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Abstract 
This paper studies the factors associated with differential prices in segmented housing 
markets. Despite the breadth of the literature addressing this issue, a gap remains in the 
investigation of differential prices in areas where formal and informal settlements coexist. 
Based on primary data from more than 550 households, we calibrated a Geographically 
Weighted Regressions (GWR) hedonic model in the District 18 of Cali, Colombia, as an 
approach for housing pricing in areas where heterogeneous occupation patterns prevail. The 
findings reveal that environmental quality, violence, accessibility to transportation, business 
and services, and household incomes are the variables that have the greatest impact on price 
structures in both the formal and informal sub-markets. In this regard, the model of price 
behavior developed in this research improves predictions and provides accurate information 
to policymakers about the factors associated with housing prices. 
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I. Introduction 

 In Latin America, despite institutional efforts and substantial investments, recent figures 

reveal that the number of urban poor living in informal settlements increased from 104.8m to 

113.4m between 1990 and 2012 (UN-Habitat 2012a), indicating that 24 percent of the total 

population (UN-Habitat 2012b) lives in these types of dwellings. Whereas demographic 

trends show an ongoing demand for urban homes (Bouillon 2012), the provision of affordable 

housing continues to be a major challenge in the region. The factors that contribute to the 

persistence of this situation include insufficient household income, costs and restricted access 

to mortgages (Bouillon 2012; Dasgupta and Lall 2009; Marx, Stoker and Suri 2013; Woetzel 

et al. 2014), the weakness of social housing programs (Libertun de Duren 2017), the 

reinforcement of residential segregation patterns, including those derived from urban 

planning actions (Fernandes 2008), and ineffective public policies for the integration of poor 

families into urban socioeconomic dynamics (Smolka 2003; Abramo 2003, 2013). 

 

One of the most important macro-structural factors that influences the perpetuation of 

informal housing in Latin America is the irregular functioning of land markets and its effect 

on the spatial heterogeneity of housing prices (Smolka and Mullany 2013; Smolka and 

Biderman 2009). Despite the relevance of this issue, the difficulties inherent in the study of 

informal settlements mean that the availability of data on land and housing pricing remains 

limited. This information is fundamental for market analysis regarding public policies. 

 

Brueckner and Lall (2015) note that despite increasing interest in this issue, there is a lack of 

empirical work. For instance, studies by Jiménez (1984), Friedman et al. (1988), Lanjouw and 

Levy (2002), and Kapoor and Le Blanc (2008) have focused on the impact of insecure tenure 

on housing prices and rents. Manganelli et al. (2014) analyzed segmented markets with 

hedonic geographic weighting models. More recently, Nakamura (2017) adopted spatial 

hedonic models to analyze the tenure security premium in informal housing markets in Pune 

(India), and Talukdar (2018) estimated the presence of housing rent premiums in both formal 

and informal markets in Nairobi. 

 

Despite the substantial contributions of these studies, a gap remains in the analysis of case 

studies that juxtapose formal and informal settlements. Hence, this work applies a 

Geographically Weighted Regression (GWR) model in District 18 in Cali and proposes an 
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approach to housing pricing in areas where heterogeneous occupation patterns prevail based 

on the identification of the factors that have the greatest impact on differential prices at the 

local level. 

 

Within this framework, the four premises underpinning this research are as follows. 1) Formal 

and informal settlements constitute land and housing sub-markets with different entry costs 

and tenure regimes (Coccato 1996; Payne 2004). 2) Sub-markets work interdependently 

according to the quality of residential spaces and property rights, overlapping demand and 

supply curves (Tinsley 1997). 3) These sub-markets form dual structures as the direct result 

of the inability to absorb the formal sector (Heikkila and Lin 2014). 4) Formal and informal 

markets are endogenously determined in accordance with municipal regulations (Buckley and 

Kalarickal 2006); Goytia and Lanfranchi 2009; Brueckner and Selod 2009). 

 

For organizational purposes, this paper is divided into four sections. The first synthesizes the 

literature related to informal markets, focusing on housing pricing approaches developed for 

urban sub-markets. The second section introduces the case of Cali and presents the 

background of residential segregation and housing prices in the city. The third section 

describes the statistical sources and methods used to model price differentials in the study 

area. Finally, the fourth section discusses and analyzes the results of the proposed 

geographical weight model in the empirical strategy, highlighting the importance of the 

findings for formulating socially inclusive policies. 

 
 

II. Literature Review 

 
It is difficult to provide comprehensive coverage of the problems associated with the 

proliferation of informal settlements in Latin America. This is particularly true when 

attempting to understand the effects of economic and social policies on urban land markets 

within realities as diverse as those present in each country in the region. However, the 

literature and global discussions present recurrent topics related to public policies concerning 

land markets and urban informality. These studies range from broad issues such as regulatory 

frameworks and their differences between countries (Monkkonen and Ronconi 2013; 

Henderson 2009) and the impact of housing programs on scenarios of high residential 

segregation and social exclusion (Ruprah 2011; Greenstein, Sabatini and Smolka and 
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Larangeira 2007) to specific analyses of the functioning of real estate markets (Smolka and 

Mullahy 2013), streamlining credit and access to financing (Bouillon 2012), and the existence 

of dual land and housing markets in metropolitan areas (Brueckner and Selod 2009; Kapoor 

and Le Blanc 2004; Abramo 2012) as well as endogenous and mutually determined formal 

and informal areas (Heikkila and Lin 2014). 

 

Regarding the macro-structural factors of urban informality, Smolka and Mullahy (2007) 

suggest that in Latin America, some factors associated with residential segregation and 

persistent informality operate through the structure of differential prices. Therefore, the 

limited purchasing power of vulnerable groups clashes with high prices for developed land 

and real estate speculation, leading to informal solutions in the urban margins (Abramo 2003, 

Bouillon 2012). According to Duhau (2013) and Veríssimo (2012), this situation establishes a 

dual market that combines restrictions on the supply of and access to affordable housing with 

precarious dynamics in the provision of infrastructure, public goods and urban services. 

According to this line of reasoning, informal settlements introduce imperfections in market 

performance that need to be corrected in different ways, as widely discussed in the literature 

on legalization and regularization (Galiani and Schargrodsky 2010; Field 2005, Smolka and 

Larangeira 2007, Fernandes 2011). 

 

Opposing the duality theory, Greenstein, Sabatini and Smolka (2007) argue that informality 

is the result of normal formal land and housing market performance. These authors suggest 

that restricting vulnerable families’ choices limits their access to credit, excludes them from 

the labor market, and reinforces patterns of socio-spatial segregation. However, authors such 

as Clichevsky (2000) and Gilbert and Ward (1985) assert that informal areas are expensive 

for the city as a whole because of their strong environmental and social impact, affecting long-

term sustainability. 

 
From a different perspective, Payne (2012) argues that informal settlements configure 

spontaneous and unregulated sub-markets that are juxtaposed to formal markets. In some 

cases, these sub-markets are located very close or even overlapped in small territories, while 

in other cases, they do not necessarily make up adjacent entities (Coccato 1996) because they 

are spread throughout the city. Thus, there is no single housing market; instead, sub-markets 

are interrelated with different hedonic price functions (Xiao and Webster 2017, Goodman and 
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Thibodeau 1998, 2007; Straszheim 1974) and, in many cases, located in specific geographical 

areas (Basu and Thibodeau 1998). 

 

Accordingly, the differences in the types of land occupation, the legality or illegality of the 

settlements and the income of people, among other factors, generate segmented housing 

markets (Da Piedade Morais and de Oliveira 2009; Lim 1987) with differentiated prices within 

the geographical space. The structure of these prices reveals aspects such as the quality of both 

the dwellings and their social environment, differences in the sociodemographic composition 

of the population (Munro 1986; Allen et al. 1995), accessibility to the area, availability of urban 

services and possibilities of access to mortgage credit. These variables, among other factors, 

affect the disposition to pay for the net residential space of each family and, as such, become 

factors that influence the emergence of sub-markets (Xiao and Webster 2017; Ball and Kirwan 

1977). 

 

The existence of heterogeneous housing markets therefore implies that the assumption of 

stationary prices implicit in the attributes of each dwelling is erroneous because it omits 

geographical differences, the diversity of conditions intrinsic to the supply and demand of 

land, and the sociodemographic characteristics of the residents. According to Yu et al. (2007), 

Fotheringham et al. (2002), and Goodman and Thibodeau (1998), the existence of local sub-

markets reveals the segmentation and functional imbalances of the housing markets in a given 

space. Thus, the same attributes generate different prices in each location, and the economic 

agents have different valuations and dispositions to pay. In this regard, the urban housing 

market can be segmented according to the structural characteristics of the buildings, the 

amenities of the neighborhoods, the income levels of the occupants, the types of jobs, social 

class and ethnic or racial identity (Goodman and Thibodeau 1998). This market may also be 

composed of formal and informal housing with different ownership regimes and provision of 

services. Thus, non-stationary housing markets should be studied with different empirical 

strategies. 

 

In academic research, there is a tradition of empirical estimates of potential segments that 

evaluate the significance of price differences between sub-markets. In some cases, these 

segments are imposed exogenously, and in other cases, they come from classification 

algorithms. The techniques are diverse: hedonic regressions for each sub-market and 
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differences tests and linear hierarchical models (Goodman and Thibodeau 1998), factorial 

analysis of principal components (Can 1990; Bourassa et al. 1999), spatial syntax models 

(Xiao and Webster 2017), and geographically weighted hedonic regressions (GWR) 

(Fotheringham and Park 2018; Li et al. 2017; Yao and Fotheringham 2016; Yu et al. 2007; 

Fotheringham et al. 2002). 

 

Some authors, such as Wen et al. (2017), compare the results of applying spatial expansion 

methods against both the traditional hedonic model and the GWR and conclude that the latter 

constitutes a powerful technique for capturing spatial variation patterns of prices. As Borst 

(2007) asserts, this method is an effective means to detect market partitions and the 

variability of the coefficients of each of the hedonic price function regressors without 

predefining the areas or sub-markets. 

 

In this framework and considering that in many Latin American cities such as Cali formal and 

informal housing coexist in the same districts or even in the same neighborhoods, this 

research elaborates on the structure of the housing markets in areas where good-quality 

residential neighborhoods with high prices converge with depressed areas with low prices. As 

an attempt to build on previous studies while addressing the non-stationary effects of certain 

variables on the hedonic price structure, this study models the behavior of housing values in 

areas with formal and informal sub-markets. This allows us to refine predictions and 

information on the spatial distribution of prices. 

 
III. Residential segregation, land and housing prices in Cali 

Cali is one of Colombia’s three main economic and financial centers, along with Medellin and 

Bogota. In demographic terms, one of the most important characteristics of Cali is that in 

absolute numbers, it houses the country’s highest concentration of Afro-descendants (Urrea 

et al. 2007). This ethnic-racial condition has been a determining factor in the persistence of 

residential segregation patterns (Barbary et al. 1999; Barbary 2004; Urrea et al. 2007; Vivas 

2013). These patterns are evident in the formation of residential clusters of ethnic minorities 

and poor immigrants located on the margins of the city, as occurs in District 18. In these 

sectors, social groups are concentrated in conditions of vulnerability with restricted mobility, 

poor access to urban services, and little possibility of entering the formal labor markets. 
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Exploratory analyses of the city as a whole, using a human capital density metric of the 

working population1 in each of the census tracts, confirm that Cali has clearly differentiated 

clusters. The indicator obtained is a proxy for the quality of potential social interactions or the 

environment in which individuals live: values far from zero denote a higher density of a well-

educated working population in relation to the population with a low education. As values 

approach 100, the ratio between the skilled and unskilled population indicates better potential 

conditions for micro-local interaction. The structure of this metric by census tract takes the 

following form2: 
 

min*

1 max min

[ / ] [ / ]
[ / ]

[ / ] [ / ]

N
j

j

j

H L H L
H L

H L H L=

− 
=  

− 
   (1) 

 

The results of the measurement for the entire city show that the population with the highest 

levels of human capital is concentrated along the city’s central longitudinal axis. Conversely, 

the vulnerable population with low levels of human capital lives at the eastern and western 

borders (see Figure 1).  

 

 
1 Obtained from the National Administrative Department of Statistics (DANE, 2005), statistical database 
Redatam, through the (H/L) ratio between individuals who have completed a high school education or above 
including vocational and technical careers (H) and those with incomplete secondary, primary or no education 
(L). This metric is re-scaled with an adjustment factor that considers maximum and minimum values observed 
inside the city, taking values in the [0-100] range that indicate the relative weight of the qualified population 
and its spatial distribution. 
2 This indicator fulfills some of the desirable properties of the segregation indices and could be considered a 
good approximation for the study of spatial cluster formation inside the city. It was suggested in previous 
research on residential segregation in Cali (Vivas, 2007, 2012 and 2013).  
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Figure 1. Distribution of human capital in districts by neighborhood metric 

Source: Authors’ estimates in GeoDa. The area within the polygon corresponds to District 18 along with each of 
its neighborhoods3. The values in brackets correspond to the number of neighborhoods in each category of the 

quantiles. 
 
 

Based on these results, the Moran global correlation coefficient was calculated, excluding 

missing values at 0.673. The result of Moran’s univariate comparison allows us to reject the 

null hypothesis of random population distribution according to the human capital density 

 
3 As shown in Figure 1, in District 18, the majority of neighborhoods have low values for the human capital index 

with the exception of the most consolidated formal neighborhoods located in the flat area, for which the metric 

is above 70. This indicates that a high proportion of the working population has an educational level above high 

school. 
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metric. This result can be visualized through the Moran scatter plot that provides graphical 

evidence of the positive spatial dependence of re-scaled [H/L]j (see Figure 2). The horizontal 

axis corresponds to the metric used, and the vertical axis shows the values corresponding to 

the first-order spatial lags. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Univariate Moran Scatter Plot 
Source: Authors’ estimates in GeoDa. 

 
These results are corroborated using information about land prices from real estate market 

valuations in the urban sector (2010, 2012). Similar to previous findings based on human 

capital, Moran’s univariate index calculated for the land prices reaches a relatively high value 

of 0.598. To verify the presence of areas with significantly high associations, we adopt Local 

Indicator of Spatial Association (LISA) indicators. According to the results (see Figures 3 and 

4), the central longitudinal axis of the city forms a high-high [H-H] cluster in which spatial 

units of high prices per square meter predominate surrounded by neighborhoods in the same 

condition. In the eastern part of the city where the Afro-descendant population is 

predominant and in the hillside neighborhoods in the west where a blend of Afro-descendant, 

poor Mestizo and Indigenous populations prevail, the presence of neighborhoods with low 

prices that have a low-low [L-L]) first-order spatial association is detected. Hence, the analysis 

reveals that the peripheral neighborhoods in District 18 (at the top of the hillside) have the 

lowest spatially correlated prices. 
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Figures 3 and 4: LISA Comparisons for Cali Land Prices 
Source: Authors’ estimates in GeoDa. Left: cluster formation. Right: significant p-values. 

 
 

Finally, Moran’s bivariate index between the composition of human capital and land prices, 

estimated for all the polygons that compose the city, reached a value of 0.553, providing 

additional evidence of the presence of highly segregated residential clusters on the local scale. 

Based on these findings on the urban scale, the following sections present the methods and 

results obtained for the calculation of differential housing prices in the case of District 18. 
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IV. Data and Methods 

To study District 18, we used statistical information from three sources: the national census 

on population and housing; microdata from the Beneficiary Selection System III (SISBEN), 

which identifies potential households for social assistance programs and targeted expenses 

(DNP, 2008); and a survey on the informal land and housing market conducted in District 18. 

Socio-demographic variables were taken primarily from the population census and SISBEN 

III, which include data on housing units such as property type, materials, access to public 

services, and the frequency of water supply. This information also includes microdata such as 

household size, economic distribution of the population, health coverage, birth rate, 

occupation, and household appliances. The information on land and real estate prices was 

obtained through the survey that used housing as a unit of analysis, enabling the study of price 

differentials in the District. 

 

Thus, using the census and SISBEN III distribution as a reference, a representative sample of 

conglomerates with proportional allocation was defined, considering that the study area is 

formed of heterogeneous populations distributed in the flat area and the hillside. Of the 659 

surveys projected, 571 were conducted, equivalent to 86.6%4. After the database was filtered, 

558 valid surveys were obtained, which was 84.7% of the number initially projected. 

 

The survey included information on household identification, socioeconomic environment, 

household unit variables, land and housing occupancy, current occupation, means of 

transport, and other questions directed toward the heads of the household. In addition to 

questions on identification and socio-demographic conditions, the survey included a query 

about house prices, rental value, and willingness to pay when the property is not owned. 

Owners were asked for the price at which they would sell the property if they received an offer. 

Finally, tenants were asked about their willingness to pay for the property in the event that 

they planned to buy. 

 

 
4 Difficulties accessing some of the informal settlement addresses from the initial sample as well as logistic and 

security problems prevented the completion of the initially projected number of surveys. Nevertheless, both the 

number of surveys conducted and their distribution guarantee the instrument’s statistical representativeness. 
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After processing the data, it was possible to conduct a differential price analysis through 

micro-econometric exercises that enabled the identification of the variables with the greatest 

impact on transverse price behavior on the different blocks that make up the neighborhoods 

included in the sample. For this reason, the methodological strategy explicitly considers the 

spatial dimension in price variation through GWR methods and uses the houses’ different 

location points in the census blocks as units of analysis. This approach considers information 

on housing prices, the houses’ predominant characteristics, and the socioeconomic and socio-

demographic environment, among other attributes that are detailed in the results. 

 

The micro-fundamentals of this type of study are often supported by the hedonic pricing 

approach, which considers a subject’s willingness to pay for a given good based on its 

characteristics or attributes and according to a set of restrictions, particularly the household 

level of income or expense structure. As is common in these analyses, the preference structure 

is represented through a utility function with a good, H (housing), with k characteristics, a 

compound good, C, which includes all other goods and services, and a budget constraint, Y: 
 

(2) 

 

The microeconomic solution of the analytical model enables us to infer that the good’s price 

and attributes provide information about the willingness of agents to pay. In this regard, the 

analyses of Rosen (1974), Lancaster (1966), and Can (1992) on the real estate market and the 

works of Yu et al. (2007) and LeSage and Pace (2009), Anselin, L., and Lozano-Gracia, N. (2009) 

on housing markets with empirical applications constitute conceptual and methodological 

references. 

 

In our case, while the data used in the econometric model estimations come from the sample 

in District 18, we do not adopt a pure hedonic pricing approach. This is because the variables 

stemming from the survey and from secondary sources approximate real estate market values 

but not transactions actually carried out. Indeed, due to the conditions under which 

transactions occur in informal markets, there is no statistical database for actual home 

transactions in a given period as required by the pure hedonic pricing approach. 

 

( , ) |kU f H C Y=
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The primary information from both the formal (flat area) and the informal (hillside area) 

sectors provides data on the value of actual rent for leased units and rent estimated by owners 

who inhabit the property. These data also include information on the value estimated by 

tenants in the event they are able to buy the property along with the value assigned by owners 

if they are willing to sell5. 

 

The differential pricing model considers a vector of typical attributes of the houses = {v1, 

v2, v3,..., vv}, including the formal and informal nature of the area, location, physical 

attributes and accessibility, among other relevant variables from the sample. A vector of the 

closest variables from the socioeconomic and socio-demographic environment was also 

constructed, = {s1, s2, s3,…, sv}, with the block as the unit of analysis. These data come 

from the pairing process between the units contained in the sample and the geo-referenced 

databases along with data from Cali Municipal Planning, SISBEN III, and the census. It 

should be noted that the surveys contain corresponding keys or link codes that provide 

accurate, geo-referenced locations of houses, even in the informal sectors. 

 

The  vector contains all other relevant variables, such as those that are actually institutional, 

and some dichotomous variables that attempt to capture whether the household surveyed was 

a beneficiary of entitlement programs or other housing improvement initiatives promoted by 

the local government. In the same vector, mobility and transportation variables are 

considered along with indicators associated with infrastructure projects that affect the study 

area. Thus, the price vector can be expressed as , where u corresponds to the 

stochastic error term. The GWR local regression model considers the spatial variability of the 

parameters associated with price predictors. The characteristic feature of these models lies in 

the assumption of structural permanence of the regression model coefficients. 

 

The literature on hedonic prices and their variants has broadly argued that the existence of 

spatial self-correlation in prices, along with the presence of substantive heterogeneity, violates 

the assumptions of conventional models estimated by ordinary least squares (OLS). In 

addition, the non-random distribution of variables in the space, the presence of clusters, and 

 
5 Pearson’s correlation between the purchase and sale provisions of real estate with revealed rental values reaches 

0.55 with the complete sample. 

v

s

z

( , , ; )p f v s z u=
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local variability introduce biases and inconsistencies in the ordinary estimates that need to be 

corrected by appropriate methods. Anselin (1988) and Can (1992), among others, suggest 

strategies that attempt to improve the quality of estimates and move toward new diagnostic 

elements that ensure greater accuracy. In reality, the presence of non-stationary processes in 

space is reflected in the differential impacts of the same variables when considering the 

specific location or presence of segmented land and housing markets. Thus, the attribute 

valuation structure has significantly different effects according to spatial references such as 

centroids or geographic coordinates. 

 

Therefore, considering the sample distribution, the primary information from the survey, and 

social, economic, and demographic variables pulled from the SISBEN, we estimated the GWR 

models based on the line of research suggested by Fotheringham et al. (2002). These models 

are suitable under the condition of random non-spherical or heteroscedastic disturbances. 

The advantage of this methodological strategy is that it allows us to obtain vectors of 

parameters that vary in the geo-referenced space. A generic specification of these models is 

shown below: 
 

= (xi,yi) + (xi,yi) * + θ(xi,yi) * + ϕ(xi,yi) *  +      (3) 

 

Furthermore,i= 1, 2, 3,... units in an (xi,yi) geographic coordinate system; therefore, the 
parameter vectors are estimated according to  
 

,          (4) 
 

where Exo is the vector of exogenous variables, End is endogenous and W(xi,yi) is a diagonal 
matrix of weights defined as a function of distance that assigns greater weight to closer 

observations. One possible behavior of the  vector considers that its distribution takes the 
following form so that the variance depends on location: 
 

               (5) 

 
As Fotheringham et al. (2002) note, heteroscedasticity in these models may be addressed by 
introducing a weighting system that uses the inverse variance of each observation. 
 
  

p v s z u

1

( , ) ( , ) ( , )
ˆ [ ` ] `xi yi xi yi xi yiZ W Exo Z W End −=

u

2

( , )(0, )x yu N 
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V. Results and Discussion 

Based on the estimates and what they represent, we can detect the magnitudes of the predicted 

price differentials according to the specific values of the exogenous variable vectors. Once the 

best model was validated, in accordance with established validation protocols, the estimates 

made it possible to conduct simulation and impact exercises on prices based on the variables 

of interest in the micro-local environment, which are presented below. 

 
 

A) Spatial Exploratory Analysis 
 

In District 18, the exploration of the LISA-univariate comparison for house prices shows that 

there is a differentiated structure with neighborhood effects. In this structure, two areas can 

be distinguished: some with high-price levels and high-high [H-H] spatial correlation and 

others with low prices correlated with neighbors with low-price levels in contiguous areas (L-

L) (see Figure 5). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. LISA-Univariate Housing Prices in District 18 
Source: Authors’ estimates from the District 18 survey. 

* The values in parentheses correspond to the number of polygons that make up the study area. 
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These results suggest the presence of spatial heterogeneity in housing prices in the study area, 

which is likely connected to a combination of factors such as a lack of safety, violence, drug 

addiction, accessibility differentials, property scale, and the spatial distribution of household 

income. For these reasons, it is possible that the overall effect estimated in the aggregate 

models, although relevant, does not reflect the local behavior of each of these factors and their 

differential impact on house prices, making it necessary to introduce a strategy that includes 

the variability of the spatial effects of the regressors considered in the pricing models. 

 
 
B) Geographic Weighting Model (GWR) 

 
The GWR model that is specified below in (xi, yi) coordinates uses the logarithm of house 

prices as a dependent variable and includes the following regressors: A, the built surface; viol, 

the variable for the presence of crime and drug addiction in the neighborhood; time, the 

metric for access to business and service locations; g, the per capita expenses of the spatial 

micro-unit; and u, the stochastic error term.6 
 

.                    (6) 

 

The results obtained for each of the spatial units in the relevant variables are expressed in 

weighted averages with the appropriate statistics of strength and correlation of the regressors 

with the dependent variable. In addition, the estimated models show the local coefficient of 

determination (R2), which measures the goodness-of-fit between the systematic part of the 

model and the dependent variable. 

 

The coefficients obtained show strong correlation and significance in the majority of blocks, 

and the local R2 reaches relatively high values throughout the district. The overall goodness-

of-fit in the entire study area was 78%, with the best coefficients in the neighborhood blocks 

in the flat area. The median price elasticity of income was 0.044, the price elasticity of 

property size was 0.057, and the medians of the local perception of violence and accessibility 

variables were 0.10 and 0.08, respectively (see Table 1, which also shows estimated values 

according to quartiles). 

 
6 Local estimates of the parameters for the GWR linear model were calculated using the maximum likelihood 
method in SpaceStat (version 4.0; BioMedware, 2013) and GWR4 (version 4.09; Nakaya et al., 2013) using a 
Gaussian kernel. Spatial references use the centroid of each block where the sample was located. 

( , ) 1( , ) 2( , ) ( , ) ( , )( ) ln( ) ln( )
i i i i i i i i i ii x y x y x y x y x yLn p viol time g A u    = + + + + +
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Variable Q1 Median Q3 Diff-Criterion* 

Intercept 3.889444 3.912615 3.934763 1.397571 

Violence (viol) -0.130719 -0.108189 -0.088146 -0.122104 

Time (time) -0.028209 -0.008485 0.013602 0.263360 

Ln(A) 0.030029 0.057538 0.102008 -24.675806 

Ln(g) 0.032216 0.043924 0.064465 -6.388776 

 

Table 1. Semiparametric geographically weighted regression 
Source: Authors’ estimates in GWR4 software (Nakaya, et al. (2013)). *Geographical variability tests of local 

coefficients. 

 
 

The highest coefficients of the viol variable (which measure the local impact of this variable 

on prices) were detected predominantly in the informal sectors located in the hillside area, 

whereas the lowest values were identified in the neighborhoods in the flat area. Figure 6 shows 

the distribution of the low, medium, and high values of the estimated violence coefficient (1), 

Figure 7 presents the accessibility metrics and coefficient distribution (2), and Figure 8 

presents the variability of the impact of expenses (income proxy, Θ). 

 

In determining whether the spatial variations of the effects of price regressors were 

significant, we found from the diff-criterion (AICs, BIC, and CV) comparisons that the 

intercept and the access to urban facilities variables do not show geographical variability in 

their effects. In contrast, the viol, property size, and income variables do affect prices in a 

heterogeneous manner, a result consistent with the hypotheses initially raised. Estimates 

show that the quality of the local environment, as measured by an indicator of the presence of 

drug addiction and violence in the immediate vicinity of the property location, along with 

access to transportation, businesses, and services, is a relevant factor in explaining price 

variability in District 18. Global and local estimates effectively verified the importance of these 

variables along with income using per capita household expenses as a proxy. 
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Figures 6, 7, and 8: Estimated Coefficient Distributions (1, 2, AND Θ) in District 18 
Source: Authors’ estimates from the District 18 survey. 
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Some interpolation exercises with the GWR model show that in the hillside areas where 

informal settlements predominate, housing prices between US $172 and US $194 per square 

meter (see Figure 9) are predicted, whereas data from the survey reveal that monthly 

household income ranges from US $107 to US $209. This indicates that households would 

have to allocate nearly all of their income to buy a house from government programs because 

the average monthly mortgage payment calculated for a group of social housing projects in 

the study area ranged between US $100 and US $193. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Housing Price Predictions per m2 (US$)7 

Source: Authors’ estimates from the adjusted GWR model and using a Gaussian kernel. 

 
 

7 Estimated exchange rate: US$1=COP$2,946 https://themoneyconverter.com/ES/USD/COP.aspx Retrieved 8 

May 2017. 
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This result is consistent with the thesis that insufficient income adds to a combination of 

restrictions that families face when attempting to acquire social housing, forming the so-

called ‘affordability gap’ (Stone 1993; Kutty, 2005; Bouillon, 2012) that leads to worsening 

and persistent poverty conditions. In relation to the price differentials predicted by the model, 

our findings corroborate that there is a significant gap between the flat area where formal 

housing predominates and the hillside areas where informal housing prevails. The differences 

range from 34.3% of the value per square meter between the most expensive and cheapest 

areas to differentials of 11% in the poorest formal areas and the hillside areas that are in better 

condition than the other neighborhoods in this conglomerate. 

 

Furthermore, our results reveal that in what we call transition zones, located on the limits 

between the flat and hillside areas and where formal and informal settlements are mixed, 

small differences exist in housing prices despite the property regime (yellow areas in Figure 

9). According to our model, the social conditions of violence coupled with the perception of 

insecurity in these areas constitute the characteristic features that explain the small 

differences in housing prices between formal and informal housing. Local regression 

estimates thus confirm this fact. This result therefore demonstrates that in places where the 

line between formal and informal settlements is thin, people’s perception of the surrounding 

environment has an important weight in property prices. In this type of area, where the 

identification of sub-markets is difficult due to the coexistence of formal and informal 

housing, GWR hedonic models are the ideal tool. 
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VI. Final Remarks 

The results obtained with GWR models show that the house pricing structure is significantly 

heterogeneous and that the incidence of each explanatory variable studied has important 

variations in the district’s geographic space. These variations in the coefficients can be 

satisfactorily measured by the strategy adopted in this study, yielding data consistent with 

those obtained in the exploratory phase developed in section 4.1. During this first phase, the 

comprehensive estimates showed that the variables associated with a house’s immediate 

environment, such as the presence or absence of drug addiction and violence along with access 

to businesses and services, play a principal role in explaining price variability within the 

neighborhoods that make up District 18. 

 

In this context, the presence of spatial clusters in the distribution of prices between flat and 

hillside areas provided new evidence of the imperfections of the housing market when 

accessibility and the quality of social environment (crime and drug addiction) are considered. 

Technically, as LeSage and Pace (2009) note in some of their applied exercises of spatial 

econometrics and as Yu et al. (2007) observe in their work on housing prices in Milwaukee, 

the “non-stationarity” of housing market prices reveals the presence of segmented markets or 

sub-markets. These segmented markets require new, alternative methodological strategies for 

modeling rather than the conventional strategies.  

 

Accordingly, the strategy implemented in District 18 represents an alternative for modeling 

the spatial heterogeneity of housing prices where formal and informal settlements converge 

as a tool to shape social housing policies with solid data on housing market behavior. 
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