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Abstract
Estuaries arewater bodies,many ofwhich contribute to the sustainable development of cities.
Many of them are considered natural landscapes, offering various recreational services to the
population. However, estuary degradation is a common problem in developing countries.
Ecuador, for example, has a significant problem with the pollution of its estuaries. Machala
is one of themost affected cities due to the contamination of thesewater bodies. This issue has
generated negative externalities in the housing market. Thus, our central hypothesis is that
rental prices of houses are revalued as their distance from polluted estuaries increases. Using
the hedonic pricing approach, our results confirm that the price of a residence increases
by US$9.45 for every 100m farther it is from the closest estuary. This amount constitutes
approximately 5.25 per cent of the average rental value in Machala.

Keywords: economics; estuaries; hedonic prices; negative environmental externalities; spatial regression
models
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1. Introduction
Several studies of hedonic prices have determined that environmental variables are sig-
nificant factors affecting housing prices: for instance, noise level (Swoboda et al., 2015;
Trojanek and Huderek-Glapska, 2018; von Graevenitz, 2018; Zambrano-Monserrate
and Ruano, 2019), distance to urban parks with green areas (Zhang and Yi, 2017; Yuan
et al., 2018; Kim et al., 2019), number of urban trees (Donovan and Butry, 2011; Mei
et al., 2017), air pollution (Hitaj et al., 2018), different types of vegetation (Belcher and
Chisholm, 2018) and urban water bodies (Poor et al., 2007; Zhang and Boyle, 2010;
Walsh et al., 2011; Artell, 2014; Chen, 2017; Chen and Li, 2017; Du and Huang, 2018).

Water bodies such as rivers, streams, lakes or wetlands within cities can positively or
negatively affect housing prices. These water bodies can be an environmental amenity
by virtue of being considered natural and recreational landscapes (Ryan, 2005; Sander
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and Zhao, 2015). However, they can sometimes produce negative impacts on property
prices due to their degradation (Brasington and Hite, 2005). The deterioration of water
bodies is manifested in water pollution, river erosion, irritating odors and the presence
of insects, among others (Netusil et al., 2014; Chen and Li, 2017).

The degradation of water bodies represents a serious threat to sustainable urban
development (Chen, 2017). Previous studies have analyzed the negative impact of water
bodies in different locations. For example, Chen and Li (2017) found that homebuyers
are willing to pay an additional premium for an apartment located away from polluted
streams. Zhang and Boyle (2010) found that lakes in the USA with invasive aquatic
species decreased the price of properties in front of them.

Other studies have analyzed the effect of improvement in the quality of water bodies
on housing prices. For example, Chen (2017) found that restoring a Chinese river could
reverse the negative externalities of polluted watercourses, especially for those apart-
ments on the 10th floor or lower. Artell (2014) found that, as water quality improved,
the prices of Finnish properties adjacent to the Baltic Sea, lakes and rivers increased.
Walsh et al. (2011) showed that property prices in the USA are affected by water quality
(when living close to a water body), the location of the property, proximity to the coast,
and the surface of the water body.

Studies such as those described previously are common in developed countries. How-
ever, in developing countries, they are practically nonexistent, despite the frequent
problems of water pollution in these countries. In South America, for example, water
bodies such as estuaries have serious pollution problems due to inefficient treatment of
wastewater and unplanned urban growth, as well as the excessive use of fertilizers and
pesticides in suburban areas (Wittmann et al., 2015).

An estuary is a partially enclosed body of coastal water which is permanently or peri-
odically open to the sea, and that receives at least periodic discharges from a river or
rivers. Therefore, its salinity is typically less than that of natural seawater (Potter et al.,
2010). Estuaries have always been an attraction for humans. Large settlements have
developed near estuaries around the world (Davis and Kidd, 2012; Boerema and Meire,
2017). The attractiveness of estuaries can be linked to the ecosystem services they pro-
vide, such as the supply of water and fish, water for transport, protection against floods
and storms, water purification, primary production, cultural services and recreation
opportunities (Edgar et al., 2000; Beaumont et al., 2007).

Ecuador, a country in South America, is severely affected by the pollution of its estu-
aries. Ecuador has grown at an accelerated rate in recent years (World Bank, 2018).
Nevertheless, this growth has not been accompanied by proper urban planning. An
example of this situation isMachala, a city located in southwestern Ecuador (figure 1). At
the beginning of the 1990s, Machala had its highest peak of banana and shrimp produc-
tion. The city attracted a large number of people who were looking for employment and
growth opportunities. This produced irregular human settlements on the peripheries
of the city, known as slums. The illegal settlements plus the authorities’ lack of control
caused the pollution of two big estuaries in Machala: El Macho and Huaylá (figure 1).

The El Macho estuary, located in the north of the city, has a length of 6.5 km and a
width of 26m. It was built to take advantage of the flow of the Jubones River with the
goal of irrigating themain crops of the city, especially banana crops. However, due to the
slums in the area, the pollution of this estuary has accelerated rapidly. Thus, the ElMacho
estuary receives wastewater discharges, without previous treatment, as well as discharges
from the banana and shrimp processing. As a consequence, the area has been affected
by fetid smells which, even though they are not toxic, do generate discomfort in the
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population. Furthermore, the presence of fecal matter in the estuary can carry different
diseases such as cholera, typhoid and meningitis, which are a danger to people in the
surrounding areas. In fact, Ramirez (2017) concludes that the El Macho estuary does
not comply with permissible quality criteria, finding high concentrations of cadmium,
arsenic and lead, which classify the estuary as polluted. Furthermore, Ramirez (2017)
finds that the cadmium concentrations, in water and sediment, are so high that they
make aquatic and wildlife preservation impossible on the site.

The Huaylá estuary is located in the southeastern part of the city and extends for
4.5 km, with a width ranging between 50 and 94m. The Huaylá estuary is an arm of
the sea, and is affected by the pollution of domestic waste (garbage and wastewater)
that comes from the slums. Along the canal, there are plastic bottles, gas and outboard
motor oil, abandoned ships, fishing material and fecal matter, which provide evidence
of the site’s pollution. The pollution of the estuary has caused the disappearance of some
species from the site, such as red crabs, fish (cachema), oysters, pelicans, herons and
others. In fact, the fecal coliform concentrations are higher than 600 MPN (most prob-
able number)/100ml, which surpasses by far the maximum limit recommended, which
is 200 MPN/100ml. The pollution of the site is so critical that it has been estimated that
thousands of kilos of fecal matter are discharged daily without any type of treatment.

The pollution of the estuaries is a negative environmental externality for the city,
which generates social costs to the inhabitants, causing changes in their production
and consumption behavior. Accordingly, some families that rent houses have decided
to move far away from the estuaries, thus avoiding their direct exposure to pollution.
Furthermore, the contraction of demand for houses close to these places is causing a
reduction in their rental prices. Therefore, the main hypothesis of this research is that
the rental price of housing increases as the distance of the residence from the estuaries
increases (ceteris paribus).

2. Methodology
2.1 Environmental economic valuation method: hedonic pricing
Environmental economic valuation aims to find a monetary measure of the earn-
ings/losses of welfare that a person gets from the provision of an environmental good
or change in the provision of that good. It is a fundamental tool for the proper
definition of environmental policy instruments (Kolstad, 2011; Zambrano-Monserrate,
2020; Zambrano-Monserrate and Ruano, 2020). Environmental economic valuation
methods are classified into two categories: (1) the stated preference method or the direct
method, which exploits the survey technique of asking people about the value they give to
environmental goods and nonmarketable services and about the changes in the environ-
mental goods provided; and (2) the revealed preference method or the indirect method,
which studies the ‘substitute markets,’ measures the value of nonmarketable goods and
environmental services through analysis of the price fluctuations in the market for
related economic goods (Zambrano-Monserrate, 2016; Gregg and Wheeler, 2018).

The hedonic price method (HPM) is an indirect economic valuationmethod that has
been applied in different areas, one of them being the housing market. Residences are
multi-attribute; nevertheless, most of their attributes – for example, the environmental
ones – are not commercially separated, meaning they do not have an explicit price (do
not have a market). In spite of this, they have value, the reason why people are willing
to pay for them. HPM tries to identify these attributes and differentiate the quantitative
importance of each one of them. In other words, the method assigns an implicit price to
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each attribute of the good. This implicit price represents an individual/family’s marginal
willingness to pay for an additional unit of the given attribute (Rosen, 1974).

In the housing market, HPM generally uses regression analysis to estimate the effects
of the attributes on the housing price. An attribute that has received special attention is
location, since it is common for the residence price to be strongly related to the prices of
contiguous residences andweakly related to the prices of distant homes. This could show
that there are spatial effects that must be considered in the analysis. These spatial effects
are spatial autocorrelation and spatial heterogeneity. Due to such effects, traditional esti-
mations by ordinary least squares (OLS) generate non-consistent estimators. To solve
this problem, several academics have developed econometric models that consider these
spatial effects (Huang et al., 2017).

2.2 Econometric specification
To determine the effect of the estuaries on the residences’ values, a base model is
estimated through the OLS method. This can be represented as:

ln(P) = βDestuary + Xξ + ε, (1)

where ln(P) is the natural logarithm of the housing rental price; X represents several
control variables; Destuary is the interest variable and represents the distance between
a residence and the closest estuary; and ε is the stochastic disturbance term with a
distribution ε ∼ (0, σ 2In).

As previously mentioned, the models estimated by OLS do not consider the possible
spatial effects, which are usually in the hedonic rental price model. There are three spa-
tial regression models: the spatial lag model (SLM), the spatial error model (SEM) and
the spatial Durbin model (SDM) (Elhorst, 2010). According to LeSage and Pace (2009)
and supported by Li and Wu (2017), the SDM is superior to the first two models since
it can capture both the spatial correlation of the explained variable (global effects) and
the spatial spillover effects of the explanatory variables (local effects). Furthermore, the
SDM incorporates new explanatory variables that could have been omitted, thus correct-
ing the bias of the omitted variable. However, because of this interaction, the model may
exhibit an endogenous problem. To solve this problem, LeSage and Pace (2009) advise
applying the maximum likelihood (ML) method, hence providing the necessary theo-
retical framework to estimate the spatial lag values of the dependent and independent
variables, including the direct and indirect effects as well.

In our model, the SDM can be presented as:

ln(P) = λWln(P) + βDestuary + �WDestuary + Xξ + ϒWX + ε, (2)

where λ is an autoregressive spatial parameter and W is the spatial autocorrelation
matrix N × N in which the weighing element, wij, is specified as:

wij =
{
1 if i and j are nearest neighbors
0 if they are not

, (3)

where i �= j.� andϒ are added to capture the local spatial effect of the variableDestuary
and of other exogenous variables, respectively. As previously mentioned, the SDM has
the advantage of capturing global (λ) and local effects (�, ϒ) at the same time. The other
elements of equation (2) were previously defined.
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On a different note, it is important to mention that under a non-spatial regression
model (equation (1)), the total effect on the dependent variable will be equal to the esti-
mation of the βk coefficient, ceteris paribus, nomatter the location. However, in the case
of the spatial effects model (equation (2)), the total effect depends on the neighbor units
of each location and the magnitude of the coefficients along with the spatial variables.
The total effect can be deconstructed into a direct and an indirect effect. The direct effect
is the impact of the change of the explanatory variable on the dependent variable in each
residence. This effect will tend to be similar to the one obtained by a non-spatial regres-
sionmodel if the spatial elements are close to zero. The indirect effect is due to the spatial
dynamic generated by the presence of the spatial parameter and which affects all the
model’s units (Drukker et al., 2013).

2.3 Construction of the spatial weights matrix and spatial autocorrelation tests
Prior to the analysis of any test of spatial contrast, it is necessary to construct the spatial
weights matrix. In order to correctly construct it, the nature of the externality to bemod-
eled should be considered, in this case, the estuaries. If the model to be estimated follows
an exponential decay process (ergodic process), the spatial autocorrelation matrix can
be structured through a nonparametric approach to this process.

Due to the structure of the data (points rather than polygons), the applied criteria
were of k nearest neighbors.1 Following Mei et al. (2017), the test and error method was
used to calculate the importance of the spatial parameter and thus determine the nearest
neighbor specification. As such, the five nearest neighbors were chosen for the analysis.2
Finally, the matrix created was binary and standardized by row. Once the spatial weights
matrix was built, a spatial autocorrelation diagnostic was done through the test of the
Lagrange Multiplier (simple and robust). This test contrasts the SLM and SEMmodels.

2.4 Construction of influence zones (buffers)
The construction of areas of influence is a useful technique when studying the spatial
effect of environmental externalities. They allow us to analyze this effect graphically and
numerically, producing a detailed view of the externality. There are two basic methods
to build areas of influence: Euclidean and Geodesic. Euclidean influence zones are the
most common type of influence zone and work well when analyzing distances around
entities in a projected coordinate system that are concentrated in a relatively small area
(such as a Universal Transverse Mercator (UTM) zone) (ArcMap, 2018).

2.5 Data collection
Despite the fact that the statistics in Ecuador on a national level have improved, the trans-
action data with regard to the housing market are very limited and are restricted. On the
one hand, the housing companies refuse to hand out data on the executed transactions
due to confidentiality issues. On the other hand, public information on the housingmar-
ket is very limited (data is incomplete and is not geo-referenced). Therefore, primary,
geo-referenced information was collected on the residential rental market of the city of
Machala.

1With this type of data structure, certain criteria are discarded, such as contiguity.
2Figure A1 in the appendix shows Moran graphs for different distance classes, including the five nearest

neighbors.
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A conglomerate sampling was implemented since it is the most recommended when
there are ‘natural’ clusters as is the case with people or families that rent houses. Machala
is divided into census areas, which are comprised of an average of 10 sectors. Likewise,
each sector represents a conglomerate of blocks. Of all the census areas, only the most
representative ones were considered. Then the sectors were also selected. In the sectors
chosen, a blockwas picked, and surveyswere carried out in up to four blocks surrounding
the given block.

The study population was families (individuals) who lived in Machala, who rented
houses, apartments or rooms. Sampling was used in order for the surveyed homes that
were chosen to geographically represent all the areas in the city. A qualified and experi-
enced pollster was in charge of data collection. Four groups of interviewers were formed,
with two members each. The questionnaire had an average duration of approximately
10min, and the interviews were done face-to-face at the homes. Data were collected over
a two-week period, on weekends and workdays, from 23 July 23 to 5 August 2018. Four
hundred surveys were carried out in total, with a sampling error of± 5 per cent with a
95 per cent confidence level.

2.6 Variables
Despite the fact that several hedonic studies use the housing rental market price as the
independent variable, other authors such as Donovan and Butry (2011) and Choumert
et al. (2014) have determined the housing rental price as the dependent variable. This
was done due to the dynamism of the rental market, which perfectly reflects the changes
in the environment, particularly in the characteristics of the study subject, such as the
pollution of the estuaries. Thus monthly payments of rental values in US$ was taken
as the dependent variable (table 1). Additionally, control variables were considered as
groups divided into three categories: structural, surrounding and environmental, where
the main exogenous variable was the distance of the houses from the closest estuary.

3. Results
3.1 Descriptive statistics
Results show that the average rental price of a residence in Machala is US$179.84, and
each residence has, on average, 89 square meters of construction. The average age of the
residence is 14 years. The average distance of the rental residence from the main road of
the city, avenue 25 de Junio, is 1,278m. Furthermore, on average, the housing is located
1 km from the closest urban park with green areas. Also, when observing the average
distance of the residences from the city mall, most surveyed houses are very far from the
site. This result can be explained by the fact that the mall is located outside the city.

On the other hand, analyzing the variable of interest, it is observed that on average
houses are located 1,400m from the closest estuary. Nevertheless, the standard devia-
tion of these variables is 1,341, which means that there are houses located close to these
pollution points. This result confirms the danger to which certain people in the city are
exposed. Their houses are at risk of flooding due to the growth of the flow of estuaries in
the rainy season; moreover, they are at risk from direct exposure to pollution.

Table 2 also shows that most rented residences are apartments in houses or buildings
(76.25 per cent) and that most rented houses (92 per cent) are not in gated neighbor-
hoods. Likewise, a small percentage of residences (4.50 per cent) are furnished. A smaller
percentage (10.75 per cent) have a garage and backyard (19.50 per cent). Additionally,
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Table 1. Description of variables considered in this study

Category
Dependent Variable Abbreviation Description
variable Rental price Price Price of monthly rent in US$

Structural
variables

Square meters MT2 Square meters of construction
of the residence

Number of rooms Rooms The number of rooms in the
residence

Number of
bathrooms

Bathroom The number of bathrooms in
the residence

Age Age of the residence Age of the residence in years

Furnished Furnished If the residence is furnished,
0= no; 1= yes

Garage Garage If the residence has a garage,
0= no; 1= yes

Residence type Type Type of residence, 0= house;
1= apartment in house or
building; 2= room in rental
house; 3= other

Backyard Backyard If the residence has a backyard,
0= no; 1= yes

Roof material Roof Main material on roof,
0= concrete, slab, cement;
1= asbestos (eternit,
eurolit); 2= zinc; 3= other

Floor material Floor Main material on floor,
0= ceramic, tile, vinyl;
1=marble; 2= cement,
brick; 3=wood plank,
untreated plank; 4= other

Wall material Walls Main material in walls,
0= concrete, block or brick;
1= asbestos, cement,
fibrolit; 2= cane; 3= other

Floor number Nfloor Residence’s floor number,
0= first floor; 1= second
floor; 2= third floor;
3= fourth floor or more;
4= first floor and second
floor or more

View to the main
street

View If the house/apartment has a
view of the main street,
0= no; 1= yes

Water supply Water Water supply method,
0= public service;
1= delivery truck, cargo
tricycle; 2= other

(continued)
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Table 1. Continued

Category
Dependent Variable Abbreviation Description
variable Rental price Price Price of monthly rent in US$

Surrounding
variables

Garbage disposal Garbage Garbage disposal method,
0= public service;
1= thrown on the street or
river; 2= garbage is burnt;
3= other

Distance to the
main road

Droad Euclidean distance to the main
road 25 de junio, in meters

Distance to mall Dmall Euclidean distance to the mall
‘Paseo Shopping’ in meters

Location safety Safety Level of crime index in the
sector, 0= low; 1=medium;
2= high

The way of
accessing the
main street

Access The main access to the
residence, 0= road, paved
road; 1= rock street; 2=Dirt
road; 3= other

Gated
neighborhood

Neighborhood If the house is located in a
gated neighborhood, 0= no;
1= yes

Environmental
variables

Distance to urban
parks

Dpark Euclidean distance from the
residence to the closest
urban park (with green
areas), in meters

Level of noise Noise The average level of noise
measured in decibels (dB)a

Distance to
estuaries

Destuary Euclidean distance to the
closest estuary, in meters

aNoise measurements were made at different times. However, only data for 9:00 p.m. was chosen, since it is one of
the times with the greatest variation in noise in the city. The detail of noise measurement can be found in Zambrano-
Monserrate and Ruano (2019).

the main material on floors is ceramic floor, tiles or vinyl (63.50 per cent) followed by
cement or brick (24.50 per cent). Only a small percentage (2.25 per cent) have marble.
This result could be due tomarble being one of themost expensivematerials in Ecuador,
thus its usage in rental residences is not that common. Regarding the type of structure
of walls, concrete, block or brick is the main material used (79 per cent). Also, concrete,
slab and cement is the primary material for the roof of most residences (76 per cent).
Nevertheless, there is a smaller percentage (20 per cent) that uses zinc as a roof cover.
Regardingwater service,most houses (93.25 per cent) get water from the public network.
Likewise, a significant percentage of homes (88.25 per cent) dispose of their waste using
public service. In another scenario, most residences (87.25 per cent) have paved streets
or roads as their main road. Furthermore, almost half of the residences (43.25 per cent)
have a view of the main road. Finally, only a small percentage of rented residences (8 per
cent) are in safe locations in the city.
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Table 2. Descriptive statistics

Variable Mean Standard deviation

Rental price 179.84 229.08

Square meters 89.36 39.22

Number of rooms 1.50 0.78

Number of bathrooms 1.42 0.74

Age of the residence 13.67 5.26

Distance to the main road (in meters) 1,278.26 937.86

Distance to estuaries (in meters) 1,476.43 1,314,51

Distance to urban parks (in meters) 1,090.99 865.92

Distance to the mall (in meters) 3,938.05 1,897.84

Category Frequency Percentage

Neighborhood No 368 92.00

Yes 32 8.00

Furnished No 382 95.50

Yes 18 4.50

Garage No 357 89.25

Yes 43 10.75

Backyard No 322 80.50

Yes 78 19.50

Water supply Public network 373 93.25

Delivery truck. Cargo tricycle 27 6.75

Garbage disposal Public service 353 88.25

Thrown in the street, or river 42 10.50

It is burnt 5 1.25

View to the main street No 227 56.75

Yes 173 43.25

Residence type House 47 11.75

Apartment in house or building 305 76.25

Room in a rental house 48 12.00

Roof material Concrete, slab, cement 304 76.00

Zinc 80 20.00

Other 16 4.00

Floor material Ceramic, tile, vinyl 254 63.50

Marble 9 2.25

Cement, brick 98 24.50

A wooden plank, untreated plank 39 9.75

(continued)
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Table 2. Continued

Variable Mean Standard deviation

Wall material Concrete, block, brick 316 79.00

Asbestos, cement, fibrolit 72 18.00

Cane 12 3.00

Main road Road, paved road 349 87.25

Rock Street 10 2.50

Dirt road 41 10.25

Floor number First floor 234 58.50

Second floor 86 21.50

Third floor 29 7.25

Fourth floor or more 6 1.50

First floor and second floor or more 45 11.25

Location safety Low 32 8.00

Medium 217 54.25

High 151 37.75

3.2 Empirical analysis
3.2.1 Model estimation: robust OLS versus spatial regression models
The Durbin spatial model estimate, described in section 2, as well as the base model
(estimated by robust OLS), is presented in this section.

An estimation by robust OLS (model 1) allows us to obtain a first impression of the
relationship of the variables (table 3). For instance, for each additional square meter that
the residence has, its price increases by 0.68 per cent on average (ceteris paribus). Also, the
coefficient of the variable ‘view’, 0.2591, can be interpreted. Thus, it can be affirmed that
the median of the rental values of houses that have a view of the main street, is 29.58 per
cent higher than those that do not have this characteristic.3 On the other hand, analyzing
the results of the variable ‘safety’ it can be shown that with each unitary increment of the
level of the crime index (low, medium, high), the price of the residence is reduced on
average by 37.18 per cent. This impact is high and significant. This first model shows the
variable ‘Distance to estuaries’ as significant and positive. As such, the residences closer
to the estuaries in the city have a lower rental price than those that are farther away.

Even though this first model shows a good adjustment and the signs of the variables
are as expected, spatial autocorrelation is a common problem in hedonic price studies.
Thus the spatial dependence tests described previouslywere performed. The results show
that the null hypothesis of no spatial autocorrelation was rejected in all the scenarios.4
Thus model 1 requires spatial elements.

Four SDMs were estimated, which differ from each other by the number of control
variables considered (table 3). Model 2 considers only the variable of interest ‘Distance

3Since this variable is a dichotomy, the procedure recommended by Halvorsen and Palmquist (1980)
must be followed: ‘Take the anti-logarithm (base e) of the estimated coefficient of the dichotomous variable,
subtract 1 and multiply the difference by 100.’

4Results are not shown due to lack of space. However, they are available upon request.
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Table 3. Model estimations
Exogenous variables Model 1:Robust OLS Model 2:SDM Model 3:SDM Model 4:SDM Model 5:SDM

Destuary 0.0002* (4.76) 0.0006** [2.53] 0.0005** [2.50] 0.0005** [2.45] 0.0004** [2.34]

Noise −0.0196* (−3.95) – −0.0203* [−3.71] −0.0191* [−3.62] −0.0185* [−3.45]
Dpark −0.0001** (−2.38) – – −0.0003 [−1.39] −0.0003 [−1.33]
MT2 0.0068* (3.92) – – – 0.0060* [11.10]

View 0.2591* (5.19) – – – 0.1938* [3.61]

Safety −0.3715* (−5.77) – – – −0.2994* [−5.67]
Dmall 0.0001* (2.73) – – – 0.0004 [1.34]

W*Destuary – −0.0006** [−2.49] −0.0005** [−2.30] −0.0004** [−2.25] −0.0004** [−2.15]
W*Noise – – 0.0305* [3.90] 0.0291* [3.84] 0.0282* [3.70]

W*Dpark – – – 0.0003 [1.22] 0.0003 [1.19]

W*MT2 – – – – −0.0018** [−2.01]
W*View – – – – −0.1396[−1.25]
W*Safety – – – – 0.1376 [1.21]

W*Dmall – – – – −0.0003 [−1.18]
Inclusion of other structural variablesa Yes No No No Yes

Inclusion of other surrounding variablesa Yes No No No Yes

Constant 4.4208* (8.42) 18.3473* [10.72] 12.6381* [8.45] 7.3819* [5.91] 4.9320* [5.27]

λ – 0.4571* [8.32] 0.4431* [8.05] 0.4183* [7.94] 0.3945* [7.83]

σ 2 – 0.1062* [14.92] 0.1004* [13.98] 0.0995* [13.64] 0.0938* [12.96]

R-Squared 0.8823 – – – –

F-statistic 128.17* – – – –

Ji-squared – 140.56** 190.56** 240.36** 990.43*

N 400 400 400 400 400
aThe other structural and surrounding variables described in table 1 are not shown due to lack of space; however their results are available upon request.
Notes: The T statistic is shown in parentheses. The Z statistic in shown in square brackets. For model 1, robust standard errors were estimated. For spatial models, conventional standard errors
were calculated. * p< 0.01; ** p< 0.05.
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Table 4. Estimation of the price difference for different buffers

[1] [2] [3] [4] [5] [6]
�100m 101–500m 501–800m 801–1,500m 1,501–2,800m >2,800m

Estimated
coefficient

−0.6751* −0.3853* −0.2470** −0.1383 −0.1016 –

(−5.00) (−3.41) (−2.14) (−1.46) (−1.12) –

Price difference
(median)

−49.09% −31.98% −21.89% −12.64% −9.66% –

R-Squared 0.8848

N 400

Notes: The T statistic is shown in parentheses. * p< 0.01; ** p< 0.05.

to estuaries’. The coefficient’s positive sign indicates that as the distance of the house
from the nearest estuary increases, its rental price is revalued. Such a significant rela-
tionship confirms that contaminated estuaries represent a negative externality for the
city’s housing market.

In models 3, 4 and 5, the stability of the variable of interest is evaluated. It is observed
that the coefficient is stable; that is, it retains its sign and significance in all models.
Despite this, a non-monotonous decrease can be seen in the coefficient as control vari-
ables are added. This result means that the effect of the externality is mitigated by other
factors, for example, noise level and distance to urban parks. The noise level negatively
affects housing prices. On the other hand, urban parks with green areas do not influence
rental prices.

3.2.2 Buffers analysis for estuaries
In order to determine the influence area of the estuaries, some dummy variables were
coded. The estimations5 by robust OLS (table 4) show that the pollution effect of the
estuaries drops as the distance of the residence from them increases. For instance, rental
prices of houses within a 100m radius of the estuaries are approximately 49.09 per
cent lower than those of houses that are within a radius greater than 2,800m from the
estuaries.

This price difference drops to 31.98 per cent when comparing houses that are within
a radius of 101–500m from the closest estuary. Nevertheless, the pollution effect of the
estuaries disappears at a distance of 800m. Figure 2 illustrates the different influence
areas.

3.2.3 The average economic value of pollution of estuaries
As previously mentioned, estimating the economic value of the pollution of estuaries
is useful when establishing public policies focused on its solution. As such, it is impor-
tant to remember that the marginal effects of the spatial regression models have a direct
component and an indirect one. To estimate these effects, the procedure proposed by
LeSage and Pace (2009) was followed. Table 5 shows that the direct effect is slightly

5Due to lack of space, the results of the other exogenous variables are not shown. However, they are
available upon request.
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Figure 2. Influence area of estuaries
Source: Elaborated by the authors.

Table 5. The average economic value of pollution of estuaries

Model 1: Model 5:
Robust OLS SDM

Indirect effect – 0.0003818772

Direct effect – 0.0004937996

Total effect 0.0001751 0.0008756768

Average rental price US$179.84 US$179.84

Marginal willingness to pay at the mean
(change of 100 meters)

US$3.15 (1.75%) US$15.75 (8.76%)

Average economic value of the pollution of
estuaries

US$9.45 (5.25%)

higher than the coefficient obtained in model 5. On the other hand, the indirect effect
can be interpreted as those spillover effects generated by the spatial elements. In this case,
approximately 44 per cent of the total effect (of estuaries on housing prices) is explained
by indirect effects.

In addition, table 5 shows the marginal willingness to pay (at the mean) to avoid the
pollution of estuaries. The total effect was multiplied by the average rental price since
the dependent variable was in logarithm. This value was multiplied by 100; hence the
marginal analysis is easier to understand. Thus the rental price of a residence increases,
on average, byUS$9.45 (ceteris paribus) for every 100mof distance from the residence to
the closest estuary. This amount constitutes approximately 5.25 per cent of the average
rental value in Machala and represents the average economic value of the pollution of
estuaries.
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4. Discussion
The dynamic of rental prices is explained by several variables, such as structural, sur-
rounding and environmental variables. Recently, special emphasis has been placed on
the study of environmental variables, given their nature and their significant effect on
the price of houses (Belcher and Chisholm, 2018). Some environmental variables pro-
vide services to society that are not often quantified and are sometimes undervalued in
decision making (Daily et al., 2009). Nevertheless, there are other types of environmen-
tal variables that generate costs for society, creating negative externalities – for instance,
the pollution of estuaries.

In Ecuador, the pollution of estuaries is a serious environmental problem that has
not been solved yet; it affects important cities in the country such as Machala. This city
has two big estuaries: the El Macho and the Huaylá. Due to the city’s unplanned growth
and the lack of wastewater treatment, the estuaries have turned into critical sources of
pollution. This pollution has caused negative externalities for the citizens, which has
changed their production habits and consumption. For instance, many families that rent
houses have decided to move far from the estuaries, which has triggered a reduction in
rental prices in the area.

4.1 Main findings
This research aimed to quantify the impact of polluted estuaries on the rental prices of
houses inMachala. It was found that there is a negative relationship between house prices
and estuaries. That is, the greater the distance between the estuary and the house, the
higher the price of the property. However, this relationship is not linear; as the distance
increases, the effect of the estuary falls, until it disappears at 800m. These findings are
consistent with studies that have analyzed the effect of urban water body pollution on
housing prices, i.e., Chen and Li (2017) in China, and Zhang and Boyle (2010) in the
USA.

Other results show that apartments with a view to the main road have an average
rental price higher than those that do not have this characteristic. This result can be
explained due to the recreational effect (distraction) generated by observing the main
street. Previous studies such as Zhang and Yi (2017) and Lu (2018) have determined
that residences with a view to different landscapes have a higher price. Moreover, resi-
dences located in safer sectors have a higher rental price. Authors such as Liebelt et al.
(2018) have confirmed that the level of crime in the sector significantly affects the prop-
erty price. The distance to the main shopping center of the city does not affect rental
prices. This result could be associated with the fact that Machala has only one mall,
which is located on the outskirts of the city, surrounded by some gated neighborhoods.
Therefore, the effect on the house rental price, which is in other sectors of the city, is
nonexistent.

4.2 Limitations
Our research has some limitations. On the one hand, the methodology of hedonic prices
does not consider non-use values such as existence, legacy and option values; thus, the
estimated economic value of pollution of estuaries could be much higher. On the other
hand, due to the lack of historical information regarding rental prices, it was not possible
to do a comparative analysis of the evolution of the data.
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4.3 Policy recommendations
Our results allowus to recommend somepublic policies. For example, regulatory policies
such as the creation of taxes could be established for those who generate pollution in
estuaries. This measure would deter the irresponsible behavior of a particular part of the
population that throws their waste into these water bodies. On the other hand, the local
government should establish sustainable urban growth policies in the city. This policy
would prevent irregular settlement of families on the peripheries of the city and thereby
the pollution of estuaries. Along these same lines, the creation of wastewater treatment
plants near the estuaries is a policy that would help prevent the direct discharge of waste.

The main contribution of this research is the finding of evidence that polluted estu-
aries are determinants of rental prices. The effect of pollution on this type of water body
has been studied extensively in developed countries such as the USA, China and Fin-
land, among others. However, in developing countries, no previous work is evident, so
our research covers this theoretical gap.

4.4 Impact and future research
Finally, our study encourages future work on the subject in developing countries. For
example, future research could analyze whether unpolluted estuaries in other locations
revalue property prices. If this is proven, estuaries could be defined as environmental
amenities. Also, it is recommended that future studies use complementary valuation
approaches such as contingent valuation. These approaches would allow for the estima-
tion of the economic cost of pollution, considering use and non-use values at the same
time.
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Appendix

Figure A1. Moran spatial autocorrelation test for different distance classes.
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