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ABSTRACT
Wetlands are valuable but threatened natural resources
worldwide. While providing a wealth of environ-
mental benefits, wetlands play a vital role in temporarily
storing flood waters and thereby reducing the risk of dam-
aging floods. This is important given the predicted impacts
of climate change, especially along the world’s coastline
and coastal cities. The continued expansion of urban areas
is posing a risk to wetlands in and around metropolitan
areas. In this article we examine wetland trends in urban
areas in three Latin American countries — Chile, Colombia,
and Peru.

INTRODUCTION
Wetlands, including their associated vegetation and the
water bodies, cover at least 10% of the planet (Davidson
et al. 2018). They are disappearing, even though they are
relevant ecosystems for ecological balance and for mitigat-
ing the effects of climate change. It is estimated that since
1900, the world has lost more than 50% of these ecosys-
tems, and the increase in urbanization has been identified
as one of the main causes for this loss (Boyer and Polasky
2004; Faulkner 2004; Bishop et al. 2006; Gonzalez et al.
2014). In fact, more than 55% of the world’s population
lives in cities, and it is expected that by 2050, this figure
will reach 68% (United Nations 2018). As urban growth
increases, wetland area decreases. Unfortunately, Latin
America leads this worldwide tendency, reporting a loss of
59% of wetlands over the last decades (1970-2015) (Dar-
rah et al. 2019). This loss is combined with the fact that it is
one of the poorest and most economically unequal regions
on the planet (Cepal 2019).

Wetlands are particularly relevant for cities because: 1)
most large cities are located on the coast, 2) world urban
growth has been concentrated in low-elevation coastal
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zones, and 3) the assistance of wetlands when facing
frequent urban disasters has not been considered. It is a
fact that wetlands mitigate the impact of flooding, which
helps make cities more resilient (Ramsar 2019). In rela-
tion to this, according to the United Nations (2014), 233 of
the world’s cities are located in zones that are high at risk
for flooding, affecting approximately 663 million people.
These urban areas require precaution and more resilient
infrastructure. The importance of wetlands could be even
greater when facing extreme events, such as the flooding
that occurred in Phoenix, USA in 2014 (Kim et al. 2017). In
fact, in the northeastern USA, wetlands helped save $625
million dollars in direct damage from the floods caused by
Hurricane Sandy in 2012 (Narayan et al. 2017).

One of the main ecosystem services of wetlands is
protecting the coast. They are also important for cities, as
they act as carbon sequestering systems, purify water, and
maintain biodiversity and ecological processes. They even
provide a place for recreation and relaxation for urban resi-
dents (Maltby and Acreman 2011; McInnes 2014). Without
a doubt, the loss of wetlands is affecting the sustainability
and resilience of our Latin American cities. This is espe-
cially true for coastal cities that face the challenge of being
prepared for the increase in frequency of natural disasters,
such as urban flooding. Ramsar (2018) also highlights the
role of wetlands in cities by decreasing the impact of urban
flooding caused by strong rainfall, as well as providing a
buffer from swells and tsunamis. However, Latin America
is dealing with a loss of wetlands, despite being one of the
regions most exposed to flooding (UN 2011). Evidently,
this tendency also increases the region’s vulnerability to
climate change (Seto et al. 2011; Hallegatte et al. 2013).

We are facing an alarming scenario, where sustained
urban growth is the generalized trend in Latin American cit-
ies (UN 2018) which in many cases occurs at the expense
of natural spaces (Rojas et al. 2013; Aldana-Dominguez et
al. 2019). Facing pressure to expand, cities have converted
wetlands to developable land by legal and illegal landfills
as is the case in Chile and Argentina (Rojas 2018; Pintos
and Sgroi 2012). Legal clearing is protected by urban laws
that do not incorporate factors such as ecological con-
nectivity, integration with the coast, or geomorphological
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TABLE 1. Selected images per wetland study area.

Study Area Collection | Image Source Error
Year (RMS)
Aconcagua 2004 — 2019 | Google Earth Pro— | 0.45-0.32
ArcGIS Pro
Ciénaga 2002 — 2019 | Google Earth Pro — | 0.69 — 0.62
de Mallorquin ArcGIS Pro
Pantanos de Villa | 2002 - 2019 | Google Earth Pro | 0.98 - 0.73

FIGURE 1: Location of the studied wetlands.
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processes (Rojas et al. 2019). As for the illegal
clearing, in addition to the environmental im-
pact, high risk situations are generated, caused
by ground instability. This progressive growth
of Latin American cities has altered and frag-
mented wetlands, whether it be for housing or
transportation infrastructure, creating coastal
zones with degraded and devalued ecosystems
that are marginalized from the territory.
Because of this situation in Latin America,
the study of urban wetlands is highly relevant,



as it can contribute to our base of knowledge and support
conservation initiatives. Urban wetlands have been little
studied and defined, to the point that the Ramsar Conven-
tion (Secretary of the Ramsar Convention) or global treaty
for the conservation of wetlands recognizes this debt,
admitting that urban wetlands have been forgotten (Het-
tiarachchi et al. 2015). Because of this, these authorities
have highlighted the relevance of urban wetlands, and in
2018, they declared that they were key sites for making
cities healthy and habitable. On the other hand, the lack of
information on the boundaries of urban wetlands has fur-
ther complicated their recognition in the planning of cities.
They are in fact a unique ecosystem. It is very challenging
to physically define them with remote sensing techniques
and geographic information systems, especially when they
coexist in a heterogeneous landscape and are located in
coastal cities (Adam et al. 2014; Gibril et al. 2020). Fur-
thermore, they do not have a uniform plant coverage, are
highly dynamic and their spectral reflectance is easily
disrupted. Additionally, land use has further increased their
variability, causing modifications in their vegetation and
water levels (Gallant 2015).

The objective of this study is to carry out a spatial
and multi-temporal analysis with remote sensors, to deter-
mine wetland surfaces and changes in three cities in Chile,
Colombia and Peru. It seeks to analyze changes in land use
that have led to loss and gain in urban wetlands during the
period (2002-2019) when the greatest loss of these ecosys-
tems has been reported (Darrah et al. 2019). Land changes
are analyzed with high-resolution satellite images, which
offset problems of definition by other sensors such as Land-
sat, as they have only been available for the last two de-
cades in the wetlands situated in the Latin American coastal
cities of Barranquilla, Lima, and Concén. These data will
allow for discovering the main spatial dynamics related to
the reduction and alteration of these ecosystems, thereby
taking a first step towards the recognition of the status of
these ecosystems. The chosen cities are part of the “Urban
Wetlands in Latin America: a solution for sustainable cities
SDG 117 Project (2019 -2021); cities that have experienced
rapid urbanization and are vulnerable to climate change.

OVERVIEW OF URBAN WETLANDS IN LATIN AMERICA
Although Latin American countries have joined the Ramsar
Convention (1981), and represent 11% of the world’s
wetlands, the region leads in wetland loss, reaching 59%
(Darrah et al. 2019). Specifically, the region has observed
losses of wetland surface in cities in Chile, Peru, Colom-
bia, Argentina and Brazil. Decreases are registered on the
Brazilian coast (Sousa et al. 2011; Wittmann et al. 2015),
the Andes and Caribbean regions of Colombia (Patino

TABLE 2. Land use covers, definitions and reference signatures.
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and Estupinan-Suarez 2016) and the Lujan River basin in
Argentina (Pintos y Sgroi 2012). However, figures of each
Latin American country’s contribution and the distribution
of most of the Latin American wetlands are still unknown,
which is worrisome (Mitsch and Gosselink 2015).

Coastal cities in Latin America are vulnerable to the
effects of climate change, which together with the socio-
natural risks like flooding, means that more people are
exposed to danger. Chile, Colombia and Peru have been
chosen as example countries with wetlands that are subject
to urbanization and vulnerability to climate change. The
three countries have experienced significant urban growth
and project further increases for 2030. Additionally, 80%
of their population lives in cities, which are representative
of the environmental conflicts caused by urbanization and
conflicts with wetlands located in cities.

Chile

In Chile, more than 80% of the population lives in cities.
There are more than 4 million ha of wetlands, but only 3%
is protected. None of these protected wetlands are in urban

TABLE 3. Land uses changes in wetlands

Wetlands Total Total
Losses Gains
Aconcagua 33 10
La Ciénaga de Mallorquin 224 81
Pantanos de Villa 11 2
Total 268 93

FIGURE 2. Distribution of the land uses and cover types detected in the studied wetlands and surrounding
areas for the Aconcagua study area (Concon, Chile) from 2004 to 2019.
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areas. The pressure to build has led to the elimination of
wetlands in cities spanning from north to south, especially
in the southern-central zone, which happens to have a high
recurrence of waterlogging and flooding (Rojas et al. 2014).
The Aconcagua-Concon wetland is under pressure from in-
dustrial activity and from urban growth. There is evidence
of an expansion in the real estate market for second homes
(Hidalgo et al. 2016; Martinez et al. 2020), and a concen-
tration of economic activities (ports, tourism and services).
In addition, since 2015 this coastal zone has been seriously
affected by extreme events associated with climate change,
including swells, meteotsunamis, coastal erosion and tsuna-
mis like Japan 2011 and Illapel, Chile (Martinez et al. 2011;
Martinez et al. 2018; Carvajal et al. 2017, Campos-Cava
2016); all of which have caused considerable damage to the
infrastructure and connectivity (Winckler et al. 2017). Ad-
ditionally, the areas adjacent to the wetland (the Aconcagua
River estuary) have been categorized as a low-quality land-
scape because of the high degree of anthropic intervention,
which has led to a further loss of naturalness on the coastal
landscape (Rangel-Buitrago et al. 2018).

Colombia

In Colombia, wetlands make up more than 30 million ha,
which is equivalent to 26% of its territory. Wetlands have
historically been associated with the development of human
cultures (Jaramillo et al. 2015). The main cause of wetland
transformation has been the change in land use to pastures
for raising cattle, agriculture and deforestation, and to a
lesser extent, urbanization (Patino and Estupinan-Suarez
2016). These anthropic changes have led to the transforma-
tion of 24% of the country’s
wetlands. It is estimated that
by 2025, the main factors of
change in wetlands will be, in
first place, the expansion of
ranching, and in second place,
urban and transportation devel-
opment (Ricaurte et al. 2018).
The Magdalena-Cauca basin
(i.e., where the Metropolitan
Area of Barranquilla is located)
is expected to suffer the great-
est changes in land use, with
negative effects on wetlands.
Barranquilla is a coastal city
located on the Magdalena River
estuary in the Caribbean Sea.
This estuary creates a vast area
of wetlands that have been
greatly altered by anthropic



activities throughout history and is highly vulnerable to the
effects of global change (Aldana-Dominguez et al. 2018;
Rodriguez 2015). The transformation of these ecosystems
has had a negative impact on the ecosystem services,
mainly on the regulation services (Aldana-Dominguez et
al. 2019), which means that new guidelines that allow for
recovering and conserving the urban ecosystems must be a
priority.

Peru

In Peru, the expansion of cities is one of the main causes
of wetland degradation (MINAM 2015), especially in the
coastal and desert strip where wetlands have a special
value as nuclei of biodiversity and freshwater reserves. The
wetland ecosystems cover a total surface of 6.9 million

ha, which is equivalent to 5.4% of the territory (MINAM
2019). Among them, the coastal wetlands only occupy
0.04%, and are especially vulnerable to growing real estate
pressure and the impact of urbanization on the aquifer. For
example, the expansion of the city of Lima between 1990
and 2013 led to the loss of 203 ha of wetlands (Moschella
2018). Studies on the main wetlands in Lima show the deg-
radation and loss of ecosystem services caused by anthropic
pressure (Aponte and Cano 2013; Moschella 2012; Pulido
and Bermudez 2018). Although there is a legal framework
for protecting wetlands, there are weaknesses in the instru-
ments of protection and an adequate regulation for the
application of norms is lacking (Ramirez Aponte 2018).
Further studies are also required to understand the hydrol-
ogy of these ecosystems and contribute to their conserva-
tion (Rodriguez 2017). In this sense, the National Wetland
Strategy (MINAM 2015) has identified a lack of studies on
the valuing and management of wetlands as well as a weak
participation for the conservation of these ecosystems.

METHODOLOGY

Study Areas

The following urban coastal wetlands were chosen for this
study: 1) Aconcagua (also known as the Concon Wetland)
in the city of Concén and associated with the Andean Acon-
cagua River in the Valparaiso Region (Chile), 2) la Ciénaga
de Mallorquin in Barranquilla (Colombia), and 3) Pantanos
de Villa in Lima (Peru). They are all located in coastal areas
and are subject to the different pressures of changes in use
from urbanization (Figure 1).

Data Processing

Free satellite images from the last two decades (2002-2019)
were selected from the collection available from the Quick-
bird satellite on Google Earth Pro. Then, a buffer of ap-
proximately 500 meters from the perimeter of each wetland
was defined. The images were georeferenced and classified
by photointerpretation at a scale of 1:2.000 in ArcGIS Pro.

TABLE 4. Land cover changes in Aconcagua study area from 2004-2019,
the analyzed image included the wetland and its surrounding areas. (Note:
Any difference in net change totals is due to computer round-off.)

Aconcagua between
2004 and 2019
Land use Losses | Gains | Net Change
(ha) (ha) (ha)
Water bodies 0 9 8
Roads 0 0 0
Dunes -5 0 -5
Wetlands -33 10 -23
Other vegetation -6 4 -2
Plantation forest -9 1 -7
Beaches -10 5 -5
Bare soils -64 12 -52
Urban -1 15 14
Agriculture 0 3 3
Grasslands -29 66 37
Industrial 0 31 31

TABLE 5. Land cover changes in Ciénaga de Mallorquin study area from
2002-2019, the analyzed image included the wetland and its surrounding ar-
eas. (Note: Any difference in net change totals is due to computer round-off.)

Cieénaga de Mallorquin between
2002 and 2019

Land use Losses Gains | Net Change

(ha) (ha) (ha)
Water bodies -14 128 114
Roads 0 7 6
Other vegetation =77 18 -59
Beaches -20 36 15
Bare soils -82 39 -42
Urban -1 70 70
Grasslands 0 17 17
Permanent wetland -175 3 -172
Semi-permanent
wetland -49 78 29
Industrial -6 28 22
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FIGURE 3. Gains and losses in the Aconcagua Wetland (Concdn, Chile)
from 2004 to 2019.

FIGURE 4. Distribution of the land uses and cover types detected in the studied wetland and
surrounding area for the Ciénaga de Mallorquin study area (Barranquilla, Colombia) from

2002 to 2019.

FIGURE 5. Gains and losses in the permanent wetland (a) and the semi-permanent
wetland (b) at the Ciénaga de Mallorquin (Barranquilla, Colombia) from 2002 to 2019.
The figures also show changes in wetland type (permanent v. semi-permanent). The
conversion towards water bodies accounted for most of the permanent wetland loss, with
change to semi-permanent wetland also a major factor in loss of this type.

Preparation and Selection of Satellite Images for Land
Classification

Satellite images were selected from Google Earth Pro, ac-
cording to the following criteria:

* Time: Search of the collections that represent chang-
es over the last 20 years.

* Cloudiness: Determining factor for the selection of
an image in its next classification as cloudiness pres-
ents one of the main problems for detection.

» Seasonality: Preference for images with similar sea-
sonal conditions (winter — summer).

These criteria defined the studied time horizon from
2002 to 2019, and the 2.5-meter resolution Quickbird sen-
sor (See Table 1). A priori these images also strengthen
the detection of smaller surfaces like urban wetlands. The
QuickBird sensor images were georeferenced
by ArcGIS Pro by taking control points in
KML format on Google Earth Pro. A total of
18 control points was taken in each image for
each wetland, which were complemented with
points on the ArcGIS Pro basemap and field
work in March 2020. Once georeferencing
was completed, points with an error greater
than 1 meter were eliminated (Table 1).

Classification and Land

Use Covers

Classification was done through a combina-
tion of photointerpretation and image tracing
of the Quickbird images on ArcGIS Pro and
the calculation of the Normalized Difference
Vegetation Index (NDVI) that allowed for
observing the different types of vegetation and
separating the bodies of water and the uncov-
ered land. The recognition of the categories
was based on the definitions and reference im-
ages shown in Table 2 that allowed for distin-
guishing natural areas from artificial areas and
using the time series of imagery to observe
trends from 2002/2004=2019. Surround-

ing vegetation that is not part of the wetland
was not classified in detail. For the Ciénaga
de Mallorquin, two types of wetlands were
identified following the Colombian wetland
classification system (Ricaurte el al. 2019):
permanent wetland (permanently flooded),
and semi-permanent wetland (periodically
flooded; mainly covered by mangrove forests
in this area).
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Validation of Land Covers

The validation of coverages was done through the capturing
of 840 points of control, whose verification was optimized
in GIS and with field work conducted in March of 2020.
Then, the veracity of the interpreted classification was
evaluated with the Kappa Statistic Index.

RESULTS

Land Covers

The results of the land cover typing for the three wetland
areas are shown in Figures 2, 4, and 6; they generated
kappa index values of >85% of precision. Therefore, the
maps allow for making a statistically valid interpretation.
The distribution and changes in land use are reported in
Tables 3-5, where values from the initial year, gains, losses
and net changes can be observed in the categories identified
for each wetland.

A sum of 268 ha of decrease was observed totalizing
the three studied wetlands, of which 175 correspond to
loss (Losses — Gains). The main cause was an increase in
artificial and productive covers such as urbanization and
grasslands, among others. Urbanization increased by a total
of 162 ha considering the three studied cases. The land use
covers changes observed over the last two decades them-
selves confirm the general trend of wetland loss in the Latin
American region reported by Darrah et al. (2019).

Of the studied wetlands, La Ciénaga de Mallorquin
(Colombia) has without a doubt suffered the greatest
surface loss, followed by Aconcagua (Chile) and Pantanos
de Villa (Peru). Additionally, among the three wetlands,
Pantanos de Villa is under the most
pressure from urbanization in its
surroundings (i.e., it is virtually sur-
rounded by urban development with
the exception of the “Green Area”).

Aconcagua Wetland Area (Concon,
Chile)
In the case of the Aconcagua wet-
land study area, during the period of
analysis the main interactions and
exchanges were between the wetland,
grassland, bare soils, beaches and
urban and industrial areas (Figure 2).
First, the category experiencing the
greatest gain was grasslands, with 37
ha of net change, closely followed by
industrial area with 31 ha and then by
urbanization with a net gain of 14 ha
(Table 3).

The Aconcagua wetland itself ex-
perienced a net loss of 23 ha, but with

the total loss of 33 ha were lost from 2004 to 2019, mainly
caused by the conversion to grasslands (17 ha), followed
by bare soils (8 ha), beaches (3 ha) and finishing with less
pressure of urban zones (2 ha) (Figure 3). The losses were
somewhat compensated for by a gain of 10 ha from bare
soils (9 ha) and beaches (1 ha).

Besides the loss of wetlands, bare soils experienced a
loss of 64 ha and gain of 12 ha for a net loss of 52 ha from
2004-2019. This loss accounted for some of the increase
in grasslands surrounding the wetland. Some of the new
grasslands also came from beaches. A similar situation has
occurred with the dunes — conversion of dunes to grassland;
they experienced a net loss of 5 ha (Table 4).

TABLE 6. Land cover changes in Pantanos de Villa study area from 2002-
2019, the analyzed image included the wetland and its surrounding areas.
(Note: Any difference in net change totals is due to computer round-off.)

Pantanos between 2002 and 2019
Land use Losses Gains Net Change

(ha) (ha) (ha)
Water bodies 0 9 9
Roads -1 5 4
Wetlands -11 2 -8
Beaches -11 2 -9
Bare soils -76 7 -70
Urban -8 86 78
Agriculture -1 0 -1
Green areas -3 0 -3

FIGURE 6. Distribution of the land uses and cover types detected in the studied wetland and sur-
rounding area for the Pantanos de Villa wetland (Lima, Peru) from 2002 to 2019. The larger “Green
Area” is a private golf course.

Wetland Science & Practice October 2020 289



FIGURE 7. Gains and losses in the Pantanos de Villa Wetland (Lima, Pert)
from 2002 to 2019. There were small changes in wetland area, mainly a
few hectares of losses.

La Ciénaga de Mallorquin Wetland Area (Barranquilla,
Colombia)
Both permanent and semi-permanent wetlands at La Cié-
naga de Mallorquin changed during the study period (Table
5 and Figures 4 and 5). The main wetland change was the
loss of permanent wetland surface (net loss of 172 ha).
This loss was mainly due to coastal erosion resulting from
the displacement of the sand bar that separates the wetland
from the Caribbean Sea (Figure 5a). This contributed 94 ha
to the overall net increase in the water bodies coverage. The
water bodies are represented by the ocean and the river.
The wetlands have connections to both, but are separated
by a sand bar and a spur. The retraction of the sand bar was
documented by Rivillas-Ospina and others (2018) who
noted an erosion rate of 0.14 m/year from 1973 to 2016.
The permanent wetland was also reduced by an increase in
the semi-permanent wetland (52 ha), probably due to the
natural formation of mangrove areas on the western side of
the Ciénaga de Mallorquin and a recent mangrove refores-
tation effort. The formation of beaches and conversion to
urban development were also responsible for the loss of 22
ha and 6.7 ha, respectively, of permanent wetland.

On the other hand, the semi-permanent wetland gained
52 ha at the expense of permanent wetland and 25 ha from
bare soils, while it lost some surface area mainly to wa-
ter bodies (12 ha), bare soils (11 ha), grasslands (10 ha),
and urban zones (8 ha; Figure 5b). Although the Ciénaga
de Mallorquin is included in the Ramsar Site “Estuarine
system of the Magdalena River Ciénaga Grande de Santa
Marta”, anthropic pressures continue to affect it.
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Another significant change in the area surrounding the
wetland was the loss of other vegetation (59 ha; Table 5),
which included the last few fragments of tropical dry forest
in the area. The tropical dry forest is one of the most threat-
ened ecosystems and at risk of collapse in Colombia (Etter
et al. 2017), and it is also a key ecosystem for the supply of
ecosystem services in Barranquilla (Aldana-Dominguez et
al. 2019). It continues to lose surface area, mainly because
of urbanization. For the entire study area, as expected,
urbanization has increased (70 ha; Table 5), affecting both
wetlands and tropical dry forest.

Pantanos de Villa Study Area (Lima, Peru)

For the Pantanos de Villa study area, the greatest change
from 2002 to 2019 was the increase of urban areas (86 ha;
Table 6 and Figure 6), which mostly happened on bare
soils, and to a lesser extent on wetlands and beaches. Wet-
land coverage declined by 11 ha: 6 ha due to urbanization,
2 ha lost to bare soils, and the remainder to beaches and
roads. Wetland gained only 2 ha, with the most significant
corresponding to wetland expansion over an unbeaten path
(Figure 7). Although the variation in the wetland’s extent
seems limited, it is worth mentioning that this wetland has
been converted to urban land for several decades before the
period of this analysis. While most of the new urban areas
are registered here as conversions from bare soils without
use, these bare soils are actually cleared wetland (i.e., they
were mainly filled to dry the land for future plotting and
building). Currently, the wetland is practically restricted to
the area that is protected and recognized as a Ramsar site.
Since its borders are mostly developed, it is most likely that
its expanse will not vary.

Additionally, it is worth mentioning that there are
significant differences between the degree of urban plan-
ning and its impact on the wetland’s functioning. To the
northeast of the wetland, irregular low-income settlements
and filled wetlands can be found. Here, recent land-use
changes affect the main springs that supply the wetland and
the water channels that connect them, putting the quality
and quantity of surface flow entering the wetland at risk.
Specifically, there is an increase of dwellers that use the
spring water as they lack piped drinking water. Also, a near
and unstable landfilling might block the channels. For in-
stance, a public sports field obstructs the water flow. Mean-
while, the southwest end presents mostly beach urbaniza-
tion through construction of high-income condominiums,
which have drained the wetlands and have also reduced the
ecosystem’s connection with the coast.



CONCLUSION

The analysis of Quickbird images from the period of
2002-2019 has allowed for the creation of valid maps that
show land use cover, including wetlands during two time
periods. Consequently, it has permitted spatial and tempo-
ral tracking of wetland trends in selected urban wetlands
in Latin America and provided information on land cover
changes over the past 20 years.

Our study shows important reduction in surface area of
most of the studied urban wetlands, mainly caused by three
factors: coastal erosion/creation of water bodies, expansion
of grassland and growth of urban areas surrounding them.

The Ciénaga de Mallorquin wetland has suffered the
greatest loss, caused by coastal dynamics and changes
in the water body and vegetation. Coastal erosion is a
complex phenomenon and, in this area, it is related with
oceanographic processes (i.e., currents and waves gener-
ated by the wind and tides) and the anthropogenic im-
pacts originated by the construction of infrastructures to
maintain the Barranquilla port and the navigable channel
(Rivillas-Ospina et al. 2018).

The spreading of grasslands could be interpreted as
pre-construction activity, where grassland increase over
bare soils and agricultural areas mostly in the case of
Aconcagua. The Aconcagua wetland area, although located
in an area under a great deal of historic pressure from in-
dustrial activity, is currently being altered by an increase of
grasslands and bare soils specially when the dunes started
to increase with low vegetation due to natural condi-
tions as a precipitation, which is also affecting the losses
in beaches. The Aconcagua wetland is lesser affected by
urban growth and agriculture areas.

Clearly, urbanization is affecting these three areas.

The Ciénaga de Mallorquin is the most urbanized wetland
studied, losing 15 ha due to urban expansion. Two sectors
of urban growth are recognized: the eastern side of the
wetland where unplanned settlements built by displaced
people from other Colombian regions, and even from
other countries, come to Barranquilla seeking better life
opportunities. And on the western side of the wetland, in
addition to the informal settlements, there are the planned
social interest urban developments to fulfil the housing
deficit of the population with lower monetary resources.
In a similar way, in Pantanos de Villa and its surrounding
areas the urban areas have increased at a greater speed
because of pressure for two type of development: 1), infor-
mal settlements or housing units constructed illegally (i.e.,
unplanned and with scarcity of services such as drinking
water) and 2) beach condominiums or planned settle-

ments, which were built on cleared wetlands and the area
surrounding the protected zone (i.e., designated Ramsar
Site). The urbanization of Aconcagua wetland is lesser
than grassland growth and, in this period, impacted due to
urbanization process was produced before eighty decades.

Overall, the urban wetlands have lost surface, confirm-
ing the Latin American trend. Urban expansion, mainly for
housing, is the major impact but urbanization may also be
responsible for a change in beaches and grassland. Pres-
sures surrounding the wetlands that could be interpreted as
an urbanization transformation process were also identified
e.g., kind of settlements in Pantanos de Villa (Pert1).

Latin America faces a great challenge in advancing
towards urban sustainability according to the 17 Sustain-
able Development Goals (SDG established by the 2030
Agenda (UN, 2015) where the Goal 11 have a target to
make cities and human settlements inclusive, safe, resilient
and sustainable. The region also needs to improve urban
planning and management regarding the identification,
definition, and norms for permitted uses of urban wetlands
and their surroundings. Urban wetlands should be “rec-
ognized spaces” in the city — natural habitats important for
the well-being of the city residents and kept safe, resilient
and sustainable facing the challenges of climate change. B
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