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Abstract

The use of expenditure surveys to measure foodcumie is widelydiscussed.In this study, we
investigatefood insecurity in terms of monetary ¢y, Using a Maliansurvey
thatincorporatesexceptionally detailed informat@nfood consumption, we estimate that 35% of the
households are in a paradoxical situation,some pouseholds managing to cover their caloric
requirements by eating cheap calories and somepaoon-households not doing so because they
consume expensive calories and/or face constraimis as the obligation to share meals with visitors
and high expenditure on health care or transportafihese findings highlight precautions that nieed
be taken when measuring food insecurity throughetary income or expenditure indicators.

KEY WORDS: poverty, food insecurity, caloric intakleousehold surveys, Mali

1 Introduction

Estimating the number of people who are food insecis an important monitoring issue for
development and food security policies, as welf@smonitoring the impacts of economic crises.
However, there is no simple, universally acceptedhod forassessing the proportion of a population
that is food-insecure,as Headey (2013) has recdetiyonstrated in hisassessment of the impact of the
2007/08 global food crisis. Since the 1970s, th®©HRAethod, which refers to the global level of food
availability, has been based on food balance slasstsssed from macroeconomic data onproduction,
trade, and consumption. Whilethis islegitimateha international level, it is nonetheless criticizzes

an indicator of the number of people undernourighéatal levels (for instance Svedberg, 1999, 2000,
2002). This is because it is based on highly agdesh data and hardly explicit hypothesesof
distribution among individuals and households.Hosve\during the past two years, the FAO has
deployed a great deal of effort to update the faweailability data as well as the methodology used t
estimate undernourishment (e.g. FAO WFP and IFAD22Mousehold surveys of certain countries
have been used to assess more accurately the litieguaf food access within populations.While
these changes have resulted in the revision dowhafathe number of undernourished and the finding
that undernourishment has declined more stronglgesil 990, the FAO acknowledges that important
gaps in data and deficiencies in data quality ram@imore comprehensive picture of the food segurit
situation in every country requires additional oators(FAO WFP and IFAD 2012). Svedberg (1999
and 2002) recommends employing anthropometric &idis whereasHeadey (2013) proposes
usingself-reporting indicators. Another alternatiseto use food consumption and monetary poverty
indicators obtained from Household Consumption Brgenditures Surveys (HCES) such as Living
Standard Measurement Surveys (LSMS), mainly basdabasehold expenditure recall. These surveys
are conductedon a regular basis in most developmgitries and encompass large representative
samples of several thousand households.To our lkedgelsurprisinglyfew authors (with the exception
of Smith andSubandoro, 2007) have formally raised mvestigated the question of whether these
surveys could be used to assess and monitor fandigeat the household and national levels. This
very recent trend hasbeen discussed both by gilesti#tutions and scientists.

Through joint initiatives, the World Bank and th&® are currently trying to take stock from these
household surveys. As a follow up to a meetingdh@ the Committee on World Food Security (CFS)
asked the FAO to revise its methodology for asagsasndernourishment. One of the recommendations
was to make more use of the large household suregitable in different countries. Discussions on
this topic also took place at a workshop in WastuingDC in April 2011 (“Monitoring,
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Assessment,and Data Working Group of the Ten Yemtegy for the Reduction of Vitamin and
Mineral Deficiencies” and at an international symposium in Rome in Jgn@a12 (“International
Scientific Symposium on Food & Nutrition Security”)

The strengths and weaknesses of Household Consumgoid Expenditure Surveys (HCES)were also
recently discussed from adtrition community perspectivglFiedler,2012) as a tool to assess dietary
intake €.gDopet al 2012) or to design nutritional intervention pragpsa(Murphyet al. 2012). These
authors comparedfood consumptiondata calculated HEES (including purchases, self-consumption
and gifts received, expressed in monetary units@merted into kilograms, and then into calories,
nutrients, etc.) with other means to measure famtsemption (for instance, 24-hour recall). In other
words, they discuss the relevance of HCES fromxégreal point of view, while we propose to discuss
it from an internal one.Indeed, in the present pape put forwarda comparison of the level of
household poverty, which is the main objectivehafse surveys, with their level of food consumption.
We examine in detail the households that have umaate food consumption though are not poor
according to the monetary poverty indicator andnveosely, those that have adequate food
consumption but are monetarily poor.

The overall objective of this paper is thus als@aatribute to the debate on the opportunity ohgsi
existing HCES to assess the food insecurity stafua population. Here we chose to stick to the
original purpose of these HCES (measuring and rmdng poverty throughmonetaryindicators)
because a huge part of the limited statistical ciéipa of poor countries, especially those under th
Debt Initiative for the heavily indebted poor caies, is devoted to the calculation and monitoing
poverty using these HCES. The idea is to empigioadkrify whether this indicator of monetary poverty
can be used as an indicator of food insecurity.

More precisely,using the national poverty assessmervey carried out in 2001 in Mali —whichis
unique asit captured both food consumption (measurejuantities) and expenditures (measured in
monetary units) — we compare the overlap betwepovarty indicator and a food insecurity indicator
(household caloric requirement). Certain HCES aistude anthropometric indicators (in the case of
Mali the 1988/89 budget and consumption survey taed2001national poverty assessment survey).
Given that these indicators only focus on childvewler five years old, we assume that they are less
representative of the holistic situation of the $ehwold than caloric intake. However, a persistent
deficit of caloric intake and poorperformance usamghropometric indicators are connected. Moreover,
by considering the deficit of caloric intake asiadicator of food insecurity, our study is reletéor

less developed countries where obesity problenttexist or are rare.

The paper is structured as follows: after a brefiew of the controversy in the scientific litenagtu
concerning the relationship between caloric intaked income/total expenditure,the study’s
methodology, data, and econometric model are ptedefihe next sections present the descriptive and
econometric results.Section 5 finally discussegésalts.

2 Literature review: Relationship between caloricinake and income/total expenditure

The conventional view is that insufficient food samption is linked to insufficient income (Strauss
and Thomas 1995; Abdulai and Aubert 2004a, amortersl. We expect therefore that poor
households are food insecure and wealthy houselotdfood secure. But the research results on this
topic vary by author and type of indicator employb®thany authors have investigated the relationship
between income or total household expenditure éedsi measure) and food insecurity, particularly
through the study of "Engel cunf8®f calories or more sophisticated demand modéis. majority of
these works (Subramanian and Deaton 1996; Ohri-8&mtet al 1998; Abdulai and Aubert 2004b)
have concluded that an increase in households’micor total expenditure would increase their
consumption of calories. While these studies h&nemgthened the view that food insecurity (measured
by caloric intake) is associated with low incomehBnan and Wolfe (1984), Behrman and Deolalikar
(1987), and Bouis and Haddad (1992) have explaihadl an increase in a household’s income
(including among the poorest) is not necessarilgoapanied by extra consumption of calories. It

The workshophas led to a special issue of Food\aridtion Bulletin: Food and Nutrition Bulletin,

vol. 33, no. 3, 2012

Engel, a nineteenth-centurystatistician,was inteteénthe evolution ofbudget proportionsaccording
toincome.We are interested incaloric intake,butimp8fy it bysaying “Engel curve.”
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depends on income elasticity for each food itenpl8tdoods are usually considered to be inferior
goods while meat and other processed foods ara ofgarded asnormal or superior goods. Another
explanation pointed out by Deaton and Dreze (2698} increase in food or calorie prices relative t
the prices of others goods.

In India, Deaton and Dreze (2009) and Haddad (20€8)e recently found that, despite rapid
macroeconomic development — the growth of realimes and the lack of anincrease for foodrelative
to income —individuals’ caloricintakes declined ween 1983 and 2004. These results are very
troubling, as the authors themselves acknowledgi@adlly, other studiese(gBaulch and Masset 2003;
Darmonet al2010) have comparedmonetary poverty and varioud $azurity indicators (nutritional
status, individuals’ perceptions) andhave found tie connections between these indicators areweak.

3 Materials and methods
3.1 Data

The data used here comes from a national houssholgy carried out in 2001 with the support of the
World Bank — the Malian Poverty Assessment Sunig)$l 2004).Households were selected using a
two-stage cluster sampling method: the enumeraiea (EA) and the household (DNSI 2004). The
1998 census divided the Malian territory into 1®,@As containing roughly100 households each. For
the survey, 750 EAs well distributed by region andal/urban areas were randomly selected. Ten
households were randomly selected from each EAdingato an initial sample size of 7,500
households. Our analyses focused on a subsamgl®%? households for which complete data were
available and of which 3,121 were rural and 1,88ian. The survey was conducted in four rounds
between January and December 2001. The data emll@tncerned socio-economic characteristics,
food and non-food expenditure statements, as wdhea weights of food cooked and consumed in the
households.Each round lasted one week during witiehsurveyors identified the weekly recurrent
expenditure and the exceptional expenditure of ttivee previous months. Foods used in the
preparation of various meals consumed at home syetematically weighed every day.

3.2 Empirical model

In this paper, we use caloric requirements as dicator of food insecurity at the household leved a
compare it with an indicator of monetary poverfhis comparison gives four possible situations:rpoo
households with insufficient calories, non-poor $eholds with sufficient calories (both expected),
poor households with sufficient calories and noofpbouseholds with insufficient calories (both
unexpected and paradoxical).

After examining the proportions of households ircheaituation, we tried to identify factors that
affected the relationship between monetary povang total caloric requirements. Thesewere the
budget structure of households, the cost of therieal consumed, solidarity among households,
education of households’ women, possession of nonetary assets, demographic characteristics of
households, geographical location and ethnicity.

We used a multinomial logistic regression modeminich the different combinations of monetary
poverty and food consumption outputs are explaimed set of regressors, namely households’ socio-
demographic characteristics.The model is essent@thpirical the selected explanatory variables
reflecting households’ choices (cost of caloriemstomed, budget proportions) and demographic
characteristics (region, ethnicity, environment, )et

The probability for a household of being in a gautér situation can be written as follows:
exp (XB;)
1+ Xz, exp (XBr)

P; = Prob(y = j|X) =

Wherej=1,...,4 represents the situation in which the househotduad (corresponds to one of the four
modalities described above)

4
2.h=1
1
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Xis a vector of explanatory variables

Bis a vector of parameters associated with the eapday variables

k is the baseline

The probability of being in a particular situatienconsidered in comparison with the probability of
being in the base outcome and is written as:

1
P, =Prob(y =m+1|X) =
) g 1+ 37, exp (XBo)

The standard interpretation of the results of smichodel consists in analysing factors that incresse
decrease the probability of being in one situatigith reference to a differentsituation. Suchan
interpretation is not really convenient in our cadeen the high number of situations, all being not
relatively interpretable to a unique situation eference. Marginal effects of changes in explayator
variables on the probabilirob(y = j|X) were thus calculated using the method proposed by
Chamberlain (Cahuzac and Bontemps 2008). Thesageenarginal effects represent the variation in
percentage points of the probability of being ipaaticular situation when an explanatory variable
varies by a unit (quantitative variable) or 0-1cfditomous variable). Bartus (2005) considered this
methodas being the most relevant. The validityhefrhultinomial logit model is based primarily o th
hypothesis of the independence of alternativestifgeghis hypothesis consists ofchecking that
removing one of the four modalities from the depmrid/ariable does not have a significant impact on
the estimated coefficients.

3.3 Construction of caloric intake and poverty indcators

The total expenditure used to calculate the mowpepamverty indicator reflects the sum of the
expenditure really incurred,plus the amount of-selisumed production. A monetary value was given
to self-consumed production using unit values atpased goods (expenditure divided by quantities).
Median unit values were used in each region. Thesievalues are quite similar to the actual prices
available. In addition, the expenditure concernithgable goods was excluded due to the lack of
information on the duration of their depreciatidrwcording to Subramanian and Deaton (1996), the
exclusion of this type of expenditure is a standamtedure to minimize the statistical noise.

The poverty line was calculated for each region fp& of area (rural or urban). Cost of calories
corresponding to the average minimum caloric regménts in each zone (area or region) was
estimated, based on an identical food basket guntathe foods usually consumed in all regions. The
result obtained corresponded to the food poveng. [IThis line thus depends in part on the struabéire
activities, age, and gender of individuals in eammne, which influence the minimum caloric
requirements, and on the local prices of commaditieluded in the basket. To estimate the overall
poverty line (also taking into account non-fooduiegments), households whose food expenditure was
close to the food poverty line have been identif@sdl their total average expenditure has been
calculated.

Two techniques were tested(Bocoum 2011): one destrby Pradhast al. (2001) and another by
Ravallion (1998). Different results were found (Sesble A2). The incidence of monetary poverty in
Mali oscillates between 50% and 61%, dependinghenpoverty line selected, but the regression
results are not qualitatively different. Only thesults of the lowest line (the most "optimistictea
presented here. To calculate the calories consuimedneals prepared and consumed inside the
home,the weight of the food'’s edible portion usedgreparing daily meals was converted into caforie
using a Malian food composition table (Nordeide 7Q9Leftovers and dishes given to other
households were subtracted, while dishes receiyetthd household were added to calculate the total
amount of calories consumed daily inside the hoime amount of calories consumed outside the
home by all household members was estimated anddatisl home consumption. The final total
amount was then divided by the actual number ofignes (number of people sharing the meals) to
assess the household’s average daily food consomipticalories per capita.

Caloric requirements were calculated for each indizi in each household from the basal metabolic
rate according to gender, age, weight, height, @msidering a medium physical activity level. The
calculation method was that of Swindale and Ohrthéspati (2005). Total energy requirement at the
household level was calculated by dividing the ager daily food consumption by the average
requirement. Households not reaching 100% weresifiled as “with insufficient caloric intake” and
those reaching 100% were classified as “with sigficcaloric intake”.
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Box 1: Treatment of data outliers

Data outliers on the quantities used for the prati@ar of meals and expenses have been detecte¢l and
treated as follows.The statistical distributioneaich type of food (over a hundred) and each oBth
expenditure categories in each stratum (urban mlarea, region, household size) were analyged.
Information outliers were identified by definingealistic’inter-quartile intervals around the medain
distributions. Different intervals were tested brefselecting the intervals [median + / -2 * (Q3-RIL)
for weighted quantities and [median + / -6 * (Q3){Xbr the different expenditure types that seenped
to be the most effective given the results. Theemtion of outliers and missing data consisted of
imputing the median value per capita of distribntio the region and the environment in questipn.
These data entries were made for a total of feten 110% of observations, which limits the bias that
such an action could potentially introduce. Thet femmains that our data entry method has |the
potential effect of “centralizing’the data since meplacedextreme data, judged too weak or too gtrpn
with a median value corresponding to a relativeiprfiogeneous” group (for the region, area, fnd
household size). Given that this article highligtits extreme cases, it can be assumed that our| data
entry method has a reducing effect on them.

4 Results

4.1 Characteristics of households’budget and calariconsumption

Table 1 and Al show the different characteristelated to the mean household budget and caloric
consumption. The total annual expenditure (exclydinrable goods) per household amounted to a
national average of 96,825 CFA francs (FCFA) — 79,6CFA and 145,197 FCFA in rural and urban
areas respectively. The average rural income &3B3FCFA revealed by the more recetralStruc
surveys (Samakeét al 2008) supports our estimates. But, our estimatelselow the figures published
by DNSI (2004) using the same survey as us: resedctl 69,334 FCFA, 129,012 FCFA, and 267,682
FCFA respectively at the national, rural and urlesel.

Although our estimates do not take into account dheable goods (1.8% of householdbudget on
average),the differencewith the above figures mprilydue to the data cleanings made from the raw
data (see Box 1). Indeed, there were many outiignstified in collaboration with statisticians dfet
National Institute of Statistics of Mali that halveen corrected by imputation.

Food expenditures represent on average 70% obtheexpenditures (72% in rural areas and 62% in
urban areas). Cereals represent almost 50% ofothe éxpenditures (53% in rural areas and 33% in
urban areas. The shares of food in terms of taqatrediture, as well as the share of cereals withoal
expenditure decrease with increasing total exparesit as the figures by quintiles of total expaméi
show.This actually confirms respectively Engel’sl&@ennett’s laws.

About 50% of Malians were below the poverty linesectively 54% and 37% of rural and urban
inhabitants). The figures, obtained from the arialg$ a recent smaller and less detailed surveywsh

a slight decrease in these poverty incidences wiviete 44% at the national scale, 51% at the rural
scale and 31% at the urban scale (Eozenhal, 2013).The inequalities of total expenditure bewe
the households were very high between the pootestile and the least poor quintile, but also withi
the quintiles.

Our estimates showed that the average caloricentaliched 2,259 kilocalories per day per person in
Mali in 2001.1t should be noted that this resultviry close to that estimated by the FA@,390
kcal/day/person in 2001), indicating the relevanfyrAQO’s assessment for this indicator at national
scale.In our case, individual food consumption syswere compiled, whereas the FAO estimate was
made based on a food balance sheet from agricu#iatéstics and average consumption ‘norms.’” This
closeness of the results surprised us given thepleodity of the surveys and aggregation calculations
in both cases, and tends to reinforce the two naetlogies.

*These surveys wereconducted with610farmsin 24\8ag thedifferent production areasof Mali.
“The FAO website assessed on 25/03/2012. http://famvarg/economic/ess/ess-fs/fs-data/ess-
fadata/fr/
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There is little difference between rural and urbmmabitants (respectively 2,245 and 2,298
kcal/day/person). In contrast, the poorest havegaificantly lower caloric intake in both rural and
urban areas.

The main sources of calories are cereals. Theyesept, on average, 82% of the total calories
consumed. This share is higher in rural areas écttedhses with increasing total expenditures.

The share of cereals in total consumption is closahted to the average cost of the calories aoesu
Indeed, cereals represent the cheapest sourcéooesaand a lower proportion of this type of foiod
the food basket is associated with a higher avecage of calories, but also with a more diversified
diet.

On average, energy consumption reached 2,409 Ildlbes/day/person at the national level
(respectively 2,467 and 2,249 in rural and urbamirenments). Country-wide, Malians consume
approximately 94% of their total energy requirem@mt calorie intake/average requirement): thia is
mean of 91% in rural areas and 102% in urban aBatsthis is a very incomplete picture because it
ignores inequalities. Indeed, if this calculatisrdbne at the household level, 62% of Malians apipea
caloric deficit (66% in rural areas versus 51%lipan areas).

At the country level, and both in rural and in urlzaeas, the percentage of households in caloric
deficit was higher than those that are poor. Moeep&ven in the richest quintile of the populatithrg
incidence of energetic deficit was high (betweeradd 50%).
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Table 1. Characteristics of households’ budgets &ndd consumption

Total Rural Urban
All All Q1 Q5 All Q1 Q5
Total M 95122 78,070 30,942 154,280 142,945 58,507 &0L,0

expenditure/year/per
capita in CFA francs
SD 67,812 49,274 8,238 53,746 87,083 13,224 104,876

M 69% 72% 77% 62% 62% 71% 51%
Share of food
expenditure SO 016 015  0.14 0.17 0.14 0.11 0.14

M 48% 53% 55% 44% 33% 39% 28%
Share of cereals in
food expenditures SD 0.18 0.17 0.19 0.15 0.13 0.14 0.10
Incidence of poverty 50% 54% 100% 0% 37% 100% 0%

) M 2,259 2,245 1,754 2,606 2,298 1,972 2,493

Kcal/day/per capita

SD 722 731 591 714 695 658 704

M 0.08 0.07 0.04 0.11 0.11 0.07 0.17
Average cost of
calories

SD 0.05 0.04 0.02 0.06 0.06 0.03 0.09

. M 82% 86% 88% 81% 73% 78% 67%

Share of cereals in
calories SD  0.10 0.07 0.07 0.09 0.08 0.07 0.09
Caloric M 2,409 2,467 2,442 2,493 2,249 2,218 2,293
requirements/day/per
capita SD 210 195 173 199 162 133 177

Proportion of caloric M 94% 91% 2% 105% 102% 89% 109%

requirements met
SD 0.30 0.30 0.24 0.30 0.31 0.30 0.31

Households in caloric

- 62% 66% 88% 49% 51% 74% 39%
deficit

M: Mean; SD: Standard Deviation.
Source: Authors' results

Figure 1is divided into four quadrants on the basisalories consumed and total expenditure foheac
household. Calories consumed are presented asrpomsoof the minimumsufficiency (the horizontal
line). Household expenditures are presented asopiiops of the poverty line (the vertical line)
Quadrant (1) contains households below the povimty whichare caloriedeficient; quadrant (2)
contains households above the poverty line whicheaborie sufficient; quadrant (3) contains
households which, although below the poverty linee also calorie sufficient; and quadrant (4)
contains house which are above the poverty linebitalorie deficient.

The “expected” cases (quadrants 1 and 2) repras®&ds of the overall population — 67% and 61%
in rural and urban areas respectively. The “unetquBccases (3 and 4) represented 35% of the
population — 33% of the rural population and 39%haf urban population.



Author-produced version of the article published in Food Security, 2014, N°6 (1), p. 113-130
The original publication is available at http://link.springer.com
Doi: 10.1007/s12571-013-0318-0

Figure 1. Quadrants: caloric requirements’ coverage * poverty ine
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Total expenditures/Monetary poverty line (CFA Francs)

Source: Authors' estimates

4.2 Characteristics relatedto different combinations of monetary poverty and food consumption
outputs

The econometric estimate iggests ways to characterize the households1 in the differen
quadrants, particularly in qdrants 3 and 4. The explanatory variables in dyression model a
described infables 2nd3. Table 44 in the Annex shows the resutibthis analys:. These regression
analyses were mada urban and rural areas, as the consumption charactsr are fundamentall
different between these two vironments. There are thus two multinomial logisegressions each f
the four modlities corresponng to th« four quadrants ifrigure 1

McFadden’'s pseudB®? preented below inTable A4 allows measuring thequality of model
adjustment (Green 2000). is indicator has a limited value in models witiscrete depende
variables (it is found in mosipplications between 0.2 and 0.6: Gujarati, 20045 respectively 0.3
and 0.37 in rurahnd urban zeas in our study, indicating that the qualityoaf model adjustment i
high.

The hypothesis of the indeplence of irrelevant alternatives is valid when dha@ssion of one of thi
dependent variable modaliti has no effect on the estime parameters (Greeop. cil.) The Chi2
statistics provided by Hausm test® in our case allow us to validate this hypoth. It is likely that
the endogeneity of explanatory variables arise for some variables in our model (e.g. the average
cost of calories), though it was not formally tested. However, as our goal is only descriptive, this
problem is less troublesome. Finally, given the large number of explanatonriables, the risk ¢
collinearity between some vables is high. Correlation tests, howe, showed aweak link betwee
the different variablegTable £3 shows the matrix of correlatio®

®Results available upon req.
®Thehighestorrelation coeffilentswere abol0.3.
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Table 2. Description of variables

Variable name Description Variable type
educ_exp Budget proportion of education expenditure
health_exp Budget proportion of health expenditure
trans_exp Budget proportion of transport expenditur Hfousehold budget structure

Budget proportion of tobacco and alcohol

tobacco_exp expenditure

Average cost of consumed calories (constant

calcost . Food structure
prices)
livestockpc Average number of livestock per capita Holdings
- Average number per week of visitors invited to
visitors
share meals
. . Average quantity per week of given dishes (in  Solidarity between
givendish o . .
individual portions) community members
- Average quantity per week of received dishes
receivedish A .
(in individual portions)
hsize Average household size Household demographic
ulb5years Proportion of individuals under 15 yedds o structure

Highest education level achieved by women in
womeduc household (from O for primary school to 11 for
university level)

Education level

sedentary 1 if household is sedentary, otherwise 0
autocons Proportion of food consu.membming from owr Lifestyle
production
bambara 1 ifHH isBambara orMalinké, otherwise 0
peulh 1 if HH isPeulh, otherwise 0
sonrhai 1 if HH isSonrhai, otherwise 0
senoufo 1 if HH isSénoufo orMinianka, otherwise 0
bobo 1 if HH isBobo, otherwise 0
arabe 1if HH is Arab, otherwise O Ethnic group of Household
touareg 1 if HH isTouareg, otherwise 0 Head (HH)
sarakole 1 if HH isSarakolé, otherwise 0
dogon 1 if HH isDogon, otherwise 0
bozo 1 if HH isBozo, otherwise 0
maure 1 if HH isMaure, otherwise 0

othereth 1 if HHbelongs to another ethnicity, ottise 0

1 if household is located in Kayes region,
kayes

otherwise 0

kkoro 1 Koulikoro, otherwise 0
Segou 1 Ségou, otherwise 0
siksso 1 Sikasso, otherwise 0
mopti 1 Mopti, otherwise 0
tomb 1 Tombouctou, otherwise 0
gao 1 Gao, otherwise 0
kidal 1 Kidal, otherwise 0

bko 1 Bamako, otherwise 0

Region of household




Table 3. Descriptive statistics of variables
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Rural Urban
Poor/ Non poor/ Poor/ Non poor/ Poor/ Non poor/ Poor/ Non poor/
Insufficient Sufficient Sufficient Insufficient Insufficient Sufficient Sufficient Insufficient
calories calories calories calories calories calories calories calories

N 43% 24% 11% 22% 25% 36% 12% 27%
educ_exp 0.84(1.58)  0.59(1.23) 0.61 (1.30) 01780) 1.83 (2.30) 1.99 (2.32) 1.55 (1.96) 1.713p.0
health_exp 1.11(1.78) 0.75(1.38)  0.57(1.00)  (@980)  1.11 (1.55) 1.29 (1.95) 1.08 (1.80) 1.381)1
trans_exp 0.15(0.87) 0.12(0.84) 0.04(0.26)  QWS7)  0.69 (1.97)  0.97 (2.09) 1.15(2.78)  0.8ag}.
tobacco_exp  0.0008 (0.03p.0007 (0.02) 0.001 (0.03) 0.0007 (0.02) 0.0006 (0.02) 0.0013P.0 0.0009 (0.02) 0.0008 (0.02)
calcost 0.06 (0.03) 0.07(0.02) 0.04(0.01) 0.104p 0.08(0.03)  0.10(0.04)  0.06 (0.02)  0.16 (.08
livestockpc 0.50(0.89) 0.79(1.94) 0.32(0.41) 90®B31)  0.06 (0.21) 0.09 (0.55)  0.22(1.04)  0a5Q)
visitors 0.08 (0.16)  0.13(0.18) 0.06 (0.09) 0.038) 0.06 (0.13) 0.10 (0.21) 0.05 (0.12) 0.1979.3
givendish 0.01(0.05) 0.03(0.11) 0.01(0.03) Q@40) 0.01(0.02) 0.02(0.05)  0.01(0.02)  0.037Y.
receivedish 0.01(0.10) 0.02(0.07)  0.01(0.06) 2@®MO6)  0.01 (0.04) 0.06 (0.34)  0.06(0.22)  0@DY)
hsize 19.62 (13.57) 9.71(7.65)  12.99(9.06) 14.84(11.64) 17.92 (1p.929.12 (5.00) 11.07 (6.51) 12.43 (8.22)
ulbyears 49.82 (14.14%5.57 (17.96) 46.36 (15.26) 48.28 (15.61) 45.05 (15.11) 38.511@8 40.57 (16.31) 41.87 (19.40)
womeduc 1.15(1.99) 0.94(2.07) 0.92(1.74) 1342 4.19(3.67) 4.38(4.07) 3.46(3.86)  4.48 (.88
sedentary 0.94 0.96 0.99 0.98 0.98 1 1 0.98
autocons 69.01 (29.69)53.54 (30.99) 68.81 (28.83) 58.16 (31.72) 12.53 (23.66) 9.8324B. 15.95 (26.35) 7.24 (14.75)
bambara 0.42 0.35 0.33 0.37 0.38 0.40 0.53 0.25
peulh 0.15 0.13 0.11 0.14 0.14 0.15 0.11 0.11
sonrhai 0.08 0.05 0.04 0.07 0.08 0.06 0.05 0.17
senoufo 0.14 0.13 0.11 0.07 0.07 0.08 0.07 0.06
bobo 0.01 0.02 0.04 0.04 0.02 0.03 0.04 0.01
arabe 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.01
touareg 0.00 0.00 0.00 0.01 0.03 0.01 0.01 0.10
sarakole 0.08 0.10 0.07 0.18 0.16 0.09 0.10 0.15
dogon 0.07 0.11 0.27 0.03 0.05 0.05 0.02 0.03
bozo 0.03 0.09 0.01 0.06 0.02 0.04 0.01 0.02
maure 0.00 0.01 0.01 0.00 0.02 0.02 0.01 0.00
otherseth 0.01 0.02 0.02 0.04 0.03 0.06 0.06 0.08
kayes 0.13 0.13 0.07 0.23 0.11 0.08 0.04 0.17
kkoro 0.29 0.07 0.14 0.17 0.09 0.06 0.08 0.05
siksso 0.30 0.16 0.22 0.14 0.11 0.11 0.10 0.07
segou 0.07 0.33 0.21 0.27 0.01 0.21 0.15 0.04
mopti 0.11 0.24 0.30 0.11 0.10 0.09 0.05 0.16
tomb 0.05 0.06 0.05 0.06 0.02 0.02 0.03 0.04
gao 0.05 0.00 0.01 0.02 0.09 0.01 0.00 0.18
Kidal 0.00 0.00 0.00 0.00 0.01 0.00 0.01 0.01
Bko 0.00 0.00 0.00 0.00 0.48 0.42 0.54 0.28

Note: Figures in parentheses represent standardatiens

The distribution of households across the quadiantsral and in urban areas was different, esjigcia
for the “expected” cases (quadrants 1 and 2). THopgstion of poor households with insufficient
caloric intake was higher in rural areas than imaarareas (43% versus 25%). On the other hand, the
proportion of non-poor with sufficient caloric ik was higher in urban areas than in rural are@g (3

versus 24%).

Among the variables studied, the cost of caloried the household size were those that most often
explained the position of households across thedaadrants{able A4. In rural areas, the number of
visitors sharing households’ meals and residingthe Koulikoro region werealso important
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determinants, whatever the quadrant consideredirtbtan areas, the proportion of children in the
household and residing in the Segou, Sikasso, aml 1®gions were most often the determinant
variables (The Box 2 below presents the main chariatics of the different regions of Mali).

Box 2: Characteristics of the different regions Mali

Mali is a large landlocked country of West Afrid&ith a total area of 1.2 millions km2, the majority
of the population is involved in agriculturally-leak activities. The Northern region¥ombouctou,
Gao and Kidal) are the most arid with less than 250 millimetgfrsainfall per year. These zones are

structurally deficient in terms of food productiohhe main activities are nomadic and transhumant
pastoralism.Mopti is located in the South of Tombouctou and receiwesto 600 millimeters o
rainfall per year. The main activities are agriotat (dry cereals and rice in the Niger Delta) agba
pastoralismKayes, Koulikoro and Segoare located in the South-West of Mopti. The adgegitin
these regions vary from livestock rearing in therenarid Northern bound to dry cereals production
and more diversified agricultural productions i tBouthern bound (maize, cotton and fruits). The
“Office du Niger” in Segou is the zone where theimiarigation installations for rice production afe
located. The Northwest of the region of Kayes iswn as the zone where the people receive many
remittances. Finally, the region Bfkassoat the extreme South of Mali is the most fertitel & often
called the attic of Mali. The main products of thégjion are maize, cotton and fruits.

Before focusing on the paradoxical cases (quadi@atsd 4), the characteristics of households in the
two “expected” cases (quadrants 1 and 2) are ptexben

Being non-poor with sufficient caloric intake wassaciated withhigher cost of calories consumed
andlower household size in both rural and urbaasarbut these associations were stronger in urban
areas than in rural areas.Moreover, in rural aré@éng non-poor with sufficient calories was
associated withhigher numbers of livestock per teapnd higher numbers of visitors sharing the
households’ meals.

Being poor with insufficient caloric intake was assted, in both areas, with higher household size
(effect of higher household size stronger in raraas).In rural areas only, being poor with ingigfit
calorieswasassociated with the consumption of adreaglories, greater expenditure on tobacco and
alcohol, fewer visitors sharing households’ meatsgmumerous dishes received and a lower share of
own production in the calories consumed.In urba&aswonly, a higher proportion of children under 15
years old in the householdhad a positive (but wefédgt on the probability of being poor with
insufficient calories. In these areas, this prolitgbivas also linked to a lower level of women’s
education. This finding tracked well with the negatrelation between child malnutrition and
women’s education shown by previous works suchraishSand Haddad (2002).

Ethnicity is a significant determinant of the abdespected cases” only in rural areas. Belonging to
the Sarakole ethnic group in comparison to belapdgim the Bambara/Malinké group (the most
populous)was strongly and positively associateth wie probability of being non-poor with sufficient
calories and negatively associated with being patr insufficient calories.

Some regions were also significantly associateth wiese probabilities in both areas. Living in the
rural areas of Kayes and Koulikoro,when comparediviag in the rural areasofMopti (the region
randomly selected as the reference), was stromglypasitively associatedwith the probability of i
poor with insufficient calories and negatively adated with being non-poor with sufficient
calories.Living in the urban areas of Segou andh&il,when compared to living in Bamako (the
biggest urban centre), was strongly and positiesyociated with the probability of being non-poor
with sufficient calories and negatively associatégth being poor with insufficient calories. On the
contrary, living in the urban areas of Gao,when parad to living in Bamako, was strongly and
negatively associated with the probability of beman-poor with sufficient calories, whereas it was
positively associated with being poor with insuffict calories.

Quadrants 3 and 4 are now analysedin depth betlaeg@reof particular interest to understand why it
is sometimes difficult to estimate food insecutiging monetary indicators.

* Probability of being poor withsufficient caloric itake(quadrant 3)
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In rural areas, this probability was strongly assed withthelower cost of calories consumed by the
household andfewer visitors who shared the household’s m&dis probability was also associated

with lower household size and a higher share ofsemption that came from self-production, but

theselinkswere weaker.Moreover, poor household$ \siifficient calories belonged more to the

Sarakoleand Dogonethnic groups rather than the Beafitdalinke ethnic group, and lived more in the

Mopti region rather than the Kayes, Koulikoro, &iklasso regions.

In urban areas, the probability of being poor wghbfficient calories was strongly associated
withthelower cost of calories consumed and greatienber of livestock owned by the household. This
probability was also associated with a lowerpradparbf children under 15 years old in the household
and a higher proportion of consumption that caroenfown production, but these links were weaker.
Finally, this probability was strongly associateihwiving in Bamako as opposed to living in Kayes,
Segou, Sikasso,orGao.

* Probability of being non-poor with insufficient calric intake (quadrant 4)

In rural areas, this probability was strongly assted with greater health care expenditure, higlost

of calories consumed, a greater number of visgbeging meals, and fewer meals received from other
households. Moreover, this probability was assediatith greater household size, but the link was
relatively weak. The non-poor with insufficient géks in rural areas were ofPeulh or Boboethnicity
rather than Bambara/Malinke, and lived in the Kkaildo or Segou regions.

In urban areas, being non-poor with insufficientoda intakewas also strongly associated with the
higher cost of calories consumed by the househgrgiader number of visitors sharing meals and living
in Mopti rather than Bamako There were also weakspciations between this probability and higher
transportation expenditure, greater household aizé,a greater number of children under 15 yeats ol
in the household.

5 Discussion

The results concerning the strong relation betwbercost of calories and the probability of being i
one quadrant or another mainly reflects two behagio

(1) On average, the non-poor consumed more expeesivories than the poor; this is because of the
diversification of their diet,which is less centred staple foods such as local cereals(See Table 1)

(2) Thehouseholds that consumed“paradoxically” wbese thattended to consume either the least
expensive calories (poor with sufficient calories}the most expensive calories (rich with insuéidi
calories). This was true in both rural and urbaaar

In rural areas, it is difficult to say whether thdmdings reflect the households’ preferences to
consume cheaper products or an availability coimstria some remote villages, in the absence of
exchange through localmarkets, diets will be lighite items that can be produced in the region. Agro
climatic conditions determine in this case the congnts of the food basket. Because cereals are the
cheapest source of calories and most commonly gpradiucts, this explains the significant
relationshipfound between higher self-productiod baing poor with sufficient calories.

At the urban level, as different foods are avadalnl the market, the findingswere more linked to
preferences, at least for the atypical househditls. rate of self-consumption was much lower in the
cities (results not shown), and thus people coaltbbse” with fewer constraints and express various
preferences.

"The poor consume cheaper calories in general.tBeitable of descriptive statistics shows that the
poor with sufficient calories consume even cheapéories than the poor with insufficient calories.

8Actually, farming in Mali mainly relies on extensiagricultural systems with very few modern
inputs. Even if it were possible for farmers toatsify their crops, it would be difficult to do so
because of the bad roads and difficulties of acegssputs. Moreover, as in many other countribs, t
agricultural policies of the last decades haveemaouraged diversification since they have focused
cotton/maize systems and mono-cropping rice. Assalt of their isolation (both for accessing inputs
and selling outputs), unevenly distributed rainfatid highly risky natural and economic environment
(very low prices of most commodities and productigghly unstable) most farmers adopt risk
avoidance strategies to insure minimum producticteyble cereals in order to be able to feed their
household.
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We keep with Sen’s (1992) findings that the differes ofgoals and the variation in the ability te us
endowments help to explain differences in behavitve also keep withthose of Deaton (1997), for
whom the existence ofnon-poor people with an usfatiory diet or poor people with an adequate
dietare related to the fact that not all housetsgddad a sufficient proportion of their revenue oodf

in terms of nutritional requirements.

Even poor people can have a relatively satisfactiiey (in the sense of their caloric requiremeiiti)
they spend a larger proportion of their budgetaodfand if they mostly eat low-cost foods (see &abl
Al).From a case study in several developing coestrBanerjee and Duflo (2007) showed that the
poor often spent large sums of money on tobacawmhal, or varioustraditional ceremonies. As this
expenditure is not “top priority,” they concludetiat the poor actually have many choices for
managing their budget that would enable them tamitgntly improve the quality of their food
consumption, but they make different choices. Thiierent empiricalstudiesschallenge the hierarchy
of requirementsestablished by Maslow. Many peopdéep to meet social or private requirements, also
regarded as “secondary,” before completely covetirgdr theoretical nutritional requirements. This
implies that good nutrition does not necessariguliefrom improvements in income alone. Nutrition
education may be as important for achieving goadtian.

Moreover, the increased cost of health carein udvaas and of transport in rural areas increages th
probability of calorie deficiency despite adequatal expenditure.

The significant effect of the number of guests aaltime in rural areas means that,in some cassstles
social costs promote the ability to meet caloriguieements despite limited financial resources, iand
others the inability to cover requirements desaifeiori sufficient resources.

The significant effect of household size on calogquirements or lack thereof on the poor and non-
poor confirms the negative relationship betweenehel of caloricintake and the household size un
in other studies (Rogers and Lowdermilk 1991; Soiansian and Deatoop. cit; Abdulai and Aubert
2004a).

Our results are mainly based on the comparisoniftérent types of householdsdefined using a
particular crossing of monetary poverty and calogguirements indicators.The main weakness of the
method is the attribution of the same charactessto different households regardless of their
proximity or their distance from the monetary pdydime or from the caloric intake threshold. This
does not, however, question the validity of thailtsSfor a large portion of the population.

We used the most recent, large, and complete holesshrveyavailable in Mali, which allowed the
simultaneous assessment of both household foodiogi®n, using the weights of the different foods
consumed at home and monetary poverty using detaXpenditure data.To our knowledge there is no
other survey available in the Sahel that has thiaeacteristics. There are, of course, other merent
surveys called “EnquéteLégéerelntegréeAupres desaljisi (ELIM) carried out in 2003, 2006 and
2010. Although these surveys include food consumpitnformation, the method of collection of the
data is far less precise because they are bas#ttbaecall of quantities and frequencies of diffire
items consumed.

By using data from the 2001 household survey, aup@se was not to give a recent account of food
insecurity in Mali but to draw attention to the adox that poor households below the poverty ling ma
consume sufficient calories while those above tneepty line may consume insufficient calories.Our
hypothesis is that the factors explaining thispaxadre more structural than transient, as may be th
food insecurity situation.

Determination of the intra-household distributidncalories is beyond the scope of the present study
but should be the subject of further research.théarresearch is also required to compare poverty
indicatorswith more qualitative food consumptiordigators, such as nutrient deficiencies as a
household may consume many calories but have apoenydiet in terms of essential nutrients.
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6 Conclusions

By assigning households to quadrants accordinghther or not their caloric requirementsare metand
according to their position in relation to the pdydine, we have estimated that 11% of households
meet their caloricrequirements although they am@r pand 24% do not meet them even though they are
above the poverty line.Thediscrepancy between thwseindicators is not intrinsically surprising
because the determinants of poverty and food im#gcre not necessarily the same. Yet, for most
households, the monetary poverty indicator, magjuently available through surveys of households,
adequately reflects satisfaction of caloric requieats’ coverage.

We have shown that non-poor households do not dtvedér caloric requirements due to eating habits
thatare characterized by consumingespecially expensaloriesand because of certain binding
expenditures (health care and transport). In ceftiaoor households can meet their requirements
when theyconsume inexpensive calories, but thikedy to be at the expense of the overall quadity
their diet. These findings challenge a vision whishcentred on the need to meet their caloric
requirements as the primary goal of the pooresséiooids.

This researchsupports the idea that monetary pouettld be a fairly good indicator of food insetyyi
but it raises awareness on precautions to makeswélasuring food insecurity soleythrough monetary
indicators.

Above all, it encourages more frequent use of honiskesurveys in monitoring food security. Acost-
effective and precision-conscious way toproceedldvoansist of completing monetary indicatorswith
other available information. These could bespecffiod habits, degree of solidarity between
households,vulnerability due to health problemiaoge household size. Moreover, these surveys offer
opportunities to analyse further, many other isst@sbetter monitoring of food insecurity and
improved food security policies, such as accedsgats in rural areas (land, credit, seeds), act@ess
markets, existence and quality of roads, influesfgericing, also cultural and religious factors.

A deficit in caloricintake is only one aspect ofusehold food insecurity. The results presentedms th
studythus encourage further research to descrideaanlyse the complex relationships between the
different dimensions of food insecurity and poveatyhe household level.
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Figure 2: The livelihoods zones in hli
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Table Al. Main characteristics of household foodrgumption by region in relation to the level of
calorie consumption

Household with calorie Household with calorie

] ] consumption below consumption above
Region Variable individual needs individual needs
M SD M SD
Kayes Share of food expenditures 71% 0.14 73% 0.14
Share of cereals in food expenditures 40% 0.17 39% 0.12
Average cost of calories in CFA francs 0.096 0.0590.085 0.040
Koulikoro Share of food expenditures 71% 0.17 70% .190
Share of cereals in food expenditures 52% 0.17 51% 0.17
Average cost of calories in CFA francs 0.072 0.0590.064 0.032
Sikasso Share of food expenditures 67% 0.16 73% 501
Share of cereals in food expenditures 55% 0.17 54% 0.17
Average cost of calories in CFA francs 0.067 0.0500.067 0.026
Segou Share of food expenditures 66% 0.15 71% 0.15
Share of cereals in food expenditures 45% 0.15 47% 0.16
Average cost of calories in CFA francs 0.082 0.0380.067 0.024
Mopti Share of food expenditures 69% 0.15 76% 0.12
Share of cereals in food expenditures 52% 0.19 56% 0.17
Average cost of calories in CFA francs 0.071 0.0410.058 0.028
Tombouctou Share of food expenditures 70% 0.16 69% 0.16
Share of cereals in food expenditures 54% 0.14 52% 0.14
Average cost of calories in CFA francs 0.100 0.0490.085 0.034
Gao Share of food expenditures 69% 0.17 81% 0.14
Share of cereals in food expenditures 47% 0.14 47% 0.08
Average cost of calories in CFA francs 0.110 0.0570.120 0.054
Kidal Share of food expenditures 63% 0.14 57% 0.11
Share of cereals in food expenditures 38% 0.12 42% 0.10
Average cost of calories in CFA francs 0.200 0.1000.076 0.051
Bamako Share of food expenditures 63% 0.14 60% 0.15
Share of cereals in food expenditures 32% 0.13 30% 0.11
Average cost of calories in CFA francs 0.130 0.0790.100 0.041
Total Share of food expenditures 68% 0.16 71% 0.16
Share of cereals in food expenditures 48% 0.18 47% 0.18
Average cost of calories in CFA francs 0.084 8.05 0.073 0.035

M: Mean; SD: Standard Deviation.
Source: Authors' estimates.
T-tests for Total are significant at least at 10%
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Table A2. Monetary poverty lines calculated by regiand type of area

Overall poverty line from Overall poverty line from

Food poverty line Incidence . Incidence
Region Area  (CFA francs per Pradhast al, 2001 - Lower with lower Ravallion, 1998 - Upper with upper
. bound (CFA francs per bound (CFA francs per
capita and year) A bound h bound
capita and year) capita and year)
Kayes Rural 56,267 70,334 44% 78,273 48%
Urban 72,780 93,887 30% 111,726 40%
Koulikoro Rural 60,868 77,302 71% 90,257 80%
Urban 76,038 101,891 49% 133,653 65%
Sikasso Rural 55,146 71,690 69% 78,203 75%
Urban 70,737 98,324 39% 121,832 51%
Segou Rural 50,684 61,834 28% 76,625 42%
Urban 61,279 79,050 20% 100,807 37%
Mopti Rural 47,356 57,774 50% 57,791 50%
Urban 70,810 94,177 29% 133,912 58%
Tombouctou Rural 78,825 98,531 49% 117,064 60%
Urban 79,231 99,831 32% 106,420 39%
Gao Rural 73,229 92,268 83% 99,325 91%
Urban 86,977 112,200 29% 204,815 84%
Kidal Urban 97,407 131,500 43% 247,570 83%
Bamako Urban 90,361 120,180 44% 169,579 2%
Total Rural 54% 61%
Total Urban 37% 61%
National 50% 61%
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A3. Matrix of correlation of the variables used ithe regressions

educ_exp health exp trans_exp tobacco exp calchgestockpc visitors  givendish receivedish  hsize 15years womeduc sedentary
educ_exp 1.0000
health_exp 0.0989 1.0000
trans_exp 0.0668 0.0861 1.0000
tobacco_exp  -0.0668 -0.0164 -0.0219 1.0000
Calcost 0.0800 0.0188 0.0704 -0.1106 1.0000
Livestockpc -0.0674 0.0122 -0.0368 0.0146 -0.0225 .00Qa0
Visitors -0.0350 0.0329 -0.0328 -0.0087 0.2978 03030 1.0000
Givendish -0.0203 0.0159 -0.0121 -0.0387 0.2482 3101 0.3361 1.0000
Receivedish -0.0150 0.0100 0.0009 0.0679 0.0525 2080 0.0983 0.0760 1.0000
Hsize 0.0523 0.0422 -0.0109 0.0088 -0.2044 -0.00980.1742 -0.1150 -0.1021 1.0000
ulSyears 0.0219 -0.0195 -0.0716 -0.0499 -0.2085 0561 -0.1126 -0.0586 -0.0660 0.1863 1.0000
Womeduc 0.3672 0.0799 0.1337 -0.1451 0.2416 -0.12580.0490 -0.0055 -0.0262 0.0717  -0.1250 1.0000
Sedentary -0.0074 0.0175 0.0237 -0.0210 0.0487 2280 0.0058 -0.0008 0.0084 -0.0075 -0.0091 0.0485 00D
Autocons -0.2115 -0.0250 -0.1177 0.1413 -0.3511  @b12 -0.0493 -0.0639 -0.0490 0.2180 0.1322 -0.3863 .014D
Bambara -0.0022 0.0228 0.0177 0.0790 -0.0825 -0.015-0.0676 -0.0636 -0.0353 0.0550 0.0099 0.0266 070
Peulh -0.0553 -0.0213 -0.0022 -0.0275 0.0066 0.06150.0085 -0.0017 -0.0115 -0.0526  -0.0292 -0.0399 0313
Sonrhai -0.0185 -0.0044 -0.0197 -0.1072 0.1180 2940 0.1063 0.1784 0.0525 -0.1158 -0.0072 0.0053 2350
Senoufo 0.1101 0.0776 0.0120 -0.0368 -0.0409 0.02620.0174 -0.0197 0.0086 -0.0150  0.0046 0.0438 @007
Bobo 0.0172 -0.0276 0.0003 -0.0033 -0.0410 0.03140.0081 0.0026 -0.0021 -0.0053  0.0102 0.0084 0.0027
Arabe 0.0008 0.0014 -0.0014 0.0030 0.0666 -0.0200 .013a -0.0040 0.0042 -0.0344  0.0025 0.0085 0.0106
Touareg -0.0320 -0.0265 -0.0265 -0.0024 0.1314 3@e0 0.0561 0.0093 0.0309 -0.0771  -0.0107 -0.0356 .006b
Sarakole 0.0291 -0.0211 -0.0113 0.0267 0.0329 7300 -0.0050 -0.0216 -0.0106 0.1347 0.0251 -0.0187 004x.
Dogon -0.0213 -0.0409 0.0025 0.0451 -0.0783 -0.02410.0178 -0.0213 -0.0286 0.0163 0.0104 -0.0215 @027
Bozo -0.0295 -0.0101 0.0049 -0.0017 -0.0166 0.01270.0085 -0.0157 0.0093 0.0001 0.0075 -0.0314 -0.0269
Maure -0.0169 0.0166 -0.0137 -0.0306 0.0008 -0.00370.0354 -0.0062 0.0052 -0.0214 -0.0184 -0.0176 o1
Othereth 0.0070 -0.0034 0.0099 -0.0101 0.0375 -@029-0.0159 -0.0037 0.0352 0.0073  -0.0123 0.0423 4800
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autocons bambara  peulh  sonrhai senoufo  bobo aratmiareg sarakole  dogon bozo maure  othereth
autocons 1.0000
bambara 0.1423 1.0000
peulh 0.0083 -0.3517  1.0000
sonrhai -0.1762 -0.2609 -0.1308 1.0000
senoufo 0.1003 -0.2405 -0.1205 -0.0894 1.0000
bobo -0.0070 -0.1209 -0.0606 -0.0449 -0.0414 1.0000
arabe -0.0765 -0.0585 -0.0293 -0.0217 -0.0200 €101 1.0000
touareg -0.1550 -0.1215 -0.0609 -0.0452 -0.041602@® -0.0101 1.0000
sarakole -0.0451 -0.2770 -0.1388 -0.1030 -0.0949.0477 -0.0231 -0.0479  1.0000
dogon 0.0778 -0.1874 -0.0939 -0.0697 -0.0642 -(B0320.0156 -0.0324 -0.0740  1.0000
bozo -0.0244 -0.1359 -0.0681 -0.0505 -0.0466 -040230.0113 -0.0235 -0.0536 -0.0363 1.0000
maure -0.0231 -0.0981 -0.0492 -0.0365 -0.0336 4€»01-0.0082 -0.0170 -0.0387 -0.0262 -0.0190 1.0000
othereth -0.0891 -0.1754 -0.0879 -0.0652 -0.0601.03@2 -0.0146 -0.0304 -0.0692 -0.0468 -0.0340 4602 1.0000
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Table A4 Average marginal effects

Area RURAL URBAN

Quadrant (1) () (3) (4) (1) (2 3) (4)
educ_exp 0.219(0.502) -0.939(0.617) -0.173(0.313) 0.893(0.542) 0.192(0.415) 0.326(0.389) -0.705(0.451) 0.187(0.267)
health_exp -0.814(0.426) -0.324(0.472) -0.309(0.313) 1.447*** (0.382) -0.422(0.523) 0.560(0.475) -0.748(0.535) 0.610(0.340)
trans_exp 0.0305(0.833) 1.748*(0.821) -1.182(0.785) -0.597(0.905) 0.214 (0.518) 0.180(0.467) -1.082(0.553) 0.688*(0.329)
tobacco_exp 1.265*** (0.280) -0.584(0.352) 0.00444(0.135) -0.686(0.370) -0.0727(0.341) 0.309(0.356) -0.216(0.327) -0.0202(0.284)
calcost -234.3** (22.64) 140.4*** (19.16) -341.9%** (22.26) 435.8*** (15.75) 27.60(31.65) 345.5%%* (28.74) -663.4*** (36.30) 290.3*** (24.83)
livestockpc -0.173(0.639) 1.079*(0.473) -0.770(0.550) -0.136(0.486) -3.779(2.866) -0.942(1.335) 3.812** (1.370) 0.909(0.729)
visitors 10.47** (3.552) -12.64** (3.597) -8.502*%(3.528) 10.67*** (2.767) 4.244(6.127) -6.537(4.654) -3.225(6.709) 5.518*(2.349)
givendish -1.461(10.87) 4.134(8.230) -4.193(9.934) 1.520(7.064) -0.406(22.05) -15.68(18.84) 12.52(32.20) 3.574(7.432)
receivedish 20.58** (7.245) 6.277(7.704) -2.534(4.699) -24.32*(11.26) -3.939(7.183) 0.148(4.172) 2.003(4.653) 1.788(2.703)
hsize 1.347*** (0.0933) -1.710** (0.141) -0.275** (0.0619) 0.638*** (0.107) 1.577*** (0.135) -2.259*** (0.186) -0.291(0.160) 0.972*** (0.110)
ulbyears 0.0785(0.0401) -0.0885*(0.0402) -0.0104(0.0233) 0.0204(0.0411) 0.228*** (0.0555) -0.228** (0.0483) -0.109*(0.0536) 0.108** (0.0352)
womeduc -0.544(0.371) 0.299(0.388) 0.0355(0.245) 0.209(0.355) 0.856** (0.276) 0.575*(0.259) 0.244(0.283) 0.0377(0.180)
sedentary 6.490(3.675) 9.733*(3.834) -6.091*%(2.801) -10.13*%(4.527) 8.390(9.204) -21.23(15.13) 7.036(11.73) 5.802(8.306)
autocons -0.0588*(0.0258) 0.0197(0.0267) 0.0288%(0.0146) 0.0103(0.0265) 0.0110(0.0442) -0.0556(0.0463) 0.0948+%(0.0438) -0.0502(0.0344)
peulh -0.675(2.016) -4.503*(2.078) -0.293(1.233) 5.471*(2.242) 0.710(3.024) -2.078(2.759) 0.430(3.119) 0.939(2.006)
sonrhai 5.839(4.802) -11.92** (3.707) -3.403(2.054) 9.483(5.173) -0.754(4.471) -1.625(4.029) -1.290(4.560) 3.669(2.984)
senoufo -6.472%(2.749) 5.328(3.176) 1.885(1.989) -0.741(3.031) 4.604(4.374) -5.773(3.406) -2.501(3.703) 3.669(2.963)
bobo -6.441(5.563) -11.55** (3.778) 3.936(3.434) 14.06** (5.409) -3.106(6.208) -5.735(5.485) 1.872(5.197) 6.969(5.303)
arabe -14.24(80388.7) 18.53(44564.9) -8.082(134240.9) 3.794(9287.2) 4.434(13.42) 0.181(12.05) -4.792(18.56) 0.177(5.803)
touareg 26.69(517058.2) -27.99(1621152.3) -8.165(339370.2) 9.463(1008050.6) -2.657(6.343) -7.153(7.180) 1.415(9.305) 8.395(5.116)
sarakole -12.63** (2.213) 7.055*(2.920) 7.909%** (2.191) -2.335(2.531) -3.957(2.774) 1.721(3.192) 2.935(3.235) -0.699(2.203)
dogon -5.706(4.003) 0.659(3.608) 7.448*(3.126) -2.400(3.990) 8.168(5.552) 2.039(4.832) -7.435(4.570) -2.773(3.522)
bozo -4.715(4.721) 6.057(4.422) -4.463(2.384) 3.121(4.570) 1.765(7.233) 12.35(6.931) -7.520(7.515) -6.593(4.219)
maure -8.454(5.825) 3.497(5.948) 6.669(4.721) -1.712(5.641) 0.769(7.340) 1.352(7.587) 0.459(7.139) -2.580(5.326)
autreseth -11.63** (3.650) -4.037(3.911) 0.333(2.758) 15.34*** (4.395) 0.605(4.136) 1.875(4.260) -6.131(3.916) 3.651(3.190)
kayes 17.00*** (3.738) -17.68** (2.214) -3.351*(1.575) 4.040(3.501) -2.502(3.170) 6.012(3.650) -8.510*(3.519) 5.000(2.771)
kkoro 13.47*** (3.546) -20.16*** (2.050) -4.933** (1.414) 11.63*** (3.455) 0.0341(2.702) -1.690(3.015) -1.925(2.651) 3.581(2.600)
segou -9.344** (3.226) -0.133(2.788) -0.0647(1.964) 9.542** (3.446) -21.22%* (1.751) 27.04*** (3.240) -5.981*(2.503) 0.155(2.566)
siksso 20.38*** (3.837) -20.56*** (2.022) -3.208*(1.634) 3.395(3.484) -7.326*(3.108) 10.74** (3.837) -7.206*(3.366) 3.788(3.061)
Mopti -6.432%(3.141) 3.294(3.910) -4.206(3.922) 7.343*(3.210)
tomb 20.86*** (5.395) -16.52*** (2.935) 4.772(4.130) -9.110** (3.465) -1.641(5.018) -11.82** (4.411) 9.806(5.902) 3.655(3.591)
gao 42.33(406740.4) -28.12(1189322.1) 1.089(61799.2) -15.29(720782.4) 23.99** (7.530) -19.37** (5.170) -13.42*(6.659) 8.789(4.734)
kidal 23.67%(9.617) -21.36*** (6.157) -7.414(7.984) 5.100(5.779)
N 3121 1831

pseudo R-sq 0.314 0.377

Standard deviation between parentheses P-value(:@b, ** p<0.01, *** p<0.0
Source: authors’ calculations
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