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Bayamon quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
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Cabo Rojo quadrangle. IKONOS photo showing inland limit of
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shown shaded (red).
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Camuy quadrangle. IKONOS photo showing inland limit of flood
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(blue line). Municipal boundaries are shown as a green dashed line.
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Carolina quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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Central Aguirre quadrangle. IKONOS photo showing inland limit
of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not
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Fajardo quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
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called “ Non-floodable isolated areas” , and are shown shaded (red).
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Guanica quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
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Guayama quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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Humacao quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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Isabela quadrangle. IKONOS photo showing inland limit of flood
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(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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Manati quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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Mayaguez quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
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(blue line). Municipal boundaries are shown as a green dashed line.
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called “ Non-floodable isolated areas” , and are shown shaded (red).
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line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

72

Puerto Real quadrangle. IKONOS photo showing inland limit of flood 85
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

73

Punta Cucharas quadrangle. IKONOS photo showing inland limit of 86
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

74

Punta Guayanes quadrangle. IKONOS photo showing inland limit of 87
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

75

Punta Puerca quadrangle. IKONOS photo showing inland limit of
flood (blue line). Municipal boundaries are shown as a green dashed
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x

88

are called “ Non-floodable isolated areas” , and are shown shaded (red).
76

Punta Tuna quadrangle. IKONOS photo showing inland limit of
89
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

77

Punta Verraco quadrangle. IKONOS photo showing inland limit of 90
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

78

Quebradillas quadrangle. IKONOS photo showing inland limit of
91
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

79

Rincon quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

92

80

Rio Grande quadrangle. IKONOS photo showing inland limit of
flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but
not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).

93

81

Salinas quadrangle. IKONOS photo showing inland limit of flood
94
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

82

San Juan quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

83

Santa Isabel quadrangle. IKONOS photo showing inland limit of
96
flood (blue line). Municipal boundaries are shown as a green dashed
line. Areas seaward of the inland limit of the flood, but not flooded,
are called “ Non-floodable isolated areas” , and are shown shaded (red).

84

Vega Alta quadrangle. IKONOS photo showing inland limit of flood 97
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).
xi

95

85

Vieques quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

98

86

Yabucoa quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

99

87

Yauco quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line.
Areas seaward of the inland limit of the flood, but not flooded, are
called “ Non-floodable isolated areas” , and are shown shaded (red).

100

xii

INTRODUCTION
In this report we detail the work done in Task 1 of the Puerto Rico Tsunami
Warning and Mitigation Program (PRTWMP). This program was sponsored by the
Federal Emergency Management Agency (FEMA – 75%) and by the University of Puerto
Rico (UPR – 25% matching funds). Task 1 had to do with the preparation of coastal flood
maps due to tsunamis all around the island and it can be broken down into two subtasks.
One has to do with the application of seismological techniques in order to come up with
the potential earthquake scenarios to be used in the tsunami simulations. This task was
carried by Dr. Victor Huerfano, of the Puerto Rico Seismic Network, and the details are
included in a separate report. Huerfano’s report (and others referenced in this report) can
be found on our WEB page http://poseidon.uprm.edu under the title “ Puerto Rico Local
Tsunami Sources from Microseismic Fault Characterization” . Given those earthquake
scenarios (a total of 269), the second subtask, consisting of tsunami simulations and the
preparation of the flood maps, was carried by the present authors. This was done for each
one of the earthquake scenarios supplied by Huerfano. This report will detail the work
carried out as part of the second subtask.
We will proceed as follows. First, in a section called Methodology, we will
describe the bathymetric and topographic data used to prepare the computational grids,
the tsunami model used, and present details about the three computational grids used.
This section will be followed by a section titled Results, where we will present some of
the plots to be discussed below. This will be followed by a section titled Caveats, where
some of the major assumptions made in the simulations and subsequent maps preparation
are listed. Recall, that we will not dwell on any caveats involving the work done by Dr.
Huerfano. That belongs to the realm of the seismologists.
Since the earthquake scenarios were given by region (e.g., Anegada Passage,
Eastern Dominican Republic, Leeward Islands, McCann Faults, Mona Canyon, Muertos
Trough, North Platform, Puerto Rico Trench, Puerto Rico West to Southwest,
Septentrional, Sombrero and 19 Degrees North,), then for each region we will present the
following:
1. A plot of the location of all the faults producing the earthquake scenarios modeled
for that region. This will be done by alphabetical order based on the name of the
region. These plots will be presented in the main body of this report.
2. Then we will proceed fault by fault inside each region. This consists of showing a
table with the fault parameters required as input by the Masinha and Smylie
(1971) model used to obtain the initial sea surface displacement conditions for
each earthquake scenario. As above, this will be done by alphabetical order based
on the name of the region. On the same page, we will present a plot of the initial
sea surface displacement based on those fault parameters. Also on the same page
we will present a contour plot of the maximum sea surface elevation attained
everywhere in Grid C (Grid C is the high resolution grid, where runup estimates
are made) irrespective of time, for that given earthquake and tsunami scenario.
These plots will be presented in 12 appendices, where the name of each appendix
1

corresponds to the name assigned to the region. The fault parameters are strike
angle, fault length, fault width, dip angle, rake angle, slip magnitude, and depth of
the fault below the bottom of the ocean.
3. Once all the faults for a given region have been modeled, a sea surface elevation
contour plot will show the maximum elevation attained among all faults in that
region. This is equivalent to what storm surge modelers call the Maximum of the
Maximums (MOM). This will be the regional MOM. A plot for each region will
be presented in the main body of this report.
4. The next step will consist in combining all the regional MOM’s in order to
estimate the final, overall, MOM, which is the one finally used to prepare the
flood maps. This plot will be presented in the main body of this report.
5. Finally, the result from step 4 above will be superimposed on scanned, and
georeferenced, versions of the USGS quadrangles for Puerto Rico, and also on
top of recently acquired, high-resolution, IKONOS satellite photos of the island.
This will show the potentially floodable areas all around the island in maps with
coverage corresponding to the USGS quadrangles into which the island is divided
(7.5 arc minutes by 7.5 arc minutes). In this report we will present two of the
three versions which we have prepared for the maps. Version I will show the
scanned version of the USGS maps on top of which is overlaid the tsunami flood
with sea surface elevation contours in meters above Mean Sea Level (MSL).
Version II of the maps (not included in this report, but available on the
accompanying CD – see below- and on our Internet page at
http://poseidon.uprm.edu ) consists of the same scanned version of the USGS
quadrangle maps on top of which we have overlaid only the (manually digitized)
inland limit of the flood. That is, it contains no information whatsoever about the
elevation of the flood but only the inland limit of the flood. Version III of the
maps, and also included in this report, consists of the IKONOS satellite photos of
the island on top of which the same inland flood limits have been overlaid. It
should be understood that due to size limitations, the maps included in this report
are of lower resolution than what is available in the accompanying CD and on our
Internet page.
In addition, all of the figures in this report, and its appendices, will be made
available in an accompanying CD.
It should be noticed that each region into which the earthquake scenarios were
divided upon has its own “ earthquake return period” . But since the uncertainty in these
return periods are so large, and in light of the approach taken by experts in hazard
mitigation of assuming that the worst case scenario can happen, and that we should plan
for it, we have not discriminated between regions (or return periods) in preparing the
final maps. All results were lumped together and the final maps have been prepared based
on the overall MOM mentioned in Step 4 above. In the final map we will not be able to
assign the flooding occurring at a given coastal location to a given earthquake, though we
should be able to have a general idea of which region into which the earthquakes have
been assigned into (and, possibly, earthquakes within that region) could cause the worst
case scenario for any given coastal location.
2

METHODOLOGY
Details about the tsunami model used can be found in many publications. For
example, the paper by Mercado and McCann (1998), in which the model and its use in
the simulation of the 1918 Puerto Rico tsunami are presented, can be found at the Internet
page shown above. The model used is the Japanese TIME tsunami model available
through the Intergovernmental Oceanographic Commission (1997), and which has been
tested and verified at many locations (including the 1918 Puerto Rico tsunami). The
initial sea surface conditions used to start the propagation of the tsunami were obtained
from the Masinha and Smylie (1971) model.
As with any numerical simulation, the results are as good as the input data. As
stated above, we will not dwell here about the seismological data since that will be
covered by Dr. Huerfano’s report. For the tsunami modeling itself we need to have good
(i.e., as accurate and dense as possible) bathymetric and topographic data, specially in the
nearshore. In addition, the model requires a representative Manning friction coefficient,
which in this version of the model, is assumed constant all over the computational grid.
The Manning coefficient assumed in these runs was 0.025, exactly the same used by
Mercado and McCann (1998) in the simulation of the 1918 Puerto Rico tsunami. This
value is equivalent to flow over grass (http://www.utdallas.edu/~brikowi/Teaching/
Applied_Modeling/SurfaceWater/LectureNotes/Manning_Roughness/node5.html), and it
also corresponds to water flow over slime-covered cobbles, gravel (see http://wwwr
camnl.wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/. We will return to this issue
below when I will present some caveats related with the maps.
Coming back to the issue of the bathymetry and topography, in the preparation of
the computational grid we have used various sources of data. The topography for Puerto
Rico was obtained from the USGS Digital Elevation Model data for Puerto Rico. This
data is available at a resolution of 30 meters, but it is very old (on the order of 40 to 50
years old). The topography for the United States Virgin Islands (which falls inside the
outer computational grid, but not inside the high-resolution computational grid C) was
obtained from a high-resolution 25 ft cell size DEM obtained from the U.S. Army Corps
of Engineers. The topography for the rest of the islands (Hispaniola and the island/nations
of the northeastern Caribbean) was the one included in the so-called ETOPO-2 data
source (Sandwell and Smith, http://topex.ucsd.edu/ marine_topo/text/topo.html and
http://topex.ucsd.edu/marine_topo/mar_topo.html).
The topography for Puerto Rico that is included in the USGS DEM is outdated (in
some places 40-50 years old). In December of 2000 a 1-km wide coastal strip of LIDAR
topography was obtained all around the island, including Vieques and Culebra. But at the
time when the simulations were being made the data was being processed in order to
obtain “ bare-earth” elevations, so it could not be used. Therefore, we were forced to rely
again in the USGS DEM data as the source of Puerto Rico’s topography. As for the
bathymetry, in deep water we used ETOPO-2, while for the shelf region we used
National Ocean Survey (NOS) depth soundings as digitized from the original “ smooth3

sheets” by Mercado (1994). For the very near shore we used recently acquired SHOALS
data (except along a large section of the south coast of Puerto Rico – see below).
The 2001 SHOALS survey had turbidity problems along the south coast of Puerto
Rico, specifically between Parguera and Jobos Bay. This large gap was filled in by the
NOS data mentioned above, data that was acquired in the 1960’ s and 1970’ s. The NOS
data has very good and dense coverage all along the south coast, basically because of the
calm seas in this side of the island, facing the Caribbean Sea. But even in areas where
SHOALS data is available, there are locations with no data coverage because, possibly
again, turbidity problems. These gaps in data were filled in by the NOS data. This meant
that, with very few exceptions, we had very good bathymetric coverage all around the
island and all the way to the shoreline. Overall, 91,590,102 x-y-z triads were used to
generate the computational grids used in this study.
The Japanese TIME model uses nested grids in order to facilitate and expedite its
execution. For example, in this study three nested grids were used. The details about the
three grids are listed in the Table 1 below. The coordinate system used is WGS84, which
is very close to NAD83 where they overlap. The model is used in its linear mode in Grids
A and B, while it is used in its nonlinear mode in Grid C (in order to estimate inland
flooding). The grid resolution ( x = y) for Grids A and B is 27 and 9 arc seconds, while
for the inner grid ( C) it is 3 arc seconds (about 90 meters).
Grid

Xmin (°)

A
B
C

-74.75
-68.005
-67.39667

TABLE 1: Information About Computational Grids
Xmax (°)

Ymin (°)

Ymax (°)

Zmin
(m)

Zmax
(m)

-62.00
-65.005
-65.14917

16.00
17.495
17.84333

20.995
19.0025
18.56833

-8454.4
-6576.7
-4600.4

2907.9
1129.9
1146.8

x
(arc
sec)
27
9
3

y
(arc
sec)
27
9
3

#
rows

#
col

667
604
871

1701
1201
2698

Figure 1 shows a depth contour plot for each nested grid. Figure 1a also shows the
outline of the two nested grids (B and C). It is in the inner, higher resolution, grid ( C)
that the model is run in its nonlinear mode, allowing for the computation of runup (inland
flooding).
For the sake of completeness, in Table 2 we will list the joining points for the
nested grids (please see IUGG/IOC TIME Project Manual, 1997, for further details).
RESULTS
Figure 2a shows the fault locations for the geographical region named Anegada.
There are a total of 28 faults in this region. Information about the parameters for each
fault can be found at Appendix A: Anegada Passage. In addition, there you can also find
a contour plot of the initial sea surface deformation based on the Masinha and Smylie
model and of the corresponding maximum sea surface elevation due to the tsunami.
Finally, a plot of the regional MOM is presented.
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TABLE 2: JOINING POINTS FOR NESTED GRIDS
Joining Points for Nesting of Grid B Inside Grid A
Lower Left Joining Point of Grid B in Grid A
Coordinates
Upper Right Joining Point of Grid B in Grid A
Coordinates
Joining Points for Nesting of Grid C Inside Grid B
Lower Left Joining Point of Grid C in Grid B
Coordinates
Upper Right Joining Point of Grid C in Grid B
Coordinates
(origin of the grids lie at the left lower corner)

Matrix Column 901
Matrix Column 1300

Row
201
Row
401

Matrix Column 245

Row 141

Matrix Column
1143

Row 430

Figure 2b shows the Maximum of the Maximums (MOM) for the region, in which
we took all of the individual maximum sea surface elevations and, for each computational
grid cell, we just kept the maximum sea surface elevation irrespective of the fault (and
corresponding tsunami) within the region that generated it.
The same format is used in the plots for the remaining regions (Figures 3 to 13).
All are in WGS84 coordinates.
The faults labeled “ McCann faults” are the ones proposed by Dr. William
McCann as being potentially active and capable of generating a tsunamigenic earthquake
(magnitude / 6.5). They all lie in the Mona Passage, and include what has been proposed
as the fault that generated the 1918 tsunami (Mercado and McCann, 1998). The reports
by Mercado and a separate one by McCann can be found at http://poseidon.uprm.edu.
Also listed along the caption of each figure is an estimate of the return period
associated with the earthquakes from each individual region and the number of faults in
the given region. The return period estimate was determined by Dr. Huerfano, and details
can be found in his report.
As stated above, the same figures, plus additional ones, can also be found in the
12 accompanying appendices, one appendix for each region into which the fault locations
have been divided. The appendices are:
Appendix A: Anegada Passage;
Appendix B: Eastern Dominican Republic;
Appendix C: Leeward Islands;
Appendix D: McCann Faults;
Appendix E: Mona Canyon;
Appendix F: Muertos Trough;
Appendix G: North Platform;
Appendix H: Puerto Rico Trench;
Appendix I: Puerto Rico West to Southeast;
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Appendix J: Septentrional;
Appendix K: Sombrero.
Appendix L: 19 Degrees North;
Figure 14 shows a contour plot of the overall MOM for the entire island – the
result of Step 4 in the Introduction section. Another view of the overall MOM is given in
Figure 15. The data shown in these figures is the one finally used to prepare the flood
maps which now follow. These flood maps are shown in Figures 16 to 51 and 52 to 87.
Figures 16 to 51 show the same contour plot as in Figure 14 but now overlaid over
scanned, geo-referenced, versions of the USGS quadrangles – in NAD27 coordinates.
Recall that for this report, and also for posting on the Internet site, the pixel resolution has
been decreased, resulting in hardly readable contour labels at the scale of the plot in this
report. But in the accompanying CD the plots are of higher resolution.
Figures 52 to 87 show the inland flood limit superimposed on recent IKONOS
satellite photos (courtesy of the Office of Management and Budget of the Commonwealth
of Puerto Rico) – in NAD83 Puerto Rico State Plane coordinates. The inland flood limit
was obtained by manually digitizing the inland edge of the flood zone shown in Figures
16 to 51. During this digitization, and at some locations, some “ artistic license” was
adopted based on the inland projection of the flood and based on experience. Areas not
flooded, but falling seaward of the inland flood limits are shown shaded, and named
“ non-floodable isolated areas” . There are also many smaller “ non-floodable isolated
areas” – or holes in the coverage - that can be seen especially along the shoreline in
Figures 16-51. These are assumed to be flooded. The reason for this is that these small
“ holes” are due to errors in the given topography. As an example, the SHOALS survey
transects extended a certain distance inland of the MSL shoreline. Where vegetation, or
infrastructure, lays close to the shoreline the survey elevations will reflect the elevation of
the vegetation canopy, or of the infrastructure, resulting in erroneous values of the bareearth terrain. One can notice this effect when looking at the elevation contours inside the
holes in the scanned USGS quadrangle and noticing that the sea surface elevation is
higher than the topography inside the hole. This can be corroborated by looking at a 3dimensional plot of the topography in the hole (as prepared using the SHOALS data) and
noticing the small “ hills” at the same locations where the IKONOS photos shows
nearshore vegetation and infrastructure.
The inland flood limits are available as SHAPE files, and can be used as
additional GIS overlays.
CAVEATS
In this section we would like to bring to the reader’ s attention some of the major
assumptions made in this study. This study represents a first attempt to identify
potentially floodable areas in Puerto Rico due to the “ forgotten hazard” , tsunamis. Many
hypothesis and assumptions are involved in this process, involving the physics of
deformation of a continuous medium during an earthquake (used to set up the initial sea
surface deformation), the physics of tsunamis and runup, the use of numerical
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simulations, and many others. The use of numerical simulations as a tool in hazard
mitigation of rare natural events is an accepted methodology nowadays (it has even been
called The Third Branch of Science – Science, Vol. 256, 3 April 1992), and the general
consensus is that the state of the art is such that the limitation in many cases is the quality
of the input data. With the purpose of letting the users know, we will mention here some
of the limitations involved in the preparation of these maps.
•

•

•

The topographic data (from the USGS DEM model for Puerto Rico) is old (in
some cases by as much as 40 years). In some locations (a good example is the
Punta Miquillo/Punta Picua area in Rio Grande) the changes to the topography
have been enormous. The same holds in the Isabela area, where coastal dunes, 10
or more meters high, appear in the USGS DEM data, but those dunes are no
longer there, having being mined decades ago. This fact, together with the
computational grid cell size of approximately 90 meters, has to be considered in
assessing the reliability of the maps. Hopefully, in the near future we may have
available high-resolution LIDAR data taken in December of 2000 along a 1 km
wide coastal strip. The use of this LIDAR data hinges on the processing of it to
obtain “ bare earth elevations” , and in the determination of an accurate geoid
surface model for Puerto Rico.
As mentioned above, the SHOALS data contains, at some locations, elevations
above MSL that correspond to the vegetation cover at the site. The same for
nearshore infrastructure like for example, the city of Aguadilla. These erroneous
elevations will present a solid barrier to the inland penetration of the sea.
Although if the infrastructure is well built it will really act as a barrier to the
inland flood. The same holds for any sand dunes present in the data, whether the
dune is still there or not. It will act as a solid barrier since no erosion, or scouring,
is contemplated in the model.
The high-resolution computational grid used in the tsunami simulations, the grid
where the tsunami runup phase was computed – Grid C, had a constant Manning
friction coefficient, n, all over it. The value used, 0.025, corresponds to water
flow over slime-covered cobbles, gravel, and grass (see http://wwwrcamnl.
wr.usgs.gov/sws/fieldmethods/Indirects/nvalues/ for a good visual description of
Manning’ s n values). This is the default value of the model and it is the same
value used in the numerical simulation of the 1918 Puerto Rico tsunami (Mercado
and McCann, 1998), where the comparison of model results and runup
observations (see report by Reid and Taber, 1919, on the Internet site) was
acceptable. It is obvious that the value of ‘n’ will vary significantly all over the
island, and especially in developed areas. The value adopted in this study will be
valid only up to a certain limited distance from the MSL shoreline. For this
reason, it is felt that the extensive inland flooding observed in some coastal
regions of the island represents quite conservative results. For this reason, and in
order to somewhat compensate for this, the inland limit of the flood was taken at
the 1 meter elevation (above Mean Sea Level) contour of the inland flood. That is,
in low lying areas, where the inland flood peaks at some distance inland and then
decreases, the digitization of the inland limit of flooding was done along the 1 m
flood elevation contour. In future studies, when more up-to-date, higher
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•

•

•

•

resolution, and more accurate topography becomes available, one could run the
model with variable ‘n’ values based on land-use information available in GIS
format.
As explained above, the flood results shown do not discriminate between
earthquake scenarios of different return periods. As will be described in the final
report about the seismology of the region upon which the tsunami scenarios were
based, different earthquake-prone regions around the island have different
expected earthquake return periods. The practical approach adopted here, which is
typical in the field of hazard mitigation, is that since the uncertainty in return
periods is so large then we better be prepared for the worst case scenario. We can
leave for another study refinements of this adopted approach. Since the original
flood data for each earthquake has been stored, if necessary we could prepare
flood maps based on the region of the earthquake epicenter.
In the calculation of the initial sea surface deformation in the earthquake source
region, computed using the Masinha and Smylie model, we had the option of
using either a mean (over the fault length) slip magnitude or the maximum
magnitude (occurring somewhere along the fault length), both output by the
methodology used by Dr. Huerfano. In this study we adopted the maximum value
as applicable all along the fault length. This is the first time this type of maps are
being prepared for Puerto Rico and we wanted to err on the conservative side,
leaving for a later re-evaluation the use of smaller values of the slip. As expected,
this will also add to the conservatism of the results. [Note: There are nowadays
more sophisticated, and possibly reliable, models to estimate the initial sea
surface condition than the Masinha and Smylie model. But they require seismic
data not available to us.]
For the same reason, the fault depth below the bottom of the ocean was assumed
to be as small as the algorithm used to compute the initial sea surface deformation
allowed. The algorithm tends to become unstable if fault depths below the ocean
bottom are assumed less than approximately 200 meters. But this threshold varies,
and so we did computations with different values and adopted the smaller one
allowed.
Finally, it should be stated that there is the possibility that a tsunami may
propagate upriver and, in some cases, overflow its banks. This is something that
has been observed in the past at many locations. This possibility has not been
addressed in this study. People living near river banks in the proximity to the
coastline should be careful about the use of these maps since they will not show
this possibility.

There are other assumptions involved in the methodology used to obtain the fault
parameters, but these are made in the study by Dr. Huerfano.
CONCLUSION
Overall, one can conclude that the most exposed coasts for the main island of
Puerto Rico are, as far as tsunamis are concerned and in order of decreasing exposure, the
west, north, south, and east coasts. Figure 15 shows how the tsunami hazard is a
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maximum at the northwest corner of Puerto Rico, decreasing towards the east along the
north coast and towards the south along the west coast. The threat is a minimum at the
east coast. Vieques and Culebra islands, due to their abrupt terrain almost right to the
shoreline, suffer relatively less extensive terrain flooding.
The fact that the hazard is higher at the northwest corner of the island is
ameliorated by the existence of high coastal cliffs right there. The very high runups
observed there (see Figure 15) is a consequence of these nearshore cliffs. But as we move
south along the west coast we reach the coastal valley where the communities of Espinar
and Carrizal are located, in the municipality of Aguada. There the combination of high
tsunami-induced sea surface elevations and low lying terrain produces the potential for
vast inland coastal flooding. As a matter of fact, present residents in the Espinar
community speak of their parents and grandparents’ describing to them how the 1918
tsunami flooded a vast area of what is now their community. It should be emphasized that
the major threat to this part of the island are the faults in the Mona Canyon region.
We would like to emphasize again that these maps are a first attempt into
quantifying the tsunami hazard in the island of Puerto Rico. Care must be taken when
using them, especially in areas where the inland flood limit extends a long distance
inland. They certainly help to locate the most exposed areas due to the tsunami hazard.
They can, and should be, further refined once LIDAR topography becomes available.
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FIGURES

11

Figure 1a - Depth contour plot of computational grid A. The outlines of the two inner grids (B and C) are also shown.
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Figure 1b - Depth contour plot of computational grid B.
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Figure 1c - Depth contour plot of computational grid C.
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Fig. 2a - Fault Locations: Anegada Passage. Return period estimated at 3762 years. 28
faults.

Fig. 2b - Maximum sea level elevations in meters above MSL for Anegada Passage
faults.
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Fig. 3a - Fault Locations: Eastern Dominican Republic. Return period estimated at 807
years. 9 faults.

Fig. 3b –Maximum sea level elevations in meters above MSL for Eastern Dominican
Republic faults.
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Fig. 4a - Fault Locations: Leeward Islands. Return period estimated at 3053 years. 11
faults.

Fig. 4b –Maximum sea level elevations in meters above MSL for Leeward Islands faults.
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Fig. 5a - Fault Locations: McCann faults. 31 faults.

Fig. 5b –Maximum sea level elevations in meters above MSL for McCann faults.
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Fig. 6a - Fault Locations: Mona Canyon. Return period estimated at 2083 years. 24 faults.

Fig. 6b –Maximum sea level elevations in meters above MSL for Mona Canyon faults.
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Fig. 7a - Fault Locations: Muertos Trough. Return period estimated at 3092 years. 23
faults.

Fig. 7b –Maximum sea level elevations in meters above MSL for Muertos Trough faults.
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Fig. 8a - Fault Locations: North 19°. Return period estimated at 3382 years. 16 faults.

Fig. 8b –Maximum sea level elevations in meters above MSL for 19° North faults.
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Fig. 9a - Fault Locations: North Platform. Return period estimated at 2506 years. 25
faults.

Fig. 9b –Maximum sea level elevations in meters above MSL for North Platform faults.
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Fig. 10a - Fault Locations: Puerto Rico Trench. Return period estimated at 3841 years. 28
faults.

Fig. 10b –Maximum sea level elevations in meters above MSL for Puerto Rico Trench
faults.
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Fig. 11a - Fault Locations: Puerto Rico West to Southeast. Return period estimated at
1823 years. 36 faults.

Fig. 11b –Maximum sea level elevations in meters above MSL for Puerto Rico West to
Southeast faults.
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Fig. 12a - Fault Locations: Septentrional. Return period estimated at 795 (von
Hillebrandt), or 450 (McCann) years. 14 faults.

Fig. 12b –Maximum sea level elevations in meters above MSL for Septentrional faults.
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Fig. 13a - Fault Locations: Sombrero region. Return period estimated at 1241 years. 24
faults.

Fig. 13b –Maximum sea level elevations in meters above MSL for Sombrero faults.
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Figure 14 – Contour plot of overall MOM (see text for explanation).
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Figure 15 –
Surface plot of
overall MOM.
The data is the
same one used
in Figure 14.
The figure
shows that the
tsunami threat is
a maximum at
the northwest
corner of the
island,
decreasing to
the east (along
the north coast)
and to the south
(along the west
coast). The
threat is a
minimum along
the east coast.
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Figure 16 - Aguadilla Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 17 - Arecibo Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 18 - Barceloneta Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 19 - Bayamon Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 20- Cabo Rojo Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 21 - Camuy Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 22 - Carolina Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 23 – Cayo Icacos Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 24 – Central Aguirre: Contour plot of Sea Surface Elevation Relative to MSL (M).
Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 25 - Culebra Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL (M). Shaded areas are flooded. Labels along
contours show the elevation. The maximum elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 26 - Fajardo Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.

39

Figure 27 - Guanica Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 28- Guayama Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 29 - Humacao Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 30- Isabela Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 31 - Manati Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 32- Mayaguex Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 33 - Naguabo Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 34 - Parguera Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 35- Playa de Ponce Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 36 – Puerto Real Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 37 – Punta Cucharas Quadrangle: Contour plot of Sea Surface Elevation Relative
to MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 38 – Punta Guayanes Quadrangle: Contour plot of Sea Surface Elevation Relative
to MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 39 – Punta Puerca Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 40 Punta Tuna Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 41 – Punta Verraco Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 42 - Quebradillas Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.

55

Figure 43- Rincon Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 44 – Rio Grande Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.

57

Figure 45 - Salinas Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 46 – San Juan Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 47 – Santa Isabel Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 48 – Vega Alta Quadrangle: Contour plot of Sea Surface Elevation Relative to
MSL (M). Shaded areas are flooded. Labels along contours show the elevation. The
maximum elevation somewhere in the map is listed along the top margin. Coordinates are
geodetic NAD27.
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Figure 49- Vieques Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL (M). Shaded areas are flooded. Labels along
contours show the elevation. The maximum elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 50 Yabucoa Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 51 - Yauco Quadrangle: Contour plot of Sea Surface Elevation Relative to MSL
(M). Shaded areas are flooded. Labels along contours show the elevation. The maximum
elevation somewhere in the map is listed along the top margin. Coordinates are geodetic
NAD27.
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Figure 52 – Aguadilla quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 53 – Arecibo quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 54 – Barceloneta quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 55– Bayamon quadrangle.
IKONOS photo showing inland limit
of flood (blue line). Municipal
boundaries are shown as a green
dashed line. Areas seaward of the
inland limit of the flood, but not
flooded, are called “ Non-floodable
isolated areas” , and are shown
shaded (red).
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Figure 56 – Cabo Rojo quadrangle.
IKONOS photo showing inland limit
of flood (blue line). Municipal
boundaries are shown as a green
dashed line. Areas seaward of the
inland limit of the flood, but not
flooded, are called “ Non-floodable
isolated areas” , and are shown shaded
(red).
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Figure 57– Camuy quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).
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Figure 58 – Carolina quadrangle.
IKONOS photo showing inland limit
of flood (blue line). Municipal
boundaries are shown as a green
dashed line. Areas seaward of the
inland limit of the flood, but not
flooded, are called “ Non-floodable
isolated areas” , and are shown
shaded (red).
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Figure 59 - Cayo Icacos quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 60 – Central Aguirre quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as
a green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 61 – Culebra quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).
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Figure 62 – Fajardo quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 63 – Guanica quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 64 – Guayama quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 65– Humacao quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 66 – Isabela quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).
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Figure 67 – Manati quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).

80

Figure 68 – Mayaguez quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 69 – Naguabo quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 70 – Parguera quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 71 – Playa de Ponce quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 72 – Puerto Real quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 73 – Punta Cucharas quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as
a green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 74 – Punta Guayanes quadrangle. IKONOS photo showing inland limit of flood
(blue line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 75 – Punta Puerca quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 76 – Punta Tuna quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 77 – Punta Verraco quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as
a green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 78 – Quebradillas quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 79 –
Rincon
quadrangle.
IKONOS
photo
showing
inland limit
of flood
(blue line).
Municipal
boundaries
are shown as
a green
dashed line.
Areas
seaward of
the inland
limit of the
flood, but
not flooded,
are called
“ Nonfloodable
isolated
areas” , and
are shown
shaded (red).
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Figure 80 – Rio Grande quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 81 – Salinas quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).
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Figure 82 – San Juan quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 83 – Santa Isabel quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 84 – Vega Alta quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 85 – Vieques quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a
green dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are
shown shaded (red).
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Figure 86 – Yabucoa quadrangle. IKONOS photo showing inland limit of flood (blue
line). Municipal boundaries are shown as a green dashed line. Areas seaward of the
inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and
are shown shaded (red).
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Figure 87 – Yauco quadrangle. IKONOS photo showing inland limit of flood (blue line). Municipal boundaries are shown as a green
dashed line. Areas seaward of the inland limit of the flood, but not flooded, are called “ Non-floodable isolated areas” , and are shown
shaded (red).
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