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Abstract 

In data poor areas, the use of statistical models is often determined by the quantity and 

quality of the data.. Here, we explore the pros and cons of three model outcomes, which 

allow us to evaluate the range of predictions and how they would significantly influence 

our research conclusions. Using food security survey data for Accra, Ghana collected in 

2003, we examine the information derived from spatial, hierarchical, and econometric 

models respectively. While the data source is the same, the outcomes are different, 

highlighting the caution researchers must use when determining an appropriate statistical 

approach. The spatial model delivered vital information on the geographic distribution of 

food security across the urban landscape, highlight areas of particular concern “hotspots” 

with statistically significant values. Our use of the hierarchical, or multi-level, model 

separated the effects of household versus neighborhood variables, allowing us to 

distinguish the level at which variables were most influential. Lastly, our econometric 

model emphasized the economic trends among household based on estimated values of 

household wealth. Together, these three models allow us to draw a more complete picture 

of food security patterns in Accra, and to draw important and more comprehensive 

conclusions for policy recommendations. 
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Introduction 

In data poor areas, the use of statistical models is often determined by the quantity 

and quality of the data. However, statistical modeling may also be limited by inherent 

biases in a researcher’s native discipline. Geographers, for example, would prefer the use 

of spatial models, population scientists often use hierarchical models, and economists 

economic (López-Carr, et al 2012). Here, we explore the pros and cons of three model 

outcomes, which allow us to evaluate the range of predictions and how they would 

significantly influence our research conclusions. 

When urban household (or individual)  food  demand,  access,  and  utilization 

converge with urban food supply, a household is said to be food secure. When, 

conversely, observed demand is less than desired demand, due to a combination of 

constraints, households are  food  insecure.  To explore this issue we  address  the  relative  

merits  of applying spatial, multi-level, and econometric models to the following research 

question: 

• What  socio-economic,  environmental,  and  spatial  variables  predict  urban  

food insecurity? 

 

Data and Methods 

Using survey data from the 2003 Women’s Health Study in Accra and from 

2002 Quickbird  satellite  imagery,  this  study  determined  socio-economic,  spatial,  and 



 

environmental predictors of food insecurity (defined as poorly nourished households) in 

Accra. The richest source of health data for Accra comes from Harvard University’s 

2003 Women’s Health Study of Accra (WHSA), (Duda et al, 2007) and generously made 

available by Co-Principal Investigators Allan G. Hill and Rosemary Duda of Harvard 

University. Data were collected from 3,200 women aged 18 and older between April and 

July 2003 and provide self-report health data, data from a clinical examination and 

laboratory work, as well as data on the household’s facilities matched to the census of 

2000. 

 

Research Site: Accra, Ghana 

The study is focused on the urban area 

known as the Accra Metropolitan Area (AMA) 

(Figure  1),  the  most  densely  populated  and 

urbanized area of the Greater Accra Region. 

AMA is the capital city of Ghana, a West 

African country  located  on  the  Gulf  of  

Guinea. According to the Ghana 2000 Census, 

AMA is currently home to circa two million 

people, with a growth rate of 3%. Therefore, 

the population density is close to 10,000 people per square kilometer.  By  the  year  2020,  

over  3  million people  are  expected  to  live  in  Accra  (UN Population Division, 

2008). Though Accra is the heart of economic and political activity in Ghana, nearly 70 % 

of the city’s population survives in slum-like conditions, without access to basic services 

such as water, sanitation, and health care (Weeks et al, 2007). Survey data indicate that 

nearly 4% of the population in the Greater Accra region is underweight, and that 11.5%, 

7.5%, and 11.4% of children in the same area are underweight, stunted, and wasted 

respectively (DHS, 2003). Nearly 65% percent of children consume an inadequate 

amount of Vitamin A, and another 60% percent are lacking sufficient quantities of 

iodine. The average life expectancy for Ghanaians at birth is 59 years (UNICEF, 2008), a 

level not seen in the United States since the 1930s. 

 

Results 

Econometric Model 

Income affects food security measures in many dimensions. Directly, wealth allows 

greater flexibility of food choices and stability through lean times. Indirectly, wealth may 

be correlated with other variables that also reflect food choices: location, education, 

marital status, and culinary amenities. The strategies for identifying the wealth effects 

build up from a basic model. Wealth is split into four income ranges: low is less than 
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300,000 cedis; mid- low is 300,000 – 500,000 cedis, mid-high is 500,000 – 1million 

cedis, and high income is more than 1 million cedis). The first model reports the effects 

for only the four incomes. In the second model, we add binary indicators for localities. 

While there is not a spatial network built  into  this  regression  design,  the  location  

indicators  allow  food  security  to  vary  in different places. Finally, we add personal and 

household characteristics: age, marital status, ownership of a refrigerator, and access to 

cooking fuel. 

We use an aggregated measure of food access as the dependent variable, a binary 

indicator of food security. Typically limited dependent variables require a non-linear form, 

such as a logistic regression model. However, here we use ordinary least squares 

regression. The signs of the coefficients will conform to the alternative model. The model 

limitation is predicted values that lie out of the bounds of zero and one. The advantages are 

easily interpretable and comparable coefficients, particularly those of binary independent 

variables. In all cases, standard errors are clustered on location to control for common 

variation by place. The specification is 

food_securei  =  0K*incomeK 0+ 0*marriedi  + 0*agei  + 0*fridgei  + 0*cook_oili  + 0i  + 0i     

(X) 

where i denotes a household. This regression controls for the different levels of income 

through a series of indicators, incomeK, where K = 2,3,4.    The vector of 0K  is of 

primary interest – each coefficient is interpreted as the weighted average effect on food 

security of having income in range K relative to the lowest income group. Food secure 

indicates a positive attribute and we expect that increased income is related to higher 

probability of access to food. We are particularly interested in how these coefficients 

change as other covariates are included. Also, the relative weights of income and the other 

factors are important. The covariates include personal and household characteristics. The 

series of location fixed effects, 0i, measures characteristics of each place that remain 

constant for all households within that region. 

Table 1 gives the results in four columns. The first column shows the relative role 

wealth plays in food access without accounting for other attributes. Relative to low-income 

households, mid-low income does not significantly correspond to increased food 

security. However, once the threshold of mid-high income is reached, probability of 

being food secure increases by 15%. High income households are nearly 30% more food 

secure than low income ones. When locations are added, each coefficient of wealth 

decreases. We expect this result because neighborhoods are certainly correlated with 

income. However, the general results on wealth still hold. The coefficients for all 41 

locations are not reported. Instead the table displays the range of maximum and minimum 

relative to Location 101. The range is considerable. The location with maximum food 

security is 51% more so than Location 101; the place with lowest food security is almost 

40% worse off. Column three adds personal characteristics of marital status and age to the 



 

preceding specification. Again, this addition diminishes the income effects but both but 

mid-high and high income are significant at 11% and 21%, respectively. The coefficients 

on locations also change slightly, indicating differing patterns of personal characteristics 

over neighborhoods. Age is not statistically significant, but being married does increase 

the probability of being food secure by a small amount, 4.3%  as married  couples  

typically  create  more  stable  income  and  health.  Column  four includes households’ 

appliances and cooking fuel use; both are binary indicator variables. 

These attributes supersede the effects of 

having mid-high income and reduce the 

effect of high income to 16%. Being 

married is also no longer significant. The 

effect of  non-raw  material  cooking  fuel 

(gas,  kerosene,  or  electricity  versus 

coconut husks or wood) improves food 

security by 7%, having a refrigerator by 

10%.   However, distributing refrigerators 

is not a viable solution to food insecurity – 

the appliance requires consistent electricity, 

an added cost ,  and adequate space 

in the home. Similarly cooking fuel is 

a reflection of owning a cooking 

appliance, which requires gas, or kerosene 

as an input to function. Using wood or 

coconut husks for fuel implies outdoor cooking area or fire pit. 

 

Spatial Model

The local Moran test (Anselin, 1995), detects local spatial autocorrelation. It can be 

used to identify local clusters (regions where adjacent areas have similar values) or 

spatial outliers (areas distinct from their neighbors). Because the data consist of a sample 

of EAs and not the entirety of the units which comprise the map of Accra, Bayesian 

smoothing was applied to fill the “empty spaces” on the map. Bayesian. The algorithm 

works by predicting the probability of an event occurring in a non-sampled area by 

manipulating the observed rates of that event in neighboring areas (Cressie, 1995). This 

normal or Gaussian model is heteroskedastic and spatial, with parameters estimated using 

restricted maximum likelihood. 

Table 1. Econometric Model 



 

Moran’s I spatial autocorrelation statistic is visualized as the slope in the scatter 

plot with the spatially lagged variable on the vertical axis and the original variable on the 

horizontal axis. The slope of the regression line is Moran’s I statistic, indicated at the 

top of the window. The four quadrants in the scatter plot correspond to different types 

of spatial correlation. Spatial clusters are found in the upper right (high-high) and lower 

left (low-low) quadrants, and spatial outliers in the lower right (high-low) and upper left 

(low-high) quadrants. Note that the magnitude of Moran’s I as such does not indicate 

significance, nor are the statistics directly comparable across weights and variables. The 

scatter plot shows rates for food insecure households. Here, the data are located around 

the center intersect of the graph some  points in both the upper right and lower-left 

quadrants Because the upper-right and lower-left quadrants correspond to clustered data, 

we can conclude that there is some clustering in the data. 

To verify the local spatial pattern for food insecurity, Gi* was employed where the 

value of the target feature was included. Z-scores for the statistic were mapped. 

Statistically significant polygons (greater than 1.96 or less than -1.96) indicated clusters 

of high and low values respectively. In this instance, only high valued clusters are 

manifest. Low rates of food insecurity have no significant clusters with like values. 

Instead, high rates of food insecurity have some clustering on the map. 

 

Multi-level Model 

A two-level random intercept logistic multi-level model was developed in MLWin 2.01. 

The random intercept model allowed the overall probability of food security to vary 

across EAs. The binary response was yij which  equaled  1  if  a  household  i  in  EA  j 

was  food secure, and 0 if it was not. Similarly, a j subscript was added to the 

proportion so that π ij = Pr( yij = 1). If there is a single explanatory variable, xij, 

measured at the household level, then a two-level random intercept model will resemble 

the following: 

Here, the intercept consists of two terms: a fixed component β0 and an EA-specific 

component, the random effect u0 j. It is assumed that the u0 j follows a Normal 

distribution with mean 
zero and variance σ2 u0

. All variables except for vegetation were 

entered at the household level. Vegetation was entered at the EA level. 



 

The multi-level model results accounts appropriately for vegetation, a neighborhood 

level variable. In the equation below,  the intercept (β0j) for EA j    is -1.372 + u0 j    

where -1.372 is the average rate of food security for each EA and the variance among EAs 

(u0 j) is estimated as 0.382 (SE = 0.151). In other words, when all coefficients equal zero, the 

average food security rate in each EA is -1.372 plus or minus 0.382. Because the intercept 

is below the x-axis and the variance is small, the likelihood of an EA containing a 

majority of food insecure households is greater than that of it having a majority of food 

secure households. 

 

In  the  multi-level  model,  chances  of  household  food  security  increase  with 

ownership of a fridge, adequate bathing facilities, access to better solid waste collection 

services,  better overall health, and infant breast feeding practices. Again, the variable tenure is 

ordered so the least secure situations have a higher ranking, resulting in a negative output in 

the model. Therefore, chances of being food secure increase with better housing tenure. 

Consistent with the household-level model, in the multi-level model vegetation resulted in a 

positive outcome, indicating that chances of a household being food secure increase with 

greater proportions of vegetation at the EA level.  

For discrete response models, the 

likelihood ratio test is unavailable 

and a Wald test is a viable 

alternative. A Wald test was 

therefore carried out in MLWin 

although this test is approximate, as 

variance parameters are not 

normally distributed.   The test 

statistic was 24.775, which we 

compare to a chi-squared distribution on ( n-1 ) or 6 d.f. The returned p-value   was   0.0003,   

a   value   of   high statistical significance.   Therefore we can conclude  that  there  are  

significant differences between EAs in terms of food security, and that a multi-level approach 

to analysis was useful in extracting data that provides  information  for  policy  and  in 

confirming  the  results  of  the  household- level model.  

 

Conclusion 

While the data source is the same, each model provides comparative advantages, 

highlighting both the possibilities and the caution researchers must use when determining an 

appropriate statistical approach.  The spatial model controlled for spatial autocorrelation in 

the geographic distribution of food security across the urban landscape, highlight areas of 



 

particular concern “hotspots” with statistically significant values. Our use of the hierarchical 

model, or multi-level model, separated the effects of household versus neighborhood level 

variables, allowing us to distinguish the level at which variables were most influential. Lastly, 

our econometric model emphasized the economic trends among household based on estimated 

values of household wealth. Together, these three models allow us to draw a more complete 

picture of food security patterns in Accra, and to draw important and more comprehensive 

conclusions for policy recommendations. 
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