying the same quantities of raw milk by increasing milk
budget

Stop buying raw milk

O 0o

Decrease the amount of raw milk | give to the children <4 years,
while replacing it by other products. Will keep the same amount
of raw milk for adults

O | OO

95




S03q05. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

[

Decrease raw milk quantities for all family members, and replace
it with another food product for all family members EXCEPT for
children <4 years

[

Decrease raw milk quantities for all family members without
replacing it by any other food product

Decrease raw milk quantities for all family members, and
replacing it with another food product for all family members

O
O
O

Keep buying the same quantities of raw milk by increasing milk
budget

O
O
O

S$03q06. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

Decrease raw milk quantities for all family members, and
replacing it with another food product for all family members

Stop buying raw milk

Decrease raw milk quantities for all family members without
replacing it by any other food product

O oo ad

Decrease raw milk quantities for all family members, and replace
it with another food product only for children <4 years

O |0/ 00
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S03q07. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

L

Stop buying raw milk

L

[

Decrease raw milk quantities for all family members, and
replacing it with another food product for all family members

[

[

Keep raw milk quantities the same for children < 4years and
decrease it for the rest of family members

[

Decrease the quantities of raw milk | give to the children <4
years, without replacing it by other food products. Will keep the
same quantities of raw milk for adults

$03q08. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

O

Decrease raw milk quantities for all family members without
replacing it by any other food product

[

Decrease raw milk quantities for all family members, and replace
it with another food product for all family members EXCEPT for
children <4 years

O

Decrease the amount of raw milk | give to the children <4 years,
while replacing it by other products. Will keep the same amount
of raw milk for adults

O

Keep raw milk quantities the same for children < 4years and
decrease it for the rest of family members

O
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S03q09. If raw milk price increases by 40% compared to high season prices, which corresponds to new
raw milk price around KES 100/litre, from the 4 alternatives/actions below please indicate which is the
most likely alternative/action you will choose/do and the least likely alternative/action you will not
choose/do? (Tick only one case as most important and one case as least important)

Most likely

Alternatives

Least likely

Decrease the quantities of raw milk | give to the children <4
years, without replacing it by other food products. Will keep the
same quantities of raw milk for adults

[

Decrease the amount of raw milk | give to the children <4 years,
while replacing it by other products. Will keep the same amount
of raw milk for adults

Keep buying the same quantities of raw milk by increasing milk
budget

O

O 0o g 0

Decrease raw milk quantities for all family members, and
replacing it with another food product for all family members

O
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S03q10. Now, if you consider the current situation, with the current raw milk prices which are higher
compared to the rainy/high production season, what decision/s have you taken in terms of raw milk
purchase and household raw milk allocation: (enumerator will tick the corresponding case/s)

1 | Decreased raw milk quantities for all family members without replacing it by any other food
product

2 | Decreased raw milk quantities for all family members, and replaced it with another food
product only for children <4 years. Specify the food product replacing raw milk:

3 | Decreased raw milk quantities for all family members, and replaced it with another food
product for all family members EXCEPT for children <4 years. Specify the food product
replacing raw milk:

4 | Decreased raw milk quantities for all family members, and replaced it with another food
product for all family members. Specify the food product replacing raw
milk:

5 | Kept raw milk quantities the same for children < 4years and decreased it for the rest of family
members

6 | Decreased the quantities of raw milk | give to the children <4 years, without replacing it by
other food products. | kept the same quantities of raw milk for adults

7 | Decreased the amount of raw milk | give to the children <4 years, while replacing it by other
products. | kept the same amount of raw milk for adults. Specify the food product replacing
raw milk:

8 | Kept buying the same quantities of raw milk by increasing milk budget

9 | Stopped buying raw milk and replaced by other food product(s). Specify the food product(s)
replacing raw milk:

10 | Stopped buying raw milk without replacing it by another food product. Specify what have you
done with the money unspent:
11 | Other specify:
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SECTION 4. PERCEPTIONS OF MILK QUALITY AND SAFETY

Now we are going to talk about how safe for consumption (ni salama kwa afya yako) the milk in this
area is.

s04q01. Do you trust that the unpacked milk you buy from your usual market outlet is safe for
consumption?
[ ] (1=Yes; 2=No, 98= don’t know)

s04q02. And do you believe that packaged fresh milk is safe for consumption?
[ ] (1=Yes; 2=No, 98= don’t know)

s04q03. And do you think that RAW milk is more safe, less safe or about the same compared to packaged
fresh milk?
[ 1 (1=safer; 2=less safe, 3=same, 98= don’t know)

Now we are going to talk about the quality (ubora) of the milk in this area.

s04q04. Do you believe that raw/fresh milk purchased at your most frequent local market outlet is of
high/good quality?
[ ] (1=Yes; 2=No, 98= don’t know) (if 1, go to s04g05; if 2, go to s04q06; if 98, go to s04g07)

s04q05. What makes it of good quality? (#)
(code a)

s04q06. What makes it of bad quality? (#)
(code a)

s04q07. Do you think the raw milk is of better/worse/same quality compared to packaged milk?
[ ] (1=better; 2=worse, 3=same, 98= don’t know)

(if they say 1 — “if both types of milk were of same quality, would you still purchase raw milk or
would you purchase packaged milk?”

s04q08. If the price of raw milk was the same as that of packaged milk, would you buy raw milk, or
would you buy packaged milk?
[ ] (1=raw; 2=packaged, 3= depends on other factors, 98=don’t know)

(a) quality attributes
1= nutritive value

2= density

3= color

4= smell

S5=taste

6=safety

7=amount of cream
8= price
9-=cleanliness
10=kept in a dispenser
11=is kept in a fridge/freezer
12= adulteration

97 = other

98 = Don’t know
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Section 5: Information on expenditure on other food items consumed at home

Now I will like to ask you about other food items the HH purchased and/or consumed last seven days,
consumed in the house. I will first give you a list of products and ask you to tell me if your HH consumed
any of them in the last 7 days. After that, | will ask you a few further questions for those products that you
indicate the HH consumed.

s05q01 (for products indicated Yes in s05q01
Nature of food item Did your How much did | Unitof | How much of Did you How Unit of How
household your household| consum what you purchase this much purchase much did
consume this | consume inthe| ption consumed product in the did you (code a) you pay
product in the last 7 days? | (codea) | YOU DIDN’T last 7 days? buy in (total
last 7 days? PURCHASE/ the last value over
(1=Yes; 2=No) you obtained (1=Yes; 2=No) | 7 days? the 7
for free? (if 2, go to next days)
product) (KSh)
Beef meat [ ] [ ]
Goat meat [ ] [ ]
Sheep meat / mutton [ ] [ ]
Pig meat / pork [ ] [ ]
Sausages
Smokies
Chicken indigenous [ ] [ ]
Chicken broiler [ ] [ ]
Chicken neck,
feet/legs, gizzard,
head
Duck [ ] [ ]
Fish (Tilapia, Nile
Perch, cat | | | |
fish/obambla)
Fish (omena)
Fish ballskat
Offal [ ] [ ]
Liver/kidney/heart
Other
meat | | | |
Eggs [] []
Maize | | |_-|
Maize meal/flour | | | l
Wheat flour | l | l
Unga mix (mixed
maize flour)
Green
banana/matoke L—J L_J
Bread | | L_J
Pasta
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Other pulses

s05q01 (for products indicated Yes in s05q01
Nature of food item Did your How much did | Unitof | How much of Did you How Unit of How
household your household| consum what you purchase this much purchase much did
consume this | consume inthe| ption consumed product in the did you (code a) you pay
product in the last 7 days? | (codea) | YOU DIDN’T last 7 days? buy in (total
last 7 days? PURCHASE/ the last value over
(1=Yes; 2=No) you obtained | (1=Yes; 2=No) | 7 days? the 7
for free? (if 2, go to next days)
product) (KSh)
Noodles
Millet [ ] [ ]
Sorghum [ ] [ ]
Rice [ ] [ ]
Rice flour [ ] [ ]
Chapatti
mandazi
Other
cereals/staples u u
Beans [ ] [ ]
Lentil | | |_-|
Chick pea | | |_-|
Pea [] L]

Boiled beans

Boiled green grams

Githeri

Groundnuts

Other nuts

Corn oil

Sunflower oil

Vegetable oil

Soybean oil

Fortified oil

Margarine

Other
oil

Cooking fat

Sweet potatoes

Irish potatoes

Arrowroots

L) (L C) B EE

L) (L C B EE

Cassava

102




s05q01 (for products indicated Yes in s05q01
Nature of food item Did your How much did | Unitof | How much of Did you How Unit of How
household your household| consum what you purchase this much purchase much did
consume this | consume inthe| ption consumed product in the did you (code a) you pay
product in the last 7 days? | (codea) | YOU DIDN’T last 7 days? buy in (total
last 7 days? PURCHASE/ the last value over
(1=Yes; 2=No) you obtained | (1=Yes; 2=No) | 7 days? the 7
for free? (if 2, go to next days)
product) (KSh)
Other
roots/tubers
Tomato
Carrot

Spinach/Sukuma
wiki/Kales

Onion

Green leaves
(Mchicha, Managu,
Murenda, etc)

Cucumber

Cabbage

Lettuce

Pumpkin

Cauliflower

Eggplant
(Biringanya)

LLE) CLJE CIEELE|C

LLE ELJE CIE L L

Green pepper
(hoho)

Okra (Bamia)

Radish

Coriander (Dhania)

Other
vegetables

Mango

Banana (yellow)

Papaya

Watermelon

Avocado

Passion fruit

Apple

Pineapple

Orange

Lemon

Grapes

Guava

LL| CECEEEELLEI L | E

LL| CECEEEELLE L | C
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s05q01

(for products indicated Yes in s05q01

Nature of food item

Did your
household
consume this
product in the

How much did

your household

consume in the
last 7 days?

last 7 days?
(1=Yes; 2=No)

Unit of
consum
ption
(code a)

How much of
what you
consumed

YOU DIDN’T

PURCHASE/

you obtained
for free?

Did you
purchase this
product in the

last 7 days?

(1=Yes; 2=No)
(if 2, go to next
product)

How

Unit of
purchase
(code a)

How
much did
you pay

(total

value over

the 7

days)

(KSh)

Sugarcane

Other
fruit

Sugar

Tea

Drinking chocolate

Coffee

Milo

Cocoa

Honey

Other

Biscuits

Soft drinks

Beer and alcoholic
drinks

CLEICECEEE ECjE E

CLEICECEEE ELjE E

Fruit juices

Candies, chewing
gum, minties, etc.

Spices and
condiments (salt,
black pepper,
Royco, etc.)

Infant
cereal/formula

B

)

Other

(@) Unit

1= Liter

2=mL

3=grams

4=Kg

5 = cup 500mL

6= cup 300mL (large)

7= cup 250mL (small)

8= glass (200mL)

9= yoghurt unit (50-250mL)
10= packet 500mL

11= packet 250mL

12= bottle small (up to 330ml)
13=bottle big (>330ml)
14=bunch

15= Unit/piece

16=slices

17=sachets
97=0ther
98=Don’t know
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Section 6: Household income and expenditure
S06.01 How much did you spend LAST MONTH on food?: (Ksh/month)

S06.02. How much did you spend LAST MONTH on non-food expenditure (housing, health, education,
leisure, etc.): (Ksh/month)

S06.03. Do you pay for the rent of this house? (1=yes, 2=no, 98=Don’t know)
S06.04. Do you pay for education for your household members? (1=yes, 2=no, 98=Don’t know)
S06.05. Do you pay for medical expenses? (1=yes, 2=no, 98=Don’t know)

S06.06. In which of the following groups do you estimate your total household monthly income, from
all working members, business income, pensions and remittances from elsewhere? | ] (insert
code)

Household income

(Ksh/month) 3= Between 6,001 and 5= Between 15,001 and  7=25,001-30,000
1= Less than 3,000 10,000 20,000 8=above 30,000
2= Between 3,000 and 6,000 4= Between 10,001 and 6= Between 20,001 and

15,000 25,000

S06.07. When does your household usually receives MOST OF THE MONTHLY income?
L 1

Time of household income reception
1= At the end of the month 3= Every week 5= Irregularly
2= Every day 4= Every 2 weeks 6= Other (specify)
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