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Abstract 
The study identified the hotspots and coldspots of poverty as well as the determinants of poverty 
of each identified group. Data were obtained from National Living Standard Survey and Core Wel-
fare Indicators Questionnaire Survey conducted by National Bureau of Statistics. Spatial econo-
metrics technique was used to analyze data. The result of the analysis identified the hotspots and 
coldspots of poverty with average poverty rates of 82.6% and 31.8% respectively. The positive 
significance of spatial dependence of hotspots (ρ = 0.34) and coldspots (ρ = 0.21) indicated that 
spillover of poverty existed in significant proportion among senatorial districts in the two groups. 
Percentage of people employed in agriculture, type of soil, annual rainfall, household membership 
of association and access to credit are found to be important determinants of poverty in hotspots 
of poverty in Nigeria. Incorporation of poverty spillover when designing poverty alleviation pro-
gramme, increased productivity of people employed in agriculture and the need to bridge the in-
frastructural gap between the hotspot and coldspots could play a significant role in reducing po-
verty incidence significantly in Nigeria. 
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1. Introduction 
Poverty in Nigeria is particularly worrisome because of the country’s available natural and human resources. 
The World Bank report [1] established that Nigeria with about 170 million population falls among countries 
with extreme poverty whose over 70% population live on $1.25 (N200) or even less per day. National Bureau of 
Statistics (NBS) put the poverty rate in Nigeria at 54.4% and 69.0% in 2005 and 2010 respectively, while [2] 
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and [3] reported 70.2% and 70% respectively. United Nations Habitat [4] put the poverty rate at 76%. With 
quantum of poor unemployed youth, poverty has been linked with the rising number of youth engaging in social 
vices such as robbery, 419 activities (including internet fraud), political thugs, campus cultism, drug and human 
trafficking, militancy and Boko haram insurgence in the northeast which has claimed many lives. 

Over the years, a number of Poverty Reduction Strategy (PRS) has been initiated in Nigeria. This includes the 
recently designed National Economic Empowerment Development Strategies (NEEDS). Also, a special Federal 
Government institution to alleviate poverty in the country; the National Poverty Eradication Programmes 
(NAPEP) was created. These previously initiated PRS in the country appear only to have addressed the various 
manifestations of poverty, such as unemployment, lack of access to credit and functional rural and urban infra-
structures, and gender inequality among others. While these PRS were well intentioned, none had any signifi-
cant, lasting, or sustainable positive effects on the people they were planned for ([3], [5]). This may be attributed 
among others to the non-consideration of the heterogeneous nature of poverty and spatial contiguity of geo-
graphical units in the design of PRSPs. Virtually, all existing poverty studies ([6]-[16]) treated geographic unit, 
such as a local government area, a state, ora geographical zone, as an independent isolated entity rather than as 
an entity surrounded by other geographic units with which it interacts. In a village or urban community, many of 
the households may have similar sources of income, and all households affected by the same agro-climatic and 
geographic conditions. Households may also have other circumstances in common including road conditions, 
availability of public facilities such as health, water supply and education. Hence, it is reasonable to suppose that 
households living in the same area tend to act in similar ways and to influence one another ([17]). The poverty 
level of a community is not only determined by factors highlighted above but also by conditions in the neigh-
bouring communities. For instance, if the poverty level of a specific geographical entity is low, the neighbouring 
communities will be affected by the spillover effects of low poverty. The same is also true if an area is prosper-
ous, the spillover effect of the prosperity will lead to a reduction in poverty in the neighbouring areas. According 
to [18], if this bias (spatial dependence) is ignored, econometric results may be incorrect and produce policy 
recommendations that are counterproductive. We use spatial data analysis methods in this study to explore the 
spatial contiguity of senatorial districts based on poverty incidence, and spatial econometric methods to incor-
porate the spatial bias formally into the econometric models. 

The focus of this study is on senatorial districts. In addition to legislative duties, senators also have tasks with 
the economic development of their respective senatorial district through lobby for sitting capital projects and ju-
dicious use of monthly constituency allowance meant for execution of projects that will enhance the well-being 
of the people. A thorough knowledge of the poverty situation and incidences at the senatorial levels will provide 
sufficient information to state governors to know how to intervene effectively. Furthermore, each senatorial dis-
trict, on average is made up of 7 local government areas which also imply that knowledge of poverty situation in 
the senatorial district can guide local government chairmen and councilors on how to tackle poverty in their do-
mains. 

There is scarce information on spatial decomposition and spillover of poverty across the Senatorial Districts 
(SD) in Nigeria. The objective of the study is to determine the similarity (high-high, low-low) or dissimilarity in 
poverty incidence across the neighbouring senatorial districts. This will enable a senator to know whether his 
SD’s performance is better or worse than the performance of neighbouring SDs in terms of poverty reduction. 
The study also identified the determinants of cold (low-low) and hot (high-high) spots of poverty. The paper is 
divided into four sections; namely introduction, theoretical framework, methodology, results and discussion and 
conclusion. 

2. Theoretical Framework and Previous Literatures 
The concepts and assumptions of spatial analysis measure geographic variables that exhibit properties of spatial 
dependency (the tendency of the same variables measured in locations in close proximity to be related). While 
traditional statistical techniques have treated this feature as nuisance, spatial statistics considers them explicitly. 
In the past, models that explicitly incorporated “space” (or geography) were primarily found in specialized fields 
such as regional science, urban and real estate economics and economic geography (examples are reviews in 
[19]-[22]). However, spatial econometric methods have increasingly been applied in a wide range of empirical 
investigations in more traditional fields of economics as well, including, among others, studies in agricultural 
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and environmental economics ([17] [18] [23]-[30]). 
Unlike in the developed countries, there are few literatures on the application of spatial econometrics to po-

verty studies in sub-Saharan Africa. It is generally new in Nigeria. According to [26], the landscape of poverty is 
a result of many forces acting independently and in interaction with other social and structural forces to produce 
a set of opportunities and constraints. These are manifested in the economic realities of wealth and poverty. Po-
verty is a highly heterogeneous phenomenon showing a wide spatial variability. A large difference in the stan-
dard of living of the populations in different geographical locations is common. Spatial heterogeneity between 
areas can be introduced in a model for a variety of reasons, including differences in agroclimatic conditions, 
geographic conditions (particularly access to main urban centres and markets), the presence of natural resources 
(particularly water for irrigation), other non-physical conditions (especially, historical and ethnic) and facets of 
public policy ([31]). 

In a study on poverty and inequality in Vietnam: spatial patterns and geographic determinants, [27] findings 
revealed that 10 percent point increase in the poverty rate in a district results in 8 percent increase in the poverty 
rate in a neighbouring district. In a similar study on spatial approach to social and political forces as a determi-
nant of poverty in US, [18] indicate that a 10 percentage point increase in the poverty rate in a county results in a 
2% increase in the poverty rate in a neighbouring county. This is strong evidence that spillover effects exist be-
tween counties with respect to poverty. Neighbourhood effects on poverty as a result of similarities in socioe-
conomic and environmental factor are well documented in studies ([32] [33]) carried out in Kenya and Uganda 
respectively. This finding is corroborated by [24]. They reasoned that poverty of a neighbourhood is tied to the 
fortunes of neighbouring areas: there are geographic spillovers in poverty reduction. Reducing poverty in partic-
ular neighbourhoods affects the poverty of neighbouring tracts. A study on the topography of poverty in US, [26] 
findings showed that 51.9% of the total counties belong to similar spatial concentration (low-low and high-high), 
whereas only 7.8% were categorized as being spatial outliers (high-low and low-high).  

Writers in the sociological, political science, and regional science literatures point out that certain community 
attributes are empirical correlates of successful communities ([34]-[40]). These and other studies suggest that 
many factors influence the level of community and economic development of a place [41]. For example, view 
poverty as a condition of the local social structure. Numerous studies have found a positive association between 
economic development and social capital [18]-[42]. investigated the independent effects of social capital on 
family poverty rate; their result revealed that counties/local government areas rich in social capital have lower 
family poverty rates. 

According to [43], the intrinsic value of education in raising individual capabilities and freedoms and conse-
quently contributing to higher incomes cannot be over-emphasised. It has been severally documented (example 
is [44]) that labour is the main asset of the poor. One of the important ways of enhancing and preserving this as-
set is through education. Indeed, the [45] showed that investment in education and other forms of human capital 
particularly health is an important element of a poverty reduction strategy.  

3. Methodology 
The study covered the 109 Senatorial Districts (SD) of Nigeria. Each Senatorial district is composed of Federal 
constituencies (360 Federal constituencies) while Federal constituency is made up of Local Government Areas. 
Figure 1 shows the senatorial districts map of Nigeria. The study utilized secondary data obtained from 2006 
Core Welfare Indicator Questionnaire Survey (NLSS) and 2003/2004 National Living Standard Survey data by 
National Bureau of Statistics (NBS). The only NBS data disaggregated into senatorial districts. Other sources 
were the Nigerian Institute of Meteorological Services (NIMET) for agro-climatic and environmental data and 
Food and Agricultural Organisation for the fertility soil map of Nigeria. 

Although the 2006 Core Welfare Indicator Survey data were collected two years after the National Living 
Standard Survey (NLSS), the 2004-2006 periods was one of relatively slow growth and low inflation in Nigeria, 
so it was reasonable to assume that there was relatively insignificant change. Similar studies carried out with 
lagged data are: 

1) [17] in Ecuador combined Census of population and households conducted in 1990 and the World Bank’s 
Living Standard Measurement Surveys (LSMS) conducted in 1995. 

2) [32] in Uganda utilized two household data sets collected by the Uganda Bureau of Statistics (UBOS):  
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Figure 1. Senatorial district map of Nigeria. Source: adapted from [49]. Note: See the meaning of the abbreviations in Table 
1.                                                                                                                 

 
census data for 1991 and sample survey data from 1992 (IHS) to derive welfare estimates and maps.  

3) [18] in the United States of America utilized family poverty rate from the 2000 Census while the explana-
tory variables were measured in 1990. 

The study provided answers to the following research questions, using senatorial district as the reference geo-
graphical location: 

1) Is the poverty incidence of a senatorial district significantly influenced by poverty incidence of neighbour-
ing senatorial district(s)? 

2) What are the factors influencing poverty levels in senatorial districts with similar spatial patterns of pover-
ty? 

The detail of the variables (dependent and independent) used in the analysis, the a priori expectations and the 
literatures supporting the a priori expectations are presented in Table 2. 

Soil Classification (SOC) 
The soil classification per senatorial district data were obtained from the Food and Agricultural Organization 
(FAO) soil map of Nigeria based on natural fertility and traditional agricultural practices. FAO classified Nige-
rian soil into very low productivity, no productivity, high productivity, medium productivity and low productiv-
ity. For this study, a dummy variable was used to capture the soil classification. The soil of very low productivi-
ty and no productivity were classified as bad soil (bad soil = 0) while soils of high productivity, medium prod-
uctivity and low productivity were classified as good soil (good soil = 1). Good soil (soils of high productivity, 
medium productivity and low productivity) was expected to bring about reduction in poverty rate ([32] [33]). 

Data were analyzed using descriptive and spatial regression analyses. A diagnostic ordinary least squares re-
gression analysis was carried out by expressing the prevalence of poverty per SD as a function of selected spa-
tial variables. This was to ascertain the presence of spatial dependence. The OLS regression model was esti-
mated as:  



F. A. Sowunmi 
 

 
305 

Table 1. Senatorial districts codes and meaning of abbreviations.                                                                    

Senatorial  
District ID Senatorial  

District ID Senatorial  
District ID Senatorial  

District ID Senatorial  
District ID 

Abia Central AbC Borno North BoN Gombe South GoS Kwara Central KwC Oyo North OyN 

Abia North AbN Borno South BoS Imo East ImE Kwara North KwN Oyo South OyS 

Abia South AbS Cross River  
Central CrC Imo North ImN Kwara South KwS Plateau Central PlC 

Adamawa Central AdC Cross River North CrN Imo West ImW Lagos central LaC Plateau North PlN 

Adamawa North And Cross River South CrS Jigawa North-east JiNE Lagos East LaE Plateau South PlS 

Adamawa South AdS Delta Central DeC Jigawa 
North-west JiNW Lagos West LaW Rivers East RiE 

Akwa Ibom 
North-west AiNW Delta North DeN Jigawa 

South-west JiSW Nasarawa North NaN Rivers South-east RiSE 

Akwa Ibom 
North-east AiNE Delta South DeS Kaduna Central KadC Nasarawa South NaS Rivers South-west RiSW 

Akwa Ibom South AiS Ebonyi Central EbC Kaduna North KadN Nasarawa Central NaC Sokoto East SoE 

Anambra Central AnC Ebonyi North EbN Kaduna South KadS Niger East NiE Sokoto North SoN 

Anambra North AnN Ebonyi South EbS Kano Central KaC Niger North NiN Sokoto South SoS 

Anambra South AnS Edo Central EdC Kano North KaN Niger South NiS Taraba Central TaC 

Bauchi Central BaC Edo North EdN Kano South KaS Ogun Central OgC Taraba North TaN 

Bauchi North BaN Edo South EdS Katsina Central KatC Ogun East OgE Taraba South TaS 

Bauchi South BaS Ekiti Central EkC Katsina North KatN Ogun West OgW Yobe East YoE 

Bayelsa Central BayC Ekiti North EkN Katsina South KatS Ondo Central OnC Yobe North YoN 

Bayelsa East BayE Ekiti South EkS Kebbi Cental KeC Ondo West OnW Yobe South YoS 

Bayelsa West BayW Enugu East EnE Kebbi North KeN Ondo East OnE Zamfara Central ZaC 

Benue North-east BeNE Enugu North EnN Kebbi South KeS Osun Central OsC Zamfara North ZaN 

Benue North-west BeNW Enugu West EnW Kogi West KoW Osun East OsE Zamfara West ZaW 

Benue South BeS Gombe Central GoC Kogi Central KoC Osun West OsW FCT AbJ 

Borno Central BoC Gombe North GoN Kogi East KoE Oyo Central OyC   
 

i i i iy Xβ ε= +                                        (1) 

where: 
yi is a vector average poverty rates;  
Xi is a matrix of independent variables,  
βi is a vector of coefficients,  
ε is a vector of random errors. 
The geo-referenced independent variables data were grouped under demographic, agro-ecological and envi-

ronmental, infrastructural, sociopolitical and economic characteristics (see Table 2). The data under each group- 
ing were based on senatorial district.  

Through the diagnostic, the presence of spatial autocorrelation is revealed as well as the cause (spatial lag or 
spatial error) for necessary correction. Either of the models below corrects the defect (the presence of spatial 
dependence): 

1) Spatial-error model: 

( )( ) 1
1i i ey x Wβ λ ε

−
= + −                                     (2) 
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Table 2. Variables used for empirical analysis (dependent variable: poverty rate).                                                                    

SN Explanatory Variables Symbol A Priori  
Expectation Data Source(s) Literature 

1. Agro-climatic and Environmental  
Characteristics (GAC)     

  Average annual rainfall per  
senatorial district (mm) AvRa - NIMET & CBN  

statistical bulletin [27] 

  Percentage of people employed in 
agriculture PEA +/− CWIS (2006) [46]-[48] 

  International land bordered SD (Yes 
= 1, No= 0) ILBSD - NBS senatorial  

District map [49] 

  Coastal bordered SD (Yes = 1,  
No = 0) CBSD - NBS senatorial  

District map [49] 

  Soil classification (good soil = 1, 
bad soil = 0) SoC - FAO soil map  

(see Appendix 3) [33] [50] 

2. Demographic Characteristics (DEC)  

  Male headed household per  
senatorial district (%) MaH +/− CWIS (2006) [42] [51] 

  Female headed household per  
 senatorial district (%) FeH +/− CWIS (2006) [13] [52] 

  Average household size per  
senatorial district HS - CWIS (2006) [47] [53] 

  Literate adult (%) LA - CWIS (2006) [11] [18] 

3. Sociopolitical and Economic  
Characteristics (SPC)  

  Households membership of  
association (social capital index) HMA - NLSS (2004) [9] [18] [24] [54] 

[55] 

  Access to credit facilities (%) ACF - CWIS (2006) [56]-[58] 

4. Infrastructural Characteristics (INC)     

  Access to safe water sources (%) per 
SD SwS - CWIS (2006) [49] [59] 

  Access to safe sanitation (%) per SD SaS - CWIS (2006) [49] [60]-[62]  

  Access to health facilities (%) per 
SD AHF - CWIS (2006) [32] [49] 

  Connection to public electricity (%) Cpelect - CWIS (2006) [60] [61] 

Note: Nigerian Institute of Meteorological Services (NIMET), Central Bank of Nigeria (CBN), National Bureau of Statistics (NBS), Core Welfare In-
dicator Survey Data (CWIS), National Living Standard Survey Data (NLSS) & Food and Agriculture Organization. The detailed information on soil 
classification is given below. 

 
2) Spatial-lag model:  

( )( ) ( )( )1 1
1 1i il ly W x Wρ β ρ ε

− −
= − + −                             (3) 

where: 
y is an n × 1 vector of dependent variable (average poverty rate),  
xi an n × k matrix of covariates (independent variables),  
βi is the regression coefficient for the independent variables,  
ε is a zero-mean error term,  
W(l) and W(e) are n × n spatial lag and error weights matrices, respectively. 
{ρ, λ} the associated scalar spatial parameters (measures the extent of spillover).  
Following [18] [26]-[29] [63], we calculated local Moran’s I and obtain Local Indicator of Spatial Association 

(LISA) map (this identifies the hotspots and coldspots of poverty). 
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4. Results and Discussion 
4.1. Exploratory Spatial Data Analysis 
The average poverty rates in coldspots (low-low) of poverty were 31.81per cent while the average poverty rate 
was 82.6 per cent (see Appendix 1 and Appendix 2). The minimum and maximum poverty rates in coldspots 
were 17.2 per cent and 49.6 per cent for Oyo central and Delta south respectively; while in the hotspots of po-
verty, the maximum and minimum poverty rates were 58.2 per cent and 97.7 per centfor Sokoto north and Jiga-
wa north-east respectively. The result showed that few SDs in the coldspots of poverty (low-low) have poverty 
rate higher than the average poverty rate. Conversely, most SDs in the hotspots (high-high) have their poverty 
rates higher than the average poverty rate (see Appendix 1 and Appendix 2).  

Moreover, the result of the analysis revealed that there was positive spatial autocorrelation (0.665) in poverty 
incidence across Nigeria (see Figure 2). The diagnostics test confirmed the presence of spatial dependence 
insignificant proportion (p < 0.001). Figure 2 shows the Moran scatter plot of poverty rates for the senatorial 
districts in Nigeria. The figure shows that most senatorial districts are found in the high-high (47) and low-low 
(43) neighbourhoods in the country. 

Apart from affirming the significant presence of spatial dependence, the test also identified the type of spatial 
dependence responsible, (see also [62] [64]) (see Appendix 3). From this result, it means that poverty incidence 
in one SD is not only influenced by factors within a SD but also by the poverty incidence of the neighbouring 
SDs. This may be attributed to significant spillover of poverty among contiguous SDs. Hence, it is imperative 
that spatial dimension is considered as one of the important factors influencing poverty. According to [18], stu-
dies that ignore spatial autocorrelation (dependence) can produce biased results (coefficient estimates) and lead 
to ineffective and possibly counterproductive-recommendations for policies targeted at poverty alleviation.  
Moreover, the result obtained from Local Indicator of Spatial Association (LISA) identified the hotspots 
(high-high) and coldspots (low-low) of poverty in Nigeria. Table 3 shows that out of 90 senatorial districts that 
have similar spatial pattern of poverty incidence (high-high and low-low), 51 SDs have similar spatial patterns 
that are statistically significant. LISA indices (p < 0.05). The hotspots (high-high SDs) constitute the senatorial 
districts with high poverty incidence as well as their neighbours. The red colour in Figure 3 shows the high po-
verty rate SDs that are bordered by high poverty SDs (hotspots). These SDs are found in the northern part of the 
country. The dark-blue colour shows the low poverty rate SDs that are neighboured by low poverty rate SDs 
(coldspots). The light-blue colour depicts low poverty rates SDs that are bordered by high poverty rate SDs 
(low-high). Out of 19 outlier (dissimilar patterns: high-low and low-high), 4 SDs have significant LISA indices 
(p < 0.05). The part of Figure 3 with white colour shows the SDs that their LISA indices are not statistically 
significant (p > 0.05). 
 

 
Figure 2. Scatter plot of poverty incidence for 109 SDs.                                                                    
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Figure 3. LISA map for significant spatial pattern (coloured) of poverty incidence.                                                                    

 
Table 3. LISA groupings of senatorial districts.                                                                    

LISA Grouping Total Sig. (at most 0.05) Not Sig. 

Low-Low 43 28 (65%) 15 

High-High 47 23 (49%) 24 

Low-High 13 4 9 

High-Low 6 NA 6 

Source: the results of data analyses (2010). NA means Not Available. 
 
The choice of spatial-lag model for estimating the determinants of hotspots and cold spots of poverty was 

based on the significance of robust Lagrange Multiplier (lag) (see Appendix 3). 

4.2. Determinants of Hotspots (High-High) and Coldspots (Low-Low) of Poverty  
The spatial-lag estimation for hotspots and coldspots of poverty is shown in Table 4. From the result, the spatial 
autocorrelation coefficient (rho) for hotspots and coldspots of poverty are 0.34 and 0.21 respectively. This 
means that 10% decrease (increase) in poverty rate of SDs in the hotspotsis expected to bring about 3.4% de-
crease (increases) in the poverty rate of the neighbouring SDs. While in coldspots of poverty, 10% decrease (in-
crease) in poverty rate in SDs is expected to bring about 2.1% decreases (increase) in the poverty rates of the  
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Table 4. Determinants of poverty incidence in coldspots and hotspots SDs using spatial-lag techniques.                            

Variables Spatial-lag model-maximum 
likelihood estimation (coldspots) 

Spatial-lag model-maximum  
likelihood estimation (hotspots) Agro-ecological and environmental characteristics 

People employed in agriculture (PEA) 0.2653*** 
(0.0870) 

0.3521*** 
(0.0525) 

Average annual rainfall (AVRA) −0.0151*** 
(0.0039) 

−0.0175*** 
(0.0071) 

Soil classification (SOC) 1.2311 ns 

(4.17198) 
−5.20147*** 
(1.48753) 

Coastal bordered or international land bordered  sena-
torial districts (CBSD/ILBSD) 

−15.7029*** 
(4.9570) 

−13.3856*** 
(2.9374) 

Demographic characteristics   

Female headed households (FEH) −1.0374*** 
(0.2074) 

−0.2028*** 
(0.0176) 

Male headed households (MAH) 0.7734*** 
(0.2231) 

0.3851*** 
(0.0495) 

Literate adult (LA) −0.3143* 
(0.1863) 

−1.1444*** 
(0.1102) 

Household size (HS) 3.8706** 
(1.7456) 

5.4767*** 
(3.8574) 

Infrastructural characteristics   

Connection to public electricity (CPELECT) 0.1391** 
(0.0644) 

−0.2683ns 

(0.1955) 

Access to safe sanitation (SAS) −0.09585* 
(0.0516) 

−0.4082*** 
(0.0367) 

Access to safe water source (SWS) −0.1364* 
(0.0728) 

−0.3325*** 
(0.0300) 

Access to health facility (AHF) −0.3441*** 
(0.1081) 

−0.2740*** 
(0.0827) 

Sociopolitical and economic characteristics   

Household membership of association (HMA) −1.3944** 
(0.3418) 

−0.8860*** 
(0.1679) 

Access to credit facility (ACF) −0.5731*** 
(0.2664) 

−0.8510*** 
(0.1855) 

Constant 225.833*** 
(34.4887) 

228.5118*** 
(42.5780) 

Pseudo R2 0.8765 0.8944 

Lag parameter (rho) 0.2114 0.3420 

Log likelihood −72.7904 −30.9423 

Akaike info criterion 189.581 105.885 

Schwarz criterion 218.889 130.866 

Note that each variable under spatial lag and spatial error contains the reported coefficient estimates, the corresponding parentheses contain estimated 
standard errors; its hypothesis tests assume asymptotic normality of calculated t-statistics. Source: The results of data analyses (2010). Note: 
***p-value < 0.01, **p-value < 0.05, *p-value < 0.10, ns means not significant. 
 
neighbouring SDs. 

The result from Table 4 shows that the coefficients of number of people employed in agriculture and house-
hold size are significant and positively influenced poverty incidence in coldspots and hotspots of poverty. Spe-
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cifically, the positive causal relationship between number of people employed in agriculture and poverty inci-
dence is in agreement with [5] who noted that the high percentages of people employed in agriculture do not 
translate to a reduction in poverty incidence; rather, farming is seen as a harbinger of poverty for most of the 
participants, particularly the small-scale farmers who barely make enough income to cater for their daily needs. 
This assertion was corroborated by [65] that more than 80 percent of output growth since 1980 has come from 
the expansion of cropped areas, rather than from greater productivity of areas already cultivated. This means that 
poverty reduction in Nigeria most especially in the hotspots of poverty goes beyond increasing the number of 
people employed in agriculture. The need for increased productivity of farmers through improved technology, 
provision of basic infrastructure and investment in human capital is imperative. Moreover, the positive coeffi-
cient of household size agrees with [47] [53] [62] that larger households tend to be poorer, particularly those 
with many young children. Overall, each additional child under six years old lowers total consumption by 23% 
(higher in rural areas than urban); each additional member from age 7 - 24 lowers total consumption by 17%. 
The high-high poverty SDs is characterized by high household size (7.6) which is higher than the national aver-
age household size (5.0). The magnitude of this value suggests that increased awareness and use of family plan-
ning methods could have a significant effect on poverty reduction. 

However, the coefficient of access to health facilities, sanitation and safe water sources are significant and 
negatively influenced poverty incidence in coldspots and hotspots of poverty. These results showed that house-
holds having access to safe sanitation, safe water sources and health facilities are less likely to be poor. These 
findings agree with [52] that the slower growth in Nigeria; most especially the northern zone of may not be un-
connected with long-standing lags in provision of health, education and other social services which resulted in 
proportionately more poor in the north. 

Furthermore, the coefficient of the average annual rainfall is also negative and significant with different mag-
nitudes in coldspots and hotspots of poverty. However, coefficient of soil classification is significant in only 
hotspots of poverty. Rain as a source of water is required for farming activities, household uses and replenish-
ment of water in dams for irrigation of crops and fish-rearing during the dry season. Since agriculture is the 
main source of livelihood in rural areas in Nigeria, the importance of irrigation farming in high-high senatorial 
districts cannot be overemphasized because of the short rainy season. It is expected that with good soil man-
agement practices, appropriate technology and availability of water through irrigation; farmers (most especially 
in hotspots of poverty) will be able to produce all year round. According to [66], irrigation benefits the poor 
though higher production, higher yields, lower risk of crop failure, and higher and year-round farm and nonfarm 
employment. Irrigation enables smallholders to adopt more diversified cropping patterns, and to switch from 
low-value subsistence production to high-value market-oriented production.  

The result also shows that households’ access to credit and membership of association have negative rela-
tionship with poverty incidence in coldspots and hotspots of poverty. This finding agrees with [40] [41] [67] that 
social capital has a significant positive effect on the rate of per capita income growth which is a precursor to re-
duction in poverty incidence. Average household membership of associations in hotspots of poverty was 67.6% 
compared to 94.3% in coldspots of poverty (see Appendix 1 and Appendix 2).  

Furthermore, the result supports the initial postulate that as the percentage of household access to credit facili-
ties increases, poverty rate is likely to reduce; all things being equal. The study reveals a small access to credit 
among households in hotspots of poverty (6.79%) compared to 12.03% in coldspots of poverty (see Appendix 1 
and Appendix 2). According to [56]; unless the poor can borrow, they are likely to remain trapped in poverty. 
Access to micro-credit is a compelling anti-poverty and development strategy because of its ability to stimulate 
savings and promote asset accumulation among the poor people. 

With the average poverty rate of 82.6% in hotspots of poverty, a consistent reduction in poverty based on the 
aforementioned significant factors will go a long way in reducing the national average poverty rate in Nigeria. 

5. Conclusions and Recommendation 
The study examined the determinant of hotspots and coldspots of poverty in Nigeria using spatial econometrics 
technique. The study revealed that the individual geographic units that made up the country were not indepen-
dent and isolated entities; but individual entity was surrounded by other geographical units which interacted sig-
nificantly with one another. The result affirmed that spillover of poverty from one senatorial district to the other 
was present in significant proportion. The study also identified the senatorial districts with low-low and 
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high-high poverty incidence. People employed in agriculture and household size have positive influence on po-
verty incidence while annual rainfall, literate adult and households’ access to basic infrastructure have negative 
influence on poverty incidence in coldspots and hotspots of poverty 

Based on the findings of this study, it is recommended that possible spillover of poverty from neighbouring 
geographical area should be incorporated while designing poverty reduction programmes. The need for in-
creased productivity of farmers through adoption and availability of modern farm inputs rather than increase in 
the number of farmers is recommended by the study. This will not only bring about genuine contribution of 
agriculture to country’s GDP but also the increase. General increase in the accessibility of populace to basic in-
frastructure (safe water, public electricity and health) and education by government, most especially in the high- 
high senatorial districts is important in order to achieve a sustainable poverty reduction in Nigeria. 

References 
[1] World Bank Report (2014) Nigeria: World Bank Report on Poverty in Nigeria Poverty in Nigeria.  

http://allafrica.com/stories/201405020523.html  
[2] United Nations Development Programme Report (2005) Human Development Index Report. 
[3] International Monetary Fund (2005) National Economic Empowerment and Development Strategy (NEEDS). Nigeria 

Poverty Reduction Strategy Paper. IMF Country Report. No. 05/433. 
[4] United Nations Habitat (2009) Nigeria: MDGs—Poverty Rises to 76 Percent. Thisday Online.  

http://allafrica.com/stories/200902270161.html 
[5] Akinyosoye, V.O. (2005) Government and Agriculture in Nigeria: Analysis of Policies, Programmes and Administra-

tion. Macmillan Publishers Limited, Lagos. 
[6] Ogwumike, F.O. and Odubogun, P.K. (1989) Alleviation of Poverty through the Provision of Basic Needs. Indian 

Journal of Economics (Allahabad), 257-269. 
[7] Adeyeye, V.A. (1999) Etiology and Determinant of Poverty among Rural Women in Oyo State, Nigeria. NAAE Pro-

ceedings, 14-19. 
[8] Adeyeye, V.A. (2000) Community Development and Rural Poverty: Issues of Gender Perspectives, Practise and Stra-

tegic Needs. Annual proceedings of Nigeria Rural Sociology Association (NRSA), 94-104. 
[9] Olayemi, J.K., Yusuf, S.A., Oni, O.A. and Omonona, B.T. (1999) A Review of Poverty Reduction Programmes and 

Projects in the South-Western Nigeria. A Technical Report for the World Bank.  
[10] Okojie, C.E., Anyanwu, J.C., Ogwumike, F.O. and Alayande, B.A. (2001) Poverty in Nigeria: Gender Dimension, 

Access to Social Services and Labour Market Issues. Final Report on Collaborative Research Study on Poverty, In-
come Distribution and Labour Market Issues Submitted to African Economic Research Consortium, Nairobi. 

[11] Bankole, O., Akerele, W.O., Abimbola, O.A., Odekunle, S.O. and Opatola, A.O. (2003) Human Resources Develop-
ment Perspective of Poverty in Nigeria. In: Ajakaiye, D.O. and Olomola, A.S., Eds., Poverty in Nigeria: A Multidimen-
sional Perspective, Nigerian Institute of Social and Economic Research (NISER), Ibadan, 67.  

[12] Greer, J. and Thorbecke, E. (1986) Food Poverty Profile Applied to Kenyan Smallholders. Economic Development and 
Cultural Change, 35, 115-141. http://dx.doi.org/10.1086/451574 

[13] Aigbokhan, B.E. (2000) Poverty, Growth and Inequality in Nigeria: A Case Study. AERC Research Paper 102, African 
Economic Research Consortium, Nairobi. 

[14] Oshinubi, T.S. (2003) Urban Poverty in Nigeria: A Case Study of Agege Area of Lagos State, Nigeria. Department of 
Economics, University of Ibadan, Ibadan. 

[15] Soludo, C.C. (2003) Debt, Poverty and Inequality: Towards an Exit Strategy for Nigeria and Africa. A Seminar Paper 
Presented at the Annual Conference of African Institute for Applied Economics (AIAE), Enugu, 56.  

[16] Olubanjo, O.O., Akinleye, S.O. and Soremekun, W.A. (2007) Poverty Determinants among Farmers in Ogun State, 
Nigeria. Medwell Agricultural Journal, 2, 275-280. 

[17] Petrucci, A., Salvati, N. and Seghieri, C. (2003) The Application of a Spatial Regression Model to the Analysis of 
Mapping of Poverty. Environmental and Natural Resource Services, Sustainable Development Department. Working 
Paper Series 7. Food and Agriculture Organization (FAO) of the United Nations. 

[18] Rupasingha, A. and Goetz S.J. (2007) Social and Political Forces as Determinants of Poverty: A Spatial Analysis. The 
Journal of Socio-Economic, 36, 650-671. http://dx.doi.org/10.1016/j.socec.2006.12.021 

[19] Anselin, L. (1992) Space and Applied Econometrics: Special Issue. Regional Science and Urban Economics, 22, 307- 
316. http://dx.doi.org/10.1016/0166-0462(92)90031-U 

http://allafrica.com/stories/201405020523.html
http://allafrica.com/stories/200902270161.html
http://dx.doi.org/10.1086/451574
http://dx.doi.org/10.1016/j.socec.2006.12.021
http://dx.doi.org/10.1016/0166-0462(92)90031-U


F. A. Sowunmi 
 

 
312 

[20] Anselin, L. and Florax, R. (1995) Introduction. In: Anselin, L. and Florax, R., Eds., New Directions in Spatial Econo-
metrics, Springer-Verlag, Berlin, 3-18. http://dx.doi.org/10.1111/j.1435-5597.1995.tb00629.x 

[21] Anselin, L. and Rey, S. (1997) Introduction to the Special Issue on Spatial Econometrics. International Regional 
Science Review, 20, 1-7. http://dx.doi.org/10.1177/016001769702000101 

[22] Pace, R.K., Ronald, B. and Sirmans, C.F. (1998) Spatial Statistics and Real Estate. Journal of Real Estate Finance and 
Economics, 17, 5-13. http://dx.doi.org/10.1023/A:1007783811760 

[23] Coughlin, C.C., Garrett, T.A. and Hernández-Murillo, R. (2003) Spatial Probit and the Geographic Patterns of State 
Lotteries. St. Louis Federal Reserve Bank Working Paper 2003-042B. 

[24] Crandall, M.S. and Weber, B.A. (2004) Local Social and Economic Conditions, Spatial Concentrations of Poverty, and 
Poverty Dynamics. American Journal of Agricultural Economics, 86, 1276-1281.  
http://dx.doi.org/10.1111/j.0002-9092.2004.00677.x 

[25] Garrett, T.A., Wagner, G.A. and Wheelock, D.C. (2005) A Spatial Analysis of State Banking Regulation. Papers in 
Regional Science, 84, 575-595. http://dx.doi.org/10.1111/j.1435-5957.2005.00022.x 

[26] Holt, J.B. (2007) The Topography of Poverty in the United States: A Spatial Analysis Using County-Level Data. Pre-
vention of Chronic Disease, 4, 34-78. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2099276/ 

[27] Minot, N. and Baulch, B. (2003) Poverty and Inequality in Vietnam: Spatial Patterns and Geographic Determinants. 
Inter-Ministerial Poverty Mapping Task Force. International Food Policy Research Institute and Institute of Develop-
ment Studies. 

[28] Novo, A. (2003) Contagious Currency Crises: A Spatial Probit Approach. Banco De Portugal Working Paper.  
https://www.bportugal.pt/en-US/BdP%20Publications%20Research/WP200305.pdf  

[29] Voss, P.R., Long, D.D., Roger, B.H. and Friedman, S. (2006) County Child Poverty Rates in the US: A Spatial Re-
gression Approach. Population Research and Policy Review, 25, 369-391.  
http://dx.doi.org/10.1007/s11113-006-9007-4 

[30] Murdoch, J.C., Todd, S. and Keith, S. (1997) A Tale of Two Collectives: Sulphurversus Nitrogen Oxides Emission Re- 
duction in Europe. Economica, 64, 281-301. http://dx.doi.org/10.1111/1468-0335.00078 

[31] Jalan, J. and Ravallion, M. (1998) Geographic Poverty Traps. World Bank, 1-31. 
[32] Birungi, P., Okwi, P.O. and Isoke, D. (2005) Incorporating Environmental Factors in Poverty Analysis Using Small 

Area Estimation and Spatial Regression Techniques: The Case of Land Use Indicators in Uganda. A Draft Report Pre-
pared for Poverty Evaluation Project (PEP). 

[33] Okwi, P.O., Ndenge, G., Kristjanson, P., Arunga, M., NotenBaert, A., Omolo, A., Henninger, N., Benson, T., Kariuki, 
P. and Owuor, J. (2007) Spatial Determinants of Poverty in Rural Kenya. Proceedings of the National Academy of 
Sciences of the United States of America, 104, 16769-16774. http://dx.doi.org/10.1073/pnas.0611107104 

[34] Glahe, F. and Vorhies, F. (1989) Religion, Liberty and Economic Development: An Empirical Investigation. Public 
Choice, 62, 201-215. http://dx.doi.org/10.1007/BF02337742 

[35] Green, G.P., Flora, J.L., Flora, C.B. and Schmidt, F.E. (1990) Local Self-Development Strategies: National Survey 
Results. Journal of the Community Development Society, 21, 55-73. http://dx.doi.org/10.1080/15575339009489961 

[36] Batten, D.F. (1993) Culture and Region Revisited. Papers in Regional Science, 72, 103-112.  
http://dx.doi.org/10.1007/BF01557453 

[37] McDowell, G.R. (1995) Some Communities are Successful, other Are Not: Towards an Institutional Framework for 
Understanding Reasons Why. In: Sears, D.W. and Reid, J.N., Eds., Rural Development Strategies, Nelson Hall Pub-
lishers, Chicago, 269-281. 

[38] Granato, J., Inglehart, R. and Leblang, D. (1996) The Effect of Cultural Values on Economic Development: Theory, 
Hypothesis, and Some Empirical Tests. American Journal of Political Science, 40, 607-631.  
http://dx.doi.org/10.2307/2111786 

[39] Rupasingha, A., Wojan, T. and Freshwater, D. (1999) Self-Organization and Community-Based Development Initia-
tives. Journal of the Community Development Society, 30, 66-82. http://dx.doi.org/10.1080/15575339909489754 

[40] Rupasingha, A., Goetz, S.J. and Freshwater, D. (2002) Social and Institutional Factors as Determinants of Economic 
Growth: Evidence from the United States Counties. Papers in Regional Science, 81, 139-155.  
http://dx.doi.org/10.1007/s101100100091 

[41] Farmer, F.L., Ilvento, T.W. and Luloff, A.E. (1989) Rural Community Poverty: A Lisrel Measurement Model. Rural 
Sociology, 54, 491-508. 

[42] Swaminathan, H. and Findeis, J.L. (2004) Policy Intervention and Poverty in Rural America. RPRC Working Paper No. 
4-6 August 2004 Rural Poverty Research Center. http://www.rprconline.org/  

http://dx.doi.org/10.1111/j.1435-5597.1995.tb00629.x
http://dx.doi.org/10.1177/016001769702000101
http://dx.doi.org/10.1023/A:1007783811760
http://dx.doi.org/10.1111/j.0002-9092.2004.00677.x
http://dx.doi.org/10.1111/j.1435-5957.2005.00022.x
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2099276/
https://www.bportugal.pt/en-US/BdP%20Publications%20Research/WP200305.pdf
http://dx.doi.org/10.1007/s11113-006-9007-4
http://dx.doi.org/10.1111/1468-0335.00078
http://dx.doi.org/10.1073/pnas.0611107104
http://dx.doi.org/10.1007/BF02337742
http://dx.doi.org/10.1080/15575339009489961
http://dx.doi.org/10.1007/BF01557453
http://dx.doi.org/10.2307/2111786
http://dx.doi.org/10.1080/15575339909489754
http://dx.doi.org/10.1007/s101100100091
http://www.rprconline.org/


F. A. Sowunmi 
 

 
313 

[43] Olaniyan, O. and Bankole, A.S. (2005) Human Capital, Capabilities and Poverty in Rural Nigeria. An Interim Research 
Report Submitted to the African Economic Research Consortium. 

[44] World Bank (2000) Poverty Reduction Strategy Papers: International Guidance Note. Mimeo. The World Bank, Wash-
ington DC. 

[45] World Bank (2000/2001) World Development Report: Consultations with the Poor, Nigeria: Voices of the Poor. A 
Country Synthesis Report, Nigeria. 

[46] Garza-Rodriguez, J. (2000) The Determinants of Poverty in México. PhD Dissertation, University of Missouri, Colum-
bia. 

[47] Mahbub Uddin Ahmed, A.I. (2004) Socio-Economic Correlates of Rural Poverty in Bangladesh: A Case Study of Gai-
bandha Sadar and Tanore Upazilas. Bangladesh e-Journal of Sociology, 1, 50-66. 

[48] Székely, M. (1998) The Economics of Poverty, Inequality and Wealth Accumulation in Mexico. St. Antony’s Series, St. 
Martin’s Press, New York, Macmillan Press, London, in association with St. Antony’s College. 

[49] National Bureau of Statistics (2007) Spatial Analysis and Mapping of Poverty and Selected Welfare Indicators at the 
Senatorial Districts of Nigeria. Federal Republic of Nigeria. 

[50] Amarasinghe, U., Samad, M. and Anputhas, M. (2006) Spatial Clustering of Rural Poverty and Food Insecurity in Sri 
Lanka. International Water Management Institute, Colombo. 

[51] National Bureau of Statistics (2005) Poverty Profile for Nigeria. Federal Republic of Nigeria. 
[52] Thomas, S. and Canagarajah, S. (2002) Poverty in a Wealthy Economy: The Case of Nigeria. International Monetary 

Fund (IMF) Working Paper. 
[53] Mason, A. and Lee, S. (2005) Demographic Dividend and Poverty Reduction. University of Hawaii at Manoa and the 

East-West Center. 
[54] Okumadewa, F.Y. (1998) A Review of the Family Economic Advancement Programme. The World Bank, Abuja. 
[55] Narayan, D. (1997) Voices of the Poor: Poverty and Social Capital in Tanzania. The World Bank (ESD Monograph No. 

17), Washington DC.  
[56] Adeyeye, V.A. (2001) Micro-Credit Sourced through Cooperatives and Rural Poverty: Evidence from Family Eco-

nomic Advancement Programme in Osun State, Nigeria. NISER Monograph Series 7. 
[57] Olomola, A.S. (2008) Social Capital, Microfinance Group Performance and Poverty Implications in Nigeria. Nigerian 

Institute of Social and Economic Research (NISER), Ibadan.  
[58] International Fund for Agricultural Development (2006) Microfinance and Poverty Reduction. Prepared by the Com-

munications and Public Affairs Unit. http://www.ifad.org/media/pack/microfinance.htm  
[59] O’Regan, K. and Wiseman, M. (1990) Using Birth Weights to Chart the Spatial Distribution of Urban Poverty. Urban 

Geography, 11, 217-233. http://dx.doi.org/10.2747/0272-3638.11.3.217 
[60] Dasgupta, S., Deichmann, U., Meisner, C. and Wheeler, D. (2003) The Poverty/Environment Nexus in Cambodia and 

Lao People’s Democratic Republic. Policy Research Group, Infrastructure and Environment. 
[61] GUAPA World Bank Report (2003) Guatemala Poverty Assessment Programme Report. The World Bank. Report No. 

24221-GU. 
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/2003/04/05/000094946_03032104003172/Rend
ered/PDF/multi0page.pdf  

[62] World Bank Annual World Development Report (2003) Sustainable Development in a Dynamic World. 
http://web.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTWDRS/0,,contentMDK:23062331~
pagePK:478093~piPK:477627~theSitePK:477624,00.html  

[63] Anselin, L. (1996) The Moran Scatterplot as an ESDA Tool to Assess Local Instability in Spatial Association. In: 
Fischer, M., Scholten, H. and Unwin, D., Eds., Spatial Analytical Perspectives on GIS, Taylor and Francis, London, 
111-125. 

[64] Akinyosoye, V.O. (2005) Government and Agriculture in Nigeria: Analysis of Policies, Programmes and Administra-
tion. Macmillan Publishers Limited, Lagos. 

[65] African Development Bank Group (2011) Africa’s Agricultural Productivity Is the Lowest in the World—In Part Be-
cause of the Underuse of Irrigation. 
http://infrastructureafrica.org/key-msg/sector/africa’s-agricultural-productivity-lowest-world  

[66] Intizar, H. and Hanjra, M.A. (2004) Irrigation and Poverty Alleviation: Review of the Empirical Evidence. Irrigation 
and Drainage, 53, 1-15. http://dx.doi.org/10.1002/ird.114 

[67] Yusuff, S.A. (2008) Social Capital and Household Welfare in Kwara State, Nigeria. Journal of Human Ecology, 23, 
219-229. 

http://www.ifad.org/media/pack/microfinance.htm
http://dx.doi.org/10.2747/0272-3638.11.3.217
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/2003/04/05/000094946_03032104003172/Rendered/PDF/multi0page.pdf
http://www-wds.worldbank.org/servlet/WDSContentServer/WDSP/IB/2003/04/05/000094946_03032104003172/Rendered/PDF/multi0page.pdf
http://web.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTWDRS/0,,contentMDK:23062331%7EpagePK:478093%7EpiPK:477627%7EtheSitePK:477624,00.html
http://web.worldbank.org/WBSITE/EXTERNAL/EXTDEC/EXTRESEARCH/EXTWDRS/0,,contentMDK:23062331%7EpagePK:478093%7EpiPK:477627%7EtheSitePK:477624,00.html
http://infrastructureafrica.org/key-msg/sector/africa's-agricultural-productivity-lowest-world
http://dx.doi.org/10.1002/ird.114


F. A. Sowunmi 
 

 
314 

Appendices 

Appendix 1: Descriptive Analysis Result for Low-Low Senatorial Districts 

Variable 
N Range Minimum Maximum Sum Mean Std. deviation 

Statistic Statistic Statistic Statistic Statistic Statistic Std. error Statistic 

Coastal bordered  
Senatorial districts 28 1 0 1 9 0.32 8.99E−02 0.48 

Poverty rate 28 32 17.2 49.2 890.8 31.814 1.717 9.083 

Safe water source 28 84.8 10.7 95.5 1392.5 49.732 3.942 20.858 

Household access to  
health facilities 28 73.6 12 85.6 1294.6 46.236 3.709 19.625 

Male headed household 28 50.8 41.7 92.5 1870.7 66.811 2.547 13.48 

Female headed household 28 53.4 42.3 95.7 2016.1 72.004 2.768 14.645 

Household connection to  
public electricity 28 63 28 91 1743 62.26 3.01 15.93 

SAS 28 89.4 2.9 92.3 1305.9 46.639 5.146 27.228 
AVRA 28 1774 1315 3089 55,099 1967.82 102.62 543.02 
HMA 28 19.5 80.5 100 2639 94.25 1.048 5.547 
LOGS 28 143 200 343 7471 266.84 8.93 47.23 
ACF 28 29.5 1.7 31.2 339.4 12.121 1.41 7.463 

Soil fertility classification 28 1 0 1 14 0.5 9.62E−02 0.51 
People employed in agriculture 28 64.8 10.4 75.2 1220.1 43.575 2.7 14.287 

Household size 28 2.8 4 6.8 154.1 5.504 0.166 0.879 
Literate adult 28 36 50.2 86.2 2039.1 72.825 1.563 8.273 

Appendix 2: Descriptive Analysis Result for High-High Senatorial Districts 

 
N Range Minimum Maximum Sum Mean Std.  

deviation Skewness 

Statistic Statistic Statistic Statistic Statistic Statistic Std. error Statistic Statistic Std. error 

PCOM 23 106,274 4969.67 111243.67 1436402.37 62452.28 6543.16 31379.90 −0.387 0.481 
SDIC 23 1 0 1 9 0.39 0.1 0.5 0.477 0.481 
LLSD 23 1 0 1 13 0.57 0.11 0.51 −0.282 0.481 
ILBSD 23 1 0 1 10 0.43 1.10E−01 0.51 0.282 0.481 
POR 23 39.5 58.2 97.7 1899.8 82.6 2.557 12.263 −0.885 0.481 
SWS 23 69.4 12.1 81.5 951.2 41.357 3.856 18.493 −0.006 0.481 
AHF 23 37.6 27.9 65.5 1080.8 46.991 2.217 10.63 −0.025 0.481 
MAH 23 72.8 18.6 91.4 1325.1 57.613 4.411 21.153 −0.337 0.481 
FEH 23 00:00.0 0 100 1244.8 54.122 6.01 28.824 −0.152 0.481 

CPELECT 23 33.4 12.7 46.1 654.5 28.457 2.443 11.715 0.206 0.481 
SAS 23 90.9 0.2 91.1 876 38.087 5.389 25.846 −0.027 0.481 

AVRA 23 576 345 921 16,369 711.7 31.73 152.17 −0.672 0.481 
HMA 23 43 53 95 1556 67.63 2.82 13.54 0.999 0.481 
LOGS 23 108 92 200 2676 116.35 4.92 23.58 2.082 0.481 
ACF 23 26.5 1.3 27.8 156.2 6.791 1.326 6.358 2.259 0.481 
SOC 23 1 0 1 16 0.7 9.81E−02 0.47 −0.911 0.481 
PEA 23 42.5 22 64.5 976.1 42.439 2.272 10.894 0.21 0.481 
HS 23 4.6 5.3 9.9 174.5 7.587 2.49E−01 1.194 0.312 0.481 
LA 23 29.3 9.2 38.5 400.8 17.426 1.704 8.173 1.327 0.481 

Source: the results of data analyses (2010). 
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Appendix 3: Diagnostics for Spatial Dependence 

Test MI/DF Value Prob 

Moran’s I (error) 0.128670 3.3520293 0.0008023 

Lagrange multiplier (lag) 1 14.056404 0.0001774 

Robust LM (lag) 1 9.8452994 0.0017027 

Lagrange multiplier (error) 1 4.2297725 0.0397208 

Robust LM (error) 1 0.0186675 0.8913241 
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