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Abstract: Micro-level measurement of food insecurity is @essary approach towards a more feasible solutidhet
global problem for proper classification of houdesoby food insecurity status. Measurement of fawgkcurity is a
challenge because it is a multi-faceted latenta@mdinuous phenomenon explained by a wide rangetbf quantitative and
qualitative variables. In this paper, we examireglduantitative variables and applied exploratacgdr analysis to identify
which of them significantly influence household domsecurity. Logit models were then developed gighre variables
identified. Further, empirical data obtained froordro and Busia rural households in Uganda werd teséit the models.
Four logit models based on four scenarios were Idped and compared. The key findings pointed toféw that if
households were to be correctly analyzed and €led$nto the right food security category, a hghdiependent variable that
represents as many aspects of food insecurity asitpe should be used. The model correctly clasbifi0 % of the
combined households for two districts. However, mfiged for separate districts, it was establistiet 99% of households
in Busia and 96% in Tororo district respectivelgresfound to be food insecure.
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indicator variables for each of the components thas=fore

1. Introduction generated and analyzed [3, 4].

Food insecurity is a situation in which individuals not )
have physical or economic access to the nourishtheyt 2. Materials and Methodology
need and no access to cash or resources for pnogdiood.
Measurement of food insecurity is a challenge bsedlis a

multi-faceted latent and continuous phenomenonagxedl ] o ' g
farming and fishing for those who live near riversby the

by a wide range of both quantitative and qualitativ s X ,
hores of Lake Victoria. They experience two raegsons

variables. Poverty and food insecurity are stron% - -
correlates[1] which are experienced by a significan arch/April and August/October. Typical food crop®wn

proportion of the Ugandan population. Governmefares &€ millet, sorghum, maize, sweet potatoes, cassae
to ensure food security and adequate nutrition dr P€ans, and ground nuts. Fruits are not commonrergrawn
people[2] in Uganda meets a number of challengeause DY @ few households and they include Jackfruitnges,
food insecurity is a multi-faceted latent phenommenoPassion fruits and some sweet bananas. The seifeaerally
explained by many different variables which conttéoto  POOr in most parts of the districts as they hawanhlmver used

the phenomenon’s different proportions of influentais ~ and yields are low unless manure is applied[s, 6].
paper proposes a guantitative method for measurteafen _A two-stage stratlfl_ed sampllng_ design was ”Sedm’he
food security that incorporate many measurableaibias of districts were strata, first stage units were lamalncil ones

all food security components — food availabilitypél access (LC1's) and second stage units were householdd[ié
Secunty pon . e " overall sample size was 1332 households with a igsiiohe
food utilization and coping strategies as possibldist of

error / = 8% for the district and 4% for overall estimates.

The study area was Tororo and Busia districts istdta
Uganda which largely survive on crop farming, ardima
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The design effect used to cater for clustering Was2 and

the non response rate was assumed to bel0%. PlersdiVhere: @ =

interviews using structured questionnaires wered use
collect primary data from household heads or thpguses.

Focus group discussions and Key informants intersie

were conducted to validate information on pricesfanfd

crops, local measures used for crop sales likedbaskes,
tin sizes and their corresponding prices, existiragkets and
the food situation in the area. Information on gitees of

food and non food items were recorded in local messs
then converted to standard measures of shillinigggriams
and liters before analysis. EPIDATA software apgtiien

program was used for data entry and cleaning.

The first phase of the analysis was identificatioih
variables that significantly influence food availdf, food
access, food utilization and coping strategies[8En using
exploratory factor analysis, we determined thedecthat
each of the identified variables was uniquely aisged with.

Logit Models for Household Food Insecurity Cléissition

(a+B1X 1+ BaXotoot B X )

1+ e(”+/31x1+/32X2 ------- BkXk)
B = the coefficient of thej " independent variable; for i

@ = the constant of the equation

Food security status was taken as a dichotomous
dependent variable with a household being eitherd fo
secure or food insecure. The predictor variablesbésined
through factor analysis were mixed — continuous and
categorical. A logistic regression model was cartdéd
using the predictor variables with Food securigtist (%)
as a logit function. The model is expressed as:

Y, =a+zk: BX +¢&
i=1

)

The main purpose of using factor analysis was dat@/here: Y; =A Logit function — Food security statusgy
reduction. Factor extraction was done using Prlacip was the constant — food security status when tleetefof

Component Analysis technique. Exploratory factaalgsis
was used instead of confirmatory factor analysisabse
there was no prior information available on thead&f. In
this study, 43 explanatory variables of food insgguwere
analyzed using exploratory factor analysis aftesciplg
them into three major groupings: 10 for food availlty, 22
for food access/coping strategy variables and tifdod
utilization. The data set used was 2009 food sscdata
collected from 1175 households.
reduced to 26 (60%), 5 for food availability, 14 food

access/coping strategies and 7 for food utilizatibime 26

variables distinctly associated with 7 factors. Theables
were then used to develop logit models for classiifbn of

household food security.

Logistic regression analysis was initially doneavapely
for the four variable categories — food availahilifood
access, food utilization and coping strategy big did not
yield plausible results hence the decision to comlaill the
variables. All except total land area were categori
variables. Logistic Regression was then used fiatyais
to correctly predict the category of insecurity far
household.

Model Estimation:

The independent variableX;, X,,............ ,X,can take on
any form since logistic regression makes no assiomgpt
about the distribution of the independent variablEse

dependent variabley is dichotomous taking on a value of 1

with a probability of succesgor 0 with a probability of
failure 1-6) -
variable and the independent variables is a
transformation ofg given as:

Y = Logif 6(X)] :Iog{ 609 }

1-6(x)

=a+ B X, + B, X5 BX +..... B X, (1)

The 43 variablesew

The relationship between the dependent

the independent variables are zero.

Byl =1....k Coefficients

Xi,i =1,.....K Independent variables

& = The error term

The model was built stepwise using both forwaredin
regression and backward linear regression procedure
Testing coefficients of independent variables wasedusing
the Wald Test Statistic and the Likelihood RatiostTe
Statistic. For the Wald Test, when the p-valuehef Wald
statistic was less or equal to 0.05, the variablas w
considered significant and was retained in the mhd&tlaen
p-value was higher than 0.05, it implied the vaeatid not
make a significant contribution to the model andswa
therefore excluded from the model. The Wald tessiglly
more reliable when samples are sufficiently largevas
used in this study as there was no danger of hives dhe
big sample of 1175 households used. The Likeliheato
test yields more reliable estimates than the Weddl when
samples are small. It is obtained as the ratio hef t

maximized value of the full model likelihood furmti L,
to the maximized value of the simple model liketdo
functionL, .

The likelihood ratio-test statisti(rﬁlog[%]

=—Zlog(L,) —log(L)] = —2[L, — L] (3).

This log transformation yields @(2 statistic which is
preferred in backward stepwise regression analysisen

l0gthe p-value of the likelihood-ratio test statisties less or

equal to 0.05, the variable was considered sigmtiand
retained in the model. When the p-value was highan
0.05, it implied the variable did not make a siguiht
contribution to the model and was therefore exafufiem
the model.

The Hosmer-Lemshow test statistic was used to sitlses
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goodness of fit of the model to the data. The hytlothesis subjected to factor analysis with the followinguks. Food
here was that there was no difference betweenrgdiqgied Availability Factors: Factor 1 wasand area and food
values using the model and the actual values of thHearvested(variables included: Total land owned, total area
dependent variable. If the p-value of the Hosmed ancultivated and total food harvested). Factor 2 Wwasd
Lemeshow goodness-of-fit statistic was less or Egua 05, Production Trends and Expectatiofgariables included:
we rejected the null hypothesis. If it was gredliian 0.05, Production trends in past 5 years and whether ptamu

we failed to reject the null hypothesis and conetlithat the expectation was achieved). Food Access/Coping
model estimates did fit the data well and explaimeeth of Mechanisms Factors: Factor 1 wasbility to access food
the variance in the dependent variable. The higleralue (variables included: Worried food would run outpdbdid

of the test statistic the better the model fit. not last, running out of food and money, did nowveha
balanced meals. Factor 2 wasping by reducing amount of

3. Results food eater{variables included: Cutting meal size, eatingles
hungry but not eating). Factor 3 wesping by skipping or

3.1. Descriptive Satistics missing mealqvariables included: Not eating whole day

children, adults, Skipping meals and weight lo$3)od
Utilization Factors: Factor 1 was Poor, cheap laaldy or
less foods (variables included: No balanced meals,
Frequency of meals, eating less, losing weight, tmst
foods). Factor 2 was commonly eaten foods for luach
supper (variables included: Lunch, Supper for bedoyears
and Lunch, Supper for household members abovers)yea

A set of 10 food availability variables, 22 foodctass and
coping strategy variables, and 11 food utilizatiproxy
variables were identified[10]. The specific variedbin each
category can be found in the Paper by [3].

3.2. Summary of Resultson Correlations, Determinants,
Singularity and Multi-Collinearity

The variables were subjected to a series of tBsisthe 33 Logistic Regression Results

variables that were eventually selected for faetoalysis,
the determinants of the R-matrices were all gretht@n the

threshold ~ of = 0.00001 implying there was NOgeqyyity. In the second, food stored was takeretthb food
muItl—chImeanty. There were no correlations gmfathan _ security proxy variable and in the third, food rested was
0.9 which meant there was no problem of singularity,seq The aim here was to establish which one wae m
Bartletts tests were all significant implying om@l  onresentative and best in correctly classifyinge th

matrices were not identity matrices and implyingy,,seholds as food insecurity status. Scenarioificiity
relationships existed between the retained varsabke having food access

summary of the test results can be found in Tahie the
paper by [3]. The variables that passed the testee w

Three scenarios were considered. In the firstjcditffy
accessing food was taken as the proxy variablefdod

Table 1. Model: Dependent — Difficulty having food access.

Variable B S.E. Wald df Sig.
Children  skipping meals because there wasn't énoug -1.28 0.206 38.45 1 0.00
Worried whether our food would run out -0.69 0.259 7.03 1 0.01
Commonly eaten Lunch for household members oveabsy 291 1.32 4.89 1 0.03
Food production trends for last 5 years. -1.28 0.58 4.82 1 0.03
Couldn't feed children a balanced meal 0.54 0.27 3.92 1 0.05
Children ever not eaten for a whole day? -0.45 0.23 3.90 1 0.05

Scenario 2: Food Storage as dependent for Foodifecu who did not store food were 55% and those who dttwed
Variables in the model are shown in Table 2. Therhier were 45%. The model correctly classified 78.1% lué t
and Lemeshow chi-square was 2.75 with p-value 49.9 households.
showing the model passes the goodness-of-Fit Tésise

Table 2. Model: Food Stored as Dependent variable.

Variable B S.E. Wald df Sig.
Children skipping meals -1.07 0.25 17.8 1 0.00
Relying on few kinds of low-cost food to feed otildren -1.32 0.41 10.18 1 0.00
Losing weight 0.69 0.23 8.86 1 0.00
Ever cut the size of children's meals 1.17 0.52 5.05 1 0.03
Couldn't feed our children a balanced meal 0.78 0.39 3.94 1 0.05

Scenario 3: Food Harvested as Dependent variable 1,000 Uganda shillings (40 US Cents).
Food harvested was used as the dependent varidble w Variables in the model are shown in Table 3. Therhier
households having harvested no food or food wexth than and Lemeshow chi-square was 2.269 with p-valuedZ2.
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showing the model passes the Goodness-of-Fit Testse harvested as the dependent variable classified more
who reported harvesting food worth less than 40,00Bouseholds (82.1%) correctly compared to the muagleil
shillings (US$16) were 70% and those who harvestere  difficulty accessing food (75.8%) and the one witlod

food were only 30%. This model correctly classif&él1% storage (78.1%).

of the households. Therefore the third model basetbod

Table 3. Model: Harvest as dependent variable.

Variable B S.E. Wald df Sig.
Total area cultivated 0.29 0.07 16.35 1 0.00
Difficulty accessing food -0.96 0.22 18.92 1 0.00
Total food stored -1.60 0.21 60.56 1 0.00
Total land area 0.35 0.13 7.01 1 0.01
Ever not eaten for a whole day -0.68 0.26 7.07 1 0.01
Frequency of borrowing from friends or relatives? -1.83 0.70 6.83 1 0.01
Total combined Family income category for past c 21.64 9 0.01
month?
Table 4. Summary Table for the three Models
Model: Dependent — . Model: Dependent -
Variable Difficulty having food D ot Whether or not Food is

Total Food Harvested

access. Stored

AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA
AAAAAAAAAAAAAAA

Commonly eaten Lunch for household members overabsy
Children  skipping meals

Couldn't feed children a balanced meal

Food production trends for last 5 years.

Worried whether our food would run out

Children ever not eaten for a whole day?

Ever not eaten for a whole day

Difficulty accessing food

Frequency of borrowing from friends or relatives?

Total combined Family income category for past moath?
Total land area

Total area cultivated

Total food stored

Losing weight

Ever cut the size of children's meals

Relying on few kinds of low-cost food to feed ohildren
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SSSSSSSSSSSSSSSSSSSS
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Table 4 shows that there is hardly an overlap afbtes Scenario 4: Creating a hybrid dependent variable

for the three models except for 2 variableShildren

skipping meals”and “Couldn't feed children a balanced

meal” which were found in the first model with “difficiyl
having food access” as dependent variable and thadel
with “whether or not food is stored” as dependeariable.
This implies that although each of the variablesnigortant
in explanation of food insecurity, the models disinate on
which ones they consider significant in explainagiven
food insecurity component.
A more wholesome picture of food security whichemk

into consideration all the variables in the threedsls is
therefore one with a hybrid dependent variable vtita

The three variables used as dependent variabldisein
earlier models each reflected an aspect of foodrigc
Table 4 shows that there was hardly any overlaprdot
independent variables of the three models andhgst all
assess some aspect of food security. In order itag br
together the effect of all the independent varialdé the
three models, an additive dependent variable candpithe
three dependent variables was obtained. The rd¢idiae
was that, in reality if one was food insecure, dud mean
he or she had difficulty accessing food, he/she nwyhave
had adequate food stored or may not have had atgowdst.
Combining the three aspects of access difficulorage and

explanatory variables of all three models combinediood harvest to come up with a hybrid dependeniatéer
Therefore, this paper proposes an additive model astered for the multi-faceted nature of food seguri

explained in scenario 4.

Table 5. Compound Food Security Dependent Variable Modtl all Households.

Variables in the Equation B S.E. Wald Df Sig.
You or other adults in your household) ever getifooborrow money for food from friends or relag?e 1.77 050 12.54 1.00 0.00
We worried whether our food would run out beforegeé money to buy more. -2.64 092 8.19 1.00 0.00
Did any of the children ever skip meals becausesth@sn't enough food or money for food? -1.41 052 7.50 1.00 0.01
Which category represents on average the total @mdhncome of all members of this Family duringt 0.22 0.09 5.96 1.00 0.01
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Variables in the Equation B S.E. Wald Df Sig.

past one month

Did you ever cut the size of (your child's/any leé thildren's) meals because there wasn't enowghdio
money for food?

Did you get less or more than expected or as eggdodm your crops 1.66 0.77 4.62 1.00 0.03

404 167 5.87 1.00 0.02

A condition was therefore created where a food reecudone for the separate district datasets. It waabbshed
household was defined as one who either had adeépad from the analysis that 99.2% of Busia householdsewe
harvested; food stored or had no difficulty acagg$pod. A found to be food insecure while for Tororo, 96.2%le
household would be considered food insecure ifad ho households were food insecure.
food stored, had little or no harvest or had diffig The model correctly classified 91.5% of the Busia
accessing food. Variables in the model are predent€able households. Variables in the model are shown irleTéb
5. The Hosmer and Lemeshow chi-square was 3.5 witWhen the model was applied to the Tororo dataget, i
p-value of 0.893 showing that the model passes thmorrectly classified 94.3% of the households. Weher
goodness-of-fit test. Those who were food insecur89.7% of the households were correctly classifiedhie
according to the combined model were 83.7% ancetid® combined dataset, when the datasets were sepabgted
were not food insecure were 16.3%. The model ctiyrec districts, higher percentages of households (91.88e
classified 89.7% of the households. correctly classified for Busia and 94.3% for Tordistricts.

The analysis using the hybrid dependent variabkealso

Table 6. Logit Model for Busia.

Variables in the Equation B S.E. Wald df Sig.
Food production trends in your garden over theflastyears -158 080 391 1 0.05
How many meals do you normally have in your home -3.18 142 5.02 1 0.03
Breakfast for children over 5 years and Adults 164 064 654 1 0.01
Did any of the children ever skip meals becauseethasn't enough food or money for food -085 037 536 1 0.02
Was your child/ were the children ever hungry but just couldn't afford more food 4.50 185 591 1 0.02
We worried whether our food would run out beforegee money to buy more -211 052 163 1 0.00
Food we harvested or bought just didn't last, aedin’t have money to get more 1.03 048 468 1 0.03
Which category represents on average the total tmdbncome of all members of this Family durit 3.09 106 857 1 0.00
the past one month

What are your major sources of livelihood/income -451 171 695 1 0.01
Borrowing/Lending arrangements are you engaged with 268 087 96 1 0.00
Total area cultivated 0. 0.09 1080 1 0.00

showed that more households were food insecure as
compared to the other three separate models. There
more common predictors of food insecurity betweka t
combined model and the model for separate distrieds
instance there were three common predictors betBesia
model and combined model; Worried whether our food
would run out before we got money to buy more, Safe
the children ever skipped meals because there was n
enough food or money for food and Which category
represents on average the total combined incomallof
members of this Family during the past one monkiis & in
contrast to Table 4 that shows hardly any commubesli
between predictors in the food production/harvested
difficulty accessing food and food storage models.
Therefore, if households are to be correctly aredyand
classified into the right category of food secuyritly is
important to have a hybrid dependent variable that

5. Discussion

Food security as already mentioned is a latentabbi
which can only be detected by use of observablabims.
Food security is also a multi-faceted variable hgvi
different dimensions. Major components commonlyeadr
on are food availability, food access, food utiiea and
stability. A number of researches have conside@at f
security as represented by one of these compomérits
some have attempted to combine them by includintipen
food security analysis independent variables frdinthase
components. The analysis carried out in this stodk the
later approach initially combining variables of ¢bo
availability, food access, food utilization as exmptory
variables. Statistical tests showed that betweén, 78%
and 82% of households were correctly classifiedthia
process. The dependent variables earlier usedagepam : . |
three models, namely, difficulty accessing foodvaated ~T€Presents as many aspects of food insecurity ssipe.
food and storage were combined to form a new viidthe The focus group discussions also revealed some two

resultant dependent variable yielded an improvelnPortant factors that were not factored in the eiduhit
classification of households. About 90% to 94% lé t could have also influenced the food security situatThe

households could be correctly classified using tiesy fI'St One was the sale of food to Southern Sudamese
variable depending on which dataset one used.so al Kenyans who came to homes and booked the food éefor
harvest or paid for the gardens and collectedhall food
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once they were ready for harvest. This explains ndgrly

all the respondents felt food insecure and yettkeemed to References

be evidence of reasonable volume of production or
reasonable area cultivated. The second factor wisral [1]
influence on farming and feeding practices. Frome th
descriptive statistics, most households had at [@as 4
acres of land and would have been expected to grow
variety of food crops, vegetables and fruits todfebeir
families. It was however observed that fruits wesegrown
by most households and the common crops that wereng
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attitudes or mindset. The challenge, however, d these
attributes may not be easily measurable in an thgec [g)
manner.

(2]

(3]

(4]

(5]

(7]

6. Conclusion 9]

In conclusion, one must always have a hybrid depend
variable for better results in classification ofuseholds
when assessing food insecurity status of householtfifo]
especially in the developing countries.
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