Exploring the Spatial Variation of Food Poverty in Ecuador

Abstract

This paper examines geographic dimensions of food consumption in Ecuador during the late 1990’s.  In this period Ecuador suffered the strongest El Niño phenomenon in living memory, a ‘modernisation’ of state involvement in agriculture and planning, and a severe economic crisis resulting in the adoption of the US dollar as Ecuador’s currency. The forces that influence food security and poverty are complex and multi-faceted. In this paper we describe the creation of food consumption and food poverty indicators at the parroquia and canton level. These estimates show that the food poor are concentrated in certain locations, not randomly distributed. We use statistical and spatial analysis to identify clusters of food poor communities and to generate hypotheses of food poverty. We show how climate, land tenure and accessibility to markets are associated with food consumption and that the processes underlying food poverty are spatially variable within Ecuador. Programs and policies addressing food security problems in Ecuador should be sensitive to the spatial variation in food poverty. 
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1. Introduction

Ecuador, along with Guatemala, Honduras and Haiti are among the countries in Latin America with the highest rates of chronic infant undernutrition (FAO, 2003). The most recent figures for Ecuador show undernutrition rates of 34% in 1986 and 26.5% in 1998, 
(Larrea et al, 2001). The long-term effects of infant under nutrition have been well documented (Fogel, 2001; Semba and Bloem, 2001; Grantham-McGregor et al, 2000; Steckel, 1995). Since poor nutrition effects health, educational attainment and capacity to work, these high figures for Ecuador are a cause for concern in connection with the economic and social development of the country. In Ecuador, a country with high social inequality
 and  62% of the population falling below the poverty line in 1998, pronounced social, regional and ethnic disparities in the distribution and consumption of food are to be expected.

Development efforts aimed at reducing inequality and improving nutrition require detailed studies documenting these disparities and identifying their causes. Previous poverty and food security analyses have relied on information from household surveys that are representative for a very small number of regions (e.g. Datt,and Jolliffe, 1999), or on qualitative assessments of limited geographical extent (e.g. Hentschel et al., 1996). These studies yield neither accurate diagnoses of the location of the population affected nor allow a country-wide investigation of the causes of inadequate food consumption and under nutrition. They also lack consideration of geographic and environmental factors affecting food consumption and under nutrition.

Our experience working in Ecuador suggests the importance of spatial interaction, accessibility and environment in poverty and food security outcomes. This led us to question how these factors might be included in an analysis, and whether the factors are in fact significant in food poverty. Are food poverty conditions randomly distributed or geographically clustered in Ecuador? What are the important factors in food poverty that differentiate one location from another in Ecuador?

In this paper, our first objective is to estimate food consumption for 990 parroquias in Ecuador, a far finer resolution than currently published statistics. These results alone can be used to plan the deployment of resources of state and non-governmental agencies (Hentschel et al, 2000; Moreano and Carrasco, 2003). However our second and more important objective has been to demonstrate how these data, allied with spatial analysis techniques enable the identification of different factors related to ‘food poverty’ according to location in Ecuador.

The paper is organized in the following manner. Section 2 describes the combination of survey and census data for estimating food consumption in the 990 parroquias of Ecuador. Section 3 explains our analysis of the spatial clustering of food poverty conditions throughout the country.  Section 4 describes the methods and data used in the analysis of factors related to food poverty. Our results are illustrated in Section 5, and are discussed in Section 6. 

2. Small area estimation

Our analysis follows existing approaches using survey and census data to map poverty and malnutrition at detailed geographic scales  (Hentschel et al., 2000; Elbers et al, 2003; Larrea et al., 1996; Moreano et al, 1994; Fujii et al., 2002). The approach begins with the identification of variables that are common to the 1998 Living Standards Measurement Study (LSMS) survey (Instituto Nacional de Estadistica y Censos [INEC] and World Bank, 1998) and the Ecuadorian national population census (INEC, 2001). These variables are used to develop regression models that estimate food consumption per capita based on related variables that are found in both the survey and the census.  
2.1. Small area estimation: methods


Despite the depth of information contained within a LSMS, the relatively small sample size limits the  representativity of the survey to a relatively small number of regions within a particular country.  The small sample size restricts spatial analysis of LSMS data since variation within those regions is effectively hidden.

Censuses, in contrast, sample the entire population and have long provided a source for the spatial analysis of an assortment of socio-economic topics ranging, for example, from the preservation of minority languages (Higgs et al, 2004) to clusters of immigrants (Pamuk, 2004). Unfortunately the scope of questions in a typical population census is much smaller than a LSMS and is generally unsuitable for food security research.



Our analysis derived statistical relationships between a food consumption indicator in the LSMS and independent
 variables in both the LSMS and the national population census, a technique often referred to as small area estimation 
(Hentschel et al., 2000; Elbers et al, 2003). The method permits the estimation and mapping of the food consumption variable at the detailed geographic resolution of the census.  These estimation techniques allow us to explore the variance of food consumption within previously hidden geographic domains. We estimate food consumption for every household in the population census using an empirical predictive regression model based on i households sampled in the LSMS. Models are constructed separately for each domain in the LSMS and our dependent variable is the natural logarithm of food consumption per person per household.
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Where εi is a random error term and Xi is a vector of variables common to both the survey and census, such as the construction of the dwelling, public services available, and educational levels of the household head and other members.

2.2. Small area estimation: data

Household food consumption data are recorded in the 1998 LSMS. All household food purchases, as well as a proxy purchase value for homegrown food and gifts are recorded in these surveys for a two-week period. These household data are representative for eight domains or stratum: rural coastal region, city of Guayaquil, urban coastal region  (discounting Guayaquil), rural Andes mountains, city of Quito, urban Andes  (discounting Quito), rural Amazon , and urban Amazon.

We constructed variables that were found in both the 1998 LSMS and the 2001. In total 60 variables were used in the eight regression models, the majority of which were dummy variables for household characteristics.

Each house in the 2001 population and housing census is georeferenced according to province, canton, parroquia, community and sector. However geographic boundaries are available only for province, cantons, and rural parroquias.

2.3. Small area estimation: results

In general the representativity of the models is satisfactory (Table 1) and the margins of error observed at the domain level are similar or less than those obtained in the maps of income poverty (Larrea et al, 1996). 

Table 1. Ancillary statistics for models used in Small Area Estimation

	Domain


	Food Consumption 1998-2001 

Model R2

y = ln(food consumption per person)



	Rural Coastal  
	0.501

	Urban Coastal  excluding Guayaquil.
	0.378

	Guayaquil
	0.306

	Rural Andes 
	0.437

	Urban Andes excluding Quito
	0.291

	Quito
	0.277

	Rural Amazon 
	0.594

	Urban Amazon 
	0.425


Even though food consumption is estimated for each household standard errors are reduced by aggregating households. Households can be spatially aggregated in numerous ways if the position of each household is known (Openshaw, 1984). The smallest geographic unit for which the Ecuadorian government reports census data is the  parroquia. 
  In geographical terms the greatest standard errors are observed for parroquias in the Amazon region where the sample size in the 1998 LSMS is small. In addition, the representativity of the models for the rural Amazon apply principally to areas populated by colonists and the models lose a great deal of their sense when applied to indigenous communities who conserve their cultural identity in parroquias with low population density and limited access. Despite these drawbacks, a food consumption dataset for Ecuador was produced 
 within the margins of error of previous poverty maps of Ecuador (Larrea et al., 1996).

2.4. Small area estimation: Food Poverty Indicators

Once food consumption is calculated at the household level using small area estimation, other poverty indicators can be developed for subsequent spatial analysis. Of particular interest for policy making are measures of distribution of food consumption within parroquias such as the Foster-Greer-Thorbecke (FGT) family of poverty indicators, including the headcount ratio, the poverty gap and poverty severity (Foster et al., 1984). Food consumption is a basic need and thresholds can be chosen for caloric content as well as minimum levels of micronutrients and protein in order to fulfill nutritional requirements. We choose therefore absolute rather than relative indicators of food poverty (Lanjouw,1998). Two studies give differing monetary values of the food poverty line in Ecuador. The first of these studies (World Bank, 1996) estimates the cost of a basic basket of food goods as 173,050 sucres per fortnight, which in 1998 represented US$2.2 per day.

A second, alternative study (Parandekar and Brborich, 1999) gives a value of 132,150 sucres per fortnight for the basic basket of goods (US$1.7 per day) and we have chosen to use this as an alternative less strict lower value for our food poverty line. 

3. Spatial Structure of Food Poverty

Tobler’s (1970) first law of geography states that things close to each other are more similar than things that are further away from each other
, a concept sometimes referred to as spatial dependence. . Measures of spatial dependence can help us discover patterns in food consumption that are hidden or difficult to discern from raw data. Additionally spatial dependence in our food poverty indicators limits the inferences we can draw from subsequent statistical computations. Our analysis addresses the following question: Is food poverty distributed randomly throughout the country, does it exhibit a high degree of spatial autocorrletation, and is it spatially clustered?


Each parroquia is represented spatially by a polygon but for many spatial analysis techniques a point is a more appropriate representation. For our analyses we have calculated the location of this point as the polygon centroid (Jenness, 2001). 

Table 2. Descriptive statistics for 2001 Food Poverty indicators

	Dataset
	Mean Food Consumption
	Headcount ratio 

(Higher poverty line)
	Food poverty gap 

(Higher poverty line)
	Food poverty severity 

(Higher poverty line)

	
	
	
	
	

	Statistic – all 
	
	
	
	

	Mean (n=990)
	135827
	0.771
	0.333
	0.180

	SD
	27017
	0.108
	0.086
	0.061

	Skewness
	0.58
	-0.81
	0.07
	0.48

	Moran’s I
	0.354**
	0.363**
	0.440**
	0.447**

	Statistic – rural 
	
	
	
	

	Mean (n=777)
	129998
	0.797
	0.35
	0.190

	SD
	24828
	0.093
	0.815

	0.60

	Skewness
	0.74
	-0.9
	0.03
	0.41

	Moran’s I
	0.5**
	0.551**
	0.538**
	0.515**


** Significant at the 1% level

Moran’s I values have been calculated (Sawada, 1999) for our food poverty indicators and vary between 0.354 and 0.447 (Table 2) for all parroquias. Positive spatial autocorrelation is significant though not always large on account of skewness, and Local Indicators of Spatial Autocorrelation (LISA)- in this case Moran’s I - show outliers of significant negative spatial autocorrelation located in clusters of significant positive spatial autocorrelation. Many of these outliers represent urban parroquias or the principal parroquia in each canton. When these parroquias are excluded from the dataset we see increases in spatial autocorrelation and food poverty (Table 2).

Semi variograms are used extensively in geo-statistics and present a graphical representation of variance that can aid the analysis of patterns of food consumption
. We create a semi-variogram of the data choosing intervals of 5km. The interpretation of the semi-variogram for mean consumption per person per parroquia (Figure 1) shows spatial dependence up to 100 km. The intercept of the variogram (nugget variance) is moderately high and approximately one third of variation is not accounted for between parroquias. We discover similar levels of spatial dependency for all our indicators of food poverty. The semi-variograms suggest that food consumption and food poverty values are geographically clustered as opposed to a random distribution. 

Given that food poverty in Ecuador is non-random we use the Geographical Analysis Machine (GAM) (Openshaw, 1987) to seek significant clusters of people below the food consumption poverty line in order to improve the targeting of interventions designed to reduce food poverty. GAM searches for cases that are significantly different from the expected (global) incidence of food poverty using a Monte Carlo simulation in a multi-scale moving window to measure the persistence of clusters at different scales. 

In 2001 one cluster of parroquias is easily identified (Figure 2). This cluster has at least three foci, one in central Chimborazo, a second in western Tungurahua and the third in central Cotopaxi. Also present are a weak cluster in the northern coastal region in the province of Esmeraldas and a slightly stronger cluster located in the southern Ecuadorian Andes centred on the province of Loja. These clusters correspond with those identified using LISA statistics (Figure 3). 



Our analysis of spatial dependence shows non-random and clustered distributions of food poverty in Ecuador. The following section is a discussion of the explanatory factors that the authors and other food poverty analysts consider to be important in Ecuador. Since spatial dependence of food poverty was found to be important, subsequent sections of the paper treat the explanatory factors using geographically weighted models only. 

4. Factors Related to Food Poverty in Ecuador

Our objective is to construct an explanatory model 
of rural food poverty at the parroquia level using spatial variables that were not considered explicitly in the original small area estimation models of food consumption
. These potential related factors function at various spatial scales. However in this paper we restrict our analysis to scales between the parroquia and the region.

Given the existence of spatial autocorrelation in our dependent variable and the possibility of non-stationarity in the processes that lead to food poverty (Brunsdon et al, 1996), we use geographically weighted regression (Fotheringham et al, 2002) to test our hypotheses of the factors associated with food poverty.

4.1. Hypotheses of Potential Factors Related to Food Poverty 

Through a brain-storming session with a panel of food security experts in Ecuador, we developed a list of locally specified potential determinants of rural food poverty (Farrow et al, 2002).  We have chosen some key themes that have a theoretical association with food poverty, these include social capital, agricultural productivity (climate, soil, management and tenure), and access to markets.

Social capital and the culture of a locality influence the access to a diversity of products and a diverse diet with the nutrients necessary for a safe and active life (ODEPLAN-FAO, 2001). However indicators of social capital have not been formally defined for Ecuador and data for traditional indicators, such as density of voluntary organisations (Putnam, 1993), or of social networks (e.g. Paldam, 2000), have not been collected for all regions (cf. Bebbington and Perreault, 1999). 

Access to water is potentially an important determinant of rural food poverty (Rosegrant et al., 2002; Global Water Partnership, 2003) since improved agricultural productivity can increase farm incomes and lower prices for consumers (de Janvry and Sadoulet, 2000). We hypothesize that areas suffering regionally from drought, and locally from stress as a result of poor access to water will be unable to support sufficient production to ensure adequate food consumption. For rainfed agriculture we have developed an index of water availability using precipitation and calculating the number of consecutive dry months (Figure 4) where monthly precipitation less than 60mm is considered dry due to crop growth limitations (Jones, Personal Communication). Data on irrigation from the 2000 agricultural census have been published for the majority of cantons
 in Ecuador. 

Elevation and slope are proxies for temperature and management constraints on agricultural productivity, and in Ecuador the resolution of altitude data is far greater than temperature or alternative terrain data sources. We expect slope to have a greater impact on food poverty than altitude although in some very high zones (paramos) we encounter particularly fragile agro-ecosystems that are associated with elevated concentrations of poverty. We calculate summary statistics for each parroquia of altitude and slope derived from the Shuttle Radar Topographic Mission (SRTM) dataset modified by CIAT (Jarvis et al, 2004).

Soil quality is another constraint on agricultural productivity and presents significant spatial variation within parroquias and even within parcels (Dercon et al, 2003). Maps of soil types exist but we chose to use maps of potential for agriculture, whose classes explicitly incorporate soil quality information and limitations (BID-CONADE in Alianza Jatun Sacha – CDC Ecuador, 2003). We reclassify the potential agriculture classes into suitability for pasture (Figure 5), crops, productive forest and natural areas (default). Actual land use (compiled from various sources from the 1990’s – Alianza Jatun Sacha – CDC Ecuador, 2003) has also been categorised in terms of percentage crop, pasture, productive forest, natural areas and non vegetative land use. Summary statistics for both actual and potential land use are calculated for each parroquia for each land use class. 

Deteriorating soil quality is often the result of inappropriate land use decisions, and we attempt to identify those areas where the actual land use is not appropriate given the potential of the soil. As such we have created a map of productive land use suitability (Figure 6). For each class of actual land use we determine if it has been cultivated in an appropriate location and we produce summary statistics for each parroquia.

Land tenure inequality, and as a consequence the large number of farmers with less than 5Ha, is  potentially related to low levels of food consumption. Data on legal status of agricultural land have been made available at canton-level for the much of the country.  Equality indicators, such as the GINI coefficient of farm size, are not formally published for levels below the country
 but these have been calculated using data available on farm sizes (Chiriboga, Personal Communication). It ought to be noted that many other variables that were collected during the 2000 agricultural census (INEC, 2000) were not made available for a large number of the sparsely populated cantons where data confidentiality issues arose.

Access to markets is an important prerequisite for rural income generation and can improve nutrition by providing access to a wider variety of foodstuffs than would be possible from on-farm consumption alone. Jacoby (2000) has shown that improvements in access generally benefits the whole population and we would expect parroquias with better access to markets to have higher mean food consumption and lower levels of the food poverty headcount ratio (although Jacoby was unable to show a reduction in inequality). There is a great difference between the importance of markets in the Andes where they have a notable social and cultural value (Martinez, Personal Communication) and the coastal region where the point of sale of agricultural produce is often the nearest road. In this study we have produced variables of accessibility to four types of markets: National markets (the three biggest cities – Guayaquil, Quito and Cuenca); regional markets (based on traditional markets in the Andes); provincial markets (the capital city of each of the provinces)( Figure 7); and, local markets (the major populated place in each parroquia). Access to these markets has been calculated using CIAT’s Accessibility Analyst (Farrow and Nelson, 2001).

4.2. Testing hypotheses using regression models

Our biophysical independent variables have been calculated at the parroquia scale but those for land tenure and irrigation are only available at the canton scale. We therefore run models using available data at the canton scale only.  The models were developed using all independent variables at the canton level for three dependent variables: mean food consumption per person, and food poverty headcount ratio for the higher and lower food poverty lines. We analyse the correlation between our independent variables to eliminate those that show collinearity and use stepwise methods to reduce the number of variables entering the models.

We know that the relationships between variables show considerable spatial variation within Ecuador.  Many potential models explain our food poverty indicators rather one national model or a limited number of regional models. We also take into account the spatial dependency in our model. In section 3, the analysis showed that food poverty indicators exhibit spatial autocorrelation and clustering, thus limiting the inferential power of OLS regression. Geographically Weighted Regression (GWR) is an alternative to OLS regression models, and is commonly used to overcome the limitations caused by spatial dependency (Miron, 1984 cited in Fotheringham et al, 2002).

We create models for mean consumption and the headcount ratios for higher and lower food poverty lines using variables that conform to our original hypotheses (Annex I). All models were calibrated using version 3 of the Geographically Weighted Regression software (Fotheringham et al, 2004).

To specify the parraquias included in the GWR, we used both fixed distance and nearest neighbour criteria; the former is approximately 252 km in diameter while the latter method selects the nearest 54 neighbours for each regression point (see Fotheringham et al, 2002 pp44-52 for a discussion of these options).

The coefficient of determination increases as a result of employing geographical weights. When we look in detail at the independent variables (Annex II) we see that quite a few are not significant in the global regression but show significant spatial variability and are significant locally. These parameters are discussed in detail in the following section.

5. Regression model results 

5.1. Drought and water management

Our climatic variable (MN_DRY) shows significant spatial variability and we can see  (Figure 8) that the significance of determination of dry months on food poverty is strongest in the central Andes region and the southern province of Loja which suffer localised drought, as opposed to the driest area – the central coastal region – where fishing and tourism are alternatives to agriculture. The proportion of farms that have irrigation equipment (PR_RIE1) is not a significant determinant globally and even though the spatial variability is not significant it is interesting to note that this variable is an important determinant in the central Andes but not in Loja.

5.2. Slope

When we map the significance and partial regression coefficient for mean slope (Figure 9) we observe a highly significant association in the north of Ecuador in the provinces between Esmeraldas and Sucumbios.  In the cantons of these provinces an increase in mean slope contributes to an increase in mean consumption and to lower levels of food poverty. Meanwhile in another region centred on the provinces of Azuay and Cañar slope has the opposite effect and higher values of mean slope are associated with smaller mean food consumption values.

5.3. Land use and land use suitability

In the geographically weighted models for food poverty and consumption four land use variables were included: mean value of land use suitability per canton (MN_SUIT), mean proportion of canton suitable for crops (MN_P_CR), mean area of short-cycle crops per productive unit per canton (MN_TEMP) and mean area of land in fallow per productive unit per canton (MN_FALL).

In the three models that were constructed only the land in fallow variable (MN_FALL) was a significant determinant in the global regression models. In all the models the crop suitability variable (MN_P_CR) exhibits highly significant spatial variability and the maps of the coefficient estimates and t-values (Figure 10) show a distinct difference between the southern coast and Andes regions and the northern and central Andes. In the former there is a positive association between food poverty and suitability for crops: cantons with the best land also have high incidences of food poverty. In the northern Andes this situation is reversed and better represents the hypotheses of our food poverty experts (high food poverty in areas of poor crop suitability). Land use suitability (MN_SUIT) is a significant negative determinant in a small number of cantons found in the provinces of Guayas and Chimborazo. However, in Pichincha and Cotopaxi this variable is associated with lower levels of food poverty.

5.4. Land Tenure

We consider the proportion of hectares that are individually owned (PR_IND2) in our models but find that it is not globally significant. Locally the variable is a significant negative determinant at a number of locations stretching from Tungurahua in the north to the Peruvian border in the south. Yet it can be observed that the variable is a positive determinant of food poverty in some coastal cantons around the city of Guayaquil as well as to the north of Quito (Figure 11), these are areas characterised by agro-industries such as cut-flowers (Cayambe) and sugar-cane (Yaguachi). Equality of land ownership is captured by the GINI coefficient variable. This is an interesting variable because it is both a moderately significant variable in the global regression and also shows significant spatial variability. What is surprising about our results is that a reduction in the GINI coefficient is related to an increase in food poverty. This relationship is especially strong in the southern provinces of Loja, Zamora Chinchipe and El Oro and may reflect the fact that in El Oro (where the GINI coefficient is higher due to banana plantations) food poverty is low amongst the salaried agricultural workers (Figure 12).

5.5. Accessibility to markets and services

In our geographically weighted regression models we see that our accessibility variable (mean time in minutes to a provincial capital [MN_AP]) displays significant spatial variability and globally is a significant determinant of food poverty though not mean food consumption. This suggests that access to markets and services is universally important as a determinant of food poverty in Ecuador. However when we plot the local values of the coefficient and the significance of the parameter it can be seen that cantons with significant positive t-values are encountered in the coastal region (Figure 13) and that there is a cluster of cantons in the central Andes that display an inverse relationship.

5.6. Population

Population variables were not considered explicitly as potential determinants but as a result of stepwise selection were included in our models. We observe that population in 2001 is a significant determinant in a global regression, but when the results of the GWR models are mapped we see that there are areas where higher population is not significantly associated with high food consumption and lower levels of poverty. These cantons are clustered in the south of Ecuador but this variability is not statistically significant.

6. Conclusions and Discussion

Our first objective in the study has been to estimate values for food consumption per person at the household, and also at parroquia and canton levels. Using our food consumption estimations, we also calculated the headcount ratio, the food poverty gap and severity of food poverty.  The hypothesis that food consumption is unequal throughout Ecuador was tested using these indicators. We have used some simple spatial analysis techniques to show that community levels of food consumption and food poverty are not distributed randomly throughout Ecuador. There are clusters of communities that are poorer than others are. These findings imply that targeting of interventions is essential if the ‘food poor’ are to be reached and development aid is more closely targeted to the people that need it most. 

It must be remembered that our canton-level food poverty indicators are based on estimates of food consumption at the household level rather than observations. Standard errors have been reduced by aggregating households firstly into parroquias and then into cantons for our analysis of factors related to food poverty.

The nature of these interventions is addressed in our second objective, which was to determine why some groups of communities suffer higher levels of food poverty than others. Our geographically weighted regression models explain more variance of the aggregated values of food poverty and consumption then do our initial models used in the small area estimation. A number of studies (e.g. Bigman et al, 2000) have used community level data to improve the estimation of the absolute value and the distribution of food poverty indicators, especially when household level data are not available. In this paper we are more interested in how community and broad scale (large area) variables are related to levels of food poverty, with the ultimate aim of identifying driving forces and subsequent opportunities for interventions to reduce food poverty.

We were particularly interested in testing a number of a priori defined hypotheses, as well as generating new hypotheses guided by the results of our geographically weighted regression models. The outputs of these models, visible in map form, show that the processes that determine food poverty are spatially non-stationary. This has implications for the design of policies to reduce food poverty and suggests that each cluster of food poverty will require different classes of interventions.

The experience of food security experts in Ecuador and the findings of past research suggest that poor access to water will result in higher levels of food poverty. This is broadly the case in Ecuador but we have seen that there are interesting differences in the importance of consecutive dry months between the coastal region and the Andes. A common response to water stress is irrigation but we find that irrigation is less important in the coastal region than in the Andes, possibly because of alternatives to agriculture such as tourism and fishing. These particular variables are interesting in the context of the location of clusters of food poverty (Section 3) in the central Andes. Targeted investment in irrigation or drought-tolerant varieties of crops such as maize (Zea. Mays) might be worth considering in this region.

Slope is a proxy variable for management constraints to agriculture. Yet the parameters of our models are ambiguous and we observe that slope has different effects on food poverty in different locations. This may be explained by the difference in the ‘flat’ areas that flank the northern and southern Andean zones. In the north the coastal zone is far poorer than the coast of the province of Guayas. Another confounding factor may be that we are not able to distinguish between urban and rural areas, we therefore observe the influence of Ecuador’s largest cities – Quito in the northern Andes, and Guayaquil in the southern coastal region.

Our panel of food security experts in Ecuador expected the suitability of soils for crops to be universally associated with lower levels of food poverty. The geographical differences we observe in Ecuador may be due to variations in the efficiency of exploiting good soils. In general it can be observed that the appropriateness of land use is not globally significant, this may be because the exploitation of soil resources has yet to have negative impacts on productivity, or alternatively that the scale of analysis does not permit a full investigation of the links between land suitability and food poverty.

The results of geographically weighted regression show a negative association with the proportion of land owned individually and food poverty in the south of the country. Elsewhere there is no association between individual ownership of land and food poverty or even a positive one close to Ecuador’s largest cities. We also observe that the relationship between food poverty and cantonal level GINI coefficient of land ownership shows significant spatial variation. Unfortunately we do not have information on the food poverty gap or severity at the cantonal scale, these indicators may show a more consistent association with the GINI coefficient. Nevertheless our analysis suggests that wholesale land reform may not be the most appropriate policy route for reducing food poverty.

Our hypothesis that greater access to markets is associated with lower levels of food poverty has not been refuted. Interestingly we find that at our scale of analysis access to local markets is not a significant variable whereas access to provincial capitals is significant, perhaps due to the fact that while each canton has a number of markets not all contain a provincial capital. This finding may also reflect the different functions of provincial capitals and local markets, especially in terms of employment opportunities and distribution of resources. We also observe patterns that suggest that policies focussed on improving access to provincial markets would be beneficial to all areas of Ecuador but could have greater influence in the coastal region and southern Andes. Some further research is also necessary in the central Andes to discover why these areas show a negative relationship between time to provincial capitals and food poverty.

Interpreting the population variables does not help in the formulation of policies or other interventions to reduce food poverty but gives an insight into the relationship between population and poverty. What we may be observing is a reflection of the fundamental carrying capacities of the lands in different parts of Ecuador and potentially a lag between over-exploitation and resulting increases in food poverty. An alternative interpretation could be the industrialisation of the country and the movement out of a fundamentally agrarian society.

In this paper we have shown that food poverty in Ecuador is spatially dependent. This fact invalidates a number of assumptions about our data and means that in our statistical analysis of the determinants of food poverty we have had to use geographically weighted regression. Our results show that explicit consideration of geographic and environmental factors, and the use of geographically weighted regression, improves our statistical models and helps us better understand the patterns and processes linked to food poverty. We have shown that the implementation of policies and other interventions is unlikely to be successful unless the spatial variation in food poverty and its determinants is studied and understood.
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Annex I: Canton level regression variables

n = 168

	Variable


	Description
	Units
	Minimum
	Maximum
	Mean
	Std. Deviation

	
	
	
	
	
	
	

	FGT_0H
	 Canton headcount ratio using the conservative food poverty line
	Ratio
	.44
	.94
	.7222
	.09357

	FGT_0L
	 Canton headcount ratio using the liberal food poverty line


	Ratio
	.24
	.88
	.5447
	.11653

	MEANY
	 Canton mean food consumption per person per fortnight 


	Sucres
	81649.93
	218950.51
	146437.8689
	21930.20504

	MN_DRY
	 Mean value of consecutive dry months per canton


	Months
	.00
	10.73
	4.6061
	2.74941

	PR_RIE1
	 Proportion of productive units with irrigation per canton


	Ratio
	.00
	.97
	.2436
	.24772

	COASTAL
	 Dummy variable for cantons that have a coastline (cantons that benefit from fishing and tourism)
	Binary
	0
	1
	.13
	.332

	MN_SLP
	 Mean slope per canton


	Degrees
	.73
	25.52
	11.3964
	6.99807

	MN_SUIT
	 Mean value of land use suitability per canton


	Ratio (* 1000)
	.00
	605.40
	191.6688
	131.51906

	MN_P_CR  
	 Mean proportion of canton suitable for crops


	%
	.00
	86.04
	16.1153
	17.77355

	MN_FALL
	 Mean area of land in fallow per productive unit per canton


	Hectares
	.18
	27.88
	4.3552
	3.96545

	MN_TEMP
	 Mean area of short-cycle crops per productive unit per canton


	Hectares
	.20
	12.40
	2.9393
	2.51460

	PR_IND2 
	 Proportion of productive area per canton owned by individuals


	Ratio
	.34
	1.00
	.8377
	.14806

	GINI
	 GINI coefficient of land ownership per canton


	Ratio
	.31
	.94
	.6917
	.11986

	MN_AP
	 Mean value per canton of time to the nearest provincial capital


	Minutes
	22.30
	767.83
	213.8863
	148.81080

	POB_2001 
	 Population per canton in 2001


	Persons
	2200
	2005165
	64943.3095
	212844.93172

	TASA_7482
	 Rate of population growth between 1974 and 1982
	% per year
	-.38
	4.92
	.2630
	.64731


Annex II: Geographically weighted regression model summaries

	n = 168
	FGT0_H

Adaptive bandwidth = 57 Nearest Neighbours

Global Regression adjusted R2 = 0.298

GWR adjusted R2 = 0.679
	FGT0_L

Adaptive bandwidth = 54 Nearest Neighbours

Global Regression adjusted R2= 0.366

GWR adjusted R2 = 0.707
	MEANY

Adaptive bandwidth = 54 Nearest Neighbours

Global Regression adjusted R2 = 0.266

GWR adjusted R2 = 0.680

	Parameter      
	Global Estimate
	Global          T-value
	Spatial variability of parameters     P-value
	Global Estimate 
	Global          T-value
	Spatial variability of parameters P-value
	Global Estimate 
	Global          T-value
	Spatial variability of parameters         P-value

	Intercept
	0.855
	9.731**
	 0.270
	0.782
	7.518**
	 0.320
	127787.811
	6.062**
	0.520

	MN_DRY 
	0.007
	2.198*
	 0.000**
	 0.007
	1.855
	 0.000**
	-2318.186
	-2.840**
	0.000**

	PR_RIE1 
	-0.008 
	-0.261
	 0.320
	-0.005
	-0.123
	0.020*
	 794.783
	 0.104
	 0.160

	COASTAL 
	-0.066
	-2.892**
	 0.670
	-0.086
	-3.202**
	 0.630
	13118.328
	2.413*
	 0.700

	MN_SLP 
	0.002
	1.528
	 0.000**
	0.005
	 2.628**
	 0.000**
	-533.388
	-1.372
	 0.000**

	MN_SUIT
	-0.000
	-1.628
	 0.250
	-0.000
	-1.919
	 0.350
	23.323
	1.573
	 0.290

	MN_P_CR 
	0.000
	 0.488
	 0.000**
	 0.001
	 0.790
	 0.000**
	-33.555
	-0.205
	0.000**

	MN_TEMP 
	0.003
	 0.865
	0.150
	 0.002
	 0.506
	 0.130
	-957.842
	-1.084
	 0.050*

	MN_FALL
	-0.005
	-2.417*
	 0.400
	-0.005
	-2.193*
	0.360
	1373.786
	2.761**
	 0.350

	PR_IND2 
	-0.062
	-1.122
	0.000**
	-0.141
	-2.147*
	 0.000
	12415.534
	 0.935
	 0.040*

	GINI
	-0.178
	-2.404*
	0.040*
	-0.282
	-3.220**
	0.070
	29156.991
	1.641
	0.070

	MN_AP
	0.000
	1.987*
	0.000**
	 0.000
	2.422*
	 0.000**
	-26.682
	-1.924
	 0.010**

	POB_2001 
	-0.000
	-4.332**
	 0.790
	-0.000
	-3.212**
	0.810
	 0.032
	4.340**
	 0.770

	TASA7482 
	-0.000    
	-0.045
	 0.090
	0.005    
	 0.424
	0.160
	-1661.423
	-0.678
	0.420


* Significant at the 5% level

** Significant at the 1% level

Annex III: Figures
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	Figure 1. Isotropic variogram of ln(mean consumption)
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	Figure 2. Clusters of Food Poverty headcount Ratio (higher food poverty line) using GAM
	Figure 3. Clusters of Food Poverty Severity (higher food poverty line) using Local Moran's I
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	Figure 4. Consecutive months with less than 60mm precipitation
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	Figure 5. Potential for Pasture
	Figure 6. Appropriate Use of Land
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	Figure 7. Accessibility to Provincial Capitals
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	Figure 8. Significance of mean number of consecutive dry months per canton (MN_DRY) using GWR where FGT0_H is the dependent variable 
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	Figure 9. Significance of mean slope (degrees) per canton (MN_SLP) using GWR where FGT0_H is the dependent variable 
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	Figure 10. Significance of mean area of land that is suitable for crops (MN_P_CR) using GWR where FGT0_H is the dependent variable
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	Figure 11. Significance of the proportion of land owned by individuals (PR_IND2) using GWR where FGT0_H is the dependent variable 
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	Figure 12. Significance of the GINI coefficient of land ownership (GINI) using GWR where FGT_0H is the dependent variable
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	Figure 13. Significance of access to provincial capitals (MN_AP) using GWR where FGT0_H is the dependent variable


�You should either review Small Area Estimation Methods in this section or omit the section entirely


.


�This should be in the data section.


�The variables are related and since you latter draw on Tobler’s first Law of geography you should not use the term ‘independent’ despite its common usage in much statistical regression literature. 


�It is also known as Areal Interpolation and Disaggregative Spatial Interpolation.


�“everything is related to everything else, but near things are more related than distant things” You should refer to Dan Sui’s paper on TFL of Geography: A Big Idea for a Small World.


�This seems to confuse correlation with dependence.


�This is a large difference. Is it right?


�More details of how GAM works would be good. Comparing against a global expected value is usually only the first stage of applying GAM for a geographical exploration of data. The next step involves developing expected measures that are spatially variable to see if evidence of clustering persists. This goes on until the variation is ‘explained’ sufficiently by the expected measure (at the given level of significance). An analysis of GAM would continue and then applying GEM would take this further…   


�To do this you will need to infer cause and effect and work out more than what is correlated.





� As measured by children (less then two years old) who are below international standards of height for age.


� In 1998 the GINI coefficient for total consumption was calculated as 0.468.


� In 2001 there were 993 parroquias of which 775 were classed as rural..


� These maps can be found at this site: http://www.ecuamapalimentaria.info


� Data analysed by semi-variograms are assumed to be sampled observations from a continuous surface. In this paper we use semi-variograms as a useful way of visualising potential spatial dependency rather than as an input to interpolation to create a food poverty surface.


� We were concerned at the potential for endogeneity in our models even though data have been aggregated; variables such as mean education levels of the household head are therefore not included.


� Canton is the third administrative level in Ecuador and contains a minimum of 1 parroquia. In 2001 there were 217 cantons.


� The GINI coefficient of land ownership was 0.81 in 2000 (Chiriboga, unpublished document)
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