In the Middle of (a Very Big) Ocean:
Puerto Rico Prepares for Disaster
Like There’s No One Out There

Results

Introduction

The resulting soil instability model for Puerto Rico shows areas of
high and moderate risk scattered throughout the island with areas
of low risk near the coast, pockets of the mountainous areas and
bigger, more developed, cities such as San Juan, Ponce and
Mayagüez. To study the eﬀectiveness of this model, post-María
imagery for Puerto Rico was referenced. The city of Adjuntas,
which was highly aﬀected by soil displacement during María, was
selected for this granular assessment. An inspection of four
diﬀerent points in this city show that the model is likely to predict
areas were soil displacement was observed. Areas which have been
developed or areas with low susceptibility sitting at that base of
highly susceptible zones were not highlighted by the model as
areas of high risk even
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though it is likely that this
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areas will be impacted by
soil displacement based on
40
their relative location.
Number of Hospitals per Zone

On September 20,
2017, Puerto Rico was
hit by the worst
hurricane in the last
hundred years.
Expected to make landfall
as a Category 5 hurricane
(the highest hurricane
category), preparations
for hurricane Maria were,
arguably, minimal. If it
was known that the
phenomenon would have
a record impact, was
additional information
necessary to better prepare for the implications of such disaster?
The Federal Emergency Management Agency (FEMA) is charged with
attending to the aftermath of disasters such as this one. FEMA collects
data on flood hazard risks and markets its GIS products as tools for
disaster preparation. This project studies the possibility of using a
complementary set of data to assess soil instability. Landslides, flooding,
and road destruction due to soil displacement are some of the issues that
result from excessive rain and high winds such as during a hurricane.
This project studies the suitability of a model that describes vulnerable
zones based on their susceptibility to soil displacement using geological
data for Puerto Rico. The spatial mechanism it explores is the number of
hospitals that are located in zones which may be vulnerable to soil
displacement. If hospitals are in zones of high risk, they are more likely to
loose access to vital resources such as supplies, food, and transportation
during climatological disasters. The proposed use for the model
developed through this project is to facilitate prioritization of
infrastructures such as hospitals which should undergo special
preparation prior to a disaster.

Upon quantifying the
20
hospitals located in each
zone, it was found
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that the majority of
these were located
Zone 1 (Low) Zone 2
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Zones of Soil Instability Risk
in areas of lower
risk. In referencing
the island-wide map, we can see that the concentration of
hospitals is located in the largest cities which, in turn, are
generally characterized as lower-risk.

Conclusion
This model provides a starting point for developing other
geospatial tools that can be used to assess risk at a local level in
Puerto Rico. It is a poor predictor of risk in metropolitan areas
and is highly limited in terms of incorporating the dynamic factors
that are inherent to climatological events. Further analysis could
consider proximity of certain infrastructures to roads which are
likely to loose accessibility based on their proximity to areas of
high soil instability. Given the ease of access to geospatial data for
Puerto Rico through many of the interfaces available for the
mainland United States, it seems feasible to face future
climatological disasters with proactive measures.

Methodology
The Analytic Hierarchy Process (AHP) was developed as a decisionmaking tool1 and has been used in geospatial analysis to allocate
priorities to competing sources of data. A set of evaluation criteria was
identified based on previous applications of this technique to flood
analysis2. These criteria consist of soil erodibility (K-factor), terrain slope,
soil permeability (soil group), watershed types, and land cover. Data for the
evaluation criteria were obtained from various sources and converted into
10-meter rasters. An online AHP tool3 was used to generate a weight for
each evaluation criterion according to the decision maker’s pairwise
comparisons of the criteria. These comparisons were made based on
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previous work by others in this area2, 4. Resulting priorities from these
comparison were used to build an equation:

In this equation, the multipliers for each criteria represent the
contribution that each one provides to the final desired analysis, which is
the likelihood of soil displacement. Data from each criteria was
reclassified using the ranking described in the images below.

Once each data source was reclassified, the Raster Calculator tool in
ArcMap and the equation previously described were used to generate a final
rasterized representation of the data were areas of higher likelihood for soil
displacement received higher scores than areas of lower risk. The results
were obtained for all of Puerto Rico with the exception of areas were no
data was available. Finally, the resulting raster was simplified by reclassifying
it into five zones. With these zones identified, the Zonal Statistics tool was
used to quantify the number of hospitals located in each zone.
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Projection: All maps use UTM Zone 20N
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States Geological Survey; Soil Survey Geographic Database (SSURGO) Dataset, 2014, Natural Resources Conservation Service; Land Cover and
Forest Formations for Puerto Rico, 2000, International Institute of Tropical Forestry; Tropical Cyclone Best Track, September 2017, National
Hurricane Center; ESRI World Imagery; Vexcel Imaging Puerto Rico post Maria, October 2017, Vexcel Imaging.
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