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Abstract
This thesis investigasahe relationship between smallholder farm household networks for food

acquisition and agricultural production, food security and dietary qualttyei Mount Elgn region of
western Kenya andastern Uganda. Food security and dietagliguwere measured througlalorie
consumptiorof the female household heada 24 hour dietary recalihe calculatiorthe WorldFood
Program Food Consumptiorc@e (WFP FCS)and thecalculation ofthe percenage ofenergy sourced
from staplesn the diet Correlations between theswicatorssupport that the WFP FCS ¢apturing
elements of both sufficiency and quality of d&bsequent applicatioof OrdinaryLeast Squares
regression determinethat both food acquisition networks and technology networks for agricultural
productionhave a statistically significant positive impact upon calorie procurement across the sites
included in the studyHowever, rtworksfor agricultural productiomappear taperate differently in
different locations with regard to dietary quality. Interpretation of qualitative data gathered through
interviews with agricultural service secfmoviders and focus groups regardihgse loal networks for
agricultural production suggests that this might be dulifferences irthe types of croppromotedand
attitudes held regarding food security and dietary quality previaéimese different localitiesOverall,
theresults suggest thhbth food acquisition networks and agricultural production networks are important
avenues through which gains in food security may bessh However, evelopment efforts need to be
mindful of the crops and attitudes promoted by these networks to gginsan both calorisufficiency

and dietary quality.
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Chapter 1: Introduction

Problem Statement
Worldwide approximately one billion people suffer friwmnger ananalnutrition(FAO, 2010) Given

the fact that there is sufficient quality and quantity to mesitbautritional needs of the global
popuktion, the persistence btingerhas come to be identified as a leading political failure with an
inherent moral obligation to correct. As evidence of this global prioritization, halving hunger and
malnutrition by 215 was identified as the first of the eight Millennium Development Goals (MDGS) in
2000. Two thirds of the way to this deadline, it has become clear that global efforts will fall fasfshort
reaching this critical godFAQO, 2010) This is especially true in Stfaharan Africa where extreme

hungeris experienced by ordhird of the population

Policiesand programsvhich seek to eradicate extreme hunger are usually defirtedms of food

security.Food seclity is obtainedvheni a | | people, at all ti mes, have p
sufficient, safe, and nutritious food to meet their dietary needs and food preferences for an active and

heal t hy ,RG03J. €odversely,AoOd insecurity occuiswh enever the availabil.i
adequate and safe foods or the ability to acquire acceptable foods in socially aceeptalide

unc e r(WSHA, A0D0) As these definitions present, fosecurityy and insecurit§ is a variable,

individually experiencedtate embedded witholynamic social processes.

Agricultural smallholderare idenified as one of the groups most vulnerable to food insecdmigyto a
number of structural conditior{Barrett2002 Alinovi 2009. Typically, snallholder households rain-

fed agricultural systemzly upon the receipts from agricultural production to store enough food for the
family and to purchase hoeisold necessities over the roultivable seasonWhen thesesmallholdes
arenet consumersf agricultural products, they are ev@iore sensitive to price shocks and variation.
Subsequently, many smallholder farmers suffer from periodic food insecadtythe time of planting

and shortly after crops are in the groundth@se ar¢he points in time when food stocks are lowest from



thepr& i ous s e as onallbatder agricultualdhauseholdSmust carefully balance productive and
reproductive dasionsto maintain a minimon level of consumption throughout the course of the year

(Barrett, 2002)

Smallholders are also a critical subit of global food systems. As the predominant landholders in much

of SubSaharan Africa, the decisions that smallholder farmers make are simultaneously dependent upon
ard dictate the condition of the natural resource base for agricultural production. Therefore, sustainable
management of smallholder production systems is a key food securitykaydnvironmental concern.

This crucial intersection is the entry point foetinvestigation of smallholder food security proposed by

this thesis.

The introduction of Conservation Agriculture Production Syst@@d?S)has been proposed as

potential method to impxe soil fertility, reduce soil erosiomnd increase smallhold&yod security

Through strict adheree to three principles) minimizing tillage 2) maintaining a permanent ground
cover, and 3) rotating crops; conservation agriculture seeks to improve soil quality and yields over the
long term without the need for tended fallowing. Conservation agriculture systems have also been
demonstrated to be more resilient to climatic variability and reduce the need for artificial fertilizers over

time (Niggli et al 2009Uri 2000, GarciaTorreset al 2003.

Theresearch thesof the Sustainable Agriculture and Natural Resource Management Coliedorat

Research Support Progra®XNREM CRSP is fincreasing smallholder food security through the

introductionofc onser vati on agr i ¢ USANREMECRSPr 200dPMardgéddoyn sy st e ms
Virginia Tech, the SANREM CRSP has a five year confirach the United States Agency for

International Development (USAIDRY research CAPS in developing countifresn September 2009

October 2014Currently, the project has seven United Stategensity partners, who head up projects in

13 countries around the world. Four crasgting researclactivities intechnology networks,oenomic

impactand analysisgenderperspectivesand soil gality and carbon sequestratioriend to find



commonaliies across the various countries in order to provide a more global perspective on how to
facilitate the introduction of CAP3his thesigs funded by the Technology Networks Cross Cutting
Research Activity antbcuses on the SANREM Long Term Reseakclivity 10 (hereafter LTRA 10)

headed by the Univergiof Wyomingto introduce ad scale up CAPS in East Africa.

In economics and sociology, social networks have already been demonstrated to play a key role in
facilitating processes of technological nga BandieraandRasul2006 Kiptot 200§ Specifically,

structures of communication and advice between social actors have a greater impact upon technology
adoption than individual attributes such as age, gender, education or idéGioge @nd Y¥ang, 2008
Moreover, social networks are crucial to maintaining the support structure for producers to experiment

and adopt practices to improve the sustainability of cropping systems through facilitating exchange in

Figurel: Mt. Elgon Region of Kenya and Uganda
\ O X B - labor, technology, and food resources
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(Nelles Map, 201: Production systems in which to study



conditions for the experimental ddepment and scaling up of CAPSdhiamba et al 2011V/yoming
SANREM project2012, LTRA 10: CAPS for smallholder farms in eastéJganda and western Kenya
20117). The research worka four locations:Bungoma and Kitale in @stern Kega and Tororo and
Kapchorwa in astern UgandaAs can be vieweih figure 1, these research sites are clustered around Mt.
Elgon, an extinct volcanehich spans the Kenya and Uganda borddre northerrsites Kitale and
Kapchorwa areonsideredigher potential regions becaudenwre fertile volcanic soils in being directly
positioned orthe slopes of Mount Elgon and higher overall rainfall. Coseigr Bungoma and Tororo

are thought to be the lower potential ardae topoorer, sandier soils amdorevariable rainfall(Norton

and LakerOjok, pers. comm December 2010) terms of industrialization and agricultural potential, the

sites make up aooitinuum, as visualized below:

Figure2: Continuum of Commercialization of Agriculture and Nutrition Networks

Less Commerciali zed Mor e Comme

Toro Bungoma Kapchor wa Kital e

Beyond the geographical variation between the sites, there are also important cultural and infrastructural
notes to be made about the research areas. Bet wee
similarities in ethnicity. Tororo and in Bungoma are considered Bukusu regions. In fact, the legend in

Tororo is that the Bukusu tribe split when some of the people stopped venturing eastward toward Kenya
because they wished to settle at the base of Mouotrd ar order to place themselves closer to God. The

rest of the tribeontinuedeastand began to populate the area which is now Bungoma, Kenya. In general,

the Bukusu people are agriculturalists who farmed and hunted wild game for food. By contrast, the

Sabiny people of Kapchorwa and Kitale are native pastoralists who have more recently widely adopted

agriculture in the twentieth century, in many cas

! This said, it is important to realize that Bungoma remains a key maize producing region in Kenya.



sloping plains and fertile soils were recogriizas ideal for coffee and maize production and large
colonial landholdings were established throughout the first half of the twentieth céatdisrson and

Throup, 1985

The locations are also connected from an infrastructural perspective. Spgcifiealy of the inputs for
commercial agricultural production in Kapchorwa are imported from Kikaaya. While Kapchorwa is
only 50 kilometers from Kitale, there are no good roads rurdhiregtly between therthrough the
mountains, nor is there an eftive inland port for the trading of goods between thesites. As a result,
hybrid maize seed produced in Kitale must pass through Bungoma, then the Malabarpoo and up
to Kapchorwa. Interestingly enough, howemthe adoption of technologies fmommercialized
agricultural productioms not widespread across the geographic sites. Tgesgraphic and cultural
factors present consideramariation for the study of food security and the social network conditions
which may affect both food secwyriaind agricultural production practiceBor this reason, significant
gualitative and quantitative work was undertaken in each study regaorattempt to understand both
the location specific and cross cutting factors affecting agricultural produetibnology choiceand
food security.

Objective

The objetive of this thesis is testimatehe impact of social networks dmod security. This will

involve the execution of several primary tasks

1) Describe basic demographic characterisfiosd securif statusand features of social networks
in two sites in western Kenya and two sites in eastern Uganda

2) Compare multiple methods for the measurement of food security based on the caloric
consumption as reported by a-dur dietary recalvith female headef household and the
calculation of the WFP Foddonsumption Score (FCS).

3) Estimate and discuss thmpact of social networks on food security status at the household level

4) Explore opportunies forapplying research findings to improve the measuremeiobdf security



5) Discusspotentialapplications of social network analysis methods to ensure that agricultural

development and food assistance programs enhance existing social structures

Data Collection and Methods
Primary data collection and field work cpnised amajorcomponent of this thesis researblata

collection wasased on a twvphase process, the first a T@fusehold base&le surveydeveloped and
conductedy the LTRA 10 research teamom June througiseptember 201for baseline household data
on production practices, and social networks for agricultural ptoziuin two sites inwestern Kenya and
two sites in astern UgandéOdhiamba et al 2011//yoming SANREM projec201Z LTRA 10: CAPS

for smallholder farms in eastern Uganda and western&20¢1, Lamb et al 20).0In the second phase
of data collection, | travell to Kenya and Uganda and spfaré monthsworking between the sites to
collectdata orfood security anthousehold social networks for food acquisitioom January through
May 2011. Thisincluded conducting foca groups in each site to developally adapted survey
instrumens, completion of a 357 person surveyfemale household heads, andtééhnology network
interviews.Themain statistical opetions of this thesis incledthe use of Pearson Correlation and
Compare Means Testing to explore significant differencecamgpareadifferent measures of food
securityand social networkisetween sitesSubsequentlyQrdinary Least §uares regressida appliedto
estimate the impa of social network$or agricultural production anfbr food acquisitioron food

security.

Organization of the Thesis

This thesis sets forward a framewdokmeasure the impact of social networks on food security at the
household levelChapter begirs witha review of evolving conceptions and measurement framewebrks
food security in economichighlighting a transition from macro to microeconomic approaches in the
latter half of the twentieth centur€hapter 3eviews current microeconomic perspees on the
modeling of food inseaity at the household leveChapter 4uilds uporthese frameworks toutline a

modelfor estimatinghe impact of social networks on fosdcurityin agricultural householdsom cross



sectional datand describehow and why particular variables were collect€&hapter 5 explores some of

the background conditions and qualitative findings in focus grangsnterviews with agricultural

service sector providerghich motivate hypotheses in the later quantitative sect©hapter Grovides
summary statistics and an analysis of the relationships between the indicators for food €dapisr. 7
focuses on exploratory statistical analysis of the social network measurements collected and tale potent
impact of enumerata@ffectson the data collecte€hapter &resents the final model specificatiand
analyzes the results for regressions for calorie procurement and dietary @rapyer 9 concludeand

offersrecommendations for further research.



Chapter 2: Food Seaurity in Evolving Economic Frameworks

Economic approaches to food insecurity have evolved greatly over the latter half of the twentieth century.
Macroeconomic conceptions of food security date back to Robert Malthus, who predicted that limited
land availdility and agricultural productivity would contribute to widespread farmiméer rapid

population growth Even up to the 1974 World Food Summit, food security was largely conceived as a
problem of limited national agultural suppliegBarrett2002; Webket al2006). Under this

macroeconomic framework, economsisteasured food securiby national stock levels and then

calculated per capit@od availability based on population. Meanwhile, health perspecticasdd on

the micro levemanifestations of food insecurity, such as wastimgashiorkor, and marasmus. Within

this framework, food security was thoughtebest addressed througleating more favorable terms of

trade for food poor countries and through large scale efforts to increase agricultural supply through seed
and productiongchnologiegWebbet al 2006) Faced with rapid population growth in India and

Southeast Asia, this logic was a major driver of the introduction asdrdisation of Green Revolution

technologies in the late sixties and early seventies.

The work of Amartya Sesubstantially reformedonceptios of food security. In his 19&ssay on

Poverty and Famine$Sen describest ar vat i on as d$omépeople md@mvingendughr i st i ¢
food to eat, not the characteristic of therelmminge n o u g h f oSedargues that endiviual

exchange entitlemen@bility to labor and earn an income) dictates the ability to obtain food. Sen uses the
concept okexchange entitlement to demonstrate the empirical reality of the persistence of food insecurity
despite the fact that food is available in a given locality. Basically, when prices of food rise to the extent

that individuals can no longer afford to purahdsod, the erosion of exchange entitlement, not the

absence of food, is responsible for the food insecurity exprieby the individuglSen, 1981)By

casting hunger and famine as an individuallpexienced phenomenon, Sen shifted economic approaches

to address food insecurity from the domain of macomomics o0 mi cr oeconomi cs. Senads



also ushered in a reformed set of measurement tools based on food access at the hexel¢Baludtt

2002; Webl2006)

More recently, economics has come to view food security through a framework of uncertainty, risk and
vulnerability. Introducing concepts of risk and uncertainty more accurately portrays towitysas a

time variant probability of falling below a certain threshold of consumption to satisfy the physical and
social requirements of food intake. As such, risk and uncertainty help to account for the fact that food
security status is likely to vaigver the course of the lifetime of the individual and is subject to random

shocks to health and the immediate environr{Batrett, 2002)

In economics, vulnerability can be defined as a combination of exposure to risk and access to coping
mechanisms to manage that rigkitempts to develop theoretical framorks for vulnerability to food

security have expanded recognition for sociological viewsofod secur ity (and i nsecuU
e X p e r {(Radinereal al 1990; Frankenberger et al, 199R&ople are not victims of catastrophic
events,rathear e fiacti ve participant gdaiyn [(Goaesgpa)@adb). ng t o r i
Support for this notion of food insecurity as a managed process comesr@rgsoultural evidence of an

orderliness to the food insecurity experience in which households allocate and reallocate resources under
conditions of scarcity. First, housetslexpress worry and uncertainty over the sources of their food, then

begin substituting foods of insufficient quantityinadequate qualityand therresort to eating foods

which are not socially acceptable or acquiring foods through socially unaceepiethiod®r begin

going without mealg¢Coateset al 2006)

Measuring Household Food Security

Shifting phases in economic thought espond to changing approacheshia measurement of food

insecurity. These are generally grouped into three generations or classes. Below, | present a table
summarizing these different classes. Interestirajjlyhree classesf food security continue to be

utilized today agachmay be moreappropriate to differerassessment, prograr researclontexts
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Tablel: Classes of Food Security Measurement in the Twentieth Century

Class Description Research and Measurement Methods
1 Problem of agricultural supply -Food availability per capita
Green Revolution -Anthropometric data collection
2 Essay on Poverty and Famingen, 1981 -Household expertlire (and less frequently
Access and exchange entitlement consumption) surveys

(Smith and Subandoya2008

3 Individual microeconomic problem under risk ar -Construction of qualitative scales
uncertainty -Ethnographic studies

i Managed HxXQoaes éetal2006)0

As swggested by the complexity of understanding and measuring food insecurity, a single perfect
measure of food security does not exist. Nevertheldsszaimmonly agreed that attempts should be
made to measure food secusdtya multidimensional experienc&imensions of food insecurity include
Worry and uncertainty

Insufficient quantity

Inadequate quality
Social acceptabilitpf foods consumed and methods for obtaining foods

HwnNPE

Consequences of food insecurity, such as hunger, the adoppotentially hamful strategies to

augment the food supply, and reductions in quality of health are also important.

Anthropometric measures, such as stunting, upper arm circumference, and weight to height ratios are
some of the oldest and most commonly utilized measunash have been used for the documentation of
food insecurity. However, there are several issues with these measures as indicators of food,insecurity
especially in modeling applicationBor one, food insecurity is an inhereraby antecondition of lirited
access, whereas anthropometric measures documemnt pasconsequences in the human béBgrrett,

2002) Whileinadequate qualitgr insufficientquantitiesof food are usually necessary conditions for
anthropometric indicators of food insecurity to be present, they are not sufficient conditions f

anthropometric measures to be severe or alarming. Specifically, anthropometric measures pick up a
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number of additional variables such as individual health status, access to clean water supplies,, sanitation
and adequate shelter which must be accouwieit their aldity to measure food security.

Class 2 measures provide quantitative analyses of whether minimal nutritional needs are being met
against different thresholds for food security and dietary quality. These include measures such as calories
avdlable at the household level and dietary diversity. Additional indicators of dietary quality can also be
calculated from these measures, such as percentage of dietary energy derived from stapasS@me
measures attempt to combine measures of girifig and quality, such as the World Food Program
Consumption Score. Criticisms of Class 2 measures are that thresholds for food security and dietary
quality are arbitrarily determined because of the diverse nutritional requirements of individualsrgpendi
upon activity level and health status. Moreover, Class 2 measures are usually based upon household
expenditure data, which may or may not closely track actual consumption, especially under conditions
where food is unevenlgistributed in the householdn an effort to improve the accuracy @flass 2

measures, some recentgcommended adaptations encourage utilizing methods which more nearly
approximate or actually gather consumption instead of expenditure data for more directoestifiabd

acces (Smith and Subandor@008)

Both Class land Class 2 measures are criticized on the grounds that they fail to represent the
multidimensionality of the food imgurity experience by disregarding conditions of worry and uncertainty
and the socially acceptability of foods consumed and/or the methods by which such foods are consumed
(Coateset al 2006) Class 3 measures attempt to offer a more comprehensive picture of food security by
incorporating measures of social acceptability and uncertainty amy, Wwat they must be closely

adapted to the particular cultural context. The United States currently uses a Class 3 indicator of food
insecurity, the Household Food Security Module (HFSM), which is an 18 question scale that covers
uncertainty and worryweer food, insufficient quantity, and inadequate quality, and consequences such as
hunger. Other examples of third generation measures include the Copingi&trigex (CSl)which

outlines a process for facilitating the development of localizate$r assessing food security
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(Maxwell,1999) and the more recently developed Household Food Insecurity Access Scale (Coates et al

2007)

Critics of Class 3 measures argue that such individually determined levels of sufficiency and reporting
make it much easi¢o manipulate these scales. In the event that the respondent feels they could stand to
benefit from their choice of response, these scales have the potentiattepmrefood insecurity.

Moreover, Class 3 measures need to be adapted to ensureyhatetlasking questions which are

culturally appropriate, both for the sake of eliciting accurate responses and to avoid causing shame or
embarrassment to the respondent. Adding to the complexity of the debate, different classes of measures of
food securiy conducted on the same populations often disagree over the classification of which

individuals are food insecu(®axwell, 1999, 2008; Wiesmaret al2009)

Despite remaining controversy over which methods shbelapplied to the measurement of food
security,the apparent disconnect between the suffering of the hungry and the macroeconomic availability
of food havdostered consensus among the research community that food security must be addressed at
the individual and household levelhe followingtwo chaptergiraw on this review of food security

measures towards developing a theoretical framework for measuring the impact of social networks on
food security and for the selection of appropriate indicatorséateling this relationship

econometrically.
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Chapter 3: Microeconomic Models of Household Food Security

Contrasting Household and Individual Approaches
Food security is now commonly identified as a microeconomic probldnect to conditions of risk and

uncertainty. In seeking to develop microeconomic frameworks for the analysis of food security, the two
most common levels of analysis are the individual and housekibéinpting to lay out a framework for
analyzing vulnerability to food securitiygvendalet al(2004)describes food securitys ajointly

determined product dfousehold food access, individual food access and biological utilization based
upon individual health activitiesThe focus of this literature review will be on household level
frameworks, but it is important to recognizetthepresenting food security through individual
microeconomic models has distinct advantagieish should be kept in mind for the exploratmin

household level approaches

Individual approaches allow for direct measurement of nutritional status as atprbithdividual

activity levels, healthand consumptior{Chavas, 20005econd, individual level models capture the
common pattern of inequitable distribution of food within the household. As demonstrated by a number
of researchers, women and children are often morerkafiie to food insecurity than men within the
household. For women, this is often a consequence of mother to child buffering, or the mother reducing
her portion size to ensure that children have endugimke et al, 2003 Even so, evidence suggests that
food insecure children living in otherwise food secure households are the most likely to be missed by

household level analyséSuhaKhasnobis and Hazarikap06)

As pointed out by Barre2002) the development of useful microeconomic frameworks should carefully
weigh the trdeoff between modeling food security as a functiomdividualized human need while
providing a level of aggregation that is useful to program designers and policy makeasldress food
insecurity among smallholders, households are the more comniaf analysis. This is a function of
both practical and intuitive reasons. For one, executing programs at the householdtevel is

manageabl&ith smallholders located in rural settings. Secondly, rural agricultural households often
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share a common sef characteristics which are particularly appropriate for the development of

microeconomic models and also have significance for food security.

Smallholder households are typically characterized as small producers who retain at least some of their
agricutural production for onsumption within the householdtom a food security perspectiibe
consumption of agricultural productstisislikely to be more similar ama@st members asmallholder
household. This is due to the fact thdecisions regard@gwhat and how much to plant, how much to

sell, how much to keepnd how much to work off the farm are typically decided at the houskiveld
Thereforemembers of the smallholder househcdoh be assumed lave a common basic dig@e

Janvry andSadoulet, 1995)

Based upon these assumptiormsehold modelbave been utilized as a tool to gain insight into the
behavioral patterns and decision making of smallholder households for more than half a century. The
original household model developed by Becker in 1965 sets forth the smallholder household problem as
one of maximizing utility subject to a household profit function, preferences fouegn®n of

agricultural and nosmgricultural goodsandpreferences fowork or leisuré,

Depending upon socieconomic context, household models can either be speagiedparable or nen
separable models. In a separable household model, most of the friamettant to the production,
consumption and lal decisions of the household work watidarecapable of absorbing both supply

and demand functions of the houskeh This allows for the household to commoditize the value of its
production of agricultural goods or labor, even in the case that the household faces a considerable band
between the prices at which it could sell or purchase a good. Thus, in sepaiddie decisions

regarding labor, production and consumption can be solved independently of one another and vary

% This holds even in the likely case that the distributid production responsibilities, consumption, and labor are

not uniformly distributed among household rather than individual level members.

? Leisureincludes activities such as time spent cooking, cleaning, sleeping and maintaining the household so that
one has the ability to labor, either for him/herself or for others.

* In the event that a single market is missing, the model can be resolved recursively. In effect, the functioning
markets will make up for the market that is missing. An exception tasttiie availability of credit.
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according to different targeted levels of farm incoWariation in household responses to different
policies and programs is a function of wiata household is a net producer or net cons(dedanvry

and Sadoulet, 1995)

However,smallholder households who live with food insecurity or suffer from the tbfdéabd

insecurity in the neduture do not often live in settings where markets are fully developed. This is
especially true with regard to &ss to credit. In settings where credit is constrained for seasonal
production to the point that a household cannot access as much as it would like and begins to substitute
toward investment in other goods, then prices are no longer exogenous becacagyrayadditional
opportunity cost of credit (De Janvry and Sadoulet, 1998)en credit markets or more than one market
is notadequately developed, a nonseperable household model is specified. Within these models
consideration of risk and uncertins now a crucial aspect afodelingfood securitylntroducing

concepts of risk and uncertainty more accurately models food security as a time variant probability of
falling below a certain threshold of consumption to satisfy the physical and sodciatnegnts of food
intake. Risk and uncertainty most often appear in models as stochastic shocks which do not strike

uniformly and will likely have systemic effects on smallholder behavior.

A Household Approach
Developing a household model for food seguoiffers the opportunity to develop a comprehensive

picture of the complexity of factors which households balance in seeking to minimize risk of food
insecuity. On the following pagel present a nesepaable model of food security under risk and

uncertanty developed by Barre{2002.
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MaxE,a BU (W,» X) (1) Utility (consumptin,physicalvell - being)

% los  t=0
st.

W,, =QW,,n 1., x",z,F") (2)Physicalvell - being

W2 0

n=-=g(x',N,F/.1,), (3) Nutrition

a, -0h +s +F (4) Assets

Pr(x +s)=p'(q)+h+g, "xsi T, (5)Budgetconstrainfor tradealegoods
X +5 =0 tk, "x,s1 NT, (6)Non-tradeables

@(q.l.,a,w [F)=0, (7) Productiortechnology

b ¢Wa,), (8) Creditconstraint

el ¢l,, (9) Time constrain{of laborandactivitie

a,l,x 20 (10) Non- negativity

This model attempts to capture the mdithensional nature of food security at the household level.

Equation 1 represents a utility function whichxinaizes household physical wedeing(W, ) and

consumption over time), ), while the constraints specify the parameters within which utility can be
maximized. Equion 2 recognizes physical wdiking over times a product of previous wdiking

(W,), nutritional statust, ), activity levels {,), consumption th ), and shocks to heaItHF(I'). Equation

3 relates nutrition as the product of consumptinh)( the nutritional value of foodd\ ), shocks to

health {1), and consumer knowledgé, ) of how to utilize food products. Asset levels (Equation 4) are
a function of depreciationdg, ), ability to save § ), and shocks to property rights E). The budget
constraints for tradabl@gquation 5and nortradable goodgEquation 6simply reflect that outflows

spent on consumption (plusantities borrowedlg ) or given to the househo(d), ) must balance the
value of the households income earned from productive activities and its sapjﬁ@g *+s)).

Meanwhile output is subject to a pdaction functionEquation 7)dependent upon inputsg)(), activity

levels (), asset levelsd, ), well-being of the producersy, ) and health shocks. Edian 8 restricts the
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ability to borrow to the amount of assets held and Equatipla@:s a time constraint tiwuseholdability
to pursue a given level of activitiegEquation 10 simply refers to the fact that savings, activity levels, and

consumption must be greater tharequal to 0.

Food security is argued to fall out of the model as the probability of maintaining a minimal threshold of
consumption (set as greater than 0 so as to enable to survival but to possibly impaimhealtter to

ensure a noimpairment leveof consumption, and w* a healthy or optimum level of consumption):

Survival

F(n) = Prok(w, >0)
Nonimpairnent:

F2(n) = Prot(w,, > m)

Healthy:
Fta(n) = PrOt(\NHs ° W*)

Key catributions of the Barrett (2002ousehold model is thathile retaining the household as the unit
of analysis, it allows for consideration of the relationship betweerhh&alius, consumption, nutrition,
and physical welbeing even if less precisely than would be possible at the individual le\akover, in
creating three levels of food security, it also act®or some of the irreversible welfagéfects of falling
below a given foodeurity threshold (Barrett, 200Z€havas, 2000). Most significantly, in developing
separate constramfor nutrition, physical welbeing, and productive activities, the model establishes a
frameworkwith different entry points througwhich projects and programs may operate to improve food
security status. The interrelation of constraints allows for the derivation of potential effects of food
assistance programs on household faadigty status. In the next sectjdwill briefly walk through

how two common food security programs would operate through the Barrett model.

Predicting Food Security Intervention Impacts
In the first examplea nutritional feeding program to improve food security would most likely

predominantly operatdatough Ejuation 2 and Equation 3
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W, =QW,,n.1.,x",z,F") (2)Physicalell - being

W, 20

n =9(x',N,F,1), (3) Nutrition

In Equation 3, the nutritional feeding program would have a direct effect on the amount of consumption
(th ) and the nutritional value of the food being consumed by the holds@d ). If the program

contained an educational component, then the program could also change knowledge of preparation

techniques [,) to allow for more nutrients to be retained through the food preparation prdeess

example of this might be reducing boiling time on vegetables to prevent nutrient loss. Additionally,

Barrettdos model allows the researcher to follow t
incorporation of the current nutritiom() parameter into Equation 2. Basically, by increasing nutritional

status in the current time period, the program has ttemgial to increase future webeing of the
participants, subject to the other parameters on futurebs@ig(current wellbeing, shocks to health,

current activities, health shocks and other unknowns). The contributiood®ecurity is made through
the obvious impact of raising current nutritional status in the current patipauid hrough increasing
physical wellbeing (w) over the longer term.

The Barrett model also helps to skahrough the logic of howagricultural development programsy
improve food securityA popular agricultural development program is the disseminationigham

yielding seed variety, such as the introduction of hybrid maize into western Kenya (Mango, 2000). This

type of program wuld primarily operate throughdtation 5.
pf (X +s)= ptq' (@)+b+g, "X si T, (5)Budgetconstrainfor tradedlegoods

The primary objective of the program would be to improvécatiural output, thus allowing a

smallholder to have more income to spend upon consumption (relaxing the budget constraint), assuming



19

that labor and inputs are held constanih addition to affecting the budget constraint, agricultural
development prgrams may also operate througuatiors 2 and 3 especially becaugbese programs

are households consuming some of tbain product. Specifically, the yield gain should mean greater
food consumption by the household (x), either through allowing the holds® hold more production

back from sale or by earning more income by which to purchase food. However, this would need to be
carefully estimated empirically as even individuals with low food intake tend to spéncieasen

income on other goods, fetting the low income elasticity for agriculdiproducts (Barrett, 2001). A

low income elasticity should likely be expected with a staple good, as maize represents in western Kenya
and eastern UgantaShould the household spend the income increaderales, then the income
increase would allow for increased stockbuildigg (Through either or both channels, the program has
the potential to work through to loweritige probability of household foouhsecurity through the

increase in sttkbuildingand or physical welbeing Through this potential positive impact on nutrition,
the program may eventually also increase future physicalbe#ily. As in the nutrition model, these
would primarily operate to improve the probability of food secutitgugh increasing physical well

being.

A shortcoming in this model is that it does not offer the opportunity to identify the mechanisms by which
households act teeduce risk of food insecurity or actively engage in procesfsascial learning to adapt

to systematic shock#és Barrett himself recognizes, efforts made by the household to manage risk are
inherently endog®ous to the model (Barrett, 200Zonditions of social learning and activities of risk
management are facilitated and constrained by thetate of social networks. In the following sections,

I explore the possible entry points for social ne

®This may not be atrongassumption for the introduction of hybrid maize varieties, as such varieties typically
require increased fertilizer inputs to achieve yield gains, but for the sake of simplicity in demonstia@xaiple,
these are held constant.

®The cultural value and significance of maizetia Mount Elgon regiolikely eliminates maize from acting as an
inferior good, or decreased consumption of maize resulting from an increase in income.
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Social Networks and Household Food Security
Especially in the absence of formal institutions for the extension of emdfibr basic services, local

structures of support services arranged through networks of sharing and reciprocity can be crucial to
allowing the household to smooth consumption over.timehe Barrdtmodel, many of these operations
would enter into théudget constraint for tradeables, Equatiors pointed out by Fafchamps992)

local solidarity networks can be utilized to managelfosecurityex anteandex post Such solidarity
networks are a key source of unrequited gifts orsfiers,( g, ), even ifmembership implies that these

transactions would alstecessitate future obligatiorto the network In a more complex application,
Fafchamps also points out teémbers of solidarity networks may pool togethéorto work the fields
for a household who has a sick family memi&erantgo preventhemfrom having to provide food after
a poor harvestx postHere, the household has been prevented from experiencingtialin
consumption (X), and many or magt havea future debt to repay to the netwaldgpending on the local

context(Fafchamps, 1992)

Social networks are often crucial to the adaptive capacity of households through holding a strong
influence over the norms and ideals held by individuals. iEHiecause the structure of social networks

tends to direct and concentrate resources to particular locations in the network, fostering the development
for shared norms and values about a certain practice (Knoke and Yang, PBi@®)articular

charactestic of networks is likely to enter the Barrett model at multiple points. For example, knowledge
regarding cooking and the preparation of foddin( Equation 3 is typically embedded in

intergeneratinal gendered networkkemkeet al 2003)

Processes of social learnimgthin networks aralsooften crucial to whether producers choose to adopt
and adapt particular agricultural technologieguation 7 As demonstitad by Conley and Udr{2010)

pineapple farmers in Ghana wenere likely to try a new practice when a close contact carried out the
practice successfully. Kiptot et al (2006) examine the diffusion of agroforestry technologies through

kinship and friendship networks in Western Kenya. Bandiera and Rasoul (2006)stieteothat
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different types of soclanetworks, such as networksreligious affiliation, can have different influences
on adoption at different points in the dissemination of a technolagexemplified inthe Barrett model,
decisions regarding prodiian technologies have especially important implications for smallholders

through direct effects on consumption (X) and labor (I) activities within and outside of the household.

Qualitative researchas @cumentedhat social networks can also play a kel in the decisions of
smallholders to manage ecological risk through the application of particular agricultural technologies.
Primary evidence of this comes from Burkina Fagloere Mazzucato et al (200Deintify land, labor,

wo me n6s n adhrology, amdadsh nete/qrks asdenccessing different types of resources
necessary to apply sustainable technologies. While a number of different soil improvement technologies
are identified, it ishownthat different techniques are applied adaptivas/farmers respond to

ecological changes in the landscape. Different netwatksh as labor for an activiby cash to purchase

food, are accessed through thedspective networks when needeidth recognition by the recipient that

they now owe a fut@rdebt in their reciprocity networimilarly, social networks are hypothesized to

play a key role in facilitating the adoption CAPS technologies in the SANREM CRSP Technology

Networks Cross Cutting Research Activity (Lamb, et al 2010).

Despite this varyig range of evidence suggesting a strong relationship between social networks and the
ability of smallholders to manage food insecurity risk, the role of social networks in affecting household
food security status has not been empiricated. In thedilowing chapter| draw upon literature from
social network analysis and insights from microeconomic theory toward the development of a practical

model to measurdne impact of social networks upérod security.
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Chapter 4: Data and Methods

Integratin g Modeling and Data Collection
Data collectiorfor this thesis occurred in two stagegst, from June to September 2010 LTRA

10 conducted a baseline survey of 790 housel{SIABIREM CRSP201Q Odhiamba et al 2011;
Wyoming SANREM projec2011 LTRA 10: CAPS for smallholder farms in eastern Uganda and

western Kenya 2031 Of these households, 395 were administered surveys which contained an
additional module for theollection of data on Technologyevorks, developed from the
SANREM CRSP Wor kearchdgrarreavqriefar TethRadogy Network and Gendered
Knowl edge An getay20¥)s Bronf Relaruady througpril 2011, | collected data

on household food security and household networks for acquiring food following up with these
same houselds. Upn completing thislata collection phase, the two datasets were merged

using the household reference numbers.

This two phase data collection process presented me the opportunity to be very intentional in the
decisions of what type of data to collect, tlestwvay to collect that data in the face of gender

and cultural considerations, and to anticipate some of the problems that might be encountered in
modeling that data econometrically. As such, there is a significant level of integration between
the modeliig and data collection methods employed in this thesemarels. This chapter

describes thbasic empirical model, justification for selecting particular measures df foo

security and social networkand fow the process of collecting this datas manageuh the

field.

A Basic Empirical Model for use with Cross -Sectional Data

As detailed in the previous literature revietwe imanagement of household food security and

social networks are inherently dynamic processes which evolve with exposure to different
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shocks. Given this insight, the relationship between the two should be estimated using panel
data. However, in areas where there are high levels of food insecurity, panel data is extremely
difficult and expensive to collect, especially combined with thebtimeshal challenge of

measuring social networks. Moreover, constraining analyses of food security and vulnerability
to food security to the availability of panel data presents a significant moral opportunity cost.
The time and expense of collecting patheta is traded off for efforts which could be made to
help those suffering from food security and vulnerable to suffering from food insecurity in the
future. Thus, the development of methods which can sufficiently estimate food security and
vulnerabilityto food security from cross sectional data is highly important and the focus of this
modeling and estimation strateddtawing upon literature on vulnerability to poverty and the
influence of social networks on other dynamic processes, such as technalogicse, |

develop the following model to relate social networks to household food security status using

crosssectional data:
Yi=z ta +tN, +e

Herg Y, is food security status fdrousehold (i) z is a collection of control afitoutes which

would affecthousehold food security staius, represents those variables which indicate the
strength of the househol doé&ommentyvefenredt®ointhisr agr i
study as technology networkgnd N, represents those variables which measure of the strength

of the househol dés networks for food acquisit

Several issues arise in thpecification of the empiricahodel. First, between the numerous
control food security andaial network variables; the model requires a significant undertaking

in data collection. Fortunately, the baseline household survey data collected iny26&0
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LTRA 10 teamprovided the control variables and agricultural production network variables,
leaving me free to focus upon the collection of data for the social network and food security
variables in following up with the same households six months later. A second significant
concern is the potential endogeneity of social networks to food se&asgically, it may be

difficult to show the directionality of the relationship between food insecurity and social
networks.Do individuals enhanctheir networkdor food acquisitiorbecausehey are food

insecur@ Due tothis suggested endogeneitypotetial instrumendl variablewas collected

during the fieldworKor the specification of an alternative model to demonstrate the relationship
between food security and social network& discussion of sampling, enumeration, and how

and what variables wemmllected and the suitability of those variables for econometric
modelingis the focus of the first part of the data sattibhe second part of the sectescribs

how | handled the merging and cleaning process with the baseline data.

Sampling

While data collection occurred in a two phase process, the sample design for this research relied
upon the previously set forth framework by each of the sites during the 2010 baseline survey.
Sampling methods differed between sites as the process was heagetinge llifferent NGOs,
each tailoring the process toward their selected research commuriitgesection describes and
reflects upon these differences with regard to modeling the relationship between networks and

food security.

In Ugandathe NGOAppropiate TechnologyUganda(AT Uganda)developed a quasi
experiment. In lpchorwa and Tororo sites, two stduntieswere selected, and within each
sub-county trials were established in one or two parishes, with a total of four parishes surveyed

in evey site. In Tororo, the two subounties were Molo and Kisoko. In Molo, the two parishes
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selected were Kidoko and Kipangor and in Kisoko, Gwawaara and Kisoko parish were
selected. In Kapchorwa, the research actually spanned two districts, Kapchorwa andiKween.
KapchorwaDistrict, the surveyed parishes were Kaplak and Kapeschombe, and in Kween
District the surveyed parishes wdfavosir and KereKween formerly belonged to Kapchorwa,
but was designated as a separate district in 2010. Kapchorwa town, mea@owtiilges to serve
as the main urban center accessed by the residents of KiAwenghout this text | will

commonly refer to thigntirearea as Kapchorwa, as this name is stiliemeadily recognized,

especially in agricultural development research.

During the 2010 baseline, a list frame wasated by obtainingecords from the sulsounty

leveland then preforming a random selection from the list of which households to survey, with
particular attention to ensuring that female headed households wedeithah the sample. This

was accomplished by first identifying 50 households in which the male household head would be
interviewed. Secondly, all the solely female headed households were interviewed and these made
up the first households of the group oftsfuseholds where women were to be interviewed.

When a household could not be located during the survey, substitutions were made in the field

for similar households. Molo sudtbunty and Kwosir subounty were selected for the

technology networks surveyp $ only worked extensively in these two areas.

In Kenya, the process was different in Bungoma and Kitale. In Bungoma, the NGO SACRED
Africa identified farmer groups with whom it had worked with previously and used these groups
as a base from which to lbaitheir sample outward. The resulting surveyed population was
widely geographically diributed between Bungoma South and Bungoma Wrestlustered

around two different market centers. In Bungoma South, the main trade center was Bungoma
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town, but Bungoma&Vest utilized the Chwele market. Enumerators were instructed to tradeoff

interviewing men and women in a particular geographic area in order to ensure gender balance.

In the Kitale ara of TransNzoia District,Kenyg the periurban populatiosiof the Kibometand
Milimani sub-locatiors wereselected for théechnology network study, so reseaedforts were
focused on this populatidn the néwork and food security survey#\s in Uganda, lisframes

were created from local records, female householdshieadtified, and substitutions made in

the field if households could not be located.

Across the sites, mixed teams of men and women were employed from the area of each of the
sites for the enumeration of the survey in order to hire people with knowdétlye local

language and geography. The enumerators were trained by the staff of the respective NGOs
managing the projects in each of the siBsspite the differences between thethodologies
adopted by the different organizatiohselieve that th@rocesses followed by each of the NGOs
were sufficiently thorough to create a random sample of the gamddor each of these

regions.

Returning to the sites for the food security and social networks survey, | began by obtaining the
list of householdsurveyed from the respective NGOs responsible for each of the sites, or in the
case of Bungoma, regenerated the sample by examining the actual baseline surveys themselves
for the households who were given the technology networks surveys. | then hiratitadot of

two to fourpeople to serve as enumeraj@sd in some cases an additional guide for helping to
coordinate the enumerators in the field and identify the houseinoé@sh location While this

meant the survey involved a hightdl number of Bumerators at thirtegethe expertise of these

local teams was critical to the success of the research. The majority of the time, the enumerators
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had worked on the previous baseline and/or focus groups conducted in the area and thus had a
basic familiariy with the sites being sueyed. Moreover, thenumerators also had knowledge

of locally specific dialects and tribal languagkesleed, the extreme diversity in these local
languages in sites would likely have made it nearly impossible to work withla tagn of

enumerator$or all of the sites

Forthe second survey, only female heads of household were interviewed. | argue that surveying

the female household head (as opposed to the male) is more likely to accurately reflect food
insecurity and food rations experienced at the household level. This is due to the fact that

women are primarily responsible for acquiring and preparing fo&ast Africa. As discussed

in the focus groups held across t he asofthees, wo
household as she is less likely to consume food away from home and is primarily responsible for
what food is prepared for the households. Add
intake is also more likely to be affected by distribuiloeffects, such as mother to child

buffering in which women report reducing their food intake so that theirrehilchay eat enough

(Tasuruk 2001Lemkeetal2 0 0 3 ) . I n this manner, womendés con

ficanaryi n t h dor theitangeté diagnosis of a household food insecurity problem.

Given that only women were to be surveyed, | did my best to hire only female enumerators for
thissurvey. | believed that the female household heamgd be more comfortable and honest in
sharing sensite information on household consumption and their food networks with women
rather than men. In two sites, hiring only women was not possible. In Bungoma, the most
experienced enumerator was a man who had assisted in the baseline survey process and data
ertry, and thus had critical knowledge for being able to identify households in the field. A male

enumerator was also hiredgorvey the households in Kapchorw@f all of the sitesthe
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parishes oKwosir and Kerepresented the greatest challefgedatacollection. The area where

the surveys were completed is remote and mountainous (sedfer8ihutes by motorcycle

from Kapchorwatown) and the surveys were being conducted during the height of land

preparation and planting seas@iventhese conditionst was very difficult to find qualified
enumerators interested in the work. As such, one male and one female enumerator were hired to

complete the survey in this site.

Despite the differences in gender and team size, | made a number of efforts imabfepetror

in the data collection process. Standardizing my training of the enumerators was a critical aspect
of collecting quality data. In each site, | took one afternoon to go over the instrument with the
enumerators and have them work in pairs jrengf where one person was the enumerator and

the second the respondent and work through the entirety of the survey instrument. This activity
helped to identify words for particular foods in the local language and helped ensure that
enumerators asked eaghthe questions in the same way. During the execution of the surveys in
the field, an important aspect of controlling error was randomizing the location of the
enumerators in the siteBhe first day | satin on one interview with eagtnumeratom order to

catch ay mistakes or misunderstandirgjsait how to conduct the surveys andisabn a total

of 5 interviews with each enumeraiartotal Seasonabariation in data collectiowas also

accounted for through appropriate staggering of the subeatygeen locations.Bworking in

Bungoma and Tororo firsinterviews were conducteat the start of planting season. Likewise,

the | ater planting season in Kapchorwa and Ki

seasonal period in all the sites.

As can be expected,was not possiblé follow up with every one of the households which had

been interviewe during the baseline survefiouseholds were dropped for a number of reasons.
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Solely male headed households were not intervien@dyere househdks where the female
household head would be absent for the length of itnvees working in a site, nor in incidences
where thehousehold had moved. Howevehould be noted th#hese weravery small

numbers of householdsne household in Bungoma, twouseholds in Tororo, and three
households in Kitale. In Tororthree more hageholds were dropped as one worhad passed
away and two werwo ill to be interviewed. In Kitale, several househaldsld not bedentified

and someefused o be interviewd a second timdn Tororo and Kapchorwa, the interviewees
often asked for money in exchange for their interviews, but typically consented when it was
explained that | was a student working on a long term research project in thei®aezall the
datacollection effort was largely successful. Of the 100 surveys in each sight, 86 were collected
in Bungoma, 93 in Tororo, 98 in Kapchorwa (Kween) and 81 in Kitale for a total sample of 357

surveys.

Variable Selection and Data Collection

Application of Ho usehold Food Security Measures
As presented in Chapter 2, clearly there is no single perfect measure of food security which

effectively captures all dimensisof the food insecurity experience. No matter which Class of
measures is selected, the measurenmiémbusehold food security is difficult and highly subject

to measurement error. This thesis focuses on Class 2 measures of food security and dietary
quality. Primarily, | believed that Class 2 indicators vdolod the most likely to offetata of
adequatevariation in which to study the relative impact on food insecurity, and were a more
attractive option from a financial and modeling pecsipe than Class 1 orl&ss 3 indicators.
Specifically, the collection of anthropometric indicator<Class 1 indicarsgenerally must

involve some type of measurement on the physical body and are thus more invasive, expensive,

and time intensive to collect. Additionally, the baseline dataset available offers only a limited
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opportunity to control for the factors othéah food insecurity frequently captured in
anthropometric measures, such as access to health care and clean water which have a direct
impact on physical health. While | had originally proposed to use a Class 3 measure for
measuring food security, the CapiStrategies Index (CSI), | was concerret this indicator
would beendogenous to sodiaetwork activity. This concern was confirmetien | developed

the CSI with the focus groupasrelying on friends and relatives for food was cited as a coping

strategy to deal with food insecurity.

The calculation for the food insecurity and dietary quality indicators utilizéddrthesis is

described below:

Table2: Food Security Measures and Thresholds

Measure Calculation Test Scak

24 Hour Calories 1. <2350 1. Insufficient
= Dietary Recall | consumed over| 2. 23563000 | 2.Borderline
3 24 hour period | 3. >3000 3. Acceptable
3 Food Number of dag | 1. 0-28.5 1. Poor
S Consumption | on which 2.29415 2. Borderline
S Score (WFP) | different food | 3.>42 3. Acceptable
L groups were

consumed

PercenEnergy | Percenbf 75% + veryhigh | 1. Very Poor diet quality
> > |from Staples | calories 60-75 high 2. Poor diet quality
% T consumed from| 40-60 med 3. Adequate diet quality
a C:S* staples <40 low 4. Very good diet quality

Sources: (Smith and Subandoro 2008, World Food Program, 2008)

Using a Consumption Approach to Estimate Caloric Sufficiency
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Figure3: List of Legumes in Bungoma Generally, economic analyses of food
‘ securitytend to utilize measures of calories
available at the househdklvd based upon
expenditure data. Howevencreasingly
researchers have tried to integrate methods
from the fields of nutrition and public
health to improve the level of accuracy and
more closely track what households actually
consume, rather than whaety have the
ability to consume based upon their income
(Smith and Subandor@008).
In an effort to adopt a consumption

approach, focus groups were held in each

Figure4: Women use a local cup to demonstrate serving si
T e o e A site to create a local consumption

basket to ensure that the survey
contained culturally gmropriate

foods and to determine approximate
local serving sizes of different
foods. In every focus group, we
began by identifying the types of

' foods consumed from each basic

- . N

food group (staples, pulses, etér) example can be viewed ingare 3. | alsoasked the

participants to explain any special circumstances with preparing a particular food and what a
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typical serving size of the food was for an adult woman. This was accomplished by using a half
liter mug which the local communities were commonly faanivith to measure volume. From

the food list, | developed a customized survey instrument for each site asking how many servings
had been consumed in the past 24 hours and how many times in the past week the food was eaten
(this was used for the calculat of the Food Consumption Score). Examples of the survey
instruments developed feach site can be located ippgendix1.

Once the datavascollected and entered, the calories per serving were calculated by matching

the foods reported to be consumedioiod composition tables. Unfortunately, no comprehensive
food composition tables hawbeen developddr Kenya or Uganda. However, a joint effort of

the Harvard School of Public ldih and the University of Dassesalaam produced Food

Composition tablesof neighboring Tanzania in 2008. The composition tables include macro and
micro nutrient analyses of common Tanzanian foods and prepared dishes as well as a table of
typically recorded adult serving sizes and are especially comprehelnskragnji et al, 08).

However, some foods, such as Githeri (a typically Luhya dish prepared in Western Kenya) and a
number of local vegetables and fruits were not recorded in the Tanzania Food Composition
tables. As such, a 1991 set of basic food composition tablelpegen Embu, Kenya

developed by the Nutrition CRSP (Murphy et al, 198919 a paper documenting nutritional

values of African leafy vegetable®ldhay, et al 200/ andsome reputable online resoas,

such as nutritiondata.cowere usedo fill in the remaining gapsA detailed record ofitese

matches and substitutionan be reviewed in Appendix Il

As reported, in working with the focus groups, | asked the women to indicate a typical serving
size for herself by using locally available half kilogramgauHowever, when the reported

serving sizes seemed especially high, | utilized the Tanzania serving sizes. | also made this
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substitution for all fruits, which were nearly impossible to record serangdsed on the cup
method. ®rving sizes athadjustmats made are also notedAppendix IL Nevertheless, a

number of substitutions and estimations needed to be madeffort to provide the best match

to locally reported consumption. Following from this, a key recommendation of the research is

that effat be dedicated toward the production of food composition tables for Kenya and Uganda.

To calculatethe final total calories, a MATAB script’ was developed to multiply the number of
servings by the calories per serving. The resulting output createdri caatrix, a total amount

of calories consumed by each female household head in each food group category and a total
sum of calories consumed in the past 24 hours. This development of disaggregated consumption
data was instrumental to the analysis inesavways. First, it allowed for the identification of

recalls that seemed particularly suspect or problematic so that they could easily by identified as a
computational or data entry error and also allowed for more exploration of measures of dietary

guality, such as percent energy derived from staples.

Approximating the WFP Consumption Score Calculation
The WFP Food Consumption Score is a relatively recently developed indicator which attempts to

account for sufficiency of consumption and dietary divgritthe household lev@VFP, 2008)
Based upon the nutritional value of different food groups, the FCS assigns weights to different
food groupsas described in the table on the following pag&ousehold is given that value for
every day a particulapnbd group was consumed in the past week to develop aivadstiore.
Finally, household consumptiondtassified apoor, borderline or adequabased upon their

score range for societies which regularly consume oils aratsag reported in the precegli

table To ensure some level of dietary diversity in achieving an adequate consumption level,

"The scripis pasted into Appendix Il and also available from the author on request.
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each food group cannot be consumed more than seven days. As an example, this means that
because staples are worth two points per daynore than fourteen pus are allowed to come
from the consumption of staple foods toward the total score.

Table3: Explanation of Food Group Weights for Calculation of the WFP FCS

Food Score| Explanation

Group

Main 2 Energy dense, protein contdower and poorer quality than legumes,
staples micronutrients

Pulses 3 Energy dense, high amounts of protein but of lower quality than meat

micronutrients (inhibited by phytates), low fat

Vegetableg 1 Low energy, low protein, no fat, micronutrients

Fruit 1 Low energy, low protein, no fat, micronutrients

Meat and | 4 Highest quality protein, easily absorbable micronutrients (no phytates

fish energy dense, faEven when consumed in small quantities, improveme
to the quality of diet are large.

Milk 4 Highest quality protein, micronutrients, vitamin A, energy. However, n
could be consumed only in very small amounts and should then be tr¢
as condiment, and therefore reclassification in such cases is needed.

Sugar 5 Empty calories. Usually consumedsmall quantities.

oll 5 Energy dense but usually no other micronutrients. Usually consumed

small quantities.

Source: (World Food Program, 2008)

Traditionally, data is collected for the FCS by asking a family to report how many days in the
past week each of the different food groups were consumed. In an effort to collect more
disaggregated data and to have a bettteerstanding of what individuals were actually
consuming regularly within these categories, data was collected by individual food. The score
was approximated by taking the highest single value of consumption reported within a given
food group. In othewords if someone reported eating ugali five days, porridge three days and
bread two days, the highest reported daily consumption was five. In some ways, this has the
potential to underestimate consumption, however the actual findings of the data veouli se

demonstrate that this was not the case as the reported FCS was generally high. A detailed
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exploration of thesdata for measuresf food insecurityand dietary qualityvill be the subject of

later chapters.

Measuring Strength of Social Networks
Data on social networks wasllected using egocentricathods which measure relative

network strength based on individual reporting of their direct contacts in social networks. Data
was collected on networks to obtain information and resources on agatpltoduction,

networks for acquiring food, and friendship networks. As the measures were seeking very
different information, the data collection instruments were also different. The separate
instruments and processes to collect the different types obrietiata are described in this

section.

For theTechnology Networksnodule, a position generator metheds usedo collect data on
farmer contacts for obtaining agricultural information, advice and resoufdesposition
generator method asks individsabout their relationships with members of different
occupationswhichin this casere occupationassociated wi agricultural production (Liand
Erickson 2008). As such, developing a locally adapted list which makes sense to the local
people is cru@l to the survey. In order to do this, a list of agricultural support sector providers
was generated with the Advisory Committees (a grouprofdes and NGO representatives that
LTRA 10 has consulted with throughout the research process). The listemagtidated in
focus group work in Kenya and Uganda conducted by members SAIRREM Managing

Entity in conjunction with local country personrielJune and July 201(Christie 2010; Moore
2010) The contributions of the local advisory committee anddleas groups indicated that a
wide variety of individuals often contribute to providing agricultural information, advice, and

resources which extends well beyond the typically studied technology transfer network of
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extension agents, agricultural researshand farmers. These included members of the local
community such as shopkeepers, market vendors, teachers, government parastatals, teachers,
preachers, and local community group leaders. The module included in thiea2@liie survey
conducted July loughSeptember 2018sked farmers about different aspects of their
relationships with these agents, including measures of frequency and trust emphasized in this

research

For data collection on food acquisition networks, a resource generator was UAlresdurce
generator asks a respondent to report names of individuals who provide a particular type of
resource, in this case food (Van der Gaag and Snijders, 2004). Not surprisingly, this was difficult
data to collect and often enumerators had to dafgignt probing to get full answers to these
guestions. While the enumerators opened the section by asking about the individuals from which
the women obtained food, often women would deflect this question, saying that they got food
from their husbands ohat they grew all of their fabon the farm. Fortunatelyn the section on

the 24 hour and weekly dietary recall, | asked households to also report where a food came from,
with a range from all the food being sourced from the farm, mostly from the faout alf and

half from the market or other sources or all the food from the market or other sourodsr to
develop a sense of the level of access to a particular food (World Food Program| 2G08)

asked the enumerators to star the foods sourgtside the household and inquire about these

foods in particular in the food networks section. This method increased the reporting of food
network activity. Nevertheless, this was exceptionally sensitive data to collect, and will be a key
point in of diszissions relating to gender and cultunah@mics and data analysis in subsequent

chapters
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The final type of network data to be collected for this thesis was on the friendship networks of
the female household heads. These networks were identsieg a mme generator method

(Knoke and Yang, 2008). The name generator method of researching friendship networks is one
of the most widely utilized social network data collection methods. The individual is asked to list
the names of persons with which they woififleel comfortable discussing important matbers

(Knoke and Yang, 2008This is intentionally vague, leaving it up the respondent to interpret the
notion of important matters. However, when asked | instructed the enumerators to explain by
asking people teeport the first names of people that they would go to if something was pressing

them or bothering them.

Friendship Networks as a Potential Instrumental Variable
As briefly mentioned, there is some concern that there may be an endogenous relationship

between food security and food acquisition networks. Female household heads may participate in
networks because they are food insecure, meaning that the causation could run ba@mevays.
way of accommodating for endogeneity in the estimation of an econometdiel is to use an
instrumental variables (IV) approach to estimating the econometric model. In an IV
specification, another variabls used tinstrument oestimate fitted values fdhe suspected
endogenous variable in theodel. An effective instruental variable is one that is strongly
correlated with the potentially endogenous variable (food acquisition networks), but should have
no direct impact upon the deqlent variable (food security). Data on friendship networks were
collected for instrument@n purposes in the econometric analys@gically, whether someone

has a strong fendship networlks likely to be highly correlated with the strength of their food
acquisitionnetwork reflective of their ability to develop meaningful social ties. Mdaife, it

was hypothesized that the strength of friendship networks should dotbgy correlated to
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household food security status, and the only way it should be correlated isttreymptential

overlap of foodand friendship networks.

A potentid issue with this instrument is ththere idimited literature regarding social isolation
and food insecurity, which would potentiaflyoducea directcorrelation betweefriendship
networks and food insecurifizocheretal, 2005) However, this resean mostlyconcerns the
elderlyin developed countries, where food insecurity is less prevalent and an inherently more
stigmatized condition than in areas where food insecurity is more coifu@erand Frongilo,
2006) As such, it was proposed that measumenof friendship networks should result in an
effective instrument for social networks of food acquisition to demonstrate an impact on food

security.

Developing Network Variables
From the various network modules, measureteszribe the strength of nedvks needed to be

calculated Generally, egocentric network data is assessed according to three criteria: degree,
composition, and structure (Knoke and Yang, 2008). This anabaisés on degree and
composition because an analysis of structure requimtese in depth exploration of the contact
between the nodes reported by the ego. The simplest criteria upon which networks are being
evaluated is degree. This is simply a count of the number of contacts a person reports for each
type of network. Compositiois a bit more complex, and includes the descriptive qualities of a
network. The primary interest of this thesis is the level of trust and frequency of contact between
persons. For the data analysis, variables were developed for average trust andraderagey

of contact for the agricultural production netk®rfood networks, and friendship networks.



Table4: Network Variables and their Calculation

TechnologyNetwork Variable ' Description

Agricultural Resource Network | Count of number of different contacts for agricultural
Degee resources

Agricultural Information Network | Count of number of different contacts for agricultural
Degree information

Average Agricultural Network Average of the Agricultural Information Meork Degree
Degree and Agricultural Resource Network Degree

Average Agricultural Network Total of the Trust scores for the agricultural network
Trust divided by Average Agricultural Network Degree
Average Agricultural Network Total of the frequencgcores for the agricultural networl
Frequency divided by Average Agricultural Network Degree

Food Acquisition Network Description
Variable

Food Acquisition Network Degre¢ Count of total Food Acquisition Network Contacts

Average Food Acquisition Total of food acquisition network trust scores divided &
Network Trust Food Acquisition Network Degree

Average Food Acquisition Total of food acquisition network frequency scores
Network Frequency divided by Food Acquisition Network Degree
Friendship Network Variabl Description

Friendship Network Degree Count of total Friendship Network Contacts

Average Friendship Network Total of frequency scores divided by Friendship Netwd
Frequency Degree

Control Variables
As described in the literature review, thereareimber of control variables which are important

to the food security status of smallholders. Key variables suggested by Bo@2}include
access to credit, physical wdléing, production technologies utilized, access to assets and
ability to saveWhile the majority of these variables were collected by the 2010 baseline, the
survey was missing a measure of physicalAvelhg. Recognizing this, a measure for-self

reported health was incorporated into the second survey where individuals were asked to
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their health as compared to those they knew. Did they feel they were healthier or not as healthy?
Their responses were reported as poor, average, and above average. \Afiepmdeld health is
obviously not a perfect measure of physical vieling, it has been demonstrated tkatf

reported health can approximate health in a relatively inexpensive naamosscultural

contexts (Jurges, 2007

Imputing Missing Data
Upon merging the food security dataset with the baseline dataset from the LTiRéjdq, it

became very apparent that missing data would be a major issue in developing the regression
model because of a number of control variables | had anticipated utilizimg iegression were
missing observations. All methods for imputimissingdata were conducted in STATh

particular, the Kitale data had a high frequency of missing data, especially for particular sections
of the survey. For example, in the livestock section up tethivds of the data was missing for
various types of stocKhis limited my ability to use particular variables in the regression.
Fortunately, two of the most important types livestock to food security, poultry and dairy cattle,
had high enough values that adequate procedures could be developed to imputentyelatéss

For dairy cattle, | imputed 10 missing entries through calculating the average number of dairy
cattle per household per site and making the appropriate substiAftemnthis transformation to

the data, dummy variable was also calculated fathdr a household owned dairy cattier

poultry, there seemed to be a clearer pattern in which some households were engaged in poultry
production on a commercial scale and other households were raising poultry for home slaughter.
In examining a frequenaistribution of the data, it seemed that a household with more than 50
chickens was one of these commercial outliers. | then dropped these producers, and took an

average of the remainirggnallholders. This average of nideickens was substituted for sen
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missing entries across Bungoma and Kitale. However, the remainder of the livestock data had

too many missing values concentrated in Kitale to justify methods of imputing data.

Fortunately, the data was much more complete for other sections ofvbg,sunere | found
otherappropriate methods for imputing the missing data. For access to credit and eattiadl t
variables, | took general approach by calculating thean for each site (Tororo, Kapchorwa
Bungoma, Kitale)androunding to the neares/hole number and then substituting in the

appropriate mean according to the site in which the household with the missing data was located.
| accounted for this imputation of data by including additional dummy variables, so that any bias
introduced fromhe imputed data could be accountedifioestimatinghe coefficients of these

dummies.

Regardinghe household head education variable, overall education app®abed/ery low

across the sites. Fifte@fservationsveremissing overalandthe missing dta evenly

distributed between the sita4/ith the beliefthat those who were well educated would be less
likely to hare missing entrie@ dummy variald t o represent fAhigh educa
signify those who had an education above primary sdewel, thus eliminating thproblem of
missing data for this variabld-or amount of land owned, total hectares cultivated and distance
to themarket, and presence ohausehold kitchen gardemriables | clustered the households

by village,took an aveage of those households from the same village substituted this

average for the missing observatiowéth the kitchen garden importance variable, missing data
was imputed by also accounting for whether a house reported to have a kitchen garden. If no
this variable was given a ®s for all of these variables less than ten entries were missing across
the data set, | did not feel that it was necessary to create a dummy variable to account for the

potential impact of the missing data for use in theaggjon analysis.



42

Significance of Data Collection to the Research
Being heavily involved in the data collection process was one of the most valuable learning

experiences of this thesis. Not only could | control for a number of factors that | would have
needed to otherwise simply assume had been controlled for in the data collection process, but |
also gained insight into how the different sampling methods, enumerators, and local site
conditions may have impacted the d&tdéegrating the data collectiomé modeling process

allows me to be confident that the assumptions for linear regression can be fully satisfied. The
variables collected are all expected to be linear in their parameters. This means that variables
utilized are continuous and should relet@ne another through a constant level of increase or
decrease across their range. | can further be confidenhéhdata collected was obtained

through a random sampling proceduria the next chaptet discuss how | used focus groups to
conduct galitative research tmotivate many of the quantitative hypotheses | explore in the

latter half of this thesis.
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Chapter 5: Qualitative Contributions to Studying Food Security

Quialitative work conducted through focus groups and-sémctured intenews with

technology network service providers played a critical role in getting to know tioeisa

research sites and for making predictions regarding the quantitativd dstahapter
summarizegjualitative methodologiespplied &ad major findings fran the qualitative research
activities. A concluding discussion developgpotheses about the network and control variables

to be tested in the subsequent chapters

Focus Groups
Aside from helping to develop the survey instruments for each sties graipswith local

womenhad twoimportant purposes in the research proc&sst, they served antroductory
functiontowardbuilding arelationship with the community andccahesive team with my
enumerators and guides in the locatibhe second major relof the focs groupsand the focus

of this section ishat they established a fosdcurity and agricultural production narrative for
each of the sites. Through listening to the people describe what they grow and what they eat,
important differences antbmmonalities between people in the different locatemsrged
regarding food security and agricultural production procegsasss the sites, the focus groups

followed a standardized format and consisted of four main activities:

1. Identifying local consumtion basket
2. Gendered food security mapping
3. Coping Strategies Index

4. Dietary Timeline

Focus groups were conducted in each of the sites, with an additional focus group in

KapeschombeKaplak parish in Kapchorwdor a total of five focus group workshops oafer
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Details of eactiocus group are provided in talb. The following sectionsvork through some

of the interesting insights provided by each activity.

Table5: Focus Group Participation

Location Date Number of Age range
Participants
KapchorwaUgandaKaplak Parish 12 February 2011 | 18 2371
Bungoma, KenyaNdengelwa Village | 22 February 2011 | 57 18-78
Tororo, Ugand&idoko Village 11 March 2011 15 21-73
Kween, Ugandd&wosir Parish 26 March 2011 20 20-58
TransNzoia, KenyaNaisanbu Village | 12 April 2011 20 22-70

Consumption Basket
In addition to helping develop site specific survey instruments, faougpgliscussions

regardingthe local consumption basket indicated important qualitative differences between the
sites. For onehemainstaple foodcconsumed varieacross locations. In Kenya, the staple is
overwhelmingly maize, which is finely ground into flour and preparasha$. Ugali is a stiff

maize porridgenade from boiling the maize flour with watém.Uganda, this disfs called

posho The mountains of Kapchorwa also allow for the productiomatfookeor cooking

banana, which combined wigioshoserves as the main staple food for this redio.ororo the

main staple food is cassava, which is grown all the year rauhti@vested continuously

(whether fully mature or not) as a buffer against food insecukigtookeis also consumed in

Tororo, but is more commonly reserved for special occasions. Rice is also commonly consumed

across the sites, but is not considerédsat a p tathara fdodifor guests.

| also learned that the varieties of mamanted and consumeliffered from site to site. While
Kapchorwa and Kit& had fully adopted hybrid maize for its yield advantates Tororo

producers did not purchasglnid seed, but a variety callecbhge 5, dower yieldinghigh
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lysine maize which has higher levels of protein. While the focus group in Bungoma reported
growing hybrid maize seed, the membetsogknew of people who tried to keep local varieties

and thewvomen brought up that it was important to also consume millet and sorgjalin

Legume consumption was another key point of variation. Red beans are grown unilaterally and
are generally agreed to be an important @@psumed bghildren. Of the sites,droro is the

best region for peanut production, and not surprisingly peanuts are a key component of the diet.
The focus groups in Tororo also reported commonly consumagjra,a sauce made from the
broken and weevil attacked cowpeas. Prepariagiraallowed the good cowpeas to be satd
relatively high pricesn the market.In Kitale andBungoma, soya beans haween increasing

steadily in popularity. Kapchorwa was the most limited in legume production, reflected in the

smallest numbers of varietieschdishes reported where beans were consumed.

Across sites, patterns of vegetable consumption had moved from consuming primarily local
greens toward a number of exotic greens, such as spinach and kales. Nearly all greens are
prepared with a combinatiai boiling and frying in oil. Mostdcal greens are soaked in calcium
bicarbonate before preparation to soften them and remove some of their bitter flavor before
preparation. The gathering of wild greens was often identified in the Coping Strategies Index

activity as a mechanism to cope with food insecurity.

Meat and dairy consumption varied widely between the sites. Milk consumption, alone and as a
part of morning and afternoon tea is standard in Kitale. In other sitesismodksumed less
frequentlyand incorporated into the diet largely through drinking &#nile milk teais common

in Bungoma and Kapchorwa, strong®&aalso consumed regularly and is considered as a

8 Teapreparedvithout milk and generally large amounts of sugar.
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culturally appropriate substitute. In Tororo, the lack of dairy production meanstihiag tea is

the standard with milk tea and consumption of milk by itself a much rarer treat.

Moreover,most households Tororocannot afford to purchase meat frequently. Thus, the
majority of meat consumption comes framena(Kiswabhili) or dagaa(Kiluhya), which are
small driedfish with a very strong oddhat can be purchased inexpenbive the market In
Bungoma, Kapchorwa and Torommenaprepared with a tomato and onion reliskommonly
comnsumed in times of food shortage. Whiletritious, many people associate eatmmenawith

poverty and consider it a less metd, even if necessary food fayusehold consumption.

Discussions regardingmenathe preparation omagiraandlocal greens, and the gathering of

wild greensas famine fods alerted me to severgnificant aspestof food security which

would be missed in the data collection effort. By focusing on Class 2 measures, the measures of
food security collected in the househsldvey do not reflect the social acceptabilityadds
consumed.Moreover, the food composition tables available do not reflect the impact of different
techniques for preparing vegetables, such as soaking in calcium bicarbonate, boiling and frying
or the effect of using the low quality legumes for hoosgtlconsumptionAs it is @mmon

knowledge that preparing foods which are of poor quality, boifmy@)g, decreasenutritional

value, the nutritional contribution fromnumber ofoods will likely be overestimated in the

analysis.

Gendered Food Security Mapping
In the gendered food security mapping, | asked the community members to identify the different

ways that men and women interacted to obtain food and tried to develop a sense of which
members of the household were responsible for what produstholllology for the food

security mapping activity was adapted from the Gender and Technology Networks Working
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Paper (Lamb, et al 201L8Vhen building the local consumption basket, | also asked focus group
participants to identify where and from whom differéoods came from. Upon completing the
consumption basket activity, | would then divide the groups up Ht@®@ups and give them 1

2 food groups to then map. | asked them to identify which household member was responsible
for getting the food, then dw where it was brought into the household from, and if the item was

produced for sale to also show where the item was sold, and who did the selling.

The main purpose of this actiyiwasto identify places where foods were exchanged and the
household rembers responsible for the individual faogvardbuilding an effective module for
inquiring about food networks in each of the communitiBise activity also provided a
gualitative sense of the level of control women felt they exercised sz thod equisition

Figure5: Food Security Mapping in Tororo networks.

Across the sites, a common pattern
emerged regarding gdered access

and contral Basically, when a food

crop was identified as highly valuable
and played an important role in
household income, the crop
buying/selling decisions were

controlled by men. As was rationalized by men in Bungoma and Kapchorwa when they were
asked to explain this finding, women were not to be trusted with valuable crops for there was
fear that women would sell the crops and speednoney on her own thingsiowever, this
activity provided some i mportant insights abo

instance, in Tororo it was common for women to make gifts of legumes or a small amount of
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cassava to their friends. In Kapchorwa, women reportedeiwier control over small fruit and
matookeentrepreneurial activities. Specifically, women would travel to the Kapchorwa or
Kamus market and buy fruits anthtookan bulk, and bring it back to their communities to sell
at a slightly higher price to themetworks of family, friends, and neighbors. The proximity of
the Kenyan sites to Bungoma and Kitale markets seemed to limit the demand for this type of
activity, as households could easily access fruits and vegetables that they did not grow

themselves tim these nearby markets.

In general, women exercised very limited control over livestock assets. For the most part,
livestock were sold to a local butcher and meat purchased outside home, with men making both
buying and selling decisions, though wonaea responsible for caring for the stamkd often

sent to do the actual purchasinghe two livestock assets over which women exercised some
control were dairy and poultry production. Poultry production was especially important to
women in Uganda. In Kechorwa, a peculiar pattern was reported regarding this relationship.
Eggs were rarely prepared by women, because the women usually brought these to market for
sale. Men would purchase the eggs, bring them home and prepare the eggs for themselves.
Likewise, in Kapchorwa women contributed the labor for milk production and decided how milk
would be utilized. This said, a significant finding here was that of all the different types of
livestock dairy and poultry production contributed the most directly teslkebold food security

as the only products produced and consumed within the home.

Coping Strategies Index, Food Network and Seasonality discussion
The third activity in the focus group was a Coping Strategies Index (CSI). In tivisyafocus

groups wee asked what community members did when food was not enough or money to buy

food was not enough. This was a difficult activity to facilitate, and worked better in some sites



49

than others. Across the sites, the selling of livestock was listed as a keg stiptegy to deal
with food insecurity, as was borrowing foadn a more well off relative. As revealed in the
data section hiis confirmed my concern with the potenlfa¢ndogenouselationship between

the Coping Strategs Index and network strength

Nevertheless, the CSI provided a good foundation to ask some exploratory questions about food
network activity and food scarcity. The geographic variation between the sites means that times
of food scarcity are very different between sites. In Toronwas acknowledged that food was

very scarce at the moment (tiarch) as most households were running out of their stores from
the previous season and the rains were coming late to Tororo, but that the situation would be
much worse irApril or May oncethe crops were in the ground. In the meantime, families could
survive off of continuous cultivation of cassava, harvesting small portions of the field for drying
and immediate consumption. Bungoma, which is more climatically similar to Tororo, was also
expeiencing some food shortage with the delay of the rains pushing back the planting season

and recognized that food scarcity would be the highest after the crops were in the ground.

In Kapchorwa, aimilar pattern was recognizeddd would be most scarae June, just after

crops were in the ground and before the early maturing crops were coming out of the fields. The
focus group reported that people would currently be working in wealthier households fields in
exchange for maize and small money. The wohescribed this as a vicious cycle. Because the
poor households were out of food, they needed to work in the fields for others, neglecting their
own. But the fields in Kapchorwa needed two diggings or two plowings to be their most
productive, and becausiee poor households were working for others during the first plowing,

many households would only be able to get in one plowing, and thus have lower yields and find

themselves in the same position the following year. This seems like a significant pamt whe
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conservation agriculture, by eliminating the need for two plowings might be able to contribute to
improving food security for the poor households in the region. This activity did not work well in
Kitale, as the cross section of women | worked with enftdtus group appeared to be some of

the wealthiest members of the community and said that they could not describe food insecurity

conditions.

As part of the discussiphposed the question i When do pfea mheighbernamdh an g e
friendshipnetwo ks most often?0o Universally, the foc.!
exchange when food was most plentiful, after the harvest. Conversely, when food is most

scarce, these networks are the least active, because households prefer to keept@hat limi

supplies they have. This was an important finding withptlegiouslyexpressed concern about

the endogeneity of food exchange networks to food insecurity. This finding would seem to

contradict the idea that people would be reaching into theirdogaisitionnetworks because of

food insecurityand the possibility of a negative correlation between food acquisition network

activity and food security. &her the qualitative evidence suppotftat food acquisition

networksoperate independentbf food insecurityor that network activity and food security

would even be positively correlated

Dietary Timeline
The final activity was a dietary timeline, whiencouraged thiacusgroupsto discuss how the

local diet had changed within their lifetimeShe activitybegan with the oldest member of the
group, and asked her to describe what the diet was like when she was growing up. In each of the

sites, this activity took on a life of its own and varied significantly from place to place.

In Tororo,lwasa | d a story of decline. As described b

was growing up, food was plentiful. There were antelope, lions, and large sturgeon in the rivers
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and we grew sor ghum, and had cattlhelattr om whi c
19806s and early 19906s, Tororo was producing
were devastated by weeds, pests, and disease. Straiga makes it almost impossible to grow maize
and sorghum, and cassava was attacked by Cassava mo€86.inClassava varieties were

imported from Nigeria with disease resistarimgt many of these varietiesegpoisonous and

required special handling andythg processes before they aade to eatlLack of training or

knowledge about these new varietiestcbuted to a number afnnecessary deaths.

Agricultural yields have declined over time, and the soils are much poorer than they were ten

years ago. Today, cassava grows best in the soil and has become the staple food. Farmers do not
receive adequate gport from extensioagents andfeel thatinputs from the National

Agricultural Advisory Services (NAADS) do not flow to those who need itidtliose who are

most well connected. Farmers do not trust extension workers or loan providers and mostly avoid

working with them.

In Kwosir, this activity took a very different direction from the outset. When | attempted to

identify the oldest woman in the group, we only found a woman in her late fifties. The women of

the group told me that there were simply viewy older people in the area, as most of them had
moved here in the 198006s with their families.
The people had come to settle in the forest after bloody conflicts on the plains during the

Museveni coup. TherBsident had promised the people that he would protect their safety and

that they could settle within Mount Elgon National Forest. However, this appears to have set up
decades of conflict between communities and the Uganda Wildlife AutfoNt%A). The

government has prohibited the communities from erecting any permanent structures, meaning

that as the population has grown, the community has not been able to build good schools or bring
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in a clinic. Community members are in constant conflithwhe UWA, vhich prohibits the
people from harvesting honey and bamboo and from running their livestock in the forest. People
caught by the authority are turned over to the police, and livestock captured are held with

community members asked to pay exorbitant amdonteir return.

The diet of the peopl® Kweenchanged because the soils and clinmatbe mountains iso

different than thglainsin which they grew up. In &pchorwa and Ween, the predominant

rotation is wheat, maize and Irish potatoes. Whilesthiks are fertile, it is much cooler in the
mountains, making it more difficult to grow beans and fruits. As a result, the common meal is a
combination of maize/Irish potatoes/ mingdledheat with greens, and meat when people can

afford it. Many familes keep livestock for milk and meat production.

Moreover, the Ugandan sites reported a decline in bean production, and a pattern of selling
beans because they fetched a higher price in order to buy more staple foods which made them
6f eel f ultdrmdwas cBnfirméd ind&apphartva in an interview with Dr. Masai Siraji, a
former clinician in Kapchorwads hospital. Dr.
a food security to a cash crop and were more often seen as a way of bringing mothey into
household to buy other items. Protein was obtained from meats on an infrequent basis, when the

family had enough to purchase from the butcher every few weeks.

In Bungoma, the dietary timeline exercise reported mostly changes in diet due to increasing
Western influence. The oldest members of the group reported eating a combination of local
greens, sorghum, millet, and maize wugal.| and

had discouraged people from drinking blood, and introduced exotic greelms&is spinach and

°The women described a dish of mingoled wheat which is prepared similartyalo but with wheat flour.
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kales, which now are the primary greens consumed by househaldlsuasawiki As in Tororo,
households described food as being more plent
different reasons. A numbef small households nowgagen sugarcane production, which

requresa commitment of at least two hectares to pitithn for a year and a half. During this

time households havess land on which to produce food crops. Women also described

pressures from their children to e#fetently. The children view eating sorghum and millet

ugali and local greens as backward, poor people foods associated with being a poor farmer who

comes from a village. The youth want to eat only magadi.

In Kitale, changes in diet were linked tvilncreased commercializan in agricultural

production. Both dairy and maize are produced at a large scale, and these two products fittingly
dominate the local diet, and the sales generated from agricultural surplus afford formers the
opportunity to purbase a variety of foods. Women in Kitale expected that the diet would grow
increasingly more diverse, and as in Bungoma western influence would become increasingly
more present through the availability of convenience foods and increased ability to purchase

food in the supermarkets in Kitale town.

In Bungoma and Torordhe women described a trend of the youth preferring to eat fried foods,
especially chips and fried chicken instead of boiled or roasted meat. Youth were also eating

fewer greens than thguarents. Despite the seeming conflict inspired with the demand for fried
foods from the youth, the introduction of oil
burden in cooking. Frying in oil allows foods to be prepared much more quickly thargboil

especially with greens. A further cross cutting theme was that to be food secure, households
needed to produce their own food, and to be able to sell some surplus in order to purchase more

food.
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Technology Network Interviews
While the main purpose aifterviews with agricultural service sector providers was to collect

additional quantitative data for the Technology Networks Cross Cutting Research Activity, these
interviews also provided interesting insights from agricultural service providers reghmin

they felt their work and the work of other service providers in the region impacted local food
security. A snowball sampling method was utilized in order generate a list of who to contact fo
these interviews. fie final module of th&ood Security ad Social Networksurvey listed all of

the agricultural service providers about which the households had been previously surveyed in
the fall, and the female household heaften with the male household heads input would

provide thename of a service pvaler andwhere/howto contact this personThese listsvere
screened andny individual whose name was reported more than five timassnterviewed
Agricultural service providensere also askedbout their contacts, and if a name came up more

than thee times wih the service providers these individuals were also interviewed

Tororo
In Tororo, this sampling method generated a total sample of 14 service providers of a variety of

occupations. Of the sites, this was the smallest number of servicemesiders identified and

in many ways signifies the lack of development of this agricultural production network. Local
actors, such as a |l ocal farmer group | eader,
and group savings, and a local preachere the most commonly reported individuals for

obtaining agricultural information. Few households reported contact with extension agents or

the subcounty chief. Local NGO agents and consultants from organizations such as Africa 2000

Network and PLAN Ugnda were also frequently reported by community members in Tororo.

These actors presented a broad range of ideas about local food security and dietary quality. One

respondent told me that food securityryiwas no
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farmer could practice continuous cultivation of cassava and that farmers should shift their focus
to producing profitable crops such as pineapple. However, the majority of the agents expressed
that their work was targeted poomoting local food secuyi. Such efforts included increased
diversification in crop production (especially maize and beans), livestock production in goats,

and local gardening projec¢tsspecially in schoals

Most of these efforts had a distinctly local orientation. While om@tagas focused on

increasing farmer knowledge about prevailing prices in local and major markets for different
agricultural commodities toward commercial production, the majoriagehts interviewed

were focused on improving local food production thiobhignd cultivation for consumption

within the home and community. eRources for commercial production seemed to not be
available locally. Not aingle member of the Kidoko and Kipangor communitegsorted

having a relationship to a credit organizatiorobtain loans for agricultural production and
community leaders and members frequently pointed to the lack of oxen and the near complete

disadoption of draft animal power in agricultural production.

Kapchorwa
Netwaks in Kapchorwa starkly contriasl withthose in Tororo, and heavily focused on

commercialized agricultural producti@respecially in the commodities of wheat, barley, maize,
Irish potatoes, and more recently, sorghum. Despite the fact that Kapdbistriet is not

heavily populated, there angore than ten agreet shopn the main street in Kapchorwa town.

A distributor for Kenya Seed, Mt. Elgon Seeéslalso located in the towkVhen interviewing

local agents regarding conservation agriculture and local food security, | was commonlgttold th
if conservation agriculture was profitable and could reduce erosion, it would be adopted. Soill

erosion was reported across agents as a major impediment to agricultural production, and farmer
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group leaders in the local communities identified extensientagas some of the key proponents
of technologies to reduce soil erosion on their fields. In some cases, this erosion was linked to
increased plowing practices with draft animals and tractors in commercial production.
Nevertheless, it was commonly refemt across agents that the best way to achieve household
food security was to grow a marketable surplus of staple commodiibes.recently, farmers

have been turning to commercial productiogens. Reports of Mt. Elgon Seed and many of
the local shop also confirm this pattern, as sale of seed for commercial production of greens

such as cabbage and kales had also recently increased.

The Kapchorwa Commercial Farmers Association, KACOFA, is a farmer founded organization
that now has more than 5000 migers and has played a key role in scaling up commercial
agricultural production in Kapchorwa. KACOFA has established strong relationships with seed
and credit organizations, and played a key role in encouraging Centenary Bank, which offers
loans to a bradrange of producers, to open a branch in Kapchorwa. KACOFA recently
received considerable funding from thekd Food Progranfor theconstruction of a large

storage facility for graio be distributed as food aid by Purchase for Progress. In speaking w
WFP agents touring the progress on the facility, they were incredulous that | was studying food
security in this region with such clear success in the production of staples. Nevertheless, as
insights from other agents and the focus groups impigctessin the promotion of staple crops
may not have made great strides toward increasing dietary quality and has led to an increasingly

starch and vegetable dominated diet

Bungoma
The agricultural service sector prders surveyed in Bungoma spabroad ange fromlocal

village level actorslf Past or s, youth group | eaderte, women?o
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actors based in Bungoma town, suciN&O and extension wkers. Extension workers appear

to be more involved and more trusted in the local conitytiman in any other location as key
sources of informa&in. Moreover, local barazasyé€ekly meetings with the Chielvere reported

as a key occasion through which agricultural information and resources were transferred. Most
felt that the process the @hfollowed for giving agricultural inputs suas seed and fertilizer

was fairand went t&community members most in neasdich as widows and very poor families.

Local farmer groups were also very developed. In particular | worked closely with the SENA
womends group, which worked on a number of ac
in maize, beans, and vegetables. Extension projects work across a broad range of projects, such
as improved stoves, livestock and animal health, and cropgrodwvith a special focus on

what were identified as food security crops, such as maize and beans. Interviews with extension
agents and the Chief also echoed the concern expressed by farmers regarding the growing

tension between cash crop production armving crops for food security.

Kitale
Agricultural production networks in Kitale were also oriented toward commercial agricultural

production in Trag-Nzoia district. First, it should be noted that this is by far the most populated
area. A total of 21 seice providers were interviewed, but there are more than 10evagro
shopsalonein Kitale town. The three interviewed werthosemost frequently reporteloly

community members, along with Kenyae®l and a fertilizer distributor. Agricultural research is
also very active in the Kitale@a and conducted by fertilizer and chemical compameshe

Kenya Agricultural Research Institute (KARI) center based in Kitale. Extension agents from the
Ministry of Agriculture work on a paid basis, and thus servetimasclientele of larger scale

commercial farmers.
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Despite the scale of agricultural production, only a very few agricultural service providers
seemed to support moving away from a Asubsi st
goal of even the tgest farmers | interviewed was to first be slfficient in maize, vegetable,

legume, and livestock production, and then profise§ing their surplus. &rgescalefarmers
interviewedlinked dietary changes and commercialization of agricultural mtaziuto the

increasing prevalence of lifestyle diseases, such as diabetes and expressed support for
government initiatives for research on orphan crops like cassava and local greens, which they
believed to be more nutritious than the exwtideties. Echnology networlknterviews also

highlighted the level of inequality existent in the Kibomet and Milimani communities where the
surveys were conducted. As explained by a vil
land or very little land and hate work the lands of others for food and money to provide for
their familieso. The sampled popul ation for
poor households, and in tmganner, the technology netwarkerviews helped to illustrate the

relationships between them.

Discussion and Hypotheses for Quantitative Work
The interviews with agricultural service providers in each of the sites clearly demonstrate that

not all production networks are created equal. For example, extension agents/seyve a
different role in each of the communities from environmental stewardship to promoting
livelihood activities and consulting on increasing the profitability of farm busind3gtent
crops are promoted within different networks, such as the promoticommercial staple crop
production in Kapchorwa and tecus on livestock, gardening projects, and crop diversity in
Bungoma and TorordMoreover, perceptions of food security and dietary qualiteddfeatly
between agents and across sifEsesedifferences may offer critical insight in the later

guantitative work.
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The activities in the focus groups and technology nste/helped me to understand important

differences between the sites, and to highlight key variables which might be signdicant t

modelng foodsecurity more accurately. Most distinctly, this qualitative work helped me to

appreciate how different these sitesfaoen one another have summarized these contributions

in the formof network and food security hypotheses below

Netwak Hypotheses:

5.

6.

Households with strong networks for agricultural production will be more food secure
Households with strong networks for food acquisition will be more food secure
Activity in food acquisitionnetworks will not be endogenous to food security

Farmers in Kapchorwa and Kitale will have greater contact with Technology Networks
Farmers from Tororo will report the fewest Technology Network Contacts

Technology networks will have a different impact on dietary quality across sites

Food SecurityHypotheses:

1.

Dairy and poultry production, as household assets which women unilaterally exercise

more control, may be important factors to household food security

. Tororo will have the highest level of food insecurity

Kapchorwa will have a higher percentage ofrggesourced from staples than other sites
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Chapter 6: Food Security Analysis

The difficulty associated with measuring food insecurity in developing countries has produced a
broad cross section of literature which docuraertdmpars and evaluatedifferent food

security and dietary quality indicators across cultural contexts (Webb et al 2006, Coates et al
2006, Maxwell 2008, Weismann et al 2009). In an effort to contribute to this literature, the
primary purposes of this chaptareto: 1) summarize thedy indicators for food sectyiand

dietary quality measured the variousstudysitesand2) describe the relationship between

different indicators for foodecurity and ditary quality. These taskse @complisted through

the analysis o combinatiorof graphs summarystatistics, and correlation coefficients

Summarizing Food Security and Dietary Quality by Site
As described in @apter 4, this thesis measures foedwsityand dietary qualitysingdaily

calorie intakea WFP FCS andhe percent engy from staples. Th&ble below reviews the

calculation and thresholds for these measures

Table6: Food Security Measures and Thresholds

Measure Calculation Test Scale
> 24 Hour Calories corumed| 1. <2350 1. Insufficient
El Dietary Recall| over 24 hour 2. 23503000 | 2. Borderline
S period 3. >3000 3. Acceptable
n Food Number of days o} 1. 0-28.5 1. Poor
3 Consumption | which different 2.29415 2. Borderline
2 Score (WFP) | food groups were | 3. >42 3. Acceptable

consumed

Percent Percent of calories 75% + 1. Very poor diet quality
> > | Energy from | consumed from | 60-75 2. Poor diet quality
g § Staples staples 40-60 3. Adequate d?et qual@ty
ao <40 4. Very good diet quality

Sources: (Smith and Subandoro 2008, World Food Bneg008)
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Figure7: 24 Hour Dietary Recall
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Figure6: WFP FCS
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dietary recallAs displayedgvery site has some proportion of women consuming less than the
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recommended calorie threshplult that this proportion, consistent with the hypothesis offered at

the conclusion of Chapter 5, is the largest in Tororo.

Figure 7seems to indicate that, compared to the calndieator, the WFP FCS tends to

underestimate populations of food ingexpeopleThis finding isconsistent with other

researcherg/ho
Figure8: Percent Energy from Staples
compare the WFP
Dietary Quality by Site:
Percent Energy from Staples FCS tocaloric
30 indicators
3 0 (Weismann, et al
o 60
@ 50 2009). An
3 40
L3 7 additional indication
o
8 20 thatthe WFP FCS
10
0 may be under
Tororo  Kapchorwa Bungoma Kitale
identifying
m 75%< m60-75% m 40-60% m 40%>
individuals

suffering from food insecurity is that 31%the households in Tororo made a verbal report of
food insecurity, wheredsigure 7suggestshat only about @ of households in Tororo are food
insecure. However, an interesting observation that can be made is that in Bungoma
approximatelyl 7% of the hauseholds surveyed move into the borderline category. In Kitale, |
suspecthat the lack of individuals who are classified as food insecure by the FCS is due to a
combination of daily milk consumption and the availability of a variety of foods in the most
urban location of all the sites. This finding is also consistent with the perceived low level of food

insecurity bythevo menés f ocus group in Kitale.
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Figure 8showcases the greatest degree of within site varidtiofororo, there is significant

minority with very poor or poor diet quality as indicated by a heavy reliance on stijges: 8

alsoseems to confirm the qualitative description of Kapchorwa having the most carbohydrate
dominated diet, with the majority of heeholds concentrated in the-80% carbohydrate

consumption category. While this is described as an acceptable range for developing country

dietary quality(Smith and Subandoro, 200&)is notable that Kapchorwa has the fewest number

of people with what is described laigh dietary gality (consumindess than 40% of their

energy from staplg¢sCountry differences are also the most pronouncé&igure 8 While more
similarity between t he hashheeg praviousinabsefydceeewdo pot en

Bungoma and Kitale are neaitientical in their profiles of dietary quality.

Is there an Upward Bias in Food Security Measures?
Something that can be easily observed from these charts is that batiethgd-ood

Consumption Scores and the total calories consumed by the femaddblduseads seem to be

very high. Subsequently, there is a possible disconnect between the reported food insecurity
across the sites and the findings of the food security surveys. In attempting to explore this
problem, | contacted several nutritional expebout what may be occurring in the data. First, it

was suggested that this was likely a high consumption period as | conducted my surveys during
planting season. While this tends to be a time of shortage, it is also a time of high caloric
demand, wheractivity levels (especially for women who participate in much of the hand labor

for land preparation and planting) are substantively increased. Secondly, the manner of collecting
data in which individuals are asked to report in terms of frequency veisias stcaight recall

tends to result in over reporting rather than underreporting of consumiggoizrfiark and

Barbeayers. omm. June 2011).
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Another potential source of error for calories is that | was matching the calories to the food
composition tales for Tanzania and several other minor sources. This required some level of
substitution and certainly has resulted in some of level of inaccuracy in reporting calories.

However, | would not anticipate this error to be biased in a particular directexpeessed here.

Obtaining appropriate serving sizedacus groups may have beproblematicasgroups may
provideupwardly biased serving sizds.order to correct for thig,cross checked all of the
serving sizeseported by the focus groupsth thosepresentedn the Tanzaia Food
Composition Tables. WWen a serving seemed particularly high, | adjusted the figuresveaman
to more closely represent the figureghe food composition tableghe accuracy of reported
serving sizemay have improved gach female household head was as&ezhow with the cup
how much they had consumed of a particular food on the previoubleegrthelessthis

procedural change mdnave increased survey fatigue and created further measurement error.

Figure9: Total Calories

Measurement Er ror and
Appropriate Functional Form
for Modeling Food Security
Probing further into this issue of

Distribution of Total Calories

= Laogistic

potential measurement error, | have
created a frequency distribution of
the total caloriesThere are several
key observations we can take from
this caloriedistribution. First, there

seens to be several extreme

- T T
oo 5000.00 10000.00 15000.00 20000.00

Total Calories
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outliers in the data of women who are reporting more than 12,000 calories per day. This is four
to five times the allotment recommended for a womareawvi physical activity used in this

analysis Theclustering of data at the lower end of the distribution at under 1000 calories per day
also signifies that there is likely measurement error for the lower end of the population. This is
also not surprising, as the poor and food insecure can often beshdifficult individuals from

whichto obtain good datduring the survey process.

Nevertheless, even with this

FigurelO: Natural Log of Calories

potential measurement error it
Distribution of the Natural Log of Total Calories

— Normal appeargrom Hgure 10that
total calories follow a log
normal distribution and that
there is certainly adeaqte
variation in the sample. This

suggests that before the variable

be utilized in linear regression

o]
B84
! AL

Matural Log of Total Calories

that t be given a log

transformation As such, while
there is cedinly measurement error, itamticipatel thattheerror is likely to be normally
distributed, especially aftaransformatiorwith a log The potentially significant measurement
error in the total alories also suggedtisat an alternative approantay be appropriate in the
multivariate modeling of food insecuritynstead of framing amgses in terms of food security

or insecuritythe analysis can focus evhether variables contribute to @etract from calorie
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procurementThis assumes that measurement error is random after conditioning on explanatory

variables.

Summarizing the WFP FCS

Several other factors may be
Figurell: WFP Food Consumption Score

coming into play with the
Distribution of the World Food Program Food Consumption Score

= Mormal

calculation of the World
Food Program Food
Consumption Score. As
described in Chaptet, this
thesis approximates the
WFP FCSby taking the

highest reported number of

5 Snégég ggggg g BN servings for a single food

2000 4000 60.00 80.00 100.00 120.00

— outof a food group. @e

would expect that this method would produce lower food consumption scores rather than the
generally high scoreshown inthe frequency distributionBearing in mind that the current
thresholds set for the WFP FCS are 42 and 28.bdaterline and very poor diet quality, it can
be easily observed that only vesyall portion of the surveyed populatibave values below
these threshold®kecallingFigure 7(which comparethe FCSacross sitesit is clearthatthe

FCSis underestimang the population of food secure persons compared to the todédrees
variable.This result is contrary to the expectation taindicator for dietary quality shuld pick

up hgher levels of food insecurity, as in the ordéthe food security expeencesufficient

quantity is typically achieved more easily than adequate vdgeaslity) in the diet.
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Similar findings have been documented by a number of researchers who have attempted to apply
the WFP FCS in the field. Weismann et al (2009) testedVFP FCS in Burundi, Haiti and Sri

Lanka through comparing the calculation to measures of dietary diversity and daily calorie
consumption. While the FCS tracks well with the other indicators in two of the sites, the

indicator performed poorly in Burundfi In particular, the WFFECStended to strongly

underestimate levels of food insecurity compared to icalodicators As a result of their study,

the authors make several suggestions to attempt to improVeRRa&=CScorrelation wih the

caloric indicabrs and thefficiencyof the WFP FC$nh estimating food insecurity. First, they
recommend including a quantity restriction to ensure that foods consumed in small quantities do
not provide a disproportionate contribution to increasing the score. Thiedltresiggested by
Weismann et al (2009) is 15 grams. Second, the authors recommend either raising the FCS
thresholds or altering the WFP FCS from an 8 category classification to a 12 category
classification in order to improve the quality of the instrutienclassifying households. Third,

the authors advise experimenting with removing the truncations which cap the contribution of
any one food group. Fourth, the authors suggest doing away with the weights on the various food
groups, but are cautious alb@oing so as they believe that the weights have some merit in
expressing differences of dietary quality. Following these recommendad#loBside

(unpublished mimeocalculates a neweighted FCS to compare to caloric measurespitot

project in Niger and finds the neweighted FCS to be more highly correlated to caloric

measures than the traditional FCS.

This research has attempted to incorporate these suggestions to improve the quality of the

indicator and to conduct a more thorough examinatidhefelationship between the different

19 NotaHy, this is the location most geographically and culturally comparable to Kenya and Uganda. This might
suggest that particular circumstances in East Africa affect the WFP FCS as an indicator of food security.



68

indicators of food security and dietary quality. No servings of less than 15 grams are included in
the calculation bthe FCS. Additionally, a ndnveighted scoréFCSnw)is calculated alongside

the weighted score faestingagainst the calorie indicator.

Relationships B etween Measures of Food Security and Dietary Quality
Despite thesvidence of theipward bias in the measurement of food security by caloric data and

measurement dhe FCS, it is still important towestigate the relationship between the calorie

and WFP FCS data collected. Recognizing that the weighted WFP FCS is also supposed to
represent dietary quality, | also investigate the relationship between the FCS and Percent Energy
from Staples. If the F& is measuring what it should, then a positive correlation with calories is
expected. However, since dietary quality decreases as the Percent Energy from Staples in the diet
increases, a negative correlation with Percent Energy from Staples would itita¢abe FCS is

also capturing some elements of dietary quality. In order to justify the use of a parametric
correlation statistic, | have used the log(calories) functional form, which more nearly

approximates a normal distribution and thus is the ap@iepiora Pearson Correlation.

Table7: Correlations Between Food Security and Dietary Quality Measures

Variable WFPFCS |WFPFCSnw| Log(Calories)
WFPFCSnw 900
Log (Calories) 305 245
Percent Energy from Stapl -.132 -.128 012

**Correlation is signifi@ant at the 0.01 level {&iled).
* Correlation is significant at the 0.05 leveli@led).
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These correlationgresented in Table &re consistent with many previous findings about the
relationships btween food security and dietary quality. First, there is not a statistically
significant relationship between total caloréesl percent energy from staples. This is consistent
with previous researciwhich findsthat sufficient quantity does not necedsitsufficient qiality

in the diet. Howevertable7 does present a number of interesting insights about the relationship
between the FCS, calorie consumption, and dietary quality as measured by the Percent Energy
from Staples. There is a significgrdsitive relationship at the .dével between the log of

calories and the weighted WFP FCS and a significagative relationship at the .G5vel

between the Percent Energy from Staples and the weighted WFP FCS. These results suggest that
the WFP FCS is aehbst partially accomplishing its dual objectives of serving as an indicator of
sufficient quantity and quality of the diet. kmver, unlike the findings of McBride

(unpublished mimeg the norweighted scores do not seem to improve the correlation etah t
calorie intake as the nameighted score does not appear to have a signifjcsinbnger

correlationwith calorie intake.
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Figurel2: WFP FCS and the Natural Log of Calories Recognizing that there was a

statistically significant positive
Relationship Between the Natural Log of Total Calories and the WFP FCS

relationship between the WFP
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suggested by Weismann et al

(2009). Toward this enda
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scatter plots of WFP FC&hd he
natural log of calories wanstruted. Areference lin®n the xaxisindicatesthe food security
cutoff at 2350 calories used in this thesis. Howevedeasonstratedhe range of food
consumption scores for housett®behind this line is very broailom as low as a score of 30 up
to ascore of 100. By contrast, there seems to be more convergence between the calories and food
consumption scores at a higher level, a pattern which becomes especially visible with the log
functional form. This is the range of observations likely drivingstiagistically significant

correlation between calories and the WFP FCS.

In figure 12 the broad range and the relatively even distributiath@WFP FC®elow the

caloric threshold for food securjtguggests two major factors may be at work. Rinste is

likely significantmeasurement error present at the lower levels of consumption. Steond,
WFP FCS indicator may dess precise at these lower ranges. This is not encouraging for the

further application of the FC&s the indicator is meant to A&uick assessment tool for
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diagnosing ®éod insecure peoplesSubsequentlythe figureslo not provideany strongevidence

thatthere might be a natural breakwhichto relocate the WFP FCS thresholds.

Conclusions and Contributions for Model Developmen t
This analysis of the food security and dietary quality indicators presents several significant

findings toward the development of a model for food security and dietary quality. Most clearly,
there is little doubt that there some error in measurirggaiy caloric intake andhe WFP FCS.
Moreover, this measurement error is likely concentrated in the lower and upper ranges of the
observations for both indicators. In particular, the measurement error at the lower range of the
observations makes it diffiduio use either the caloric measure or the FCS for the classification
of households as food secure or insecure for modeling purposesvétpthe adequate
variation,approximately normal distributions, and statistically significant relatioriséiywveen

the two indicatorsuggests that both may be used for developing models of calorie procurement

and dietary qualityn a multivariate regression analysis.

Chapter 7: Social Networks and Enumerator Effects

Building on the work begun in Chapter 6, this chapflies statistical techniques to investigate
remaining hypotheses developed during the qualitative work and field olisesvagarding

social networks ansite differenceslnitial analysis of summary statistics regarding social

networks highlights kedifferences between network composition across the sites. Later sections
follow up on concerns with potential gender bias introduced in Chapter 4 by using mixed teams
of male and female enumerators. Subsequent regression analysis examines the impacts of

enumerators on both food security and food network variables. Through these activities, this



chapter identifies several key factors todontrolled for in developing tHaal model

specification for estimatinthe impact osocial network®n food secuty.

Social Network Data
As discussedn the data sectiomata was gathered on thitgpes of network all sites:food

acquisition networks, friendship networks, and technology networks. The technology networks
may be further disaggregated to studyetignt patterns for networks to access agricultural
resources and agricultural knowledge. The different meapugsentedn table 8are provided

for reference in this chapter for interpreting graphs which summarize many of these measures by

locality andthe calculation of Pearsoro@elations between network measures in later sections.

Table8: Measurements of Network Strength and Their Calculation

Technology Network Variable Description

Agricultural Resource Network | Cownt of number of different contacts for agricultural
Degree resources

Agricultural Information Network | Count of number of different contacts for agricultural
Degree information

Average Agricultural Network Average of the Agricultural Information NetworkeQree
Degree and Agricultural Resource Network Degree

Average Agricultural Network Total of the Trust scores for the agricultural network
Trust divided by Average Agricultural Network Degree
Average Agricultural Network Total of the frequency scorés the agricultural network
Frequency divided by Average Agricultural Network Degree
Food Acquisition Network Description

Variable

Food Acquisition Network Degre¢ Count of total Food Acquisition Network Contacts
Average Food Acquisition Total d food acquisition network trust scores divided b
Network Trust Food Acquisition Network Degree

Average Food Acquisition Total of food acquisition network frequency scores
Network Frequency divided by Food Acquisition Network Degree
Friendship Network Variable ' Desgaiption

Friendship Network Degree Count of total Friendship Network Contacts

Average Friendship Network Total of frequency scores divided by Friendship Netwq
Frequency Degree
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Summarizing Networks by Site
Figure 13reports the average degrenunber of contacts for each type of network across the

Figurel3: Network Degree

Average Degree of Network Contact
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four sites. Thidigure reveals several important characterist€setworks in eacBite The most
notable observation is that Tororo seems to be the most socially isolated site, with the lowest
avera@ number of contacts for every typenetwork, although there is not a significant
differencebetweerthe size of food acquisition and friendship networks compared to the other
sites. Nevertheless, th@v number of agricultural contacts in Tororo is dstent with the
observations made in the focus groups and technology networks surveysthating hypothes

that farmers in Tororo would regdhe fewest technology network contacts































































































































































































































































































































































