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1.0 Introduction

Following the passage of Hurricane Georges in the Eastern Caribbean in 1998, the United States Agency for International Development – Jamaica / Caribbean Regional Program (USAID-J/CAR) developed a program of activities involving Hurricane Georges recovery and reconstruction in the Eastern Caribbean.  One component of these activities is the Post–Georges Disaster Mitigation (PGDM) program, established to reduce the vulnerability to natural hazards in Antigua and Barbuda and St. Kitts and Nevis, through disaster mitigation. Implemented by the Organisation of American States (OAS), the PGDM program has four primary objectives, viz.:

i. Development and implementation of national natural hazard mitigation policies and plans

ii. Adoption of national building codes and improved building practices

iii. National emergency shelter policies and programmes

iv. Increased public understanding of hazard mitigation options.

The basic information required for a comprehensive natural hazard mitigation is accurate data on natural hazard phenomena and their effects on vulnerable elements in the society.  Such data is used to identify country-specific measures that will lead to long-term vulnerability reduction in the target countries.  This report provides a review of the work in natural hazard and vulnerability assessment conducted by the consultant as part of the hazard mitigation plan development process.


1.1
Terms of Reference

The writer was contracted to provide
expertise in regional natural hazards and hazard mitigation, with special attention to natural hazard effects.  The terms of reference of the contract are presented as Appendix 1. 

1.2
Report Objectives and Scope

This report documents and reviews the body of work on natural hazards and its effects, and hazard mapping and vulnerability assessment procedures as outlined in the terms of reference (Appendix 1).  This constituted the following activities, executed from May 2000 to February 2001: 

i. Workshop on Natural Hazard Mitigation Planning 

ii. Workshop to develop Workplan 

iii. Hazard and Resource Data Evaluation Mission

iv. Hazard Prioritisation and Vulnerability Assessment Workshop

v. Review of Natural Hazard Assessments

vi. Hazard Map Integration Mission

It should be noted that, since the draft mitigation plan had not been completed at the time of writing, this report does not include a review of the degree to and level of accuracy with which country-specific hazard and vulnerability data has been incorporated into the mitigation plan, and in particular, translated into appropriate goals and objectives, policies and programmes. 

2.0 Schedule of Activities

A schedule of activities is presented in Table 1. The training workshops and non-workshop missions were designed to equip stakeholders with the knowledge and skills required to fully participate in and to prepare for various stages of the mitigation plan. The stakeholders consisted of a multisectoral, multidisciplinary group from the public and private sector, representing disaster management offices, agriculture, forestry, fisheries, environment, tourism, education, health, housing, social and economic development, physical planning, economic planning, infrastructure, utilities, industry and commerce, insurance and the protected services.  Detailed reports for each activity have been previously submitted and workshop manuals are included. 

Table 1:  Schedule of Activities

Dates
Activity
Location
No. of Participants

May 15-17, 2000


National Natural Hazard Mitigation Workshop


Antigua
23



May 18, 2000
Workshop to Develop Workplan for Mitigation Plan


Antigua
13

June 13-15, 2000
National Natural Hazard Mitigation Workshop


St. Kitts
41

June 16, 2000
Workshop to Develop Workplan for Mitigation Plan


St. Kitts
20

August 14-15, 2000
Hazard and Resource Data Evaluation Visit


Antigua
-

August 16-17, 2000


Hazard Vulnerability Assessment Prioritisation Workshop


Antigua
Day 1- 12

Day 2 - 20

September 11-12, 2000
Hazard and Resource Data Evaluation Visit


St. Kitts
-

September 13-14, 2000
Hazard Vulnerability Assessment Prioritisation Workshop


St. Kitts
32

January - May 2001
Review of Hazard Assessments


At Home
-

February 19-20, 2001
Hazard Map Integration Visit


Antigua
12

February 21-22, 2001
Hazard Map Integration Visit


St. Kitts
6

2.1 Natural Hazard Mitigation Planning Workshops; Antigua and Barbuda: May 15-17, 2000; St. Kitts and Nevis: June 13 – 15 2000 

A training workshop was held in each country to introduce stakeholders to the basic concepts and techniques of natural hazard mitigation and natural hazards mitigation planning. The stakeholder group comprised senior technical personnel in the public and private sector, and included members of the Mitigation Committee, a multisectoral group established in each country with responsibility for the development of the plan.  

The specific objectives of the hazard mitigation planning workshop were:

i. To sensitise participants to the characteristics of the natural hazards which affect the participating countries and the wider Caribbean, and to the vulnerability of natural and human resources to these hazards; 

ii. To outline a common vocabulary of terms and to demonstrate basic techniques of hazard and vulnerability assessment; 

iii. To outline the importance of natural hazard mitigation in development planning;

iv. To present the mitigation plan development process and to develop outlines of national and sectoral mitigation plans;

v. To establish a baseline of information on natural hazards and resources at risk.

A detailed workshop report has previously been submitted.  Table 2 summarises the topics covered and main results achieved.  A workshop manual is included as part of this report. The writer and Mrs. Lynette Atwell were the lead presenters. Mr. Patrick Jeremiah, Director of the Antigua and Barbuda Meteorological Services and Mr. Philmore Mullin, Deputy Director of the National Office of Disaster Services, also gave presentations on hurricanes / coastal storms and floods respectively.  In St. Kitts and Nevis, Mr. Ellsworth Warner and Mr. Don Grant of the St. Kitts and Nevis Meteorological Services gave presentations on hurricanes and floods respectively.

The workshops in both countries were well attended. Participants included representatives from the national disaster offices, public works, physical and economic planning, tourism and environment, health, housing, education, commerce and finance, agriculture, fisheries, forestry, engineering, insurance and the private sector.  In spite of good overall attendance, several key sectors did not attend either workshop.  In addition, since neither the plan writer nor the local coordinator for the mitigation plan had been contracted in either country, they did not attend these workshops. 
There was a generally high level of discussion and quality of participant presentations in the St. Kitts workshop.  However in both countries, many felt that the three-day workshop was too short in length. Several participants also suggested that more key agencies should have attended and in Antigua, the participants felt that that the course should be presented to government ministers.  
Further comments and recommendations for future workshops are presented in Section 5.1

Table 2:  Natural hazard mitigation workshop: Workshop topics and results

Topic
Result

· Definition of basic hazard terms

· Natural hazards in the Caribbean and their effects, vulnerability

· Significance of hazard mitigation 

· Traditional approaches to hazard mitigation on the Caribbean

· Natural hazard mitigation techniques

· Introduction to hazard and vulnerability assessment 


· Enhance understanding of hazards and hazard mitigation concepts

· Baseline of hazard and resources at risk data

Antigua and Barbuda

· Outline national hazard mitigation plan and mitigation plans for the tourism, infrastructure and health sectors

St. Kitts and Nevis

· Outline national natural hazard mitigation plan for St. Kitts and Nevis,; a local area plan for Nevis, and hazard mitigation plans for the infrastructure, tourism and housing sectors



2.2.
Workshop to Develop Workplan for Mitigation Plan

This training workshop immediately followed the mitigation planning workshop and was intended for members of the Mitigation Committee.  The main objectives of this workshop were:

i) To develop an outline of the proposed natural hazard mitigation plan and

ii) To develop a detailed workplan. 

iii) To outline the procedure for the development of a database of hazards and resources at risk.

Detailed workshop reports have previously been submitted. General comments are discussed below.

2.2.1 Antigua: May 18, 2000

A Mitigation Committee had not yet been established by the workshop date. Consequently, thirteen participants, including representatives from the National Office of Disaster Services (NODS), Public Works Division, Development Control Authority, Ministries of Planning, Tourism and Environment and Finance, the Antigua and Barbuda Public Utilities Authority, the Barbuda Council and the Antigua and Barbuda Chamber of Commerce, attended.

Table 3 summarises the topics covered and workshop output. The draft outline of the mitigation plan is presented as Figure 1. The 14-month workplan is presented as Appendix 2. 

Table 3: Workplan workshop: Workshop topics and results

Topic
Result

· Mitigation plan content

· Elements and structure of workplan

· Procedures for hazard and resource database 


· Mitigation plan outline 

· Detailed workplan, 14 months (Antigua and Barbuda); 12 months (St. Kitts and Nevis)

· Identification of relevant subcommittees and assignment of responsibilities for mitigation plan 

· Identification of subcommittee for compilation of hazard and resource database; distribution of data entry forms 



Figure 1: Mitigation Plan Outline 


Data entry forms for documentation of available data on hazards and resources at risk were distributed. A subcommittee consisting of physical planning, NODS, the Development Control Authority and the Barbuda Council was formed to collate and compile this data, in preparation for the Hazard and Resource Data Evaluation Mission.

In addition, the following decisions were taken:

i) There was a need for an institutional framework to be developed for plan preparation.  In this regard, it was agreed that there was a need for a Mitigation Council, comprised of Ministers of Government and Permanent Secretaries, who would oversee the overall plan process.  The Mitigation Committee (still to be established) would function as the executing arm of the Mitigation Council. The OAS Director in Antigua and Barbuda and the National Office of Disaster Services (NODS) agreed to work with the government of Antigua and Barbuda to establish both council and committee by mid-July, 2000;

ii) NODS would function as the secretariat for the plan preparation exercise;

iii) A representative of the Government Information Service should form part of the Mitigation Committee and;

iv) Public information should be an integral part of plan development and  should be incorporated throughout the entire plan development process.
Further, it was recommended that:

i) A 2-day workshop is scheduled to develop the goals and objectives of the mitigation plan and

ii) Once hired, the local coordinator would be responsible for further detailing the workplan.
2.2.2
St. Kitts and Nevis: June 16, 2000

A Mitigation Guidance Committee had already been constituted by the workshop date. Twenty participants attended, including the majority of the members of the Mitigation Guidance Committee. Table 3 summarises the workshop topics and output.  The draft 12-month workplan is presented as Appendix 3.  Working groups were also assigned to compile available data on natural hazards and resources at risk, in preparation for the Hazard Data Evaluation mission in September 2000.
It was agreed that:

i) The local coordinator would further detail the draft workplan and

ii) The technical coordinator for the PGDM project would clarify the responsibility for the mapping requirements for the hazard and vulnerability assessments. 

2.3 Hazard and Resource Data Evaluation Mission 

Antigua: August 14-15, 2000; St. Kitts: September 11-12, 2000

Task 6 of the workplans for the two countries (Appendices 3 and 4) required collation and compilation of all available data on hazards and resources at risk. This information was to be used during the above visit, in order to evaluate data quality and suitability for hazard assessment, and to prepare key input for the Hazard Prioritisation and Vulnerability Assessment Workshop. 

This task was not conducted in Antigua and Barbuda and, in the case of St. Kitts and Nevis, few reports had been collated.  Accordingly, over the period August 14 and 15 the consultant generated summary tables of hazard information utilising limited data made available at the NODS office, and based on the consultant’s knowledge.  These are presented in Appendix 4.  Similar tables were generated over the period September 11 and 12 for St. Kitts and Nevis and are also presented in Appendix 4.  

2.4 Hazard Prioritisation and Vulnerability Assessment Workshop 

The primary objectives of this workshop were:

i. To identify the natural hazards and critical facilities of greatest significance to each country and

ii. To familiarize participants with the NOAA methodology for vulnerability assessment of critical facilities.  

During each workshop, the following tasks were performed: 

i) Identification and prioritisation of natural hazards; 

ii) A review of typical methodologies for natural hazard assessments;

iii) Identification of the hazard assessment requirements for individual hazards; 

iv) Development of guidelines for the terms of reference for the hazard assessment studies;

v) Selection of critical facilities at risk; 

vi) Demonstration of typical procedures for vulnerability assessment of critical facilities ,including the NOAA methodology 

vii)  A practical exercise in vulnerability assessment. 

viii) Development of a detailed workplan to achieve the above tasks.

2.4.1
Hazard Prioritisation 

Participants conducted a formal prioritisation exercise to identify the natural hazards of critical importance to each country. The methodology, proposed by the National Oceanic and Atmospheric Administration (NOAA), ranked all the hazards which affect the country on a relative ranking scale (1 = lowest, 5 = highest) based on their probability (P), frequency (F), area impact (A) and magnitude (M), as follows:

HPS  =  (P + A + F) M 

Where HPS = Hazard Prioritization Score.

Figure 2 shows the priority hazards identified using this methodology.

Figure 2: Priority Hazards
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2.4.2
Hazard Mapping Needs Assessment 

The typical and available hazard data for prioritised hazards for Antigua and Barbuda and for St. Kitts and Nevis are summarized in Appendix 4.  Tables 4 to 11 summarise the data and information needs for assessment of each of the priority hazards, developed during this exercise.

Table 4: Summary of hazard assessment requirements, wind hazard 

Hazard Type:
Wind

Coverage:
Antigua, Barbuda, St. Kitts, Nevis

Hazard Product:
Maximum wind speeds for given return period

Scale:
200m grid resolution 

Level of Assessment:
Detailed

Existing Data:
Antigua, Barbuda

· Historical storm database – NHC source

· Digital elevation model (DEM), at coarse resolution 

· Ground cover, at coarse resolution

St. Kitts, Nevis

· Historical storm database (wind field data) – NHC 



Data Needs:


Antigua, Barbuda

· DEM at finer resolution 

· Ground cover at finer resolution

St. Kitts, Nevis 

· Digital Elevation Model (DEM) – under preparation by project 

· Ground cover – under preparation by project 

Constraints:
-



Comments / Recommendations:
Antigua, Barbuda

Check Meteorological Office for wind records

Table 5: Summary of hazard assessment requirements, storm surge hazard 

Hazard Type:
Storm Surge 

Coverage:
Antigua, Barbuda, St. Kitts, Nevis

Hazard Product:
Storm surge hazard 

Scale:
Grid resolution: 200m 

Level of Assessment:
Detailed

Existing Data:
Antigua, Barbuda

· Historical storm database – NHC source

· Bathymetric data, at coarse elevation

DEM, at coarse elevation

St. Kitts, Nevis

Historical storm database – NHC source

Data Needs:


Antigua, Barbuda

· Bathymetric data at finer resolution

DEM at finer resolution

St. Kitts, Nevis

· Bathymetric data 

· DEM – under preparation by PGDM project 

Reef configuration

Constraints:
-

Comments / Recommendations:
Antigua, Barbuda

· For reef configuration data, check:

i) Fisheries Division (C. Jeffreys) 

ii) Beach Monitoring Project, Univ. of  Puerto Rico

St. Kitts, Nevis

For reef configuration and bathymetry data check:

· CFRAMP database 

SE Peninsula, St. Kitts Project Reports

Table 6: Summary of hazard assessment requirements, ground shaking hazard

Hazard Type:
Ground shaking

Coverage:
Antigua, Barbuda, St. Kitts, Nevis

Hazard Product:
Seismic Hazard Maps (peak ground acceleration, maximum Mercalli intensity and maximum velocity for given return period)

Scale:
0.1 degree grid resolution 

Level of Assessment:
Detailed Methodology

Existing Data:
Antigua, Barbuda

· Maps available at 0.25 () degree grid resolution

· DEM, at coarse resolution

St. Kitts, Nevis

· Maps available at 0.25 degree grid resolution

· Earthquake intensities and distribution 



Data Needs:


Antigua, Barbuda

· DEM at finer grid resolution

· Geology map 

St. Kitts, Nevis

· DEM – under preparation by PGDM project 

· Geology maps of St. Kitts and Nevis to be upgraded 

Strong motion records 

Constraints:
-

Comments / Recommendations:
Antigua and Barbuda

· Check whether geology map exist



Table 7: Summary of hazard assessment requirements, volcanic hazard 

Hazard Type:
Volcano

Coverage:
St. Kitts, Nevis

Hazard Product:
Volcanic hazard maps for relevant hazards

Scale:
1: 25000

Level of Assessment:
Detailed Methodology

Existing Data:
· Distribution of volcanic products from Mt. Liamuiga (course notes)

· Map of areas of St. Kitts likely to be affected by pyroclastic flows (SRU)

· Map of channels for potential pyroclastic flows, St. Kitts  (PPU, St. Kitts) 



Data Needs:


· Map of previous hazard, Nevis

· DEM of St. Kitts, Nevis – under preparation by this project

· Flow parameters

·  Nevis to be upgraded 

· Geology maps of St. Kitts and Nevis to be upgraded 

 

Constraints:
-



Comments / Recommendations:
-

Table 8: Summary of hazard assessment requirements, coastal erosion hazard 

Hazard Type:
Coastal Erosion

Coverage:
Antigua, Barbuda, St. Kitts, Nevis

Hazard Product:
Coastal Erosion Hazard 

Scale:
1: 25000 

Level of Assessment:
Detailed Methodology

Existing Data:
Antigua, Barbuda

Coastal erosion data at Fisheries Division

St. Kitts, Nevis

· Beach profile data (Dept. of Env. St. Kitts, PPU, Nevis)

· Geology maps of St. Kitts and Nevis 

Data Needs:


DEM – under preparation by this project 

 Ground Cover – under preparation by this project

Constraints:
-

Comments / Recommendations:
Antigua, Barbuda

· Check:

i) APUA

ii) Environmental Division for detailed NW Coast (St. John’s – Bones Point) 1998 Study on coastal erosion

iii) Beach Monitoring Project, Univ. of Puerto Rico

St. Kitts, Nevis

· Check SE Peninsula Study 

Check Nevis Historical Conservation Society 

Table 9: Summary of hazard assessment requirements, flood hazard 

Hazard Type:
Flood 

Coverage:
Antigua, Barbuda, St. Kitts, Nevis

Hazard Product:
Flood Hazard Map 

Scale:
1: 25000 

Level of Assessment:
Detailed Methodology

Existing Data:
Antigua, Barbuda

· Flood prone-maps by DCA, highly generalised

· Rainfall data – check Met Office

· Stream gauge data – Soil and Water Conservation Unit

· DEM, at coarse resolution 

· Ground cover, at coarse resolution

St. Kitts and Nevis

· Recorded flood events, St. Kitts (PPU) 

· Rainfall data (SSMC; Met Office, St. Kitts; Dept. of Agriculture)

Stream gauge data – Water Dept., St. Kitts

Data Needs:


Antigua, Barbuda

· Stream flow records, river crossections, rainfall characteristics, ground cover, drainage basin characteristics

St. Kitts, Nevis

· Flood inventory

· DEM – under preparation by this project

· Ground cover – under preparation by this project

River (ghut) cross sections, drainage basin characteristics

Constraints:
-

Comments / Recommendations:
Antigua, Barbuda

· Check on availability and distribution of rain gauges

St. Kitts, Nevis

· Check Water Dept., Nevis for stream gauge data 

Table 10: Summary of hazard assessment requirements, inland erosion hazard 

Hazard Type:
Inland Erosion

Coverage:
Antigua, Barbuda, St. Kitts 

Hazard Product:
Inland Erosion Hazard 

Scale:
1: 25000 

Level of Assessment:
Detailed Methodology

Existing Data:
Antigua, Barbuda

Soil, water, soil moisture data – Ministry of Agriculture, Forestry Division

St. Kitts

· Soil map

· Land capability map

· Rainfall data (SSMC; Met Office, St. Kitts; Department of Agriculture) 

Data Needs:


St. Kitts

· Data on previous erosion incidents (SSMC; Dept. of Environment; Ministry of Agriculture) 

 

Constraints:
Identification of relevant expertise

Comments / Recommendations:
St. Kitts

· Check:

i) Soil and Water Conservation Dept (Mr. Joseph?)

ii) SSMC

iii) Department of Agriculture

Met Office

Table 11: Summary of hazard assessment requirements, drought hazard 

Hazard Type:
Drought 

Coverage:
Antigua, Barbuda, Nevis 

Hazard Product:
Drought Hazard / Drought Index 

Scale:
1: 25000 

Level of Assessment:
Detailed Methodology

Existing Data:
Antigua, Barbuda

Soil, water, soil moisture data – Ministry of Agriculture, Forestry Division 

Nevis

Rainfall characteristics/data for drought – Met Office, St. Kitts, Dept. of Agriculture, Nevis



Data Needs:


Antigua, Barbuda, Nevis

· To verify

 

Constraints:
-  Identification of relevant expertise

Comments / Recommendations:
Antigua, Barbuda, Nevis

Country is signatory to Convention on Desertification – check this source for data/assistance  

Antigua, Barbuda

To work with Environment Division to generate map products that meet need of PGDM project and Environment Division.

2.4.3
Terms of Reference Guidelines 

Table 12 shows the terms of reference for hazard assessment studies for the priority hazards identified for Antigua and Barbuda and for St. Kitts and Nevis. 

Table 12: Terms of Reference for Natural Hazard Map Suite 

Hazard Type:
Wind, Storm Surge, Drought, Flood, Coastal Erosion, Inland Erosion, Ground Shaking, Volcano

Coverage:
Antigua and Barbuda: all of the above except volcano

St. Kitts – Wind, Storm Surge, Flood, Coastal Erosion, Inland Erosion, Ground Shaking, Volcano

Nevis - Wind, Storm Surge, Flood, Coastal Erosion, Drought, Ground Shaking, Volcano

Scale of Mapping:
Drought, Flood, Coastal Erosion, Inland Erosion, Volcano - 1:25000

Wind, Storm Surge: 200 m grid resolution



Deliverables:
i) Hard copy map (original colour)

ii) Data in Arc Info GIS or compatible format

iii) Technical report describing the structure and content of the maps produced, the methodology employed in map preparation, including data collection, analysis and final preparation, map use and limitations, metadata and information sources. Recommendation for future work  should also be included.

iv) Non-technical summary of iii above

Information to include on map sheet:

Map to be presented on overlay base map (containing contours, roads, main towns) provided by the project
i) Title

ii) Scale

iii) Date of map

iv) Map should be zoned (color or gray scale) into 5 areas of relative hazard (very low, low, moderate, high, very high)

v) Legend with explanatory text; the map legend should explain in qualitative and quantitative terms, the meaning of the relative ranking terms. 

vi) Use and limitations of map

vii) USAID and OAS logos

viii) PGDM website

The hazard map itself should be located in the upper three quarters of the map sheet; the map title should be positioned in the top central area of the map, and the map scale on the lower left corner of the upper ¾ of the sheet. Items i) through viii) are to be positioned in the lower quarter of the map sheet, with the legend and explanatory text in the left half and items iii) and vi) to viii) in the right half. 

Mapping specifications:
Grid: British West Indies;  Projection: Transverse Mercator
Spheroid: Clarke 1880 (Modified); Units: Metre
Meridian of Origin: 62 ° W of Greenwich;  Latitude of Origin: Equator
Scale factor at Origin: 0.9995; False Coordinates of Origin: 400,000m Easting, Nil Northing

2.4.4
Vulnerability Assessment Procedure 

Participants were introduced to the NOAA methodology for vulnerability assessment of critical facilities (critical facilities analysis). This method calculates a facility vulnerability score (FVS), based on locational vulnerability, damage history, structural vulnerability, operational vulnerability and the hazard priority score (HPS). The method is detailed in Appendix 5. 

2.4.5
Selection of Priority Critical Facilities 

The following types of critical facilities were selected for vulnerability assessment in each country:

Figure 3: Priority Critical Facilities 
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2.4.6
Vulnerability Assessment Exercise

Workshop participants worked in four groups to conduct an actual vulnerability assessment of one of the following, using the methodology discussed:


ANTIGUA AND BARBUDA
ST. KITTS AND NEVIS

1.
Schools in Antigua
Schools in St. Kitts

2.
Shelters in Antigua
Shelters in Nevis

3.
Hotels in Antigua
Hotels in Frigate Bay Area

4.
Gov’t Facilities in St. John’s
Gov’t Facilities in Basseterre

5.

Utilities in Nevis

Once the most vulnerable facilities were selected by this method, opportunities for hazard mitigation were discussed.  

2.4.7
Workplan

The workplan developed for the hazard and vulnerability assessment studies is presented as Appendix 6. 

3.0
Review of Hazard Assessments 

Independent contractors prepared hazard assessments for six of the seven prioritized hazards for Antigua and Barbuda viz. wind, storm surge, drought, flood, beach erosion and inland erosion and for five of the prioritized hazards for St. Kitts and Nevis viz. wind, storm surge, flood, inland erosion (St. Kitts only), coastal erosion, drought (Nevis only). It was agreed that the Seismic Research Unit at the University of the West Indies, Trinidad would perform the assessments of ground shaking hazard in both countries and of volcanic hazard in St. Kitts and Nevis. As this work was expected to be completed after the project completion date, the resulting data would be incorporated into the mitigation plan at a later date.

In an attempt to standardize both report and map products, consultants were provided with guidelines for report and map preparation (Table 12).   Each consultant was required to produce the following hazard assessment output:

i. A hazard map/s, which divided the study area into 5 zones of varying hazard (very low, low, moderate, high, very high) 

ii. A technical report 

iii. A non-technical summary, for inclusion in the mitigation plan document

iv. A digital data set, containing all GIS layers used in the analysis.  All GIS data were to be in ArcInfo or ArcView compatible format, georeferenced to the common mapping standard for each island, and accompanied by the appropriate GIS metadata.

Over the period January to May 2001, the writer reviewed the draft hazard assessment output. Reviews of the draft hazard assessments of wind/ storm surge, drought, flood, beach erosion of Antigua and Barbuda, and of wind / storm surge, flood, beach erosion of St. Kitts and Nevis and of drought hazard of Nevis have been previously submitted.  Once the draft assessments were completed, each consultant presented the results to the stakeholders in the individual countries, for feedback and modification where necessary. 

4.0
Hazard Map Integration Mission

Over the period February 19 – 22, the consultant visited each country in order to present the results of the hazard assessments to the respective Mitigation Committees, and to discuss the methods to be used to integrate the hazard assessment data into the vulnerability assessment of critical facilities. 

It should be noted that by the date of this mission, only flood, coastal erosion and drought hazard assessments had been completed for Antigua and Barbuda and flood and coastal erosion hazard assessments for St. Kitts and Nevis. Therefore, the discussions focused on these products.

During the two-day mission to St. Kitts, the following was achieved: 

February 19, 2001

A.
Meeting with GIS consultant, Mr. Eduardo Mattenet:

i) Discussed the results of the draft flood and coastal erosion hazard maps of St. Kitts and Nevis;

ii) Reviewed the detailed procedure for determining the vulnerability of each critical facility to a given prioritized hazard, and discussed the methodology to integrate the hazard data with the vulnerability data in the GIS environment.  The desirability of complete automation of the procedures was also discussed;

iii)  Examined and discussed the digital and hardcopy versions of the critical facilities inventory created by the GIS consultant.  80% of the St. Kitts facilities inventory had been completed and only 20% for Nevis.  The consultant noted that he was having difficulties in securing the facilities data for Nevis. 

B. Meeting with Mitigation Guidance Committee

a.
Presented the main results of the coastal erosion and flood hazard assessments. This presentation included a discussion of the use, limitations and accuracy of the maps. Several issues were raised in this regard:

i. The real utility of the coastal erosion hazard maps, in light of the fact that highly erosive sections of the coastline were either not included in the study and/or had not been associated with a high hazard;

ii. Ghauts which were known to be susceptible to flooding had not been included in the flood hazard study.

The Committee also noted that it could not comment on the Nevis maps in detail as the Nevis representatives were unavoidably absent.

b. Reviewed in detail the procedure for vulnerability assessment of the different critical facilities and outlined the method for conversion of the hazard map and critical facilities data to vulnerability categories.   It was agreed that the Mitigation Guidance Committee would hold a one-day retreat in Nevis to generate the required vulnerability data.  The consultant would provide the team with detailed templates to facilitate this process (Appendix 7). 

iv.
It was also agreed that representative of the Mitigation Guidance Committee would meet with the permanent Secretary, Premier’s Office in Nevis to determine how best to obtain the relevant data on critical facilities for Nevis.


February 20, 2001

i. Met with Mrs. Euphemia Brice - Roberts, mitigation plan writer to outline the structure and content of the hazard phenomena and hazard assessments aspects of the mitigation plan document, and to clarify technical concepts and procedures

iii. Met with NEMA staff to repeat B (a).  

In Antigua and Barbuda , the following was achieved:

February 21, 2001

i.
Meetings with Key Stakeholders 

The results of hazard assessment for coastal erosion, flood and drought hazard were presented. Similar issues were raised regarding the accuracy of the coastal erosion hazard and flood hazard result. 

ii.
Outined the detailed procedure for integrating the hazard data to a vulnerability assessment of critical facilities was presented.  It was noted that the GIS consultant (E. Chin) had semi-automated the vulnerability assessment procedure, using the methodology, for Antigua and Barbuda; 

iv. Attended a demonstration by the GIS consultant of the semi-automated methodology, and recommended its use in St. Kitts and Nevis.

February 22, 2001

i. Worked with the mitigation plan writer, Mr. Ernest Benjamin, to outline the structure and content of the hazard and hazard assessments aspects of the mitigation plan document, to clarify technical concepts and procedures and to upgrade previous submissions

ii. Met with Philmore James, coastal erosion hazard subconsultant, to discuss the coastal assessment result, the concerns of the Mitigation Committee and possible modifications.  It was agreed that the study should be more appropriately referred to as beach erosion hazard assessment rather than coastal erosion hazard assessment. 

5.0 Comments and Recommendations 

5.1
Workshops 

A.
Attendance at workshops was consistently high in St. Kitts and Nevis but varied in Antigua and Barbuda.  In particular:

i. The initial workshops on natural hazard mitigation planning were well attended in both countries. However, several key sectors and key personnel critical to the successful development of the mitigation plan were not represented

ii. In both countries, neither the local coordinator or plan writer attended either of the three workshops. 

iii. The Mitigation committee in Antigua/Barbuda, the group responsible for plan execution, and the local coordinator, plan writer in both countries. Unfortunately, this latter scenario arose as none of these latter had been established at the time of the workshop. 

iv. There was overall low attendance at the hazard and vulnerability assessment workshop in Antigua and Barbuda; in addition, 65% of the total number of participants attended on the second (and final) day only 

v. In both countries, different personnel would represent the same sector in different workshops.

As the initial workshop on mitigation planning focused on the fundamentals of natural hazard and mitigation planning, and as the majoring of attendees did not have previous exposure to the subject matter, participants who did not attend this workshop had difficulty in following the subject material of subsequent workshops and there was a clear correlation in the level of understanding of participants who had attended previous workshops and those who had not. At times this limited the quality of discussion and delayed the workshop progress.  It is important to note that problems with attendance may have compromised the quality of the final mitigation plan.

The following is recommended for future workshops:

i. The Mitigation Committees should be constituted before the beginning of the workshop series.

ii. The Mitigation Committee should meet regularly and should regularly update its deliberations and scheduled activities of the mitigation plan to all stakeholders.  This can be facilitated if individual governments commit of staff to the project for the project duration. 

iii. Workshops should be advertised in advance, with reminders sent out.

iv. Notwithstanding the scarcity of technical resources, for purposes of continuity, as far as possible, the same individual should be identified by each sector to participate in all aspects of the project and to attend all workshops. Alternatively, it is suggested that two people per sector be identified, and information shared between them. 


B.
i)
It is imperative that both the plan writer and local coordinator attend all workshops and all meetings related to the project, in order to facilitate the creation of a quality mitigation plan. The late contracting of the local coordinators and plan writers, but in particular the plan writers, had obvious adverse effects on the quality of the write-up of the natural hazards and hazard and vulnerability assessment components of the plan and very likely, on the remainder of the plan document. 



ii)
It was clear that the problems experienced in writing were related to their unfamiliarity with the subject matter, and consequent difficulty in expressing concepts and describing technical procedures at the level required. 

C. The specific purpose of the workshop was to introduce the key agencies that were targeted to be directly involved in the process of plan development, to the fundamentals of natural hazard mitigation. It was therefore essential that participants leave with a clear understanding of the subject material.  More time should be allocated to individual workshops. Participants overwhelmingly noted this in the workshop evaluations, viz.  that the first workshops were too short and that the third, was tightly packed. The consultant agrees that, in the case of the first workshop pair, a 3-day workshop is insufficient to present the subject material at the level of detail required to achieve the workshop and project objectives, and to permit participants unfamiliar with the subject matter the time required to absorb new concepts and procedures.  The recommended workshop length are as follows:

Workshop
Recommend Workshop Length

Natural hazard Mitigation Planning 
4 days

Workplan Workshop
1 day



Hazard Prioritisation and Vulnerability Assessment
3 days

5.2
Hazard Assessments 

i. In general the final hazard assessments were of a high quality. They were based on sound scientific principles and on the application of detailed standardised methodologies for assessment of individual hazards.  Similar approaches and methodologies for countries of the Caribbean where these assessments do not currently exist.

ii. The non-technical summaries were intended for inclusion in the mitigation plan document. As such, they are expected to provide descriptions of the hazard assessment procedure, output, use and limitations, which are free of technical jargon and easily understood by non-hazard specialists. Several of the non-technical summaries did not achieve this goal and were more similar to executive summaries.  The intended use of the non-technical summary should be more explicitly stated in the terms of reference of future hazard assessments for mitigation plan development.

iii. The collective maps, companion GIS data layers and associated reports generated by this project constitute an important digital dataset of natural hazards in the individual country, which probably represents the first such comprehensive database of natural hazards in the Caribbean region. They are expected to be of invaluable multi-purpose use to a wide range of disciplines, including planners and environmentalists. 

iv. The digital database will permit rapid updating and analysis of natural hazards in the two countries. Standardisation of the hazard assessment methodology and of the digital hazard databases developed for the two countries will permit ease of data transfer and will facilitate ease of comparison of hazard data between countries. 

v. It is recommended that the database is expanded to include a) other natural hazards and associated hazard assessments and b) multihazard assessments.

vi. The formats and general process applied in this project can be used as a model for development of natural hazards databases in other Caribbean territories and elsewhere.

vii. Aside from a review of hazard assessment methodologies which formed part of the workshops’ agenda, there was no evidence of an increased ability of either individual country to perform a hazard assessment without external assistance. Thus little technology transfer occurred.  It is recommended that future projects place greater emphasis on technology transfer as a means of improving self-reliance and sustainability of the mitigation effort in each country. 

5.3 Vulnerability Assessment

i. Excellent application of GIS and MS Access to semi-automate the vulnerability assessment of critical facilities.  The GIS design permits rapid data entry and updating of vulnerability data and expansion of the facilities database. 

ii.
The training of NODS personnel in the use of the GIS to perform the vulnerability assessment procedure was productive. 

iii.
The actual vulnerability assessment of critical facilities was not as rigorous as expected and was not taken to its natural conclusion.  The assessment should have been extended to include a more robust multi-vulnerability analysis as a means of identifying the critical facilities and/or areas of the country that are the most vulnerable. 

iv.
With respect to iv), it is recommended that:

a. The consultant performing the vulnerability assessment should have familiarity / expertise in hazard and vulnerability assessment. The comments in B (ii) above apply. 

b. The terms of reference for this position should be revised, with input from a hazard specialist.

5.4 General Recommendations

i. It is recommended that similar projects conducted in the future should be of longer duration. An 18-month period is recommended.  This would allow greater opportunity for maximum interaction among the diverse groupings and more efficient merging of the various plan elements.

ii. Once completed, the hazard mitigation plan and its outputs must be used to continue the momentum of mitigation awareness developed during this project. Examples include:

· Hazard maps should be made widely available in both hardcopy and digital formats. The maps should include documentation containing simple explicit explanations indicating their use and application and where they can be located. They must be made widely available to all key stakeholders and communities, and at minimum cost. 

· The approach used here should be applied in the development of community mitigation plans and in the promotion of hazard mitigation at the community level.

-
Natural hazard mitigation plans should be developed in other Caribbean territories using the model applied here, along with lessons learned.

iii. The use of the project website as the main platform to disseminate information and to update data produced by the project was very effective and should continue. However, further consideration should be given to determining what materials are posted in this very public setting.  Posting of documents which are poorly written and/or demonstrates incomplete understanding of the subject material should be avoided.  A suggested general rule of thumb is that only acceptable drafts or better should be posted.  In addition, it is essential that consultants’ reports, and in particular comments and recommendations, be screened prior to posting of these documents. Several of these comments and recommendations, documented in good faith and of real potential assistance to clients/governments, are not intended for viewing by the very wide audience of the internet. This may prove to be embarrassing to governments and have the potential to mar the relationship between clients/governments and consultants.

iv. In future projects, the consultants in mitigation planning and in natural hazards should be more extensively involved in defining the project scope, formulating project structure and activities, clarifying roles and responsibilities and in monitoring the progress of the mitigation plan. This approach would ensure more efficient plan development process. 

v. A good attempt at a complex and difficult project and a model for future plans.

APPENDIX 1

Terms of Reference

III.
Under this contract, the consultant will:

a. 
Undertake hazard mitigation planning introduction and training activities

in Antigua & Barbuda and St. Kitts & Nevis. Included in these activities

are: 

i. 
Organize and conduct national hazard mitigation introductory workshops and a targeted training for the project's mitigation committee members. The goal of the broader training sessions is to introduce mitigation planning, to establish a common vocabulary and approach to mitigation planning for use in each country and to establish a baseline of hazard information that is currently available. The goal of the session with the mitigation committee is to develop a draft 12-14 month workplan for developing a national mitigation plan, for presentation at a national consultation. Initial activities in the workplan are to include the assembly of all existing hazard/vulnerability information, resource at risk info (such as population and infrastructure) and copies of national plans, policies and regulations applicable to hazard mitigation. A draft outline for the hazard mitigation plan document will also be developed during this workshop. These workshops will be held individually in both country.

ii. 
Organize and conduct hazard/vulnerability assessment prioritization workshops. After existing information has been assembled, a second workshop will be held to identify information gaps/needs and to conduct a formal prioritization exercise for filling those gaps/applying the available hazard assessment funds in the project. Assist with the development of terms of reference for identified hazard/vulnerability assessments to be carried out with project funds to ensure that the outputs are useful for the mitigation planning process. These workshops will be held individually in both countries.

b. 
Assist with the development of National Hazard Mitigation Plans in

Antigua & Barbuda and St. Kitts & Nevis through the following activities:

i. .Review the hazard mitigation information that has been collected and developed under the PGDM project and assist with the integration of this information into the hazard mitigation planning process. This activity is a follow-up to the hazard/vulnerability assessment prioritization workshops carried out under §III.a.ii above and is to be provided in person in both countries.

ii. 
Travel to both countries to participate in final national consultations for the project. The draft final hazard mitigation plans will be presented and discussed at these national consultations.

The consultant shall submit the following documents to GS/OAS' satisfaction. All documents are to be submitted in electronic format:

a. 
Workshop reports for both of the introductory hazard mitigation workshops (one per country). These reports are to include descriptions and

observations from the workshops and copies of the draft workplan and document outline, as described under III.a.i above.

b. Workshop reports for both of the hazard/vulnerability assessment prioritization workshops. These reports are to include information about gaps identified and hazard assessment priorities and copies of terms of reference developed, as described under §III.a.ii above.

c. Trip reports for the information review missions described under §III.b.ii above.

d. A final report on the project. Included in this report will be final copies of the supporting materials developed for the project, an assessment of the strengths and weaknesses of the final mitigation policy/plan documents and recommendations for how to best conduct similar activities elsewhere within the region.

Appendix 2:  Workplan for Natural Hazard Mitigation Plan, Antigua and Barbuda


TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

1
Hazard Mitigation Workshop
i) Introduce natural hazard mitigation and mitigation planning

ii) Develop baseline of hazard and resource data
15/5 – 17/5
Consultants: C. Rogers, L. Atwell
Completed; Hazard and resource database to be completed

2
Mitigation Committee Workshop
i) Develop draft workplan

ii) Preliminary outline of mitigation plan


18/5
Consultants: C. Rogers, L. Atwell


3
Submission of Draft Work Plan

1/6 
Consultants: C. Rogers, L. Atwell


4
Submission of Draft Plan Outline

1/6
Consultants: C. Rogers, L. Atwell


5
Establish National Mitigation Council

Deadline: Mid July
OAS Director, NODS


6
Complilation of data on  hazards and  resources at risk 
i) Compile existing  hazard data 

ii) Compile existing data on resources at risk 
17/5 – 30/7


DCA (P. Harris), NODS (P. Mullin), Planning (A. Henry); Barbuda Council (A. Beazer) 
Data required for Step 7

7
Hazard / Vulnerability  Prioritisation Workshop 
i) Identify data gaps

ii) Prioritise hazards

iii) Identify who to fill gaps

iv) Demonstrate vulnerability assessment methodology

v) 
14/8/ - 18/8


Consultant: C. Rogers
· Participants to be mitigation committee members and other selected technical personnel 



8
Terms of reference for hazard mapping assessment contracts
i) Develop terms of reference for hazard mapping assessment contracts 
14/8 – 21/8
C.  Rogers, Mitigation Committee, Local Coordinator


9
Contracts by Project Coordinator to perform hazard assessments 
ii) Perform hazard assessments f for priority hazards 
1/9 – 30/11



10
Vulnerability Assessment Data Collection 


i) Complete database of resources at risk to priority hazards 


19/8 – 31/10 
Mitigation Committee 



TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

11
Vulnerability Assessment 
i) Perform detailed vulnerability assessments for priority hazards


1/11– 31/1
Mitigation Committee; Local Consultant
· To be conducted by local personnel; funding available

· To clarify and detail responsibility for mapping requirements

12
Capability Assessment and Mitigation Opportunity Analysis


i) Assess capability of existing systems to execute mitigation activities 

ii) Analyse capability assessment results

iii) Identify mitigation opportunities

Assessment


9/6 – 31/1
Mitigation Committee as follows:

1. Agriculture, Forestry, Fisheries and Environment and Tourism; Team Leader – Desiree Edwards 

2. Education, Health, Housing and Community Development; Team Leader – Joan Gomes

3. Planning – Physical and Economic, Disaster agencies, Private sector - 

4. Infrastructure, Utilities- Water, Electricity,  Telephone, Sewerage, roads, ports, Protective Services; Team Leader – Victor Meade and Milton Pringle


· Have to revisit capability assessment and mitigation opportunities analysis 



13
Plan Formulation
i) Establish goals and objectives

ii) Develop strategies, plans, policies and programmes


21/8 – 8/2 

21/8 – 28/2
L. Atwell, Mitigation Committee, Local Coordinator. Plan Drafter
· Week of Feb 1 to 8 for workshop on finalising goals and objectives


TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

14
Submission of Preliminary Components of Plan 
i) Prepare plan introduction (see detailed plan outline), hazard identification, hazard prioritisation, preliminary capability assessment analysis, preliminary identification of mitigation opportunities


30/9 
Plan Drafter, Local Coordinator


15
Draft Plan 

21/8 – 28/2
Plan Drafter; Local Coordinator


16
Public Consultation on Draft Plan
i) Series of consultations – Antigua, Barbuda, community meetings, interest groups, NGOs etc. 
15/3 – 15/4 
Mitigation Committee, Local Coordinator in conjunction with Government Information Service 
· 1 month of public consultations culminating in national consultation on 31/3



17
Redraft Plan
i) Redraft plan


1 6/4 - 31/5
Plan Drafter


18
Presentation of Final Plan to National Mitigation Council 
i) Present final plan to NMC


15/6



19
Handover to Government 

30/6



1 - 19
Public Relations
i) Establish aggressive public relations campaign to market the plan


15/5/00  - 30/6/01
Mitigation Committee, Local Coordinator in conjunction with Government Information Service
Process to occur throughout all stages of plan development

Appendix 3: Workplan for Natural Hazard Mitigation Plan, St. Kitts and Nevis


TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

1
Hazard Mitigation Workshop
iii) Introduce natural hazard mitigation and mitigation planning

iv) Develop baseline of hazard and resource data
13/6 – 15/6
Consultants: C. Rogers, L. Atwell
Completed; Hazard and resource database to be completed

2
Mitigation Committee Workshop
iii) Develop draft workplan

iv) Preliminary outline of mitigation plan


16/6
Consultants: C. Rogers, L. Atwell


3
Submission of Draft Work Plan

30/6 
Consultants: C. Rogers, L. Atwell


4
Submission of Draft Plan Outline

30/6
Consultants: C. Rogers, L. Atwell


5
Establish National Mitigation Council

Established 



6
Complilation of existing data on  hazards and resources at risk 
iii) Compile existing  hazard data 

iv) Compile existing data on resources at risk 
16/6- 31/7


NEMA (Carl Herbert, Llellewyn Newton), Economic Planning, (Berneece Herbert, Hazel Hilary), Physical Planning  (Lewis Newton, Patrick Williams) 
Data required for Step 7

7
Hazard / Vulnerability  Prioritisation Workshop 
vi) Identify data gaps

vii) Prioritise hazards

viii) Identify who to fill gaps

ix) Demonstrate vulnerability assessment methodology


11-14/9


Consultant: C. Rogers
· Participants to be mitigation committee members and other selected technical personnel 



8
Terms of reference for hazard mapping assessment contracts
iii) Develop terms of reference for hazard mapping assessment contracts 
14-20/9
C.  Rogers, Mitigation Guidance Committee, Local Coordinator


9
Contracts by Project Coordinator to perform hazard assessments 
iv) Perform hazard assessments  for priority hazards 

S  Stichter



TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

10
Execution of hazard assessments
ii) 
21/5 – 31/12
S. Stichter/ Consultant


11
Vulnerability Assessment Data Collection 
iii) Complete database of resources at risk to priority hazards 


19/8 – 31/10 
Mitigation Guidance Committee 


12
Vulnerability Assessment 
ii) Perform detailed vulnerability assessments for priority hazards


1/12 – 28/2
Local Consultant, Mitigation Guidance Committee
· To be conducted by local personnel; funding available

· To clarify and detail responsibility for mapping requirements

13
Capability Assessment and Mitigation Opportunity Analysis
iv) Assess capability of existing systems to execute mitigation activities 

v) Analyse capability assessment results

vi) Identify mitigation opportunities

Assessment


30/6 – 28/02
Mitigation Guidance Committee
· Have to revisit capability assessment and mitigation opportunities analysis 



14
Workshop to Develop Goals and Objectives 
Develop goals and objectives based upon capability assessment and mitigation opportunity analysis
 Nov 15
L. Atwell
· 

15
Plan Formulation
iii) Establish goals and objectives

iv) Develop strategies, plans, policies and programmes
1/09 – 30/10
L. Atwell, Mitigation Guidance Committee, Local Coordinator. Plan Drafter
· Week of Feb 1 to 8 for workshop on finalising goals and objectives

16
Submission of Preliminary Components of Plan 
ii) Prepare plan introduction (see detailed plan outline), hazard identification, hazard prioritisation, preliminary capability assessment analysis, preliminary identification of mitigation opportunities


1/09 - 30/10 
Plan Drafter, Local Coordinator, Mitigation Guidance Committee


17
Writing of Plan

1/09 –  1 /  4 
Plan Drafter; Local Coordinator, Mitigation Guidance Committee



TASK


DUTIES
TIME
RESPONSIBILITY
COMMENTS

18
Public Consultation on Draft Plan
ii) Series of consultations – St. Kitts Nevis Meetings, interest groups, NGOs etc. 
14/04 – 14/05 
Mitigation Guidance Committee, Local Coordinator in conjunction with Government Information Service 
· 1 month of public consultations culminating in national consultation on 31/3



19
Redraft Plan


ii) Redraft plan


15/05 – 11/06 
Plan Drafter


21
Presentation of Final Plan to National Mitigation Council 
ii) Present final plan to NMC


15/6



22
Handover to Government 

29/06



23
Public Relations
ii) Establish aggressive public relations campaign to market the plan


Ongoing
Mitigation Guidance Committee, Local Coordinator in conjunction with Government Information Service
Process to occur throughout all stages of plan development

Appendix 4A: Available Data on Hazards and Resources at Risk, Antigua and Barbuda

Earthquake Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA
COMMENTS

END PRODUCT

SOURCE DATA

COMMENTS

Isoacceleration map (shows peak ground acceleration)
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data


· 

· Expected Peak Horizontal Ground Acceleration with 10% probability of exceedance in 50 years

· 



· hazard map at 0.25 grid resolution; finer resolution needed for Antigua and Barbuda 

· GIS compatible



Isointensity map
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data




· Expected Maximum Modified Mercalli Intensity with 10% probability of exceedance in 50 years





· as above



END PRODUCT
SOURCE DATA
COMMENTS

END PRODUCT

SOURCE DATA

COMMENTS

Isovelocity
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data




· Maximum Ground Velocity 





· as above



Microzonation map (liquefaction)
· geotectonic and geophysical data e.g. faults, soil type, geology, groundwater conditions 




· Not available







DATA GAPS 

MAP AND/OR SOURCE DATA 
REQUIREMENTS- SCALE, FORMAT, DIGITAL TABLE, COVERAGE , ETC 

PGA, Intensity maps ok but require finer resolution


Liquefaction map, require DEM? 





Storm Surge Hazard

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA
COMMENTS

END PRODUCT

SOURCE DATA

COMMENTS











Storm Surge Hazard Map
· Bathymetry 

· Topography 

· Storm track/wind field data 




· Storm surge hazard maps 



Maps show maximum wind, wave heights and storm surges likely to occur for 10, 25, 50 and 100 years 



Flood Hazard

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA
COMMENTS

END PRODUCT

SOURCE DATA

COMMENTS











Flood Hazard Map
· Rainfall characteristics

· Drainage basin characteristics

· Ground cover

· River channel characteristics


· Scale >=1:10000



· Flood – prone maps (2)



Flood-prone maps not suitable for project purpose

DATA GAPS 

MAP AND/OR SOURCE DATA
REQUIREMENTS - SCALE, FORMAT, DIGITAL TABLE, COVERAGE, END PRODUCT TYPE ETC.

Require detailed flood hazard maps 


Appendix 4B: Available Data on Hazards and Resources at Risk, St. Kitts and Nevis 

Earthquake Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Isoacceleration map (shows peak ground acceleration)
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data



· Expected Peak Horizontal Ground Acceleration with 10% probability of exceedance in 50 years

· 
· Shallow, intermediate and deep seismicity, St. Kitts and Nevis  (from Seismic Research Unit quarterly bulletins and other reports)


· hazard map at 0.25 degree grid resolution; finer resolution needed 

· all maps GIS compatible



Isointensity map
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data



· Expected Maximum Modified Mercalli Intensity with 10% probability of exceedance in 50 years


· as above


· as above



Isovelocity
· strong motion records

· intensities and their distribution

· geotectonic and geophysical data

· Maximum Ground Velocity 


· as above


· as above



END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Microzonation map (liquefaction)
· geotectonic and geophysical data e.g. faults, soil type, geology, groundwater conditions 



· Map of potential sites for liquefaction


· n.i.


· Part of Hazard Map of St. Kitts (Graeme Browne, UNDP/UNCHS, date unknown)

· Generalised multihazard map; 1:25000; paper map, analogue data; located at PPU



DATA GAPS
REQUIREMENTS

PGA, Intensity maps ok but require finer resolution
0.1 degree grid 

Liquefaction hazard map
Require DEM, surficial geology map

Tsunami Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Wave runup map
· Historical records



· Not available

· Useful hazard data to be derived from Kick em Jenny Project



Flood inundation map 
· Historical records to map highest flood levels



· Not available
· Available?


· as above



DATA GAPS 
REQUIREMENTS

Tsunami hazard map for St. Kitts and Nevis 
To check Seismic Research Unit




Volcanic Hazard 
TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Volcanic hazard maps for different volcanic hazards, viz.: pyroclastic flows, lahars, airfall eruptions, volcanic landslides, volcanic tsunamis
· map of previous hazard 

· digital terrain model

· estimate of flow parameters



1. Map of distribution of volcanic products from Mt. Liamuiga, St. Kitts, with map of approximate extent of areas affected by pyroclastic flows, lava flows and airfall eruptions


· Outline geology map of St. Kitts (shows different types of deposits e.g. pyroclastics, basalts, andesite domes)

· Outline geology map of Nevis (shows different types of deposits e.g. pyroclastic flows, mudflows and dome deposits) (Martin-Kaye, 1950s)

· 
· Outline geology maps appear in unpublished paper by J. Shepherd, SRU




2. Map of areas of St. Kitts likely to be affected by pyroclastic flows, showing estimated probability of events; 

      (scale 1: 100 000) 



· Taken from unpublished paper by J. Shepherd, SRU



END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS




Map of channels for potential pyroclastic flows

· Part of Hazard Map of St. Kitts (Graeme Browne, UNDP/UNCHS)

· -generalised multihazard map; 1:25000; paper map, analogue data; PPU 



DATA GAPS 
REQUIREMENTS 

St. Kitts:  more detailed hazard maps required 

Nevis:  hazard map required 


Nevis – areas affected by Montserrat-style eruption on Nevis Peak 

DTM for both islands, estimated flow parameters


Storm Surge and Wind Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Storm surge hazard maps
· Bathymetry 

· Topography 

· Storm track/wind field data , from historical storm database

· Surface characteristics

Storm surge hazard map (Watson, 2000) return period

· Maps GIS compatible

· Maps show maximum wind, wave heights and storm surges likely to occur for 10, 25, 50 and 100 years 

· More appropriate for mitigation planning 






Storm Surge Hazard Map (CIMH)  (Ref. Storm surge atlas for St. Kitts and Nevis, CIMH)
USGS digital data sets
· CIMH maps more appropriate for emergency management purposes






Potential sites for destructive storm surges 

· Part of Hazard Map of St. Kitts (Graeme Browne, UNDP/UNCHS)

· -generlaised multihazard map; 1:25000; paper map, analogue data 

· located at PPU

Flood Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Flood Hazard Map
· Rainfall characteristics

· Drainage basin characteristics

· Ground cover

· River channel characteristics



Map of recorded flood events

· Map useful inventory for input into flood hazard map

· Part of multihazard paper map of St. Kitts (Graeme Browne, UNDP/UNCHS);  1:25000; PPU



DATA GAPS
REQUIREMENTS

Require detailed flood hazard maps 
scale >=1:10000

Coastal Erosion Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Susceptibility to coastal erosion; 

Map of rate of coastal erosion
· Geology

· coast morphology

· ground cover

· wave energy, direction



· Not available
· Several COSALC reports (by G. Cambers) contain analyses of changes in beach profiles post-1992
· Vegetation, wildland management areas, forest resources, principal wildlife habitats, terrestrial wildlife resources, geomorphology, land stability, earth resources, for South East Peninsula available in Brown, 1989)

DATA GAPS
REQUIREMENTS

Coastal erosion map for St. Kitts and Nevis
1:25000 scale mapping

DEM 
< 10m resolution

Inland Erosion Hazard 

TYPICAL HAZARD DATA

EXISTING DATA

END PRODUCT
SOURCE DATA

END PRODUCT
SOURCE DATA
COMMENTS

Susceptibility to erosion hazard
· soil type

· geology  

· slope 

· soil/rock erodability

· rainfall characteristics 

· ?
· soil map

· geology map

· rainfall (?) map
- Check Cambers beach monitoring profiles reports

DATA GAPS 
REQUIREMENTS

Inland erosion hazard for St. Kitts,  Nevis 

Detailed erosion hazard maps for selected ghuts in St. Kitts and Nevis
· 1:25000 scale mapping

· 1: 10000 – 1:5000 scale of mapping

DEM; rainfall characteristics
< 10m resolution

Appendix 5:  Vulnerability Assessment of Critical Facilities: 

Determination of the Facility Vulnerability Score


Appendix 6:  Workplan for  hazard and vulnerability assessments


TASK 
DUTIES
TIME / DEADLINE
RESPONSIBILITY

6
Compilation of data on hazards and resources at risk 
Hazards:

Wind:

i. Secure DEM at appropriate fine resolution

ii. Secure ground cover data at appropriate fine resolution 

iii. Check Meteorological Office for wind records   

Storm Surge:

i. Identify best available source of bathymetric data

ii. Identify data reef configuration

iii. Secure DEM at appropriate fine resolution 

Drought:

i. Identify local expertise on drought hazard

Ground Shaking:

i. Secure DEM at appropriate fine resolution

ii. Verify existence of geology maps of Antigua and Barbuda

Flood:

i. Acquire stream flow records, data on river cross sections, rainfall characteristics, ground cover and drainage basin characteristics

Erosion:

i. Secure relevant soil and water data

ii. Secure data on coastal erosion

Critical Facilities

i. Compile list of available data for 8 critical facilities categories

.  
15/9/00

“

“

“

“

“

“

“

“

“

“

“

“
S. Stichter

S. Stichter

S. Stichter, Local Coordinator 

P. James

“

S. Stichter

S. Stichter, D. Black-Layne

S. Stichter

C. Rogers

D. Edwards, D. Black-Layne

D. Edwards, D. Black-Layne

P.  James

P.  Harris

7
Hazard Prioritisation Workshop 



Completed



TASK 
DUTIES
TIME / DEADLINE
RESPONSIBILITY

8
Terms of reference for hazard mapping assessment contracts

Completed


9
Contracts by Project Coordinator to perform hazard assessments 
i. Perform hazard assessments for priority hazards


1/9 – 15/12
Consultants

10
Vulnerability Assessment Data Collection 
i. Develop critical facilities inventory


19/8 – 31/10
S. Stichter, Consultant, Supporting Agencies/Sectors

11
Vulnerability Assessment 
i. Perform detailed vulnerability assessment of identified critical facilities for priority hazards


1/11 – 31/1
S. Stichter, Consultant, Supporting Agencies/Sectors

Appendix 7

Template for calculation of FVS

POST-GEORGES DISASTER MITIGATION PROJECT, ST. KITTS AND NEVIS

CRITICAL FACILITIES ANALYSIS

CALCULATION OF FACILITY VULNERABILITY SCORES (FVS)

INSTRUCTIONS

1. Print the following Excel files: St. Kitts FVS template, Nevis FVS template (attached)

· Each template (file) has 5 sheets; one sheet for each of the 5 types of facilities included:

Sheet 1 – shelters

Sheet 2 – schools

Sheet 3 - health facilities

Sheet 4 – government buildings

Sheet 5 – utilities. 

You may create more templates for other types of facilities by changing the names on the template

· Each sheet has 6 pages, five of which are to be used to calculate the FVS values * for the relevant facility type for each hazard*, and the last page (page 6) is to be used to enter the FVS values for that critical facility type, e.g. for all schools

*For St. Kitts - wind, storm surge, coastal erosion, inland erosion, flood

*For Nevis - wind, storm surge, coastal erosion, drought, flood

· Note the following symbols used on the individual sheets:






SK
ST. KITTS
SH
SHELTER

N
NEVIS
SCH
SCHOOL



HF
HEALTH FACILITY

W
WIND
GB
GOVT BUILDING

SS
STORM SURGE
UT
UTILITY

CE
COASTAL EROSION



IE
INLAND EROSION



F
FLOOD



D
DROUGHT








Thus the SK_SH_W  sheet should be used to determine the FVS values for shelters to the wind hazard in St. Kitts

2.
Use the following equation to calculate the FVS values

FVS  = (L + V) HPS

L  - Locational risk, V – Vulnerability, HPS – Hazard Priority Score

V  =  DH + S + O where:

DH – Damage history

S –     Structural vulnerability

O –    Operational vulnerability

SEE BELOW FOR ASSOCIATED VALUES

Thus, using the SK_SH_W sheet as an example, do the following:

3. Enter the names of the shelters

4. Enter a code for each shelter, if you wish e.g. sh1, sh2 etc.

5. Determine the HPS (Hazard Priority Score) values for each hazard by ranking the hazards from 1 to 5 (1 lowest, 5 highest) according to their relative importance.

· For St. Kitts, rank wind, storm surge, coastal erosion, inland erosion, flood

· For Nevis, rank wind, storm surge, coastal erosion, drought, flood

6. Determine the L value  (0 to 4)

· Superimpose the map of the relevant critical facility on the relevant hazard map and then determine the L value using the table below.  For e.g. if we are determining the L value for shelters to the wind hazard, then superimpose the map of shelters on the wind hazard map and determine the L value using Table 1 below.

Table 1

Hazard category
Locational risk
Meaning

Very low
0
No risk

Low
1
Minimal risk

Moderate/medium
2
Possible/probable

High
3
Probable /high

Very high
4
Extreme

5. Determine DH, S and O (0 to 3), based on existing data or expert opinion using Tables 2 to 4.

Table 2:   Damage History (DH)

0
None

1
Minor

2
Moderate

3
Repetitive/signficant







Table 3:   Structural Vulnerability (S)

0
Exceeds code

1
Meets code

2
Don’t meet code

3
Known deficiencies







Table 4:    Operational Vulnerability (O)

0
No effect

1
Minimal

2
Significant

3
Life threatening

6. Determine V as DH + S + O.

7. Calculate FVS = (L + V) HPS, and enter on chart.

8. Enter FVS values calculated for this shelter on page 6. See below for use of page 6.

9. Repeat steps 3 to 8 for schools, health facilities and other types of critical facilities you selected.

10. Fill in Nevis FVS template using the same procedure described above.

Use of page 6 – ENTRY OF FVS VALUES

i) Enter the names of the shelters

ii) Enter the FVS values for each shelter associated with each hazard.

Excel files St. Kitts FVS template, Nevis FVS template attached.
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FVS  = (L + V) HPS


L  - Locational vulnerability, V – Vulnerability, HPS – Hazard Priority Score*


V  =	DH + S + O where:


DH – Damage history


S –   Structural vulnerability


O –  Operational vulnerability


	* HPS determined previously; see Section 2.4.1 of this report 





   Locational Vulnerability (L)


Hazard category�
Locational vulnerability �
Meaning�
�
Very low�
0�
No risk�
�
Low�
1�
Minimal risk�
�
Moderate/medium�
2�
Possible/probable�
�
High�
3�
Probable /high�
�
Very high�
4�
Extreme�
�



Damage History (DH)�
�
0�
None�
�
1�
Minor�
�
2�
Moderate�
�
3�
Repetitive / Significant�
�
�
�
�
Structural Vulnerability (S)�
�
0�
Exceeds code�
�
1�
Meets code�
�
2�
Don’t meet code�
�
�
�
�
Operational Vulnerability (O)�
�
0�
No effect                       2             Significant �
�
1�
Minimal                         3            Life threatening�
�












PAGE  
63

