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Abstract:

The Metropolitan Area of San Salvador in El Salvador has a growing vulnerability
due to multiple hazards (landslides, floods, volcanic eruptions, earthquakes, erosion
and climate change, water contamination and poor waste management),
overpopulation with an accelerated and unplanned urban growth. These conditions
prevent the economic, social and environmental growth of the country, challenging
the Council of Majors and Planning Office of the Metropolitan Area of San Salvador
(COAMSS/OPAMSS) to make adequate decisions about land use. The initiative aims
to regulate land use including thematic such as sustainable buildings, public spaces,
land use for soft mobility, geomorphology, geology, volcanology, hydrology,
groundwater management, hydraulic, unsaturated soil mechanics and engineering
geology for the control and planning of the territory. Some of the topics are already
introduced in the metropolitan regulation, in order to prevent future problems and
increase the quality of life of the population, searching and promoting resilience and
sustainability for the Metropolitan Area. With the initiative, there has been an
improvement in the decision making of the land use procedures and building a better
city.
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1. Introduction
The purpose of this paper is to explain how the Metropolitan Area of San Salvador
(MASS) tries to ensure fair economic development and sustainability. This is done by
urban planning for improving the quality of life of the citizens, fighting the climate
change and urban heat island promoting sustainable buildings, groundwater
management, increasing the public spaces, soft mobility, proper land use and
engineering geology.
The Metropolitan Area of San Salvador (MASS) (Figure 1) grew without a clear
urban planning and problematic areas are occupied nowadays. Most of the people
with fragile economic resources live in risky areas (edge or inside the ravines, close to
scarps, etc.) increasing the vulnerability to natural hazards.

Figure 1. Historical Urban Grown of Metropolitan Area of San Salvador.

The initiative is taking place under the Law of Development and Land Use Planning
(approved in 1993), being the first and only experience of effective commonwealth in
El Salvador with a legal framework. The political authority (COAMSS) and its
autonomous/decentralized technical agency (OPAMSS) are applying the initiative.
The effort is also connected to metropolitan policies and strategic plans. Furthermore,
the initiative can be related to the Sustainable Development Goals seeking for cities
and human settlements inclusive, safe, resilient and sustainable.
COAMSS/OPAMSS was institutionalized due to the destructive 1986 earthquake in
order to improve the planning and control of the urban development. At that time, the
municipalities themselves did not have the capacity to meet the demand of the
reconstruction of the Metropolitan Area of San Salvador (MASS).
The MASS has the highest population density (2,567 hab/km2) of the country. 27 %
of the country's total population lives in the MASS and contributes to 33% of the
National GDP. From this area, 33% of the population lives in precarious and risky
urban settlements (with high levels of social, physical and economic vulnerability).
The MASS is affected by landslides, floods, earthquakes, erosion, water
contamination, poor waste management and volcanic activity and the costs
experimented are elevated. This problematic and the necessity to introduce geology
into land use plans was stressed by Schmidt-Thomé [1], unfortunately the
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recommendation was not attended and the urban growth spread in problematic areas.
The initiative to include risk issues in the regulations was reinforced after the damage
caused by 2001 earthquakes. For the previous reasons COAMSS/OPAMSS is
searching for an adequate land use and MASS sustainability by introducing Earth
Sciences in the urban planning. But nowadays also in the Metropolitan Area topics
like sustainable buildings, public spaces, groundwater management, densification and
soft mobility are important in order to achieve a sustainable city for all.

2. Materials and Methods
In 2017 it was approved and published the Director Scheme [2] formulated during a
process of more than three years (Figure 2). Built in a participative way, starting from
a baseline contrasted with different scenarios of future, it was possible to arrive at
proposals for classification of land use, treatments and normative guidelines. The
objective was to have a sustainable, inclusive, competitive and resilient city, with a
polycentric configuration, in the process of densification and structuring around
networks of public spaces and of a new system of multimodal mobility, with
opportunities for all and with a financing system, healthy, progressive and diverse.
This could be achieved by recovering public spaces, articulation with centers of urban
life, reducing the demand for trips, promoting more efficient transport and soft
mobility, lower soil consumption, identification of strategic areas to be densified,
mixture of uses and reverse the use of the periphery to protect fragile areas.
To measure and understand the situation of the Metropolitan Area of San Salvador
(MASS) the City Prosperity Index (CPI) indicators have been measuring since 2014
(http://observatoriometropolitano.org.sv/observatorio/principal.aspx). CPI is a
composite index that is used to measure the overall achievements of a city according
to the dimensions of prosperity (Productivity, Infrastructure Development, Quality of
Life, Equity and Social Inclusion, Environmental Sustainability). The CPI Index
measures how cities create and distribute socio-economic benefits and prosperity.
To obtain the CPI Index following the methodology, is necessary to collect official
information to build the indicators from the data. For this reason, there is a delay to
obtain recent results.
In addition, a map of public spaces has been constructed using previous information
and remote sensors in order to identify the classification and state to seek for
opportunities of improving or look for funds (Figure 3). For 2018, the public spaces
(green areas, plazas, parks and sports spaces) was identified around 3.14 m2/hab,
which is low according to international standards. In order to increase the public
spaces and public works and since in El Salvador there is no property tax, a reform
was made to the metropolitan regulation to use the compensation system in cases
when the base normative guidelines of the director scheme are exceeded. The next
challenge is to enhance the public space but using green infrastructure, Sustainable
Urban Drainage Systems (SUDS) to combat the urban heat island effect and decrease
the floods problems inside the city.
A guide to promote sustainable buildings (Habitats Urbanos Sostenibles HAUS)
was introduced in the metropolitan regulation in 2018 (https://opamss.org.sv/wpcontent/uploads/2018/07/GUIA_HAUS-002.pdf). Mexican Colombian and Brazilian
regulations along Leadership in Energy & Environmental Design (LEED) criteria
were used as reference. To encourage sustainable buildings on the MASS increasing
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the base normative guidelines of the director scheme (Figure 2) (height of building,
buildability and impermeability) are allowed if minimum requirements are met.

Figure 2. Director Scheme treatments and urban aptitudes [2].

Another historic problem is the poor waste management since most of the waste
goes into landfills inside and outside the MASS. Nowadays the challenge is the
separation of waste at the source, to reduce the volume to be deposited in the future
landfill. Education and legal barriers need to overcome in order to achieve this.
The MASS is constantly affected with damages due to floods by storm events, with
this background, the OPAMSS in 2009; improve the regulation, to include the control
storm water runoff (Detention Systems) (although they were being implemented since
2003). The idea is to store rainwater temporarily, in order to discharge it in longer
times, decreasing the maximum flow in relation of the maximum flow without any
detention system. A pilot research [3] show the results of the conducted simulations
through free access software as HEC-HMS and HEC–RAS, for the existed detention
system in the upper basin of Arenal de Monserrat, including simulations of possible
laminations dam (Central Government project) with a benefit/cost analysis of the two
options. Nowadays a design guide of sustainable urban drainage systems (SUDS) is at
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final stage and a database of Detention Systems and their performance or actual state
it is being constructed.
The MASS has geomorphological, geological, surface dynamics (InSAR) and
engineering geology maps [4,5,6,7]. These maps are built principally from
stereoscope aerial photos (1949, 1963, 1976, 1982, 2002), remote sensors and
intensive fieldwork. In some risky areas with more urban pressure, 1:10,000 scale
maps were developed as well.

Figure 3. Proposed network of metropolitan parks.

Geomorphology represent the geodynamic processes on the surface. The obtained
information is helpful to risk management, land use planning and regulation. Geology
is the study of the Earth, the materials of which it is made, the structure of those
materials, and the processes acting upon them. Differential Interferometry of
Synthetic Aperture Radar (InSAR) can record the dynamic changes of the surface,
using satellite radar images. The obtained information can reveal changes in the
surface due to natural processes like seismicity, volcanic activity, changes in aquifer
levels or erosion [8,9,10,11,12,13].
Moreover, engineering geology is the application of the geology and
geomorphology to make sure of safe and enduring engineering infrastructure.
Structural-tectonic, denudation and accumulation forms are inside the studied area
according geomorphology. Most of the morphostructures are covered by recent
tephras, and affected by intensive erosion and landslides [4]. The geomorphological
units were grouped according to its detected erosion (sheet run off, rill, gully and
underground erosion), landslides, floods, debris flow, seismicity and liquefaction
behavior. As well to the general lithological composition of the rock and soil,
inclination of the slope (divided in ranges), maturity of the drainage system and
erosion intensity, equilibrium of the longitudinal profile of the river and distance to
the local base level of erosion (position in the basin-upstream, middle basin or
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downstream) [5]. The slope information was intersected with the geohazards
classified geomorphologic units.
Satellite radar (SAR) interferometry (InSAR) is a technique that uses an
interferometric effect of SAR acquisitions taken in different times in order to achieve
an image (interferogram) sensitive to terrain motion that happened between the
acquisition times. There are various factors affecting the SAR signal, including
differences in atmospheric vapour, stereoscopic sensitivity to height differences,
ionospheric disturbance of the signal etc. There are several approaches existing to use
a large set of SAR data to achieve corrected time series of objects in both urban and
natural environment. In the MASS it was used an implementations of Persistent
Scatterers (PS) [14] and Small Baselines (SB) [15] based on a solution known as
STAMPS MTI [16] originally developed for volcano monitoring. In the MASS, PS
processing was made for 2015-2018 using IT4S1 system in order to achieve a basic
information about average rates of displacements in the region.

3. Results and Discussion
The Metropolitan Area of San Salvador aims to improve sustainability, land use and
planning through legal permissions to decrease the vulnerability of the territory and
the need of constant mitigation (expensive) related to the anthropic intervention. This
can be obtained with specialized studies giving a better knowledge and strategies to
adapt and mitigate geological hazards along the climate change effects, prevent future
problems and promote resilience in the Metropolitan Area. The initiative began in
2005 and started to be included in the regulation in 2009, and is in continuous
evolution. A strengthening of the regulation considering the effects of climate change
is needed. Currently, it has been elaborated an Adaptation Plan for Climate Change
for the MASS to fight the main vulnerabilities identified (increase in extreme
precipitation, changes in annual precipitation and temperature increase) but is waiting
for approval of the new central government.
The initiative is evolutionary since at the beginning it was intended to only control
the runoff and obtain geomorphology of some areas, but as the research deepened it
was identified more necessities and problems to be solve. These induced the necessity
to introduce more science disciplines, methodologies and techniques in order to
improve risk management in the territorial planning.
In Figure 4 is shown the City Prosperity Index (CPI) from 2016. From 2016 to 2018
the index has been 62.37, 64.05 and 65.32 respectively being productivity,
infrastructure development and quality of life the main areas of change. This
information allows to identify the areas that should be reinforced with new policies or
projects.
With the described methodology, geomorphological, geological, surface dynamics
(InSAR) and engineering geology maps were obtained and can be used to build
criteria for land use, environmental, economic and social sustainability (Figure 5,
Figure 6, Figure 7). The maps can be checked at http://geoportalopamss.org.sv/. Also
research by Chavez et al. [4,5,17,18,19] and [20] helped to understand the surface
dynamic by studying and monitoring the most problematic soil inside the MASS were
intensive erosion and mass movement occur and were InSAR shows subsidence.

Submitted to Urban Design, page 27-36

www.itspoa.com/journal/ud

Volume 3, Issue 1, 2020 ISSN: 2617-9946
DOI: https://doi.org/10.31058/j.ud.2020.31002

Figure 4. City Prosperity Index (CPI) from 2016 to 2018.

Figure 5. Hazard Due Surface Dynamic According to Geomorphology.

The InSAR and geomorphology can aid to show areas that need more research and
monitoring (GPS or other monitoring techniques) to understand the dynamic surface
and improve land use decisions. Monitoring of aquifer level can be located in areas of
interest (subsidence) that can help understand the relation between overexploitation
and climate change.
OPAMSS apply the instruments and regulations specifically in land use in a
regional (metropolitan and municipal scale) and local level (urban projects). A clear
improvement of the criteria used in the analysis is observed. The exposure of people
has been decreasing, but not detained at all, due to already existing urban projects and
infrastructure. There is a challenge from the developers or planners to be aware that
specific areas of interest can increase the vulnerability. Nevertheless, some changes
can be observed, for example, risk management is based in the analysis of the hazards
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and probable vulnerability. This information gives the decision makers knowledge of
the territory, land use and building restrictions, required research and mitigations
works and the land capability (Figure 6, Figure 7). All the above issues have been
observed in the process of inclusion and application of the initiative, improving the
awareness of builders, private planners and in most important cases even the owners
of the land.

Figure 6. InSAR Average displacements velocity after spatial interpolation. a) Vertical movement,
negative value means subsiding and positive rising, stable points ranging within -2 and 2 mm/year;
b) Horizontal movement, negative value means movement to the East and positive value means
movement to the West.

Figure 7. Engineering Geology Map.

The engineering geology information (Figure 7) can help for the decision-making at
the preliminary project level of infrastructures design to urban developers, planners,
municipalities and citizens in general. It can save a lot of money and prevent future
problems. The geology map can be used to update hydrogeological map, aquifer
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recharge and vulnerability map and construct seismic microzonation. This information
is vital to gain sustainability and to manage the city resources and be resilient.
The runoff control of rainwater in problematic areas was established to decrease
urban floods in 2003. After more than 10 years, an analysis made (Figure 8) of their
impact of this infrastructure [3] shows positive results and that the mitigation is
important and less expensive, being a private sector contribution to the Metropolitan
Area wellbeing.

Figure 8. Hydraulic simulation scenarios, A - without detention systems in the basin and B -with
detention systems (For a 10-year return period) [3].

Planners, builders and entrepreneurs have been historically hesitant and unwilling to
accept the normative and regulation of the territory, especially in the land use control,
primarily due to economic interest that could affect their earnings. However, one of
the most functional instruments and mechanisms are the research of the possible
scenarios that could occur or that had already taken place in the past. The evidence of
the climate change behavior highlights the necessity to seek sustainable projects, in
addition to the fact that the initiative is inside the regulatory and planning instruments
help the private sector to be aware of the need to research more in order to obtain the
requested permissions and land use.
The measurements of impact of the initiative is done by two internal measurements
in OPAMSS, the first one through the behavior itself of urban growth using the
requirements that each procedure must follow to grant the land use or construction
license (e.g. statistics of land use granted). The second is through the metropolitan
observatory, which currently is working in indicators that are based in the UN Habitat
methodology (CPI); some of the indicators are related to territory planning. The main
question and challenge is to have an indicator (that can be translated into money) how
can we measure the relative cost of mitigation and adaptation with this approach. Is
easy to account for all the damage and mitigation after one disastrous event, but is not
straightforward to express improvement related to better land use and enhanced
criteria.
The urban growth model based on horizontal construction that for years has been
the engine of growth of the MASS, is beginning to shift towards a vertical
construction model, which is planned, that will foster the consolidation of a more
compact and sustainable city (Figure 9). For 2015-2018, more than 50% of buildings
exceed the base and extended height, developable surface and impermeabilizacion.
Therefore, to increase the urban guidelines each of these projects have to compensate
in city works to mitigate the impacts.
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Figure 9. While the horizontal construction is decreasing, the vertical construction is increasing
its pace in the MASS.

The regulation and procedures are a way to achieve the desired results using the
obtained maps that include the status and conditions of the territory. In addition, new
methods of geomorphological mapping, monitoring and behavior of problematic soils
have been generated. It has been found that the effects of urbanization were reduced
due to rainwater runoff control technologies.
It has been observed an increase for sustainable buildings in the last years. From 38
buildings in El Salvador, 23 buildings belong to the MASS (most of them seeking
LEED certification) and of those, 10 projects are seeking HAUS classification as well.
In 2018 national recognition was given by COAMSS/OPAMSS to three buildings in
the categories of design, construction and innovation. The main topics of HAUS are
design, operation and maintenance, site selection, site design and development, water
management and utilization, material handling, energy efficiency and innovation.
Nowadays is of voluntary application, and it needs revision so in the future could be
mandatory.
There are aquifer recharge and vulnerability maps of Acelhuate basin in the MASS.
These groundwater management maps need to be updated with the new geological
map [21] in the near future and made for all region of the MASS.
All the work presented encompass the effort to diminish the vulnerability of the
Metropolitan Area of San Salvador (MASS). Being important to learn and avoid
previous mistakes that increased the risks. Nowadays the Central and Local
governments are spending important economical resources repairing already
established urban projects and infrastructure. A better understanding of environmental
behavior it´s a priority. Through the land use, planning a bigger impact can be
achieved decreasing costs and improving the quality of life of the metropolitan
population. The necessary cooperation between public-private sectors through the
legal procedures, allows advances in the processes and obtaining better results. Many
results that are not included yet in the regulation are useful to land use analysis and
legalization criteria of precarious urban settlements.
The MASS has been learning from experiences of other Countries. Others
municipalities in El Salvador started some parts of the effort, but the information was
hidden or not used. However, inside the Country only with the COAMSS/OPAMSS
this initiative is used in promoting the resilience and sustainability through regulatory
instruments. New methodologies, monitoring and knowledge has been acquired and
shared through international and national publications. This open new questions and
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fields necessary to fulfill and improve the results. Other governmental institutions,
municipalities and private sectors at a national level and countries like Honduras have
applied parts of the initiative.
Mostly all the efforts are funded by international cooperation but also by own
resources. Being important the improving of the technical capacity of the organization
staff (upgrade courses, field experience, master and doctoral education).

4. Conclusions
The Director Scheme is a planning instrument that aims to reverse the processes of
urban degradation and the environment suffered by the AMSS. The information
obtained provides the inputs to ensure that the strategic environmental dimension is
included. It has been conceived and developed according to environmental principles
and objectives, in integration with the environmental and territorial governance
policies.
The intention is to decrease the problematic inside the Metropolitan Area of San
Salvador using land use planning moving towards an inclusive and sustainable
urbanization. The cost of all the finished components of the initiative is very lowpriced if compared to each mitigation work that the Central Government is doing
nowadays (around one million dollars each reparation in some cases). This will help
to reduce the number of deaths and people affected and decrease the economic losses
relative to global gross domestic product caused by disasters.
The initiative is being applied within the framework of the Law of Development
and Land Use Planning as well as it regulation. The initiative help to fulfill the
Environmental Public Politics (which seeks a strengthening of the public
environmental management, the recovery of natural resources and ecosystems,
preventing the risk and environmental degradation, among others) and Territorial and
Urban Development Public Politics (which aims an inclusive, diverse, competitive,
environmental-economically sustainable Metropolitan Area).
Foe the public spaces is needed strengthen the institutional capacities in the
planning, management, financing and formulation of projects of public spaces of
metropolitan order, and their connection with the planning and management of the
territory.
This initiative contributes to a safer city in terms of physical vulnerability, but the
initiative also creates awareness about natural, climate change and anthropogenic risks,
which causes disasters. All of the above to understand the real situation of the
Metropolitan Area and finding a real adaptation within the cities.
Geomorphology, geology and engineering geology mapping has been important to
the initiative to know and understand the genesis, properties and geodynamic
expected in the territory. Derived map with new methodology were made (Hazard due
surface dynamic according to Geomorphology) and the results are satisfactory if
compared with problematic areas. During the initiative particular hazards zones were
identified connected with problematic soils (unsaturated). Monitoring and behavior
characterization was made of these problematic soils using low-cost and practical
devices to understand the relation between moisture content, situation of the slopes
and climate. The use of methods like the Universal Soil Loss Equation (USLE),
InSAR and field monitoring are used nowadays to learn different aspects that
contribute to intensive erosion in the problematic soils. The groundwater situation is
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vital to the MASS as water shortage connected to urban growth is experimented and
resources from other locations outside the zone are necessary. Recharge,
hydrogeology and vulnerability to contamination maps of the main basin help to
visualize and protect the resource, from the land use view.
The aim of the effort is to understand the surface dynamics and try to preview in
advance the possible problems due urban projects or infrastructure. This helps to
know the necessary research or adequate land use. Understanding how the
urbanization processes increase the problems of climate change due the invasion of
natural areas of flooding for example, aid to have a better perspective of the
problematic and possible solutions.
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