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Summary

Dr. Ross Wagenseil traveled to the Leeward Islands from March 18 to 28, 2001.  He visited the islands of St. Christopher (St. Kitts), and Antigua to deliver the results of a computer model of susceptibility to storm effects and to revisit certain sensitive areas where the model results may need careful interpretation.

On St. Kitts, Dr. Wagenseil worked in the offices of the Physical Planning Unit and the OAS in Basseterre to present the model results, discuss them with local officials, and modify the format in order to be compatible with other hazard assessments sponsored by this Project.  Before and after office sessions, he revisited areas on the southeast end of the island which are currently or are likely soon to be under development.  He did five half-days of field work.

On Antigua, he worked at the National Office of Disaster Services.  The format modifications developed on St. Kitts proved to be acceptable for Antigua as well, so the transfer went smoothly.  The formal presentation to local officials went especially well.  He also did two half-days of field work. 

The results of the computer model are to be assembled into a digital Atlas of Probable Storm Effects in the Leeward Islands, to be available in the second quarter of 2001.

The resolution of 6 seconds-of-arc, which was used for this set of maps, gives twenty-five times as much information as the Atlas of Probable Storm Effects, completed last year.  

Field validation was satisfactory, but it appears that redoing the model at any higher resolution would involve mapping and modeling specific high-value coastal structures, requiring much more time and effort.  

Introduction

Hurricane Georges, a category 3 storm, struck the Eastern Caribbean islands of Antigua, Barbuda, St. Kitts, and Nevis in September 1998. The hurricane caused severe damage to economic and social infrastructure and dealt a serious blow to local economies. 

In response to the damages from Hurricane Georges, the US Agency for International Development-Jamaica/Caribbean Regional Program (USAID-J/CAR), has established a project entitled Post-Georges Disaster Mitigation (PGDM), to be implemented by the Organization of American States (OAS) Unit for Sustainable Development and Environment (USDE).  Further information is available at http://www.oas.org/pgdm/

Dr. Ross Wagenseil has contracted with the Project to produce an atlas of probable storm effects by running the computer model TAOS over digital raster maps custom-built for the project.  TAOS is the property of Charles C. Watson, Jr. of Savannah, Georgia.  The output will be compatible with the Atlas of Probable Storm Effects,   produced by the Caribbean Disaster Mitigation Project which finished last year.

The model has run, and this trip was part of the process of preparing the model results for use. The maps are in digital format, compatible with a Geographic Information System (GIS).  Special versions of the model outputs were delivered to GIS consultants on St. Kitts and Antigua for inclusion in a unified hazard assessment. 

The maps cover St. Kitts, Nevis, Antigua, and Barbuda.  They give the probable (Maximum Likelihood) maximum wind, waves and storm surge at each raster cell on the map for specific durations of time.  The raster cells represent a circular-trapezoidal unit 6 seconds of arc on a side.  In the Leeward Islands, this is nearly square: 182.5 meters from north to south and approximately 175 meters from east to west. The model is capable of calculating rainfall as well, but rainfall runoff would require a map with much more detail.  The time intervals are 10, 25, 50, and 100 years.

The Trip Report is a narrative summary of map work, meetings, and site visits Dr. Wagenseil performed while in-country.  It includes the most salient notes and impressions of the trip, as an aid to memory and as a reference for further work.   Two maps are included.  The original field notes are on audiotape, photographs, and electronic spreadsheet. 

Trip Report

St. Kitts

March 18, 2001, Sunday: Arrival.
I left Clemson, SC, at 4:00 AM and traveled via Atlanta and San Juan to St. Kitts, arriving near 2:00 PM local time. I took a taxi to the Sea View Hotel, a second-floor guesthouse on the waterfront in Basseterre, and spent the evening with the laptop computer, preparing a set of map presentations.

March 19, Monday: Organization. 
I walked to the offices of the Physical Planning Unit at a few minutes past 8:00 AM and found the staff gathered in the GIS room.  As their meeting broke up, I took the opportunity to present the model results that I had brought.  There was a lively discussion of the implications, especially for the new construction that is underway in North Frigate Bay.  

Eduardo Mattinet (GIS consultant to the Project) and David Keith (Local Coordinator) arrived, and together we discussed the discussed the formatting of the model results so that they could be integrated into the local GIS and project database.  A problem arose because the database was not prepared to accept maps of actual storm effects, but only interpreted hazard levels.  That is, maps of numerical values for wind speed, wave height and surge height were not acceptable; the speeds and heights would have to be re-classed into five hazard levels.  I protested that the local authorities would be better suited to evaluate the numerical values of the storm effects and class them into distinct hazard levels based on knowledge of local conditions.  They showed me documents prepared during a workshop of the Project, where plans had been made to reduce all inputs to these five hazard classes. Reluctantly, I agreed to re-class the data. And, after some thought, I devised the table shown in Appendix I. 

Eduardo Mattinet and I discussed file transfers and formats.  It turned out that my laptop had not properly installed the Arc shapefile conversion utility, Eduardo did not have the files necessary to re-project the ArcRaster files which I had prepared, and neither of us knew what to make of the files which David Lang had sent.  We sat side by side, reading help files from our two systems, trying to find a file format which we could use to transfer the data from my computer to his.  We did not find a ready solution at that time, and agreed to work on it the next day.

I returned to the problem of the hazard-level maps.  Using the basic model outputs, which were in latitude/longitude, WGS-84, I re-projected to the local grids and began re-classing the numerical values according to the scheme in Appendix I.

David Keith had reserved a rental car for me, and I picked it up in the late afternoon.  

March 20, Tuesday: Majors Bay and File-Transfer Formats.  

Eager to make use of the rental car, I left the hotel at 4:00 AM.  I took wind and temperature reading at two high points on the new road on the southeast peninsula, arriving at 4:57 AM at Major’s Bay.  (See map, next page, for field work on St. Kitts.) I stayed at Major’s Bay through the dawn, taking wind and temperature readings at three points along the bayside, finishing at 7:10 AM with a stop at Sand Bank Bay.  

In the evening, I returned to the highest point on the peninsula road and took five sets of readings spanning from sunset (6:20 PM) to well after dark (7:36 PM).  The purpose of this exercise was to get observations that would bracket the usual full-daylight observations and give some information as to diurnal cycles.  Several of the stops were at locations already sampled in December 2001, so the data was beginning to have temporal as well as spatial coverage.

The southeast peninsula of St. Kitts has only recently been opened to development.  The key factor is the excellent new road, with the water and power utilities which run parallel to it.  Only a handful of residences have been build so far, and two or three low-investment beach bars.  There are ruins of two attempts at resort development in Cockleshell Bay, antedating the new utility lines.  Aside for these few structures, the entire area is in natural cover.  The higher hills (several are higher than 100 meters) are covered in grasses or scrub forest, while the lower ground has some savanna.  The free-roaming cattle, sheep and goats in the area may be the cause of the savanna on the low ground, while the high grasslands may reflect intermittent fires. 

The beaches are almost undisturbed.  Exceptions are sand dredging in Major’s Bay, which has been going on at a low level for several years, a small stone jetty in Cockleshell Bay, and the ruins of a saltworks at White House Bay.  Behind the beaches, there are several salt lagoons that dry in the first quarter of the year and one large perennial lagoon, the Great Salt Pond in the center of the peninsula.   

The absence of dredged channels, breakwaters, seawalls, parking lots, high-rise hotels, and other man-made structures offers a two-fold opportunity.  

1. It is possible to gather microscale weather data without having the currents of wind and water disturbed by man-made structures that are difficult to map.  This can be useful for field-validating the fluid-flow model at the core of TAOS.  

2. We can monitor the entire process of development and alteration that will occur over the next few years. 
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During business hours on Tuesday, I returned to the GIS room at the Physical Planning unit.  Around 10:00 AM, I met with Mr. Patrick Williams, Senior Physical Planning Officer.  I presented the set of hurricane maps to him, as I had done the day before for the rest of the staff, and raised the question of hazard classifications.  He agreed to review the classification system, and I gave him three copies of the table shown in Appendix I.  We arranged to meet again on Thursday.  Expecting that the classifications would probably meet with minor changes if any, I continued working on the series of hazard maps.

Eduardo Mattinet and I looked again at the problem of file formats.  Using David Lang’s maps of erosion hazard, were were able to establish the process necessary to import maps in the Erdas v.7.4, *.LAN format into Arc/Info. The import was successful, but we discovered that the erosion maps were still in the WGS-84 datum and Lat/long projection.  This was probably a simple oversight, and I decided that I could correct it using the georeferencing elements which David Lang had provided..

March 21, Wednesday: Sand Bank and Cockleshell Bays and Presentation at OAS.  

I returned to Sand Bank Bay at dawn (~6:15 AM) and walked the length of the beach.  This area had been difficult to map for the TAOS model because my sources conflicted. In addition, I had noticed the beach erosion assessment done by Gillian Cambers ( U. Puerto Rico, consulting to this same Project) which was posted in the GIS room of the Physical Planning Unit, and I wanted to look at the area in the light of her evaluation.

The beach faces north, with a line of steep sand dunes behind it.  The sand dunes show abundant evidence of recent or continuing erosion.  There was also a short scarp near the high tide line.  By contrast, the waves approaching the beach that day were quite small, about a quarter-meter high.  From the water line to one meter deep was a gentle slope, and half-meter waves were breaking in the middle of the bay.  This was an interesting combination of tranquil waters with shore erosion.

I snorkeled out to the middle of the bay and found a hard limestone bottom, quite smooth, at two meters deep.  The bottom cover was mostly algae with occasional encrusting corals.  These may be quick colonizers, and the bottom here may be smothered in sand and exposed in cycles.  There was at least one deeper channel with a sandy bottom indicating sediment transport out of the bay.  Near the headland, I found an active reef system, but there were few branching corals intact.  Rather, there was a lot of broken coral, re-cemented and apparently recovering from heavy seas

As a provisional explanation, it may be that this beach is usually sheltered by the shallow, hard bottom across the mouth of the bay.  During hurricanes passing to the north, such as Georges in 1998, the combination of storm surge and onshore winds may suddenly cause brief periods of rapid erosion.  The storm hazard maps had indeed shown that this coast has some of the highest surges in the region.

I left Sand Bank Bay and continued on to the east edge of the Great Salt Pond.  The shore of the pond is fringed with several hectares of dead trees.  There are two distinct bands, one older than the other.  Black mangrove is still living in this area, but I could not identify the dead trees, and I am not sure what caused the die-off.  It could have been salt intrusion onto dryland scrub forest, or smothering by sand transported during a storm.  Either way there was evidence enough that the lagoon level could change suddenly, probably during a storm, and kill established plant communities. 

Continuing on to Cockleshell Bay, I found that the lagoon there was quite dry: hard enough to walk on. The berm between the lagoon and the bay has been reshaped by earthmoving equipment, but its present level of about 1.5 meters is probably not very different from the natural level. The winds were deflected by the hill to the southeast, and I took readings at three locations to delineate the effect.

I returned to Basseterre in time for a meeting at the offices of OAS at 2:00 PM.  I met Ken Parker, OAS Director, and presented the set of hurricane maps to a small group of officials from both St. Kitts and Nevis.  

March 22, Thursday: Frigate, White House, and Ballast Bays.  

At dawn on Thursday, I went to North Frigate Bay. This is a low area right where the peninsula joins the main island and the new road starts.  It is being intensively developed with condominiums for visitors, and there are numerous questions regarding the exposure to storm effects.  There, developers have been bulldozing the dunes, removing the natural cover, and building privacy walls within 10 horizontal and 1.5 vertical meters of the water. There is a complicated barrier reef and a new breakwater, but it is doubtful that they will be adequate protection from waves when storm surge raises the water level. 

I had visited the area in December 2000 and taken various measurements, but I had been low on film, so I returned to take more pictures.  Although I had hand-edited the input data to have TAOS model the reef system, I am concerned that the 6 arc-second map resolution is too coarse to show enough detail to satisfy people directly concerned with the area.  The extra field observations may help me to address these issues in the final Atlas.

After Frigate Bay, I returned to the south end of the peninsula to survey two coves on the west of Great Salt Pond.  White House Bay and Ballast Bay are popular anchorages for yachts.  They are on the leeward side, away from the trade winds, and they are usually calm enough for riding at anchor overnight.  Although undeveloped until now, they are temping sites for marinas and resort hotels and the new road brings easy access by the north side of Great Salt Pond.

Both coves suffered heavy seas as Hurricane Lenny passed to the south in 1999.  White House Bay lost its sandy beach, and the storm threw up a cobble bar which had to be bulldozed before local boaters could carry equipment down to the shore.  The storm also threw up stones along the strand at Ballast Bay.  

As I surveyd and took pictures, it became clear that Hurricane Lenny was not an unusual event.  There was once a complex of buildings and machinery at White House Bay, possibly a salt works.  What remains now are broken bits of cut-stone masonry and smashed steam engines mixed in with cobblestones of lava and coral.  Some of this deposit is overgrown and appears to be many years old. There is a bed of soil which appears to be lagoon sediment but which now protrudes out into the open water of the bay, indicating that the shoreline has moved back at least 50 meters since it was deposited.  Ballast Bay was named for ballast-sized stones that make up the berm between the bay and the salt lagoon.  The berm is level along its length, about two meters high with a steep front.  The top is about thirty meters broad at the middle, with a dense growth of scrub trees.  The storm rolled stones back onto the salt flat about fifty meters, and piled them three meters high in one spot, but the cobble bar has been there much longer than one storm cycle.  Heavy seas are a recurring feature in these two coves.  The deep waters near shore account for this exposure, and the hurricane model was successful in showing this.

I went to the GIS office for a brief meeting with Patrick Williams, and returned to Ballast Bay with Eduardo Mattinet in the afternoon.  We snorkeled out onto Guana Reef, a shallow formation that separates Ballast Bay from White House Bay.   I found that the reef was active, with a wide variety of reef fish.  There was no large coral growth although there were the stubs of coral formations broken off.   This was further evidence that the area endures recurrences of heavy seas despite being sheltered most of the time. 
March 23, Friday: Friars Bay and Final File Transfers.

The final area to review was Friars Bay, North and South.  I started at North Friars Bay at 6:28.  This beach had some erosion on the face of the dunes, but there was also a large, soft sand bar accreting in the tidal zone.  There is fringing reef across at least part of the frontage.  Offshore was choppy surf.  Of particular interest was the track of a sea turtle who had come up as if to nest.  It appeared that the turtle had dug for a while but had not laid any eggs before returning to the sea.  The track was approximately two meters across: probably a loggerhead. 

On South Friar’s Bay the beach is quite steep, rising to a sand terrace at one meter high, with a half-meter bluff rising just behind that.  The ground behind the bluff is quite level and sandy, covered in dense scrub that hides a small lagoon.  There are two inexpensive beach bars, one at either end of the cove.  Apparently, much of the land is owned by Marriot Corp. but plans to build were halted by the damage of Hurricane Lenny.  That storm removed sand along the entire frontage, cutting the beach back by at least 10 meters in places. 

I got to the GIS office by 9:30 AM and met again with Patrick Williams.  We discussed the scheme for classifying hazard levels, and agreed that we could use it as it was. 

After that, I began translating all the hurricane phenomena maps to the local datum and exporting them as Erdas v. 7.4, *.LAN files in 8- or 16-bit grids.  This required converting all the meter values to centimeters, then converting all real numbers to bytes or integers.  I also re-projected David Lang’s erosion maps to the local datum and exported them.  Then, I exported the hazard-level maps created by the re-classification scheme.  

The files were almost ready when Eduardo Mattinet returned at 2 PM from a trip to Nevis.  We worked together until 5 PM, troubleshooting and proofreading the outputs before we were satisfied.

Antigua
March 24, Saturday: Travel and West Antigua.

I flew from St. Kitts and arrived on Antigua by 9:15 AM.  After renting a car, finding a room at the City View Hotel, and collecting some groceries, I set out to visit some sensitive areas on the west side of the island which I had not seen in December.  (See map, next page, for sites mentioned.)

The west side of Antigua is in the lee of the trade winds, so it usually appears quite sheltered.  This appearance is true for some places but not for others.  For instance, Hawksbill Beach is in view of several offshore rocks and small islets, but the reef structure is not complete enough to afford protection from storms to the west.  Five Islands Harbour is better.  It is almost enclosed, and it would be a good hurricane refuge, but the inner part is shallow and is backed by a large salt flat, subject to storm surge. 

The best protections along this coast are at St. John’s Harbour and Jolly Harbour.  St. John’s is a fully-developed commercial harbour with a dredged straight channel coming in from the west-northwest.  The shallow edges of this harbour are subject to sediment movement during a storm, and the channel may give access to chop and surge in the inner basins if a storm passes at just the right angle.

Jolly Harbour, behind Jolly Beach, is a relatively new development. It was cut from a natural lagoon and the entrance has been carefully engineered.  It is lined with heavy riprap to handle waves and no straight line penetrates all the way to the inner basin. Jolly Beach has protective sand bar about 200 meters offshore, although there is some sign that the sand is mobile.  The resort hotel is set back from the beach about 100 meters, on a terrace about 1.5 meters high.  It would take a powerful storm to overcome all these defenses.  If it were to happen, it would be a combination of surge, admitting large waves which would erode the sand protection, and wave runup crossing the low terrace to reach the buildings and canal development.

Jolly Beach and Jolly Harbour are especially interesting when compared to the newly-accessible beaches and lagoons on southern St. Kitts.  They could be developed in the same way, but careful engineering would be needed to protect the investment from storm waves arriving from the southwest.

I took weather readings and photographs until 5:30 PM, retuning to St. John’s before dark.



March 25, Sunday: Map Preparation.

Considering that I only had two business days on Antigua, I decided to prepare a full set of maps to the standards we had worked out on St. Kitts.  This took most of Sunday, but the hope was that few modifications would be required.

March 26, Monday: Office Work at NODS.
I arrived at the National Office of Disaster Services (NODS).  I met with Mr. Philmore Mullin, who had been my host during the visit in December.  He quickly arranged for me to present the hurricane maps to a meeting of planners and emergency managers the next morning.  Eva Chin, the GIS consultant responsible for pulling the hazard data together for Antigua and Barbuda, arrived by plane in mid-morning.  When she reached the office, it became apparent that several other people needed to work with her before me, so we agreed to meet at the end of the day.  

We met again at 4 PM, and I presented the maps to her, explaining how the numerical measures of wind, wave and surge had been re-classed as hazard levels 0,1,2,3, and 4.  (See Appendix I.)  She accepted the products, but she was concerned about how to summarize the hazard estimates for different return times, for the same phenomenon.  I was giving her twenty-four maps when she would be better off with just six.  After some discussion, we came up with the following procedure:

1. I was to add together the hazard maps by phenomenon, with weighting factors reflecting their frequency.  For instance, wind hazards on Antigua would be summed as


  10 X the wind hazard levels for the ten-year return time, 


+  4 X the wind hazard for the 25-year return time


+  2 X the wind hazard for the 50-year return time


+  1 X the wind hazard for the 100-year return time.

3. I was to examine histograms of the resulting maps.  By combinatorics, we knew there would only be a few quantiles with values.  By the nature of the terrain and the phenomena, areas that had a high value for one return time should also be sensitive for other return times, so the quantiles could be expected to clump in four or five distinct ranges.  

March 27, Tuesday: Presentation at NODS and Final File Transfers.
The next morning, I prepared the summarized hazard maps and brought them to NODS at 8:30 AM.  Philmore Mullin had arranged for an LCD projector, which came at 9:30, So everything was ready for the formal presentation of the maps at 10:00 AM.

The meeting included over ten representatives of different government agencies.  I started with a quick review of the Atlas of Probable Storm Effects.   Several of the attendees had already received copies of the compact disc for the Caribbean Disaster Mitigation Project, but they were unaware of the Atlas which is on that disc, so I explained how to find it by jumping down three directories and invoking the starting file.  The Atlas served as an introduction to the new maps, which were presented in the same colour scheme and ranges.  The question period went on for about half an hour.

After the meeting, I presented the new hazard maps to Eva Chin.  This included the entire set of maps: 3 phenomena, 4 return times plus a summary, two islands (Antigua and Barbuda), and two formats (numerical and hazard classes) in Erdas v.7.4 *.LAN format, with additional documentation (see Appendices).  It all fit on two floppy discs.

In the afternoon, I went to the east side of the island, trying to reach a hurricane hole called Ayers Creek.  I found the watercourse, but was not able to reach the seaside because the area is undeveloped and covered with dense scrub forest.  Instead, I took weather readings and photographs from an overlook.  Then I went to Devil’s Bridge, an exposed promontory which I had visited in December.  This is so exposed that it has basically the same wind, temperature, and humidity conditions as the open ocean.  The weather was ideal tradewinds sailing weather: clear with steady air.  

That made it all the more poignant when I noticed a 40-foot sailing yacht aground on a reef, three kilometers south of the point.  The vessel was over on its side, held fast with the waterline showing. Some of the other visitors to the promontory called the police.  Through my binoculars, I could see two small motorboats approaching the yacht, but they were held off by the surf.  I could not see anyone on the yacht, but the deck was turned away from me.  Seeing such distress in fair weather reminded me of the destruction a storm could bring. 

March 28, Wednesday: Departure.   

I left Antigua at 9:25 AM and reached Clemson ,SC around 7:00 PM, local times.

Conclusions
The storm hazard data has a good chance of being understood and properly used.  The GIS installations in both St. Kitts and Antigua appear to be ready to incorporate the storm hazard maps, and local officials show interest and understanding of the data.  On St. Kitts, two foreign consultants are in residence, supporting the GIS installation in addition to local staff.  On Antigua, the NODS staff operate the GIS, with a consultant from within the region who visits occasionally and helps with the set-up.    Antigua thus appears marginally more able to continue the work after the Project ends.  

The resolution of 6 seconds-of-arc, which was used for this set of maps, gives twenty-five times as much information as the Atlas of Probable Storm Effects, completed last year.  This resolution is fine enough to show some of the larger artificial constructions in the region: landfills and harbour works at Basseterre St. Kitts, St. John’s Antigua, and Jolly Harbour Antigua.  This resolution could not show the breakwaters off  North Frigate Beach, St. Kitts, Pinney’s Beach, Nevis, or many other valuable structures.  The resolution is also close to the wavelength of the large deep-water waves produced by the storm model, so misplacing a single pixel may affect the wave pattern over a large area.  

This creates a dilemma.  Some man-made structures will show, but not all.  Each decision to include or not include a breakwater or jetty in the model input will affect the model results.  Each structure represents a large capital investment.  If the resolution is refined any further, the number of custom edits and design decisions will increase exponentially.  Therefore, there will have to be more commentary provided with this set of maps than there was with the original Atlas. 

Because of the way that the workload increases exponentially as the resolution is refined, it will be most practical to limit future studies to specific, high value locations.  

Funds for such studies may be linked to specific capital investments.

Appendix I    Hazard Classifications

After consultation with Physical Planning on St. Kitts, we used the following intervals for re-classing storm phenomena as hazard levels.  

HAZARD LEVEL
DESCRIPTION
LOWER BOUND

windspeed 

in meters/sec.
UPPER BOUND

windspeed 

in meters/sec.
LOWER 

BOUND

surge in

 meters
UPPER

BOUND

surge in

 meters
LOWER 

BOUND

significant wave height in

 meters
UPPER

BOUND

significant wave height in

 meters

0
none
0
17
0.0
0.1
0.0
0.1

1
low
17
43
0.1
0.5
0.1
1.0

2
moderate
43
50
0.5
1.5
1.0
1.5

3
high
50
59
1.5
3.0
1.5
2.0

4
very high
59
100
3.0
100.0
2.0
100.0

Appendix II    Saffir / Simpson Hurricane Scale Adapted and expanded from Lutgens & Tarbuck, The Atmosphere: an Introduction to Meteorology, 3rd edition, Prentice Hall, Englewood Cliffs, NJ, USA
Category
Pressure

millibars
RMAX1

Km     nmi
Wind2

     m/s            kph             mph          knots
 Storm

    Surge3
meters
Damage

0   Tropical 

     Storm
> =   995


17 - 32
61 – 119
38 – 74
34 – 63
0.5 - 1.2
Some

1    Hurricane
980 - 995
45
25
33 – 42
119 – 153
74 – 95
64 – 82
1.2 - 1.5
Minimal

2          “
965 - 979
40
22
43 – 49
154 – 177
96 – 110
83 – 95
1.6 - 2.4
Moderate

3          “
945 - 964
30
17
49 – 58
178 – 209
111 – 130
96 – 113
2.5 - 3.6
Extensive

4          “
920 - 944
20
12
58 – 69
210 - 249
131 – 155
114 – 135
3.7 - 5.4
Extreme

5          “
<  920
17
9
> 69
>  249
> 155
> 135
>  5.4
Catastrophic

1.  The Radius of Maximum Winds (RMAX) varies considerably and would need to be calculated separately for each individual storm.  The figures above are representative enough to demonstrate the relationship between the strength of the storm and the tightness of the eye.

2.  Kph as supplied, other speeds approximate.

3.  Storm surge varies from place to place within the same storm.  The values shown are representative.

HANDY CONVERSION FACTORS, not precise unless stated “by definition”

             1 inch = 2.54 cm, by definition

             1 foot = 0.3048 m

             1 nautical mile = 1 minute of latitude = 1 minute of longitude at the equator = 1.852 kilometer = 1.1508 statute mile = 6076 feet

             1 knot = 1 nautical mile per hour = 1.852 Kph = 1.15 mph = 0.5144 meters per second

             1 meter per second = 1.944 Kts = 2.24 mph = 3.6 Kph

             1 standard atmosphere = 76 cm of mercury @ 0°C by definition = 14.7 psi = 1013.25 millibars  

             1 millibar = 100 Pascals by definition, NOT 1/1000 atmosphere

Appendix III  NAMING CONVENTION for maps of probable storm effects and storm hazard classes

Pre-prefix
prefix
infix
suffix
extension

CEN- means units are centimeters.  This is used for waves and storm surge
KIT- means St. Kitts
-ST- means storm surge
-00 means hundred-year return time, maximum- likelihood estimator
.LAN means ERDAS v. 7.4 lan image file, either 8-bit or 16-bit.

BYT- means that the file is in 8-bit bytes.  Not always used
NEV- means Nevis
-WA- means significant wave height
-10 means ten-year return time


HAZ- means hazard classification map (0 to 4)
ANT- means Antigua
-WS- means wind speed in meters per second
-25 means twenty-five year return time


INT- means that the file is in 16-bit integers. Not always used
BAR- means Barbuda

-50 means fifty-year return time





_CENTURY means that the hazard levels for the different return times have been summed and reclassed to give overall hazard level
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