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ABSTRACT 
Urban sprawl is a worldwide tendency that affects agricultural production land, forests, and areas of 
environmental value in peri-urban areas. A hedonic pricing model, specified with GIS measures, was 
applied for a sample of plots for sale in the conservation land (CL) of Mexico City. It was used for 
determining the value of the urban fringe land and for estimating the impact of both infrastructure and 
amenities on price per square meter. Physical and locational characteristics of rural land were 
considered, such as price per square meter of land, supply of public services (water, electricity, sewage), 
distance to infrastructure and distance to a natural area. Results indicate that the specification performed 
well across two functional forms (semi-log and log-log). The model showed that proximity to a natural 
area has positive influence, nevertheless the sewage system is the main feature that determines a higher 
price. Analyses of land prices in the rural-urban fringe can help in decision-making and policies 
regarding environmental conservation. 
Keywords: hedonic pricing, peri-urban, environmental valuation, land values, conservation land, 
Mexico City. 

1  INTRODUCTION 
Cities have multiplied and expanded rapidly worldwide over the past two centuries, so they 
have increased pressures on the world’s ecosystems [1]. According to UNFPA [2], in 
developing countries, cities of 100,000 or more inhabitants are expected to triple their  
built-up land area to 600,000 km2 in the first three decades of this century. This situation is 
especially severe in fast urbanizing and industrializing developing countries, such as China 
and Mexico [3]. Hence, urbanization and city expansion threaten the provision of ecosystem 
services that are supplied by the periphery. 
     Rural land, forests and farmland in both the urban and peri-urban areas provide multiple 
ecosystem services (e.g., biodiversity, climate regulation, rural culture, aesthetic and 
recreational services and open space), as well as characteristics that impact agricultural 
production [4]. Thus, these green areas are commonly regarded as a remedy to the urban 
environmental problems [5]. However, urban sprawl is explicitly affecting peri-urban areas, 
because they provide land for current and future real-estate developments, so these plots are 
disputed by diverse sectors, such as agricultural production, ecological preservation, or 
residential development [4]. 
     Economic valuation of ecosystems has been used since the 1960s, but this kind of studies 
strongly increased in the 1990s as they provided information on the economic importance of 
ecosystem services, or the costs derived from their loss, which proved useful for  
decision-making [6]. It is based on the intensity of changes in people’s preferences under 
small or marginal changes in the quantity or quality of environmental goods or services [7]. 
There are two broad methodological approaches for estimating economic values of market 
and nonmarket goods and services: stated preferences and revealed preferences [8]. The latter 

The Sustainable City XII  101

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and The Environment, Vol 223, © 2017 WIT Press

doi:10.2495/SC170091



category includes the hedonic pricing method, which implies that the economic value of land 
is influenced by adjacent natural assets.  

1.1  Background 

The literature examined for the case of Mexico City, reveals few studies on environmental 
valuation. Almeida-Leñero et al. [9], studied the importance of the Magdalena River Basin. 
Martínez-Rivera [10], made an economic valuation of the environmental services of 
agriculture, the recharge of the aquifer and carbon sequestration of the natural areas 
surrounding Mexico City, labelled as the “conservation land” perimeter (CL). Arreguín-
Sámano and Torres-Pérez [11], examined the water ecosystem service of the Magdalena 
Contreras area. Another valuation study was carried out in the urban wetlands of Mexico City 
[12] and Martínez-Jiménez's [13] work focused on the economic valuation of hydrological 
environmental services of the CL, specifically in the mountains in southern Mexico City. 
     Hedonic pricing models carried out in Mexico City are scarce. In fact, Sobrino [14] 
conducted a study on housing prices and submarkets in the city, however, this author 
highlights the lack of information on urban housing prices. Lara et al. [15], used a hedonic 
pricing model in order to estimate the costs of urban sprawl in the Mexico City metropolitan 
area. Another example is the study of Chakraborti et al. [16], who analysed the variation in 
air pollution levels with respect to the values of buildings within the city. 
    In this sense, this article aims to provide an economic valuation of the Conservation Land 
in Mexico City by using a hedonic pricing model (HPM). It was estimated for determining 
which attributes are relevant for plot values in the peri-urban area. 

2  THEORY OF HEDONIC PRICING VALUATION 
A comprehensive explanation of the history and theory of hedonic pricing is given by 
Freeman et al. [17]. It was Rosen [18], the first to postulate that houses, or similar 
heterogeneous products, are not homogeneous and have different characteristics, who 
defined hedonic prices as the implicit prices of attributes revealed from observed prices of 
differentiated products. The hedonic pricing models (HPM), including the variables 
delimited by the geographical information systems (GIS), allow to infer the impact of 
attributes on the values of a property (e.g., houses or parcels) [19]. For example, one cannot 
purchase a view of a lake on its own, but must purchase property that provides a lake view 
as well as other amenities and disamenities associated with the property [20]. 
     Applications of HPM have been used to estimate different land value attributes. 
Geoghegan et al. [21], incorporated GIS to analyze the pattern of surrounding land uses, 
which affect land values in Washington, USA. Shonkwiler and Reynolds [22], determined 
non-agricultural uses of the land, located at the urban fringe. Bastian et al. [19], measured 
recreational and scenic amenities associated with rural land. The literature reviewed reveals 
natural or environmental amenities [23], [24], as factors contributing to land values. For 
example, Tyrväinen [25] studied how urban forest benefits are capitalized in property prices 
in Finland [26]; grassland in France [27], landscapes also in France [28]. Hence, it is 
important to note that hedonic pricing is often used to value urban green space [29] and open 
space [8], [30]. 

3  METHODS 

3.1  Study area 

Mexico City has a population of about 8.9 million inhabitants [31]. According to the Land 
Management Program of Mexico City [32], its surface comprises urban areas (about 60.9 
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thousand ha (41%) and conservation land (about 873 thousand ha (59%), distributed in nine 
city municipalities: Cuajimalpa de Morelos (7.5%), Álvaro Obregón (3.1%), La Magdalena 
Contreras (5.9%), Tlalpan (2.4%), Xochimilco (11.9%), Tláhuac (7.2%), Milpa Alta 
(32.2%), Gustavo A. Madero (1.4%) and Iztapalapa (1.4%) (Fig. 1). 
     The Conservation Land (CL) decree was set up in 1978, when the Master Plan for Urban 
Development of Mexico City, divided the territory into “urbanized sectors, territorial reserves 
and land dedicated to conservation, recognized as essential (with strong restrictions on land 
use), in order to maintain the ecological balance of the city” [33], [34]. 
     The CL provides many ecosystem services (ES), such as: aquifer recharge (about 60–70% 
of available water comes from aquifers); climate regulation; carbon-sequestration and 
biodiversity preservation functions. It also provides opportunities for recreation, aesthetic 
and cultural values, as well as production of food and raw materials [35]. 
     Nevertheless, this land has been under several sources of pressure, resulting in a decreased 
capacity for supplying ecosystem services [33]. For example, urban expansion, from 2003 to 
2007, covered 5.3 thousand ha of CL, which is, approximately 1.3 thousand ha per year [36]. 
Urbanization is characterized by three forms: (1) expansion of traditional towns; (2) poor and 
illegal settlements; and (3) land occupations by middle classes [37]. 
 

 

Figure 1:    Map of Conservation land in Mexico City showing the sampled plots for sale 
used in our analysis. (Source: prepared by the authors by using data from INEGI 
(2010) and PAOT-SEDEMA (2012).) 
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     Another element of pressure is the land use change, which occurs because agricultural 
income is rather low in comparison to urban income. Therefore, land owners get a greater 
profit by selling it, rather than engaging in agricultural or forestry activities, which provide a 
lower income [34]. 
     Despite the ban on the establishment of urban construction in the CL, the expansion of 
irregular settlements continues to grow, and the real-estate market remains, increasing the 
environmental deterioration of the entire area. Thus, keeping conservation land as a natural 
reserve has proven extremely difficult due to urban expansion, both legal and illegal. 

3.1.1  The survey 
The analysis was conducted for the CL, where developable parcels/plots (e.g., mainly pasture 
and forest areas) with environmental benefits are being rapidly converted to residential use. 
In order to estimate the hedonic pricing eqn, fieldwork was carried out from March to August 
2016. Data was collected in two ways. One consisted in searching data on real-state websites 
(www.metroscubicos.com; www.inmuebles24.com), and the other was to map several routes 
and look for plots for sale banners by foot. The “mystery shopper technique” [38], was used, 
although this practice is commonly applied in service organizations to measure intangible 
service experiences. In this case, we act as if we were buyers to get real information on sale 
prices. The survey provided information for 348 plots for sale located on the CL as shown in 
Fig. 1. 

3.2  Data 

Three types of explanatory variables were used: attributes, location and environmental 
features. The plot attribute’s set included plot size and urban services, as electricity, sewage 
and water service. The second group of variables refers to the location characteristics of the 
plots, such as proximity to marketplaces, rural communities, highways and roads. Finally, 
the environmental set relates to the distance to a natural protected area or woodland, and 
whether the parcel is sloped, which is a feature that determines its suitability for construction. 
Distances were estimated with a geographic information system (GIS) in which each variable 
represents the lineal distance from the plot i to the nearest point of each category. The 
variables used in estimating the HPM are summarized in Table 1. 

3.3  Econometric model 

We used the typical hedonic pricing equation: 

ܲ݅ ൌ Xi	b	  	εi                                                           (1) 

where Pi is the price of plot i, Xi the matrix of explanatory variables (including an intercept), 
b the vector of parameters to be evaluated, and εi an error term [28]. 
     The explanatory variables comprise three sets of characteristics: 1) variables that describe 
urban services, 2) characteristics of the area, and 3) environmental attributes. 
     The dependent variable (in this case price of plot per square meter - Priceplot) is 
statistically disaggregated into marginal implicit prices for each explanatory attribute. Linear 
and logarithmic functional forms were used, with a semi-log and double log specification as 
the best fit. The semi-log equation estimated was: 

ln ݐ݈݁ܿ݅ݎܲ ൌ 1ߚ  ݎ݁ݐ2ܹܽߚ  ݁݃ܽݓ3ܵ݁ߚ  ݕݐܿ݅ݎݐ݈ܿ݁ܧ4ߚ  ݐ݁݇ݎܽܯ5ߚ  
݈݉ܿܽݎݑ6ܴߚ  7ܸ݅ܽߚ  ݎݎܽܥ8ߚ  ܲܰܣ9ߚ  ܱܵܤ10ߚ  1݁11݈ܵߚ   (2) .2݁12݈ܵߚ
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Table 1:    Variables description and expected sign of coefficient. (Source: prepared  
by the authors.) 

Name Variables 

Expected 
sign 

Description 
(units of measure)

Priceplot Dependent Price per square meter of land in Mexican pesos. 

Water  + 
Dummy variable: 1 if the plot has water service, 0 
otherwise.

Sewage + Dummy variable: 1 if there is sewage, 0 otherwise.   

Electricity  + 
Dummy variable: 1 if the plot has electricity, 0 
otherwise.  

Market  - Distance to nearest marketplace in meters. 
Ruralcom  - Distance to nearest rural community in meters.  
Via  - Distance to nearest road in meters. 
Carr  - Distance to nearest highway in meters. 
ANP - Distance to nearest natural protected area in meters.   
BOS - Distance to nearest woodland in meters   

Slope1 - 
Dummy variable: 1 if the property is sloped and it is no 
appropriate for construction, 0 otherwise. 

Slope2 - 
Dummy variable: 1 if the property is semi sloped and it 
is not appropriate for construction, 0 otherwise. 

For the double log model, the natural log was used for all continuous variables, the equation 
was: 

ln ݐ݈݁ܿ݅ݎܲ ൌ 1ߚ  ݎ݁ݐ2ܹܽߚ  ݁݃ܽݓ3ܵ݁ߚ  ݕݐܿ݅ݎݐ݈ܿ݁ܧ4ߚ  ݐ݁݇ݎܽܯ5݈݊ߚ  
݈݉ܿܽݎݑ6݈ܴ݊ߚ  7݈ܸ݊݅ܽߚ  ݎݎܽܥ8݈݊ߚ  ܲܰܣ9݈݊ߚ  ܱܵܤ10݈݊ߚ  

1݁11݈ܵߚ   (3)                                                    .2݁12݈ܵߚ

4  RESULTS 

4.1  Descriptive statistics 

We used price per square meter rather than total sale price, to standardize the prices because 
land parcels considerably varied in size. The average sale price is $2054.5 (112.9 usd; the 
average exchange rate from March to August 2016 was 18.2 Mexican pesos per US dollar), 
with a minimum of $400 (22 usd) to $8500 Mexican pesos (467 usd) per square meter, and 
a standard deviation of $1351.6 pesos (74.3 usd). The average plot size is about 1800 square 
meters, with a minimum of 80 to 100000 square meters. The parcel size variable was 
excluded because its coefficient was insignificant. Descriptive statistics of variables are 
presented in Table 2. 

4.2  Econometric results 

The hedonic models were specified and estimated by ordinary least squares (OLS). Several 
diagnostics were performed to improve the accuracy of estimates. The Jarque-Bera test was 
conducted, and showed data have the skewness and kurtosis matching a normal distribution. 
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The White’s test for heteroskedasticity, failed to reject the null hypothesis of 
homoscedasticity, so residuals are homoscedastic. 
     Multicollinearity, after the Theil index and Variance Inflation Factor, was not found as a 
problem. It has to be noted, however, that the correlation matrix showed correlation between 
some urban services variables, due to the fact that these might be complementary. Water and 
sewage (0.61) and water and electricity (0.63) presented the highest correlation. Since the 
Durbin-Watson test was inconclusive (i.e. values were in the undefinition zone), we decided, 
nevertheless, to include these variables in the analysis. 
     The results of each model (semi-log and double-log, for both dependent variable is the 
natural log) are shown in Table 3. Both models have a low adjusted R squared statistic: 0.27 
and 0.28, respectively. Seven out of 12 estimated coefficients (58%) were statistically 
significant at the 10% level in the semi-log model. With respect to the double-log model eight 
out of 12 estimated coefficients (67%) were statistically significant at the 5% level. This 
indicates that the double-log model had a better fit. As expected, the estimated coefficients 
of the plot attribute’s set were positive, but only sewage was found statistically significant. 
Signs for the other variables were identical between the two functional forms, except for 
marketplace variable, which has a negative sign in the semi-log model, however it was not 
statistically significant. For the double-log model, the estimated coefficients represent 
elasticities: the percent change in the dependent variable given a percent change in an 
independent variable [21]. In other words, a 10% increase in distance to a highway leads to 
a 0.5% decrease of the plot selling price. 

5  DISCUSSION AND CONCLUSION 
Even though the coefficients were significant, both models presented rather low R-squared 
values: 0.27 and 0.28 for the semi- and double-log models, respectively. The fact that the 
constant term in both models was highly significant (p<0.01) means that unobserved 
variables also explain the dependent variable [39]. Indeed, hedonic pricing modelling 
sometimes involves low R-squared values which nevertheless, fits the data and also generates 
reasonable results (e.g. [8], [40]). This might be the expression of very specific features that 
change according to the local context, which are difficult to measure and include in 
econometric analyses of hedonic pricing. Geoghegan et al. [21], discuss ways to improve 
estimates for this method. 

Table 2:    Descriptive Statistics of the sampled plots for sale in the conservation land of 
Mexico City. (Source: prepared by the authors.) 

Variable name Descriptive statistics
Mean SD Max Min Units

Priceplot 2054.5 1351.6 8500 400.0 $ pesos 
Water  0.44 0.50 1.0 0.0 Dummy 
Sewage 0.32 0.47 1.0 0.0 Dummy 
Electricity  0.63 0.48 1.0 0.0 Meters
Market  3151.7 2550.3 11293 197.0 Meters
Ruralcom  633.1 502.7 3388.8 8.9 Meters
Via  429.9 567.2 3441.4 0.3 Meters
Carr  1508.1 2075.1 11557 0.1 Meters
ANP 3275.4 2153.4 9603.9 1.0 Meters
BOS 984.1 1313.7 6221.3 1.00 Meters
Slope1 0.09 0.29 1.00 0.00 Dummy 
Slope2 0.66 0.47 1.00 0.00 Dummy 
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Table 3:  Hedonic regression results for semi-log and double-log models. 

Variable name Semi-log model Double-log  

Coefficient  
(t-statistics)

Coefficient  
(t-statistics)

Constant 7.61*** 
(50.55)

6.68*** 
(15.33)

Water  0.03 
(0.37)

0.08 
(1.06)

Sewage 0.21*** 
(2.92)

0.20*** 
(2.80)

Electricity 0.08 
(1.06)

0.04 
(0.62)

Market  -9.96E-06 
(-0.70)

0.09** 
(2.59)

Ruralcom 2.77 E-04*** 
(4.84)

0.16*** 
(4.76)

Via  -9.42E-05* 
(-1.84)

-0.05** 
(-2.42)

Carr  -3.07E-05 
(-1.61)

-0.05*** 
(-2.80)

ANP -5.63E-05*** 
(-3.04)

-0.04** 
(-2.35)

BOS -4.92E-05* 
(-1.67)

9.97 E-03 
(0.59)

Slope1 -0.11** 
(-2.40)

-0.30** 
(-2.54)

Slope2 -0.28 
(-1.42)

-0.09 
(-1.23)

R-squared 0.27 0.28 
Akaike info criterion 1.40 1.39 

Schwarz criterion 1.53 1.53 

Durbin-Watson stat 1.64 1.72 
*, **, *** Indicates statistical significance at the 10, 5 and 1% level. 

 
     In general, the farther from the city center, the lower the land prices [41]. According to 
Geoghegan [8], this is because towns comprise the main sources of employment, commercial 
activity, and other urban amenities. It is important to note that the positive sign in the distance 
variables, does not mean a positive value, but a negative influence on the selling price, since 
at a shorter distance from that variable, the lower the price of the land. In the present study, 
it was expected that the MARKET and RURALCOM variables presented a negative sign, 
but it was the opposite in the case of the double-log model. This may seem a contradiction, 
however, it could be explained by the importance given by respondents to the presence of 
urban services near their location, rather than being close to commercial areas, reflecting a 
lower value for rural areas. 
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     Hence, it would be expected that the availability and proximity to urban services influence 
on higher land prices. In this way, the model revealed that the value for urban services is 
differentiated. For example, the sewage system is the main feature that determines a higher 
price. For the double-log model, if a plot has sewage, the price increases in 20%. Arguably, 
respondents might see sewage infrastructure as a more advanced stage in urban development, 
rising their property’s value. 
     The signs of the coefficients of the distance to highways and roads (VIA and CARR 
variables), correspond to those found by other authors. For example, Izón et al. [42], reported 
a coefficient of -0.01, consistent with our model value of -0.04 and -0.05. Furthermore, Lara 
et al. [15], reported that with every 1% increase in distance to the nearest transport center, 
the sale price was reduced by 0.15%. It means that the greater the distance with the 
communication routes, the lower the price of the land. Thus, access to the city is considered 
very important to people. 
     Regarding the distance variable to a protected natural area (ANP), it turned out to be 
negative and significant in both models as expected. Therefore, the value of the property in 
terms of its proximity to a natural area is positive, but low. Thus, for every 10% increase  
in the distance to the protected area, the price will be reduced by 0.35%. This result supports 
previous studies that have analyzed the influence of a natural area or forest land [42], [43]. 
To get the elasticities in the semi-log model, the estimated coefficient must be multiplied by 
the independent variable mean. In this case for every 10% increase in the distance to a natural 
protected area, the price will be reduced by 1.8%. The model also shows that land price 
suffers a 30% discount if the plot is sloped, as it is inadequate for residential housing. Results 
are consistent with Abelairas-Etxebarria and Astorkiza [43], who found “reserve effect” on 
land prices is less powerful than the proximity to the urban area. 
     In conclusion, the hedonic pricing models presented differentiated value estimates for the 
sampled plots on sale in the urban fringe of Mexico City. On the one hand, natural areas do 
have an influence (albeit small) on the selling price. On the other hand, sewage is an 
important factor in determining the parcel price. This result suggests that individuals value 
more urban services than open space, and that a parcel not sloped, with sewage system, and 
access to transportation represents a more valued asset than one located in a rural area. So, 
this reveals that people who are buying these plots, look presumably for a place to live in 
close to an urban area, rather than living nearby an environmental asset, because we are 
facing an informal and irregular land market. Therefore, the information here presented helps 
to understand the factors of urban growth that can support guiding future public policies. In 
this sense, to achieve the conservation of this territory, it would be important to focus on 
stopping investment projects in housing, and to find mechanisms that prevent the sale of plots 
in the CL of Mexico City. 
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