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E  

EXECUTIVE SUMMARY 

Small Island Developing States (SIDS) are among the world’s nations that are 
most vulnerable to climate change. SIDS often lack the resources, the 
expertise to effectively evaluate the risks associated with climate change, and 
the ability to adapt to potential changes. Compared to SIDS in the Pacific 
Ocean and the Caribbean Sea, SIDS in the Indian Ocean and eastern Atlantic 
Ocean off the coast of Africa are among the poorest of the SIDS and the least 
studied. In this study, five Indian Ocean SIDS (Comoros, Madagascar, 
Mauritius, the Seychelles, and the Maldives) and one Atlantic Ocean SIDS 
(Cape Verdes) are evaluated for their vulnerability to climate change, with an 
emphasis on impacts on water resources and coastal zone resources. Due to 
significant differences among the SIDS studied in terms of size, topography, 
geology, precipitation, population density, storm patterns and intensities, 
relative sea level rise, indicators of wealth (such as gross domestic product 
(GDP)/capita), and other island characteristics, each SIDS faces its own 
unique challenges. 
  
This report has been written to partially fulfill the requirements of Project No. 
02-29-030381/A for a deliverable that addresses the data available to evaluate 
potential climate change impacts on water resources and coastal zone 
resources of the SIDS that are within the scope of this project. 
 
 The specific purposes of this report are to: 

• Identify and review relevant data sources that can be used for 
vulnerability/adaptation assessments. 

• Identify data gaps and limitations. 

• Develop recommendations to address data limitations. 

 
During the execution of this task, large quantities of data were found on the 
Internet, and the URLs have been put in an Excel spreadsheet in Appendix A 
of  this report, along with an explanation of the contents of each website. In 
the report, much of the specific data found has been analyzed to differing 
degrees to illustrate potential impacts and their relative importance. However, 
island-specific data that may reside in local repositories, either digitized or 
not, have not been the subject of searches completed for this task, but should 
be completed at some point in the future. A number of recommendations for 
future steps have been provided at the end of this report, and suggestions for 
analysis of the information have also been included. Overall, this report is 
intended to “jump start” data collection and analysis efforts for subsequent 
phases of the project. While much of the data has been located and reviewed, 
it is expected that much more historical information is available that will 
supplement the data identified here. 
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1. INTRODUCTION  

1.1 BACKGROUND 

Small Island Developing States (SIDS) are particularly vulnerable to climate 
change and variability. Today it is virtually certain that the average global 
temperature is increasing, and regional temperature changes may be greater 
than the global average. Patterns and the amount of precipitation may also 
change as the earth warms.  Some SIDS may become wetter and others drier, 
although presently it is beyond the capabilities of global climate models to 
accurately predict how precipitation will change. The sea level will respond 
to a warmer climate, due to both expansion of ocean water and additional 
sources of water that enter the ocean basins due to melting of large ice sheets 
or mountain glaciers. All of these changes can affect water and coastal 
resources. 
 

1.2 PURPOSE OF REPORT  

This report has been written to partially fulfill the requirements of Project  
No. 02-29-030381/A for a deliverable that addresses the data available to 
evaluate potential climate change impacts on water resources and coastal 
zone resources of the SIDS that are within the scope of this project. 
 
 The specific purposes of this report are to: 

•  Identify and review relevant data sources that can be used for 
vulnerability/adaptation assessments. 

• Identify data gaps and limitations. 

• Develop recommendations to address data limitations. 

1.3 PROJECT OBJECTIVES 

The main objective of this project is to develop a web-based information 
clearinghouse that will allow the participating SIDS to assess their 
vulnerabilities to climate change and to develop adaptation strategies. The 
project concept is embodied in the acronym SENCE for “Sustainable 
Enterprise Network for Climate Change Exposure.” The present project 
schedule and steps to be used in the execution of the PDF-A is shown in 
Figure 1-1. The schedule is shown on the left and project deliverables  on the 
right. The major tasks are in the center of the figure. The mock-up of the 
website is to be presented in January 2005 in Mauritius. The PDF-A project is 
expected to be completed in April 2005, and to be followed by the MSP, 
when the SENCE website will be implemented.  
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Figure 1-1.  Steps in execution of PDF-A. 
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2. OVERVIEW OF SIX SIDS THAT ARE THE FOCUS OF THIS STUDY  
 
The six SIDS that are the focus of this study are: 

• Cape Verde, Atlantic Ocean  

• Comoros, Indian Ocean 

• Madagascar, Indian Ocean 

• Mauritius, Indian Ocean 

• Seychelles, Indian Ocean 

• Maldives, Indian Ocean  

These island groups are shown in Figure 2-1. Four of the six SIDS are in the 
southern hemisphere (Comoros, Madagascar, Mauritius, and Seychelles), one 
is on the equator (Maldives), and one is in the northern hemisphere (Cape 
Verde).  All of the islands within each SIDS are very small, with the 
exception of Madagascar, which is the fourth largest island in the world.  
   

Figure 2-1.  Locations of six SIDS that are the focus of this project.   
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Table 2-1 provides some basic information for each of the SIDS, including latitude/longitude 
ranges, the size of the islands, population, maximum elevation, and other information. For 
comparative purposes, some of this information has been plotted: 
 

Table 2-1  
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• Figure 2-2 shows the population and the population density 
for each of the SIDS. The island with the largest population 
(over 17,000,000) is Madagascar which is also (by far) the 
largest island in aerial extent. Madagascar also has the 
smallest population density. The island with the next largest 
population is Mauritius, with over 1.2 million people. The 
Seychelles have the smallest population of 80,000 people, 
while the Maldives have the largest population density.  
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Figure 2-2.  Population and population density for each of the SIDS.  
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• Figure 2-3 shows the land area and the shoreline length of 
each of the SIDS. As mentioned previously, Madagascar has 
the largest area, over 100 times greater than any other SIDS. 
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Figure 2-3.  Land area and shoreline length for each of the SIDS. 
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• Figure 2-4 shows the maximum elevation on each of the 
SIDS. Three of the six SIDS have mountains of over 2000 m 
in elevation (Cape Verde, Comoros, and Madagascar), and 
two of the remaining three (Mauritius and Seychelles) have 
mountains of nearly 1000 m in elevation. Only the Maldives 
are low-lying, with a maximum elevation of 2.4 m.  

 

2829 2360
2876

828 905

2.4

1

10

100

1000

10000

CAPE VERDE COMOROS MADAGASCAR MAURITIUS SEYCHELLES MALDIVES

El
ev

at
io

n,
 m

Figure 2-4.  Maximum elevation on each of the SIDS. 
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• Figure 2-5 shows several comparative island statistics on a per 
capita basis: annual population growth, GDP, and kilowatt 
hours (KWhr). In terms of GDP/capita, Mauritius, the 
Seychelles, and the Maldives are the highest. The Maldives 
have one of the highest annual population growth rates, and 
they have the highest population density. 
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Figure 2-5.  Annual population growth, GDP, and KWhr per capita. 
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• Figure 2-6 compares several statistics with those of the USA. 
As expected, the GDP/capita and KWhr/capita are much 
larger for the USA.  However, the annual population growth 
rates are about three times higher for Comoros, Madagascar, 
and the Maldives than for the USA. 
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Figure 2-6.    Comparative SIDS statistics with USA.  
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• Figure 2-7 shows the baseline annual average temperature and 
precipitation data for each of the six SIDS. These data are 
regional averages based on a 5o  resolution from the Climate 
Research Unit (CRU) (New et al., 1999) database for 
temperature climatology (1961-90) and from the CPC Merged 
Analysis of Precipitation (CMAP) (Xie and Arkin, 1997-
updates) database for precipitation climatology (1981-2000). 
The average temperatures are very similar, with the lowest 
temperature being on Madagascar (23oC), and the highest 
being on the Maldives  (27oC). Precipitation is similar for four 
of the island states (Madagascar, Mauritius, the Seychelles, 
and the Maldives) from between 4 mm/day to 5mm/day, 
while the average precipitation on Comoros is about half that 
(2.5 mm/day). On the Cape Verde Islands, the precipitation is 
significantly less, about 0.5 mm/day. Cape Verde is located in 
the rain shadow of continental Africa, and rainfall on the 
island has been greatly reduced by the African continent 
relative to the other islands.  
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Figure 2-7.  Baseline annual temperature (1961-1990) and precipitation (1981-2000) 
for each of the SIDS. 
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3. SUMMARY OF DATA IDENTIFIED AS RELEVANT TO THE PROJECT 
In this section the data that have been examined as relevant to this project are 
summarized. A more detailed analysis of the data is provided subsequently in 
Section 4.  
 
The data are summarized in Table 3-1. The categories of data include: 

• Websites with information relevant to the project 

• Historical climatic data 

• Projected regional climatic results 

• Sea level and tidal data 

• Island topographic data and coastal bathymetric data  

• Water resource data  

• Coastal zone resources data  

 

Table 3-1 

Summary of Data Collected and Reviewed 

Data Category Description

Table of websites A voluminous quantity of relevant data are available through the internet. 
See Appendix A of this report. 

Historical climatic data: 
Average values and 
climatic variability 

Regional historical climatic data relevant to the SIDS within the project 
scope.  

Projected climatic results: 
Average values and 
climatic variability 

Examples of climate change predictions are provided to gain an 
understanding of limitations of regional climate modeling on reliably 
predicting climate change. 

Sea level and tidal data  Data for SIDS have been compiled from PSMSL/GLOSS. 

Storm and tropical cyclone 
data  

Summary of relevant information in tropical cyclones in the Indian Ocean. 

Island topography 
information 

Several sources of topographic data have been obtained, from moderate 
to high resolution. 

Water resources data  Several island specific reports and websites have been found, but only for 
two of the six SIDS. 

Coastal resources data  Some data are available on websites, and associated with water resources 
are coastal erosion, wastewater discharge, coral reefs, mangroves, 
fisheries (see Mauritius case study). 

Potential funding resources  Numerous potential sources have been identified but not contacted.  
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3.1 WEBSITE INFORMATION  

Website information is provided in Table A in Appendix A. The URLs for 
each website within each topical area are hotlinked. The major 34 topical 
areas shown in the table are as follows: 

• Potential executing sources 

• Potential organizations that could provide funding, or similar 
services  

• Candidates for “Ask the Expert” 

• Selected information for each SIDS 

• Global Environmental Facility (GEF) focal points for 
endorsements 

• Vulnerability and adaptation  

• Capacity building 

• Sea level, tides, and storm surges 

• Coastal resources  

• Human health and climate change 

• Disaster preparation and climate change 

• Economics and climate change 

• Tools for prediction of climate change and variability 

• General references on freshwater resources, drought, and 
water sustainability 

• Water resources and geology for Mauritius 

• Water resources and geology for Madagascar 

• Water resources and geology for Seychelles 

• Meteorology 

• Desalination 

• Research organizations and universities  

• Tropical Pacific islands and climate change  

• Indian Ocean and climate change  

• Caribbean Sea and climate change 

• Atlantic Ocean, Mediterranean Sea, and climate change 

Page 3-2 



Climate Change Influences Tetra Tech, Inc. 

• General small island websites 

• United States governmental agencies and other organizations   

• International agencies 

• Forestry and greenhouse gases 

• Finance, insurance, and climate change 

• Hurricane/tropical cyclone information 

• El Nino Southern Oscillation (ENSO) information  

• Remote sensing for climate change  

• Mapping products 

• Summary of websites with information on the SIDS most 
relevant to this project  

Since some of the categories are overlapping, the same website may appear in 
several categories. The last topic in the table, the IPCC data distribution 
center, is a summary of those websites with information most relative to the 
SIDS within the scope of the project. This section can still be expanded to 
include many more websites as those websites are thoroughly examined. In 
fact, the entire table of websites can be expanded, reorganized, and truncated 
as the needs of the project dictate. 
 

3.2 HISTORICAL CLIMATE DATA  

Historical climate data are needed to establish baseline climatic conditions for 
the regions of the world where the six SIDS are located. Due to the relatively 
large and remote areas where the SIDS are located, site-specific datasets for 
all locations were not expected to be available. Consequently, data sets used 
by global climate change models have been identified to assist in establishing 
baseline conditions where site-specific data may not be available.  

3.3 PROJECTED REGIONAL CLIMATIC MODELING RESULTS 

Projected regional climatic results for the year 2050 have been generated 
using the modeling package MAGICC/SCENGEN in order to generate an 
estimate of the probable changes from baseline temperature, precipitation, 
and global and relative sea level over the next 50 years. This was done to help 
understand the data requirements to run the models, in addition to 
understanding projected climate change. 
 

3.4 SEA LEVEL  

Sea level is defined in different ways, but one practical definition is the mean 
tidal level over a period of a month or longer. The data used here are from the 
Permanent Service for Mean Sea Level (PSMSL), and are monthly-averaged 
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tidal levels.  One difference between monthly estimates of sea level changes 
and estimates based on longer averaging periods is that intra-annual tidal 
levels (as provided by PSMSL sea level estimates) show the magnitude of 
seasonal sea level variation, which may be significant (e.g., 0.2 m-0.4 m) with 
respect to coastal flooding especially under conditions of long-term sea level 
rise. To date, tidal data (e.g., hourly tidal levels) have not been obtained. Such 
data are also important because daily tidal variations can also be significant 
with respect to flooding.  Spring tide conditions (i.e., the extreme high tides 
that occur once every two weeks) typically correspond to critical conditions, 
and are not reflected in the monthly PSMSL data.  
 

3.5 STORMS AND TROPICAL CYCLONES  

Superimposed on the tides and the sea level are wind-generated waves that 
can temporarily cause storm surge (the local increased elevation of the sea 
due to low pressures and movement of water masses onto the shore) and 
wind-generated waves. To date no site-specific data have been found on 
actual storm-related water levels along the shoreline of the SIDS of interest. 
However, some preliminary analysis will be provided in the next section of 
potential effects of intense storms on short-term water levels.  
 

3.6 ISLAND TOPOGRAPHY 

Island topography is important for many reasons. Topographic data can be 
used to: 

• Determine the susceptibility of islands to sea level changes, 
both island-wide and at specific locations on the island. 

• Estimate the difference in precipitation from low-lying 
locations to mountainous locations. 

• Divide the island into watersheds which might be useful for 
vulnerability and adaptation analysis. Watersheds are natural 
units for such analysis.   

• Detect changes in shoreline over time (if accurate topographic 
data are available at more than one time; for example, from 
aerial surveys 10 years apart). 

3.7 BATHYMETRIC DATA  

Bathymetric data are also important for many reasons that include: 

• Mitgating effects of storm surges and wind-generated waves 
during severe storms.  

• Delineation of major underwater features, such as the extent 
of coral reefs, which are important to islands. 
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• Detection of major changes in underwater features that may 
result from climate change, or from man’s activities.  

3.8 WATER RESOURCES DATA  

Water resources data that include both surface and subsurface water have 
been collected. While it is possible to give general guidelines on the topic of 
water resources, typical conditions (both natural and anthropogenic) are quite 
different from island to island such that the more site-specific data that can be 
used, the more likely the analysis will be useful. Therefore, the focus on 
water resources in the next section will be on Mauritius and the Seychelles, 
since much more information has been found for these SIDS than the others.  
 

3.9 COASTAL RESOURCES 

Coastal resources have been briefly mentioned previously in terms of 
bathymetry and bathymetric changes, and the delineation of the extent of 
coral reefs and other underwater features.  Other aspects of coastal resources 
include the following: 

• Inventory of existing (baseline) conditions. 

• Extent of beach resources and the degradation of such 
resources that may have occurred over time as a result of sea 
level rise, storms, or erosion (natural or man induced). 

• Extent of stresses on coral reefs, mangroves, fisheries, and 
other resources due to increased water temperature, rate of sea 
level rise compared with natural coral accretion rates, and 
increased sediment and turbidity in the water due to coastal 
erosion.  

• Wastewater and other degraded water sources that discharge 
into the coastal zone which may include suspended solids, oil 
and grease, harmful bacteria and viruses, chemicals, oxygen-
demanding materials, and other harmful constituents. 

3.10 POTENTIAL DATA SOURCES NOT EVALUATED 

The data that have been collected and examined in this report have come from 
internet sources or publications available at university libraries or other 
research centers. As mentioned previously, URLs have been compiled by 
topical area and placed in an Excel spreadsheet (Appendix A). While a 
number of these websites have been examined in detail, in fact, most have 
not. Therefore, it is possible that a significant amount of publicly available 
data are on these websites and have not yet been found.  
 
A second source of unexamined data is island-specific information and 
studies that may have been conducted by local governmental agencies, 
universities, commercial organizations, and even individuals, whose data do 
not reside on the Internet. Rather, such information may be available at these 
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organizations themselves, or in other repositories, and such data may not have 
been digitized. These data may be critical to evaluating the vulnerability of 
these islands to climate change, as well as to other changes or stressors. More 
will be said about at the end of Section 4. 
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4. TOPICAL ANALYSIS OF DATA  
 

4.1 SUMMARY OF REGIONAL HISTORICAL CLIMATE DATA AVAILABLE ON A 
GLOBAL AND REGIONAL BASIS 

 
This section summarizes the available regional climatic data that can be used 
for the United Nations SIDS project. These data are generally associated with 
modeling focused on climate change issues, and not country-specific climatic 
data that may otherwise be available. Below, the data sources are 
summarized.  

 
4.2 MAGICC/SCENGEN DATA TO SUPPORT GLOBAL CLIMATIC CHANGE 

MODELING 

 
These modeling data are available in the MAGICC/SCENGEN model, 
version 4.1 released September 2003 (Wigley, 2003 a,b).  Here is a summary 
of that data: 

 

• Globally-complete CRU mean temperatures (New et al.,1999) 
from 1961-1990 for 5 arc degrees of resolution. Annual, 
quarterly, and monthly data are available.  

• Globally-complete CMAP (Xie and Arkin, 1997-updated) 
precipitation data for 5 arc degrees from 1981-2000. Annual, 
quarterly, and monthly data are available.  

 
Examples of the baseline temperatures and precipitation are shown in the 
three panels in Figure 4-1 and Figure 4-2, respectively. All of these data are 
stored in the model and can be extracted for use independently of the model. 
While it would be preferable to have temperature and precipitation data sets 
that coincide with the same periods of time, developing a mean temperature 
data set from 1981-2000 would require significant effort and resources to 
accomplish. It may not be possible to accurately reconstruct a 1961-1990 
precipitation data set, as satellite coverage was not available before 1979.  
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a) Observed baseline annual temperatures. 
 

 
 

b) Observed baseline Jun/Jul/Aug temperatures 
 

 
 

c) Observed baseline January mean temperatures. 
 
Figure 4-1. Examples of observed temperature data used by MAGICC/SCENGEN. 
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a) Observed baseline annual mean precipitation 
 

 
 

b) Observed baseline Dec/Jan/Feb precipitation 
 

 
 

c) Observed baseline July precipitation. 
 
Figure 4-2. Examples of observed precipitation used by MAGICC/SCENGEN. 
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By examining Figures 4-1 and 4-2, it is noted that the 5 arc degrees are 
spatially large compared to the SIDS land masses. Even for Madagascar, only 
3 to 4 grid cells cover the entire island. It is also noted that, because of the 
large grid cells, effects of topography are not considered. Such effects are 
important on all the island nations, except for the Maldives, where the 
maximum elevation is only about 2.4 m above mean sea level. While it is 
desirable to have more resolved global precipitation and temperature data, 
Wigley (2004) points out that uncertainties in predictions do not, at present, 
warrant a more resolved set of data for model predictions. However, this 
opinion may not be universally shared by all climate modelers. 
 
Links to the databases used by MAGICC/SCENGEN are shown below: 

• http://www.cgd.ucar.edu/cas/guide/Data/jones.html for the 
CRU temperature data.  

• http://www.cdc.noaa.gov/cdc/data.cmap.html for the CMAP 
precipitation data. These data are available on 2.5 arc degree 
resolution for 1979-2003.  

 
4.3 INTERNATIONAL RESEARCH INSTITUTE (IRI) FOR CLIMATE PREDICTION  

The IRI of the Columbia University Earth Institute is active in many aspects 
of climate modeling, forecasting, and capacity building activities. Here, the 
emphasis is on the databases that are available through the IRI that have 
applicability to this project. Prior to discussing those databases, a summary of 
their related activities is shown below: 

• Capacity building activities: http://iri.columbia.edu/outreach/  

• Capabilities in modeling-related activities: 
http://iri.columbia.edu/pred/productlist.html 

• Summary of projects related to Africa: 
http://iri.columbia.edu/africa/index.html 

• Introduction to climate data (topography, ENSO, 8000 
meteorological stations, ocean climatology): 
http://iridl.ldeo.columbia.edu/docfind/databrief/into.html 
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The focus on the rest of this section is the IRI Map Room 
(http://iridl.ldeo.columbia.edu/maproom/index.html ). Figure 4-3 below 
shows a screen capture of the IRI Map Room homepage.  

 
 

 
 
Figure 4-3. Screen capture of the IRI Map Room homepage 

(http://iridl.ldeo.columbia.edu/maproom/index.html ). 
 

The Map Room allows the user to analyze both global and regional climate 
data. Note that the Map Room is divided into three sections:  

• Global 

• Regional, which includes current and past observations of 
regional climate, including climatologies 

• ENSO  
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Figure 4-4 highlights one region of the world: Africa.  January climatological 
surface temperatures are shown and are based on 0.5 by 0.5 arc degree 
resolution for the period 1961-1990.    

 

 
 
Figure 4-4. Monthly climatological surface temperatures for Africa. 

(http://iridl.ldeo.columbia.edu/maproom/.Regional/.Africa/.Climatologies/Temp_Loop.
html ). 
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Note that all but one of the applicable SIDS are shown in this figure. Data at 
specific stations, National Oceanic and Atmospheric Administration 
(NOAA), National Climate Data Center (NCDC), and Global Climate 
Perspective System (GCPS) monthly stations can be viewed, and retrieved at 
the site shown in Figure 4-5.  

 

 
 
Figure 4-5. Locations of NOAA, NCDC, and GCPS Monthly stations. 

 

4.4 PRELIMINARY CLIMATE CHANGE ANALYSIS AND IMPLICATIONS FOR 
DATA NEEDS FOR THIS PROJECT  

Appendix B provides a brief analysis of predicted climate change, in terms of 
temperature and precipitation on a regional scale, with emphasis on the six 
SIDS being examined for this project.  Also shown are predictions of global 
sea level changes. It is important not to confuse global sea level rise with 
regional relative sea level change. (Relative sea level changes can be either 
positive or negative, as discussed in the following section.) While the topic of 
this section, which involves predictive analysis, is a departure from the 
analysis of available data, the two topics are related. Furthermore, there are 
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several significant conclusions in the results in Appendix B that influence 
data needs for climate change vulnerability assessments.  They include: 

• Over the next 50 years there is a significant likelihood that the 
mean annual temperature at the SIDS will increase by about 
1.2oC to 1.3oC. Therefore, good baseline temperature data will 
be extremely important to have. 

• Over the next 50 years, precipitation is predicted to decrease 
by about 2.2 percent at Mauritius, increase by about 7.4 
percent at the Maldives, and to change between those two 
extremes for the remaining four SIDS.  

• The signal-to-noise ratio for precipitation changes at the SIDS 
are all less than 0.6, which is extremely low (i.e., the noise is 
greater than the signal). (See Table B-1). Further, the 
probabilities of increased precipitation at these SIDS range 
from 0.4 to 0.7, where 0.5 would mean that there could be an 
equal probability of precipitation increasing or decreasing. 
Therefore, the probabilities of change are low. Consequently, 
for the analysis of future precipitation, the use of historical 
precipitation patterns would be a good starting point.  
Therefore, knowledge of the existing spatial distribution of 
precipitation patterns is extremely  important.    

• Even though precipitation changes are uncertain and projected 
to be small, the available water is likely to decrease at all 
SIDS. The available water is defined as: 

AW=P-AET 

Where: 

 AW= Available Water 

 P= precipitation over a specified period of time, such as a 
season 

AET= Actual evapotranspiration over the same period of time  
(AET is typically 60 percent of potential evapotranspiration 
on an annual basis for the various SIDS.) 

The units of AW, P, and AET are typically expressed as total 
volume over the time period, and over a spatial unit of 
importance (this may be a watershed or the whole island). By 
using AW in units of volume/time, this can be directly 
compared with estimated volumes of runoff, infiltration, 
consumptive use requirements, and others. Since AW is  
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significantly less than P, AW is a better indicator of water 
availability than is P .  

• Since AET is expected to increase as temperature increases, 
AW may decrease in the future at all SIDS. Even a 1oC annual 
temperature increase may cause significant increases in AET, 
and may be likely to out weigh influences of changes in P 
(which are uncertain). 

The overall conclusion here is that the baseline characterization of climate 
and its variability at these SIDS can be used, with some analyses, to generate 
climatic change estimates 50 years from now, possibly with little need to 
consider changing precipitation patterns over that time frame.  
 

4.5 SEA LEVEL DATA  AT SIDS OF CONCERN, AND PRELIMINARY ANALYSIS 
OF PREDICTIONS OVER THE NEXT 50 TO 100 YEARS 

Sea level data from the Permanent Service for Mean Sea Level (PSMSL) 
(http://www.pol.ac.uk/psmsl/whatispsmsl.html) were identified, and are 
summarized in Table 4-1. Data are available for at least one island for each 
SIDS and at multiple locations for a number of island groups. The periods of 
record for each station are shown in the table, and range from one year to 19 
years. Typically, even having stations with up to 19 years of data may not be 
long enough to reliably detect changes in sea level. The PSMSL typically 
recommends having 40 years or more of continuous data at a station to get a 
true picture of sea level change. Figure 4-6(a) shows all PSMSL stations 
globally, and Figure 4-6 (b) shows the subset of stations with at least 40 years 
of RLR (revised local references) data. Only a minority of the stations fall 
into that category, and none of the stations in Table 4-1 do.  
 
The locations of these PSMSL stations used here are shown in Figure 4-7. 
Due to the limitations in map resolutions, these locations are approximate. 
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Table 4-1 

Sea Level Data from PSMSL 

 
STATION / NAME YEARS OF RECORD LATITUDE/LONGITUDE

Cape Verde Islands   

380001 Porto Grande 
   (St. Vincent) 

1947-1950 (4) 16o52’N / 24o59’W 

380002 Porto Grande #2 1990-1995 (5) 16o53’N / 25o00’W 

380011 & 380012 Praia A & B 1984-85,1994-96 14o55’N / 23o30’W 

Comoros   

438001 Dzaoudzi 1985-1995 (9) 12o47’S / 45o15’E 

Madagascar   

440001 Nosy-be 1958-1972 (14) 13o24’S / 48o17’E 

440002 Nosy- be II 1987-1998 (8) 13o24’S / 48o18’E 

440041  Tulear  1963-1964 23o23’S / 43o40’E 

Mauritius   

450001 Pont Louis 1942-1965 (19) 20o09’S / 57o30’E 

450012 Pont Louis II 1986-2000 (15) 20o09’S / 57o30’E 

450021 Rodriquez Island 1986-2000 (15) 19o40’S / 63o25’E 

Seychelles   

442001 Port Victoria  1962-82 (10) 04o37’S / 55o28’E 

442002 Port Victoria -B 1986-1992 (7) 04o37’S / 55o28’E 

442007 Point La Rue 1993-1998 (6) 04o40’S / 55o32’E 

Maldives   

454001  Gan I 1962-63 (2) 00o34’S / 73o13’E 

454002  Gan II 1987-2000 (14) 00o41’S / 73o09’E 

454010   Male -A 1988-1989 (2) 04o11’N / 73o31’E 

454011   Male -B 1989- 2000 (12) 04o11’N / 73o32’E 

454012   Male -C 1988-89 (2)  04o11’N / 73o31’E 

454021   Hanimaadhoo 1991-2000 (10) 06o46’N / 73o10’E 
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a)  Distribution of PSMSL Stations. 

 
 
 

b )   PSMSL Stations with at least 40 years of RLR data. 

 
Figure 4-6.    Overview of locations of PSMSL stations and lengths of records. 
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Figure 4-7. Locations of sea level gaging stations reported by PSMSL. 
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Figure 4-7 (cont.)  Locations of sea level gaging stations reported by PSMSL. 
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The monthly sea level data at these stations have been plotted and are shown 
in Figure 4-8. Depending on the station, data are either metric or RLR as 
described on the PSMSL website. Note that neither of these data use mean 
sea level as a datum, so that the utility of the data is to determine secular 
trends. This information will be used subsequently to help make estimates of 
future sea level changes at these locations. 
 
An important observation about the data in general is that there is no real 
consistency between islands in terms of whether sea level appears to be rising 
or falling. Since, in fact, the islands themselves may be emerging or 
submerging due to their vertical movement independent of sea level, this 
factor may overwhelm the effects of global sea level change.  
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Figure 4-8a.  Monthly sea level data for Cape Verde-Praia, using data from PSMSL.  
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Figure 4-8b.  Monthly sea level data for Cape Verde-St. Vincent, using data from PSMSL.  
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Figure 4-8c.  Monthly sea level data for Comoros, using data from PSMSL.  
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Figure 4-8d.  Monthly sea level data for Madagascar, using data from PSMSL.  
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Figure 4-8e.  Monthly sea level data for Mauritius and Rodriguez Island, using data from PSMSL.  
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Figure 4-8f.  Monthly sea level data for Mauritius (1958 – 61), using data from PSMSL.  
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Figure 4-8g.  Monthly sea level data for the Seychelles, using data from PSMSL.  
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Figure 4-8h.  Monthly sea level data for the Maldives, using data from PSMSL.  

 
Below are specific comments about the plots in Figure 4-8 on an island by 
island basis: 
 

• Cape Verde, Figure 4-8a (Praia) and Figure 4-8b (St. 
Vincent): The data at St. Vincent show that relative sea level 
was increasing starting in the 1940’s-50’s, but rapidly 
dropped during the 1990’s (note that the datum for St. Vincent 
and St. Vincent 2 are different, so their absolute values are 
irrelevant). At Praia (on another Cape Verde island), the 
relative sea level was generally decreasing during both short 
periods of record in the middle 1980’s and mid 1990’s. 
Possible explanations of the data are that the islands are 
emerging, or the benchmark is unstable. Looking at the St. 
Vincent 2 data, the decrease in RLR is approximately 260 mm 
in six years. If that rate had continued since the mid 1990’s 
(no data were available during that time period), the RLR 
would have decreased by about 750 mm. Such a change 
should be readily apparent on the island, and qualitative 
historical observations should be helpful to confirm or refute 
the data.  

• Comoros, Figure 4-8c: Over 10 years of discontinuous sea 
level data are available at Dzaoudzi. No obvious trend of 
increasing or decreasing relative sea level is obvious, although 
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the variability of sea level changes appears to be increasing 
over time. Seasonal affects appear to change sea level by 100 
mm to 200 mm during the course of a year.  This is not 
unusual for locations on other SIDS relevant to this project. 

• Madagascar, Figure 4-8d: Data are available for the 1960’s 
and early 1970’s, and then again from the late 1980’s to the 
late 1990’s. The earlier set of data show relative sea level is 
decreasing, while the latter set show a slight increasing trend. 
The seasonal effects are also apparent, with over 100 mm 
seasonal swings.  

• Mauritius (and Rodriquez Island), Figure 4-8e and Figure 
4-8f: RLR data for Mauritius extend intermittantly from the 
1940’s to the near present, and on Rodriquez Island for the 
past 15 years. Up until the mid 1960’s, it appeared that 
relative sea level was rising, while the latter data set (1986-
present) indicate relative sea level has been dropping for both 
Mauritius and Rodriquez Islands. Periodic seasonal affects are 
readily visible in these data sets. Figure 4-8f focuses on three 
years (1958-1961), and shows the clear seasonal patterns of 
higher monthly sea levels during the summer months.  

• Seychelles, Figure 4-8g: Based on these data, relative sea 
level appears to be rising graduallye at Port Victoria from the 
1960’s to early 1990’s when the data record ends.  

• Maldives, Figure 4-8h: These data generally reveal a gradual 
rise (about 0.5 mm/yr) in relative sea level at the locations 
plotted, with a composite period of record of 15 years. Since 
the maximum elevation on the Maldives is about 2 m above 
msl, even small rates of sea level rise will produce significant 
adverse impacts.  

It is worthwhile to perform some predictive analysis of relative sea level 
changes for the 21st century at each of these island stations in order to 
illustrate several points. First, the global sea level increase can be predicted 
by climate change models, such as MAGICC (which will be used here). 
There are uncertainties in how rapidly sea level will rise, and some of these 
uncertainties can be reflected in the simulations performed by MAGICC. 
Second, even if relative sea level is presently dropping at some island sites, in 
the future, this could reverse if the island stops rising and starts to subside, or 
if global sea level increases accelerate (as many models predict they will). 
Appendix C shows the general approach that can be used to estimate relative 
sea level changes in the future. It is a straightforward approach, and is used 
below.  
 
Table 4-2 provides predictions of relative sea level change for the end of the 
21st century. Predictions are made at stations located on all island groups (10  
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Table 4-2 

Comparisons of Past and Projected Sea Level Changes for Selected SIDS in the Indian and Atlantic Oceans 

 

Island   Station # Period of 
Record 

Estimated 
Historical 

Relative Sea 
Level Rise, mm 

Estimated 
Global Sea 
level Rise 

During This 
Period, mm* 

Calculated 
Island 

Subsidence 
mm/period** 

Absolute Sea 
Level Rise 
During 21st 

Century (mean 
case) 

Relative Sea 
Level Rise  
During 21st 

Century 
(mean case) 

Absolute Sea 
Level Rise 
During 21st 

Century 
(more 

extreme case) 

Relative Sea 
Level Rise 
During 21st 

Century Mean 
Case 

(more extreme 
case) 

Mauritius Island 
 – Port Louis  

450011 1942-65 20 mm/ 30 yr 54 mm/ 30 yr -34 mm/ 30 yr 500 mm +390 mm 900 mm + 790 mm 

Port Louis II 450012 1986-2000 -100 mm/ 16r 29 mm/ 16 yr -129mm/ 30 yr 500 mm -300 mm 900 mm + 94 mm 

Rodriquez Island 450021 1986-2000 -110 mm/ 16 yr 29 mm/ 16 y r -139 mm/ 16 y r 500 mm -370 mm 900 mm + 31 mm 

Seychelles- 
Combination of 

Victoria and Port 
Victoria B 

442001 
442002 

1976-1992 65 mm/ 25 yr 45 mm/ 25 yr +20 mm/ 25 yr 500 mm + 580 mm 900 mm + 980 mm 

Maldives 
-Male B Hulule  

454011 1989-2000 45 mm/ 14 yr 20 mm/ 11 yr +25 mm/ 11 yr 500 mm +730 mm  900 mm + 1130 mm 

Ga II 454002 1987-2000 75 mm/ 14 yr 25 mm/ 14 yr +50 mm/ 14 yr 500 mm 860 mm 900 mm + 1250 mm 

Hanimaadhoo 454021 1991-2000 100 mm/ 12 yr 21 mm/ 12 yr 79 mm/ 12 yr 500 mm 1150 mm 900 mm + 1560 mm 

Comoros  438001 1985-1995 30 mm/ 11 yr 20 mm/ 11 yr 10 mm/ 11 yr 500 mm 590 mm 900 mm + 990 mm 

Cape Verde  380002 1990-1995 -60 mm/5 yr 10 mm/ 5 yr -70 mm/ 5 yr 500 mm -900 mm  900 mm -500 mm 

Madagascar 440002 1987-1998 30 mm/ 10 yr 18 mm/ 10 yr 12 mm/ 10 yr 500 mm 620 mm 900 mm + 1020 mm 

 

* Based on 1.8 mm/yr 

** Subsidence corresponds to positive numbers.  Emergence corresponds to negative numbers. 
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stations in all). For each location, two predictions were made using MAGICC: 
absolute sea level increases by 500 mm by the end of the century (a median case), 
and absolute sea level increases by 900 mm at the end of the century  (a more 
extreme case). The relative sea level increases incorporate island subsidence (or 
emergence) over the period of predictions based on historically calculated levels.  
 
By scanning down the two columns of predicted relative sea level changes, it is 
immediately apparent that the relative sea level is not predicted to increase at all 
locations, and to increase dramatically at other locations. These differences are 
largely due to island submergence rates. The SIDS that is predicted to be most 
impacted by relative sea level rise during the 21st century is the Maldives. 
Relative sea level is predicted to increase by 730 mm to 1560 mm at these 
islands. Given that the maximum elevation on the island is about 2400 mm, these 
increases would produce severe impacts.  
 
The Seychelle Islands appear to be the second most severely impacted, although 
topographic relief is much greater. Relative sea level increases on Madagascar are 
predicted to range from 620 mm to 1020 mm.  However, Madagascar is much 
larger then any of the other SIDS, so that island may be less vulnerable than  the 
others. 
 
The data for the Cape Verde Islands appear to show that relative sea level will 
drop through the 21st century regardless of the rate of absolute sea level rise. 
These predictions should be a continuation of past trends, so local qualitative 
observations should be used for confirmation.  
 
On Mauritius, predictions are mixed, as seen by comparing Part Louis II data 
sets. Rodriquez Island is presently emergent, and is predicted to remain emergent 
through the 21st century if absolute sea level rises by the median amount, and to 
submerge only slightly if absolute sea increases by the more extreme estimate. 
 

4.6 STORM AND TROPICAL CYCLONE DATA  

Numerous websites were found that contain information on tropical cyclones or 
hurricanes in the Indian and Atlantic Oceans. Those websites are shown in the 
table in Appendix A, under the subheading “Hurricane/ Tropical Cyclone 
Information.” An example of the relevant information for five of the six SIDS for 
this project is shown in Figure 4-9. This is a climatology of tropical cyclone 
storm tracks from 1972-2001. The five island states of Comoros, Madagascar, 
Mauritius, Seychelles, and Maldives are noted.  Both Mauritius and Madagascar 
are directly in the major storm tracks south of the equator. The Seychelles are 
generally out of the major storm tracks, and the Maldives are located near the 
southern extent of the northern hemisphere storm tracks (notes: hurricanes do not 
cross the equator; they tend to be destroyed due to the reversal of the direction of 
the coriolis force between the northern and southern hemispheres). 
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Hurricane climatology summaries for the southern and northern Indian Ocean are 
shown in Table 4-3(a) and Table 4-3(b), respectively. By comparing the two 
tables several items are evident: 

• The mean number of annual occurrences of hurricanes in the 
southern Indian Ocean/Southwest Pacific Ocean (28.2) far 
exceeds northern Indian ocean occurrences (5).  

• Northern hemisphere hurricanes typically occur September to 
December while Southern Hemisphere hurricanes typically occur 
during December to March. 

Figure 4-9.  Number of best track positions passing through 1x1 box for all months (1972-2001). 
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Table 4-3(a) 

Hurricane Climatology: Southern Indian Ocean and Southwest Pacific Ocean  

 

 

Table 4-3(b) 

Hurricane Climatology: Northern Indian Ocean  
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Both wind-generated waves and storm surges are potentially deadly features of 
hurricanes. Here, several examples of how to analyze these potential impacts are 
shown. More detailed site-specific information should replace these results, 
which are intended only to illustrate possible scenarios. Figure 4-10 shows how 
surface wave heights can vary with wind speed, water depth, and fetch (F). The 
maximum wind speed shown is about 60 m/sec (134 miles per hour), which can 
be sustained by Category 4 hurricanes on the Saffir-Simpson scale (the highest 
category is 5, with sustained winds 155 miles per hour or greater). Note that these 
wave heights can be enormous (up to 10 m or more). However, the water depth is 
such that those waves could not be sustained over shallow reefs that may 
surround islands. Figure 4-11 shows contours of two wave heights  (3 m and 6 m) 
and illustrates the variety of conditions that would sustain such waves.  

 
 
 

 
Figure 4-10.  Wave heights that may form from winds from Category #1 to Category #4 hurricanes. 
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Figure 4-11. Conditions that sustain wave heights of 3 m and 6 m.  
 
Storm surge is the elevated mass of water that is moved in a direction, such as 
toward a shoreline, and that tends to pile up and cause severe flooding along an 
island’s shoreline. One component of storm surge is associated with the lower 
atmospheric pressure within a hurricane compared to outside a hurricane.  This 
pressure differential can lift the water by up to a meter or more, and can 
contribute to severe coastal flooding at vulnerable islands like Mauritius. Figure 
4-12 shows estimates of the increased water levels associated with a number of 
hurricanes in the Indian Ocean for the years 2000-2001, along with one of the 
most powerful hurricanes to ever strike anywhere (Hurricane Gilbert). The 
estimated surge from atmospheric pressure reduction is shown and varies from 
0.26 m for Hurricane Gloria, which struck in Madagascar, to nearly 1 m from 
Hurricane Hudah that struck in Mauritius. Hurricane Gilbert’s very low central 
pressure (888 mb) sustained a 1.2 m storm surge.  
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Figure 4-12.  Increase in sea level due to atmospheric pressure decrease from hurricanes.  
 

4.7 ISLAND TOPOGRAPHY 

Accurate and detailed island topographic information provides some of the most 
important data needed to assess the vulnerability of islands to change, either from 
global warming or from local anthropogenic influences. Examples include:  

• Vulnerability to sea level rise (For example, What percent of an 
island will be inundated by a 0.5 m rise in sea level?). 

• Influences of topography on the relative importance of surface 
water resources versus groundwater resources. 

• Availability of land for different needs, such as farming, towns, 
reservoirs, or ecological pressures. 

• General influence on infrastructure design, construction, and 
maintenance. 

In this section, two examples of topographic data are shown, each at a different 
spatial resolution from the other. Since the data are space-based images, the 
coverage is nearly global and, therefore, can be used as a starting point for 
quantifying topography at the many islands that comprise the SIDS of interest. 
 

Page 4-26 



Climate Change Influences Tetra Tech, Inc. 

Very little topographic data for the islands (other than mentioned above) were 
found during the course of this review. If detailed topographic data are not 
available (such as from local or regional agencies that may be responsible for 
collecting and storing information), it is suggested that a plan be devised, 
evaluated, and implemented to gather such information (see Section 5). 
Techniques to collect such data should make use of remote sensing methods such 
as LIDAR on airborne platforms, for example.  
 
The first example of using topographic data is for Madagascar (see Figure 4-13).  
Figures 4-13(a) and (b) were both created using GTOPO30 data, which have a 
longitudinal resolution of 30” (about 1 km x 1 km cells). Thus, on an island the 
size of Madagascar (733,000 square km), approximately  the same number of 
topographic points are available (733,000). To show the change in shoreline from 
a 1 m rise in mean sea level (a possibility by the end of the 21st century - see 
Table 4-2), Figure 4-13 (b) was created. Two areas are highlighted in the figure. 
This scale of resolution can thus be used as a starting point to investigate sea level 
change vulnerabilities. Obviously, higher resolution data are needed for a 
thorough investigation. More information on GTOPO30 data are available at 
  http://edcdaac.usgs.gov/gtopo30/gtopo30.asp. 
 

 

 
Figure 4-13(a). Topographic map of Madagascar using 30” (1km) horizontal grid resolution, showing  

coastline that corresponds to the present day shoreline.  
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Figure 4-13(b). Topographic map of Madagascar using 30” (1km) horizontal grid resolution showing the 

coastline that corresponds to 1 m sea level rise. 
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The distribution of Madagascar’s surface area above msl is shown in Figure 4-14, 
using the ETOPO30 data. Note the small percentage of the island within the 0-1m 
above msl category, reflecting the relative low vulnerability of the island to sea 
level changes.  
  

 
 
 

Madagascar 
  
Mean Island Elevation, meters above MSL 568
Minimum Island Elevation, meters above MSL 0
Maximum Island Elevation, meters above MSL 2864 

Figure 4-14.  Distribution of Madagascar island area within various elevation groups. 
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For islands that are much smaller than Madagascar, but still have significant 
topographic relief, such as Mauritius (2000 square km), the resolution using 
ETOPO30 would be too coarse. Instead, the Space Shuttle Radar Topography 
Mission (SRTM) has generated a new global digital elevation model of the earth. 
There are both SRTM-1 data (about 1” or 30 m horizontal resolution) and SRTM-
3 data (3” or 90 m  horizontal resolution). Compared to GTOPO30, SRTM-1 is 
about 120 times more dense. Figure 4-15 shows present coverage of SRTM data 
(http://edcsns17.cr.usgs.gov/srtmbil/).  
 

 

 
Figure 4-15.  Data coverage (latest coverage is May 28, 2004). 

 
Figure 4-15 is continuously being updated by NASA, so the website should be 
regularly accessed to view the updates. Note that Maurituis is presently located 
outside of the “finished” product area. However, unfinished 3” resolution data for 
Mauritius are available. Examples are shown in Figures 4-16 and 4-17. Note that 
the unfinished nature of the data in Figure 4-16 show up near the coast and into 
the adjacent ocean. A number of the cross-sections that can be created using this 
data set are shown in Figure 4-17. 
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Figure 4-16(a).  Topographic map of Mauritius using unfinished SRTM-3 (90 m resolution) data. Aerial View.   

 
 

 
Figure 4-16(b).  Topographic maps of Mauritius using unfinished SRTM-3 (90 m resolution) data. 

Perspective View.   
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Figure 4-17(a).    Locations of cross-sections of Mauritius topography.   
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Figure 4-17(b).  Cross-sectional data  of Mauritius.   
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To make the images of the islands more realistic looking, they can be draped with 
high resolution aerial or satellite images. Examples of this can be found at  
http://srtm.usgs.gov/srtmimagegallery/idex.html.  
An example for the Virgin islands can be found at 
http://photojournal.jpl.nasa.gov/targetfamily/earth?subselect= Mission: Landsat. 
Figure 4-18 shows this draped image with SRTM perspective and Landsat 
imagery. Shading was added to enhance the topographic relief. Tropical 
vegetation appears green and developed areas brown. 
 
 

Figure 4-18.   Perspective of Virgin Islands in Caribbean Sea draped with Land-Sat imagery.   
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4.7.1 WATER RESOURCES INFORMATION FOR THE INDIAN OCEAN AND 
ATLANTIC OCEAN SIDS 

Water resources information for the Indian Ocean and Atlantic Ocean SIDS have, 
to date, been found on numerous websites and publications. Many of the most 
promising websites are included in the Excel spreadsheet in Appendix A of this 
report. The following topical areas are shown there: 
 

• General references on freshwater resources, drought, and 
sustainability. 

• Water resources and geology for Mauritius. 

• Water resources and geology for Madagascar. 

• Water resources and geology for Seychelles.  

Based on these websites, the best references found on water resources studies 
were for Mauritius followed by the Seychelles. Very little information was found 
for Madagascar, or the other SIDS that are the focus of this study. 
 
Case study results with a focus on water resource assessment for Mauritius and 
Seychelles are included in the report by UNESCO (1991). The major papers 
found on Internet websites and from UNESCO (1991) are included in Appendix 
D. Overall, the only in-depth studies for any of the SIDS were for Mauritius. The 
case studies UNESCO provided show only an overview rather then an in-depth 
analysis.  
 
MAURITIUS 

It is not surprising that more work has been done on Mauritius than the other 
SIDS for the following reasons: 
 

• Mauritius has a large population and large population density and 
therefore human impacts are significant. The largest city is Port 
Louis (150,000 people, with 350,000 more people in the 
surrounding area). 

• It has the highest per capita GDP of any of the island states.  

• It has a significant amount of infrastructure. 

• It is the second largest island in the groups being studied, after 
Madagascar; it has significant surface relief; and it gets significant 
annual rainfall that allows for the development of water resources 
(hydropower, groundwater extraction, surface water extraction, 
etc.); and at the same time the urbanized society can contaminate 
its water resources.  
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DIFFERENCES BETWEEN SIDS 

Due to major differences among the SIDS, water resources, both natural and 
developed, will differ significantly among islands. Therefore, it is not possible to 
accurately interpolate between island groups, and individual baseline analysis for 
each SIDS is needed as a starting point for water resources analysis. However, the 
work done on Mauritius will be useful as a starting point, as other island states 
develop a baseline analysis of their water resource, because of the broad range of 
topics already covered. (See the papers in Appendix D.) Comments on this work 
include:  

• Water balances were developed based on an average year. Such 
rudimentary water balances should be developed for each SIDS. 
A major limitation of the water budget analysis was that only an 
average year was evaluated. Dry years are more important and 
should be included as well. A second limitation is that seasonal 
water balances were not done. Since most of these islands have 
both dry and wet seasons, such seasonal analysis should be done.  

• The focus of the water resources analysis was on a subset of the 
total picture: surface water resources. Little analysis was done on 
aquifer characterization, safe yields, contamination (either by salt 
water intrusion or synthetic chemicals, for example). A more 
thorough analysis of groundwater resources was needed.  

• Good discussion was provided on the major use categories, 
including domestic, industrial, agricultural, and hydropower. 
Domestic water use differences between natives and tourists were 
shown. Distinguishing these differences is important because per 
capita use differs so much (100 l/day for natives, and 1000 l/day 
for tourists at five-star hotels).  

• The analysis included water quality issues as a subset of water 
resources issues, which is important to do, because the availability 
of high quality water can be impacted. Examples of contamination 
included: limited treatment before disposal of effluent into the 
environment, contamination of aquifers, contamination of rivers, 
and contamination of the near-shore coastal environment by 
marine outfalls. To address many of these problems, extensive 
site-specific data and appropriate environmental models would be 
needed.  

WATER RESOURCE ISSUES 

It is also useful to mention directly those important components of water resource 
issues that were not addressed directly (there is some redundancy with the above 
list). They are:  

• Natural climatic variations that result in droughts, or other 
extreme climatic conditions, were not considered at all. Often 
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conditions associated with deviations from normal are the most 
critical to analyze and plan for.  

• No considerations were given to seasonal variability, where wet 
seasons and dry seasons can produce quite different hydrologic 
responses. 

• There were no analyses of the affects of climate change on 
temperature and precipitation. However, this is not surprising 
because even today accurate predictions may still be beyond state-
-of-the-art. 

• Environmental issues associated with maintaining a high-quality 
water source in streams and rivers were not mentioned.  

• There was limited analysis of hydrogeology, aquifer storage, 
sustained yields, and how the surface and the subsurface water 
resources fit together.  

• There appears to be limited reservoir capacity on Mauritius given 
the hydropower needs during the dry season. An analysis of 
storage availability versus need should be performed. 

• Wastewater is discharged into the coastal zone either indirectly 
through surface water discharges or directly via outfall pipes. 
Often outfalls that do not have multiport diffusers, and can be 
responsible for localized severe impacts on aquatic communities. 
An analyses of the impacts of these discharges should be made.  

• There was no analysis of the impacts of large storms on water 
resources. Such an analysis could have included flooding, water 
supply, and induced contamination.  

• The potential for other catastrophic events that may influence 
water resources could have been evaluated. Such events include, 
in addition to tropic cyclones, volcanic eruptions, chemical spills, 
and releases of large quantities of untreated wastewater during 
overflow events associated with severe storms, for example.  

• There were apparently no applications of a geographical 
information system (GIS) to evaluate the water resources issues. 
A GIS can be very useful in this regard and, given the availability 
of reliable tools today, it should be a part of future analysis. As 
part of developing a GIS, an electronic database will need to be 
developed. Not only will this be important for the analysis, but 
will insure the safekeeping of the data in the future.  

CONCLUSION 

Mauritius is an example of the most urbanized of the SIDS, and therefore has 
special issues that may not be shared by some of the remaining SIDS. A good 
perspective on water resources of very small and rural topical islands can be 
found in: 
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 “Small Tropical Islands: Water Resources of Paradise Lost,” IHP Humid Tropics 
Programme Series No.2 UNESCO. 
 
An overall summary of an approach to baseline characterization and water 
resources assessment is shown in Table 4-4. The table is divided into seven major 
categories, with multiple topical areas and comments within each major topic. 
The main theme provided in the report is that deliberate and continued planning is 
necessary to establish and maintain water resources of the abundance and quality 
needed, both now and in the future.   
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Table 4-4 

Baseline Characterization and Assessment of Small Island Hydrology and Water Resources 

Category Topical Areas Comments

Physical 
characteristics of 
small islands 

Geology Geology will have a significant affect on potential for groundwater storage, stream 
channel development, and reservoir development.  

  Topography Flat and low islands often have little or no surface waters. Precipitation can vary 
greatly on an island that has significant topographic relief. 

  Climate Climate is typically thought of as a 30-year average condition, but such a condition 
may only rarely occur, due to variability in the weather. 

  Climate variability Natural variability may be associated with annual conditions that distinguish a dry 
year from a wet one, or other types of variability, such as seasonal. 

  Weather The conditions that actually exist at a particular time are the weather, which make 
up the climate when averaged over 30 years. 

  El Nino and La Nina El Nino and La Nina conditions may occur every 3 to 7 years, and are a part of 
climate variability. 

  Vegetation Types and extent of vegetative cover can strongly influence evapotranspiration, 
which influences available water. 

  Soils Soil types and thickness play a role in determining the quantity and quality of water 
that infiltrates or runs off.  

Occurrence of fresh- 
water High volcanic islands  Often high volcanic islands offer the potential for both surface and groundwater 

resources to be more developed than on flatter islands. 

  Springs Springs can be a source of freshwater, but can have water quality and reliability 
issues. 

  Freshwater lens A freshwater lens can exist beneath islands, with the volume depending on 
recharge rates, withdrawal rates, and natural conditions.  

  Treated wastewater Treated wastewater can replace higher quality water for a number of uses. 
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Table 4-4 

Baseline Characterization and Assessment of Small Island Hydrology and Water Resources 

Category Topical Areas Comments

  Augmentation of natural supplies Natural supplies can be supplemented, depending on issues such as cost, through 
desalination or importing fresh water in ships, for example. 

Assessment of water 
resources Precipitation records 

Precipitation is extremely temporally and spatially variable, and may require a 
number of gages operating over a long period of time  to accurately quantify the 
variability associated with precipitation. 

  Abrupt spatial changes On islands with large topographic changes, precipitation can change dramatically 
from one location to another. 

  Evapotranspiration Evapotranspiration can average 60 to 70 percent of precipitation, and has a large 
influence on water budgets. 

  Surface runoff measurement Since stream flow rates can change dramatically over time, accurately determining 
flow rates is difficult. 

  Remote sensing Remote sensing, using aerial imagery, satellite imagery, GPS, or other techniques 
can be extremely valuable in island wide characterizations. 

  Groundwater information Basic information needed includes aquifer characteristics, safe yields, water 
quality, and reliability of extraction wells. 

  Geophysics Geophysical techniques can be used to better characterize the subsurface. 

  Reference: " Coral Island 
Hydrology"  A UNESCO publication. 

Identification and 
quantification of water 
uses 

Use categories Delineate how water is used, and in what quantities for each use category. 

  Factors affecting quantities used Determine rationale behind water use patterns, including leakage and wasteful 
practices. 

  Dominant importance of irrigation Often irrigation use is the dominant single use, and may justify more analyses. 
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Table 4-4 

Baseline Characterization and Assessment of Small Island Hydrology and Water Resources 

Category Topical Areas Comments

  Hydropower production On islands large enough and with adequate topographic relief and rainfall, 
hydropower may be a potential source of electrical energy. 

Water development Rainwater collection In rural settings, the collection of rainfall onto catchments may be an important 
source of freshwater. 

  Surface water collection Withdrawals of water from surface water storage can serve many uses with 
minimal treatment. 

  Groundwater extraction Removal of groundwater has to be carefully planned so as not to over extract 
fresh-water and potentially contaminate the source. 

  Sinkholes and caves in limestone Sometimes  reservoirs of freshwater may exist in natural formations. 

  Desalination Small scale desalination might be feasible, but is often prone to continuing 
maintenance problems. 

  Importation Shipping of water in large ships can provide a supplemental supply. 

  Waste water reuse Wastewater can be treated and reused in many ways. 

  Substitution Use of low quality, more abundant water can be substituted for limited supplies of 
higher quality water in such activities as bathing and clothes washing. 

  Non-potable water systems It may be advantageous to develop a long-term non-potable water system. 

  Potable water enhancement This can be accomplished either by conservation and substitution practices, or 
adding to the supply of potable water, such as by increased rainfall storage. 

  Below ground development 
Unsaturated zone and groundwater development require a site-specific 
understanding, with consideration of preventing contamination from nearby 
sources. 

Major issues in 
development and 
management 

Quantity Quantities of water requirements by use category are needed to compare with 
availability of appropriate quality water. 
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Table 4-4 

Baseline Characterization and Assessment of Small Island Hydrology and Water Resources 

Category Topical Areas Comments

  Quality Water quality is needed to determine the most appropriate use of the water for 
minimal treatment costs. 

  Reservoir siltation Surface reservoirs eventually silt up, and can lose their usefulness. Means to 
reduce and control siltation need to be considered. 

  Rainwater systems issues Rainwater collected can become contaminated, or act as a breeding ground for 
disease. 

  Water supply distribution problems Typical problems include reliability and contamination. 

  Competing uses/allocation Consideration of the present and future needs for all water uses is needed to 
adequately plan. 

  Inadequate/unrealistic legislation Legislation can either facilitate or block the creation of water systems. 

  Water administration An experienced water agency that heads the water supply efforts is often needed.  

  Effects and frequency of natural 
disasters 

Planning for natural disasters is often overlooked. Temporary disruptions of normal 
service and functioning is important to alleviate potentially severe problems. 

  Climate change 
Exactly how climate is changing is uncertain, and the effects are still speculative. 
Nevertheless, climate change could in the future, put significant stress on water 
resource systems. 

Management and 
development/ 
implementation 

Planning Planning must be continuous, and involve all stakeholders. 

  Choice of water sources Flexibility of using different sources of water as the situation dictates is important in 
the functioning of a robust system. 

  Water quality criteria Appropriate criteria for different water uses can be both cost effective and 
protective of human health. 

  Commitment Due to the difficulties and uncertainties faced by water resource planners, a long 
term commitment is needed. 
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Table 4-4 

Baseline Characterization and Assessment of Small Island Hydrology and Water Resources 

Category Topical Areas Comments

  Operation at local level Understanding water needs at the local level will help the system function more 
equitably. 

  Water resources committees Both permanent and temporary committees can be useful. 

  
Inter-island cooperation and 
assistance 

Assistance from nearby islands that have favorably addressed problems of 
concern to their neighbors can be very helpful. 

  Catchment protection Protection of water resources on a drainage basin level is a natural means of 
approaching island-wide protection. 

  Issues of thin soils Thin soils can allow surface contamination to easily percolate into the 
groundwater, potentially contaminating a source of water. 

  Capacity building Identifying and using resources that may be available can be an important part of 
creating reliable water resource systems. 

  Training and education Local inhabitants need to be professionally trained to manage their own resources. 

  

Technical cooperation and 
exchange 

Fostering cooperation among groups and exchanging information and resources 
facilitates the creation and maintenance of resilient water resource managed 
systems. 
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4.8 COASTAL ZONE 

The coastal zone is defined to include coastal plains, the shallow water offshore 
that extends to the edge of the continental shelf, the formations beneath the water, 
such as reefs, and the water that forms estuaries, bays, and lagoons. It is within 
coastal zones that large cities are most often built, and many people work and 
vacation. Consequently, the coastal zone can be highly impacted by 
anthropogenic influences and vulnerable to climate change.  
 
A number of websites that contain coastal zone information for the SIDS being 
studied have been located, and are included in Appendix A. Some of that 
information is discussed here. Basically, the only SIDS where an analysis of 
impacts was found was Mauritius. That information is presented in Appendix E. 
For the remaining SIDS, the focus is on coral reefs. Coral reefs are important 
features of the islands, both environmentally and economically, and are being 
subjected to stresses that originate from many sources, as discussed subsequently. 
 
While not all the issues and stresses for the coastal zone that are relevant to 
Mauritius pertain to the remaining SIDS, nevertheless that study does provide a 
good overview of issues. Therefore, a summary of Appendix E is included in 
Table 4-5. It should be apparent from the table that characterizing the coastal 
zone is a different and challenging task. The coastal zone is not static, but rather 
is dynamic as it responds to both natural and man-induced forces. Characterizing 
the coastal zone at a single point in time (i.e., baseline characterization) provides 
an important reference from which to measure future changes.  
 
One of the most significant features of coastal zones is the coral reefs. Coral reefs 
are found in shallow water to depths of about 15 meters. Fish production on coral 
reefs is important as a food source. Coral reefs also protect the interior islands 
from erosion, since large amounts of incoming wave energy are expended over 
these reefs. Coral reefs attract tourists, and world-wide it is thought that, in terms 
of fish-production, tourism, and erosion protection, that coral reefs have an 
economic value of about $375 billion U.S. 
 
Here, the emphasis is on the information that is available on the coral reefs 
associated with the SIDS under investigation. A good website with world-wide 
perspective on coral reefs is a NOAA website: http//www.coris.noaa.gov/. That 
site contains a graphic of locations of coral reefs worldwide (Figure 4-19). Note 
that there are coral reefs associated with all the SIDS being investigated. 
 
Table 4-6 summarizes information found from different websites on these coral 
reefs. An overview of monitoring of Indian Ocean coral reefs are presented by 
IUCN- the World Conservation Union. Indian Ocean Coral reefs have been 
particularly affected by coral bleaching (whitening due to loss of colorful algae 
that live on the coral’s calcium skeleton caused by excessively warm water). The 
monitoring network was initiated in 1998 and includes the SIDS of Comoros, 
Madagascar, Mauritius, and the Seychelles.  
 

Page 4-44 



Climate Change Influences    Tetra Tech, Inc.  

 

Table 4-5 

Coastal Zone Characterization and Environmental Issues for Mauritius 

Category    Subset of Category Comment

Morphology and Influential 
Factors Continental Shelf Shallow continental shelves can extend the coastal zone relatively far offshore, as for Mauritius 

  Shoreline structure and landforms (cliffs, 
sandy beaches, other) 

Shorelines around an island can differ in structure greatly from one location to another due to geology and 
wind and wave forcing differences between the leeward and windward sides of islands 

  Waves 
Waves can take the form of swells that originate at distant locations or large storm-generated waves 

generated locally. Wave energy can cause rapid changes in shorelines and can carry away natural beach 
materials quickly 

  Near-shore currents Near shore currents may tend to act as conveyor belts that have a tendency to move materials from one 
location to another, as long as a supply source is present 

  Climate, variability, and change The variability and change in climate can continually impose changes on the coastal zone 

  Erosional and depositional processes Both processes can be ongoing at different locations on an island, or at different times at the same location

Uses of Coastal Zone Bathing beaches Swimming and lying in the sun are prime uses of tropical beaches 

  Hotels Islands that cater to tourists often build larger and more hotels 

  Small bungalows Small individual dwellings can be holiday spots for local vacationers 

  Large resorts Large resorts can accommodate hundreds of people, and locally overtax available resources 

  Second homes As more people become affluent, second homes can be built along beaches. 

  Agriculture Agricultural uses within watersheds adjacent to the coastal zone can produce contamination that affects both 
the land and water 

  Animal grazing Animals that are allowed unrestricted use to the coastal beaches, or watersheds can contaminate them 

  Parks, land preserves Protected lands are an important part of protecting the local biota 

  Towns, villages Towns that rapidly grow without the appropriate infrastructure can stress the coastal zone 

  Harbors Harbors can become contaminated if wastewaters are dumped, rather than putting waters in holding tanks 
and properly disposing of them 

  Fishing Fishing for livelihood, sustenance, and recreation can produce over fishing if quotas are not imposed 

  Industry Industrial activities can generate wastes that if not managed can damage the coastal zone 

  Sand mining Removal of large volumes of sand can damage ecosystems, and scar the coastal zone 

  Tourist activities Tourist activities can be an important industry, and must be managed to prevent adverse impacts 

Environmental Issues Enhanced erosion Many human activities can enhance erosion, such as destroying natural coastal vegetation 

  Reef destruction Reef destruction is discussed in more detail in the associated text 

  Habitat impacts of land and sea flora and 
fauna Development can reduce or destroy habitat needed for natural biota to flourish 
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Table 4-5 

Coastal Zone Characterization and Environmental Issues for Mauritius 
    Category Subset of category Comment

Environmental Issues  
(continued) 

 

Destructive fishing activities such as 
dynamiting and poisoning 

Reefs can be destroyed by such activities 
 

  Disposal of wastes from boats Many kinds of wastes can be discharged or discarded into the environment, including plastic containers 

  Discharge of poorly treated wastewater, either 
domestic, industrial, or agricultural 

Resources to properly treat wastewaters may not be available, so discharging to inland or offshore waters 
can both contaminate those waters, and adversely impact organisms that live in those waters 

  Direct contamination of beaches by humans or 
animals 

Birds, pets, and other animals can be the source of  deadly bacterial and viral infections via feces on 
beaches or in coastal waters 

  Chemical contamination from fuels, additives, 
wastewater, agricultural chemicals 

As small islands continue to advance their life styles, risks of contaminating the environment broadens to 
other constituents 

  Contaminated storm water runoff Contaminated storm water can mix with wastewater in combined sewers, and overflow during storms of 
significant magnitude 

 Climate change Issues associated with climate change include sea level rise, warming water, changing pH, coral bleaching, 
reef submergence, more severe storms, and others 
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Figure 4-19. Locations of coral reefs worldwide. 
 
 

Table 4-6 

 Indian Ocean SIDS Coral Reef Information 

Topic Comment
Website with worldwide 
coral reef information http://www.coris.noaa.gov/

http://www.iucn.org/Monitoring of Indian Ocean 
coral reefs Or contact Carl Lundin, IUCN Marine Program Director carl.lundin@iucn.org 

Benefits of coral reefs Food and shelter (via protection against storm surges, for example) for people and 
biota; medicine; economic benefits (tourism) 

Destruction of coral reefs 
Overfishing, blast fishing, cyanide fishing, sewage, agricultural runoff, oil and 
industrial pollution, sedimentation, uncontrolled tourism, disease, climate change, 
mining of coral, mangrove destruction 

Madagascar coral reef 
issues 

Mining of coral and coral sands; National park created in 1997 that encompasses 
extensive coral reef areas 

Comoros coral reef issues Bleaching, coral and coral sand mining, sediments from agricultural runoff 

Mauritius coral reef issues 
Coral collection, coral and sand mining, dynamite fishing, agricultural runoff, 
offshore sewage disposal, overfishing, eutrophication of coastal waters, seaweed 
growth to displace corals, over-tourism 

Seychelles coral reef issues World Heritage coral reef site in Aldabra; issues include bleaching, agricultural 
runoff, coral collection 

Maldives Coral mining, increasing tourism, accelerated submergence beyond accretion rate 
due to increasing rates of sea level rise  
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5. CONCLUSIONS AND RECOMMENDATIONS 
 

This report has identified and discussed sources of data pertinent to selected SIDS 
in the Indian and Atlantic Oceans that can be used to evaluate potential impacts 
of climate change on these islands, with a focus on water resources and coastal 
zone resources. The amount of data available through the worldwide web is 
enormous, as reflected by the number of websites reported in Appendix A, and 
elsewhere in this report. It has not been possible to examine all of those websites 
(which lead to still further websites) in detail, so that the amount of information 
shown and analyzed in this report is a subset of the available information.  
 
While there are data gaps in information needed to perform all the analyses, the 
amount of information assembled here provides a good start. To assist in 
beginning and executing the analyses, the following steps are provided as 
suggestions: 
 

1. To date, no attempts have been made to locate, gather, or analyze 
SIDS-specific data that have not been put on the web, but may be 
available in paper format, archived in a storage area, or located on 
computer files  that are used for local purposes. It is likely that 
this information will be extremely useful and important to 
augment data sources identified so far. 

2. As data are identified and collected, a GIS should be constructed 
with data management capabilities. A GIS is particularly relevant 
to spatially-oriented problems, and such a GIS for this project 
would be invaluable. One goal would be to develop the GIS  on a 
watershed basis by island. 

3. While the focus of this project is on climate change, it is 
suggested that answering the following questions may be more 
important: How does the influence of climate change, now or in 
the future, compare to other impacts associated with man’s 
activities and population growth? (For example, are the biggest 
stressors on coral reefs caused by overfishing or from warming of 
the ocean’s water due to climate change? Is accelerated coastal 
erosion caused by rising sea levels that allow wave energy to 
propagate further inshore, or by man’s activities that enhance 
erosion, such as building homes and roads and destroying natural 
barriers to erosion?) These questions are likely to have answers 
that are dependent on the time frame considered: present, 10 years 
in the future, or 20 years in the future, for example.  

4. Documentation of baseline conditions should be done, so that 
future changes can be measured against the present status of 
conditions. From such information it will be easier to determine 
existing vulnerabilities, and cross-compare to other SIDS. 
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5. To perform the variety of analysis envisioned to be needed for 
this project, a “toolbox” is needed. The following tools are 
suggested:  

• GIS/database management system (already mentioned). 

• Method of estimating relative sea level change island by island, 
which accounts for both absolute sea level change and vertical 
movement of the island.  (One such approach is shown in 
Appendix C.)  

• Method to analyze potential storm surges from hurricanes or other 
large storms. 

• Regional climate change modeling tools, such as 
MAGICC/SCENGEN, or tools developed by IRI. 
MAGICC/SCENGON presently is resolved to 5o, and other 
regional models are now providing results at a spatial resolution 
of 1/8o. 

• Groundwater models that can account for the complexity of 
island-specific hydrogeologic settings and that can evaluate 
processes such as infiltration, recharge to streams, safe yields, the 
density differences between fresh and ocean waters, the mixing 
that occurs between these water body types, effects of imposed 
climate variability, and alternative use scenarios.  

• A tool that evaluates the relationships between hydropower 
production and water requirements (needed for only a few of the 
islands, such as Mauritius). 

• A tool that analyzes the initial mixing, far field mixing, 
contaminant concentrations, and sedimentation patterns of 
wastewater that is discharged to the coastal zone via outfalls.  

• Models that can approximate the fate of contaminants through 
both surface and subsurface water systems.  

6. For water resources analysis, the effects of climate and water use 
variability need to be an integral part of the analysis.  

7. Water quality, as well as water quantity, need to be a part of water 
resources analysis. The quality of the water may indicate a use 
that can be achieved with minimal or no treatment, or else 
indicate the level of treatment needed for another designated use. 

8. The credibility of the sea level data need to be cross-checked if 
possible. Even the sign of relative sea level changes is suspect on 
certain islands, and it should not be assumed that relative sea level 
is rising on all the islands. If relative sea level is falling on such 
islands as Cape Verde, local evidence should support this.  
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9. At present, it is beyond our technical capabilities to predict how 
climate changes will influence hurricane intensity or storm tracks. 
Therefore, past hurricane tracks and intensities should be used as 
the best estimates for the future. Examining the effects of 
historical hurricanes that might produce a more direct hit on an 
island is a more realistic approach to examining potential future 
impacts than to examine hurricanes of greater intensities than 
those that exist today.  

10. Due to the remote locations of the SIDS, an examination of how 
to make the best use of remote sensing techniques is 
recommended. In this report, discussions have centered around 
satellite imagery, but other remote sensing techniques (aircraft 
imagery and GPS, for example) should be examined, as well as 
the spectral bands that provide the most useful information.  

11. Digital on-ground photographic documentation would be 
invaluable in describing site-specific features. It is recommended 
that digital photographic catalogs, by topical area, be developed. 
This has proven to be invaluable in other island-related projects. 
Figure 5-1 shows an island and locations where photographic 
images were taken. One of the photographs is shown in Figure 5-
2. The visual impact of the differential erosion that has occurred 
from 1990-2002 is evident. 

12. Development of an island-specific approach to evaluate each 
island’s vulnerability to climate change, as well as each island’s 
vulnerability to other stresses, Those other stresses can include, 
but are not limited to: population density and growth, increased 
tourism, availability of freshwater, impacts of increasing 
temperature, uncertainties of how precipitation will change, 
droughts, relative sea level rise, continued degradation of coral 
reefs, isolation effects, coastal erosion from all causes, 
environment pollution of soil, surface water, groundwater, and 
coastal water.   
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Figure 5-1. Photographs on Tangier Island that relate to island erosion issues.  
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Figure 5-2. Photograph (November 18, 2002): At the southern end of the seawall that was 
constructed in 1990. The erosion that occurred from 1990-2002 is evident by comparing 
the marsh grass retreat on the protected and unprotected sides of the seawall.   

 
 
In addition to the above recommendations, some suggestions are provided below 
on presenting several types of results, in order to facilitate understanding of them. 
One basic decision is to examine different planning horizons for the future, such 
as 20 years, 50 years, or 100 years. However the uncertainties in those predictions 
are expected to increase over time, as illustrated in Figure 5-3. In this conceptual 
figure, the annual temperature is predicted to steadily increase for all scenarios 
examined, but at different rates. The scenarios could reflect different global 
carbon dioxide emissions, and such emissions could at one extreme continue to 
increase in a Business as Usual (BAU) manner or be severely cut if our global 
society is able to implement reductions such as suggested by the Kyoto Protocol. 
The point is that the difference in these scenarios may be relatively small, 20 to 
30 years into the future, but large by the end of the 21st century. Generally 
speaking, the urgency associated with given stressors these island nations face, 
speak to keeping the planning horizon short until more immediate problems are 
addressed, and then lengthening the planning horizon.  
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Figure 5-3. Regional temperature increase in response to different greenhouse gas emission 
scenarios. 

 
 
Note that the concept embodied in Figure 5-3 can be reapplied at regular intervals 
into the future as knowledge about future probable greenhouse emissions 
scenarios change, and our ability to predict responses of those scenarios 
improves. 
 
While it is typically thought that small islands are prone to sea level rise issues, 
this may not be so if the islands are emerging at a rate that exceeds the absolute 
rate of sea level rise. Locally, the islands are influenced by the relative rate of sea 
level rise, which is the sum of island subsidence and global sea level rise. Figure 
5-4 illustrates that only if the island is stationary will the relative sea level change 
equal to the global absolute rate of change. If the island is submerging, the local 
or relative rate of sea level rise will exceed the absolute rate, and if the island is a 
low-lying one, the effects of sea level change would be severe. On the other hand, 
if the island is emerging, the level of the sea would appear to be falling. However, 
if absolute sea level rise accelerates in the future, eventually, the absolute rate 
could overwhelm the emergence rate. In Figure 5-4, this begins to occur in 40-60 
years for the example emerging island shown. Thus, sea level rise will depend 
both on the rate at which the island is vertically moving (which could change 
over time) and the rate of absolute sea level change. An island that is not 
experiencing a problem today could in the future.  
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Figure 5-4. Relative sea level conceptualization for three islands: a subsiding island, a vertically 

stationary island, and an emerging island.  
 
 
One further issue related to relative sea level change has to do with the future of 
coral reefs. Coral reefs may be able to vertically accrete at a rate of 1-2 mm/yr. 
Should relative sea level exceed these accretion rates, eventually the coral reefs 
will die.  
 
One final graphical example relates to water resources. If we project into the 
future, there will be a need to know how the available freshwater supplies may 
compare with the demand, considering an increased demand for the available 
water, and a changing supply that may result from climate change.   Figure 5-5, 
illustrates a time horizon of 100 years. On the graphs, estimates of freshwater 
withdrawals and consumption over time are provided. These are assumed to 
increase due to increasing population. At the same time, the precipitation (P), 
excess of precipitation over ocean evaporation (P-Eo), and excess of precipitation 
over actual evapotranspiration (P-AET) are shown. While it is not known whether 
P will increase or decrease in the future, it is very likely that the available water 
P-AET will decrease in a warmer environment. Therefore, it is anticipated, under 
such a scenario, that eventually a critical condition would occur with respect to 
water demands and availability. Existing storage in surface or subsurface 
reservoirs would only temporarily alleviate such a situation, unless new sources 
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of water were added (e.g., desalination) or water use patterns were to change. It is 
the latter that is most prudent to plan for.  
 

Figure 5-5. Predicted future water withdrawals and consumptive uses versus different measures of 
available water.  
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Potential executing agencies URL Comments

Ministry of Environment and 
National Development Unit, 
Republic of Mauritius 

http://ncb.intnet.mu/environ.htm The message from the Minister on the website speaks of the environmental issues such 
as climate change and sea level rise that are the focus of this project. 

Mauritius Institute for 
Environmental and Legal 
Studies 

http://www.intnet.mu/iels/
The Institute is a non-profit making organization registered in Mauritius, dedicated to the 
study of the environment and its interaction with human societies. It was registered with 
the Registrar of Associations on the 25th of April 1997. 

University of East Anglia to be determined to be determined 

Potential Organizations that 
could provide funding or in-kind 
services

URL Comments

Environmental Software 
Research Institute http://www.esri.com/ To be contacted 

The Mathworks http://www.mathworks.com To be contacted 

Pew Charitable Trusts http://www.pewtrusts.com/ To be contacted 

Ford Foundation http://www.fordfound.org To be contacted 

Kirsch Foundation http://www.kirschfoundation.org/how/environmental/environment.html To be contacted 

Public Welfare Foundation http://www.publicwelfare.org/ To be contacted 

Richard and Rhonda Goldman 
Fund http://www.goldmanfund.org/ To be contacted 

Rockefeller Brothers Fund http://www.rbf.org/programs/sustainprog.html To be contacted 

Wallace Global Fund http://www.wgf.org To be contacted 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Federal grants http://www.grants.gov Comprehensive website on searching and applying for federal grants 

International foundations and 
trusts To be detemined To be determined 

Columbia University's 
International Research Institute 
for Climate Prediction 

http://iri.columbia.edu/
IRI was established as a cooperative agreement between U.S. NOAA Office of Global 
Programs and Columbia University. It is part of The Earth Institute at Columbia 
University. IRI is located at the Lamont-Doherty campus in Palisades, NY. 

National Aeronautics and Space 
Administration (NASA) http://www.nasa.gov/home/ NASA regularly comes out with solicitations that might appropriate to respond to. 

UN EPA's Research Laboratory, 
Athens, GA to be determined Contact Dr. Walter Frick 

National Oceanic and 
Atmospheric Administration 
(NOAA) Office of Global 
Programs (OGP) 

http://www.ogp.noaa.gov/grants/ NOAA's Office of Global Programs annually solicits proposals that could fit into the work 
being done here. 

Climate Research Unit, East 
Anglica University http://www.cru.uea.ac.uk/ The Climatic Research Unit is widely recognized as one of the world's leading institutions 

concerned with the study of natural and anthropogenic climate change. 

Candidates for "Ask the Expert" URL Comments

Dr. Neil Ward of Columbia 
University's IRI http://iri.columbia.edu/ Dr. Ward has expressed some interest in this project. We will re-initiate contact during 

October 2004. 

Dr. Lisa Sloan of University of 
Calfornia's Global Climate 
Change Center 

www.es.ucsc.edu Dr Sloan has expressed some interest in this project. We will re-initiate contact during 
October 2004. 

Dr. Walter Frick To be detemined Expert in coastal outfalls, modeling, and water pollution 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Dr. Tom Wigley wigley@ucar.edu Developer of the MAGICC/SCENGEN regional climate change model 

Faculty from the Department of 
Civil Engineering, University of 
Mauritius 

To be detemined Experts in Water Resources of Mauritius 

Expert on aerosols in India and 
the Maldives Dr. Veerbhadran Ramanathan Lead research on presence and sources of aerosols at remote island sites, such as the 

Maldives 

Expert on sea level rise To be determined Possibilities include: Leatherman, Douglas 

Experts on storm surge from 
large storms To be determined Contact NOAA 

Experts on water resources on 
small islands To be determined Possibilities include: UNESCO (Faulkland) 

Experts on sea water 
desalination To be determined Several experts will be listed 

Experts on remote sensing To be determined Experts on both aerial and satellite remote sensing  

Experts on coastal resources on 
small islands To be determined   

The above  candidates are just 
a start. Many more candidates 
will be identified. 

To be determined Both experts on the topics of concern from a global scale, as well as experts on the 
island states themselves, will be contacted. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Selected information by island 
state URL Search by name of island state using Google to find many other URLs.  

http://www.umassd.edu/SpecialPrograms/caboverde/capeverdean.ht
ml

http://www.umassd.edu/SpecialPrograms/caboverde/cvpictbase.html

http://www.umassd.edu/SpecialPrograms/caboverde/snicolau.html

http://www.sas.upenn.edu/African_Studies/Country_Specific/C_Verde.
html

Cape Verde 

http://www.cia.gov/cia/publications/factbook/geos/cv.html

Cape Verde, officially known as the Republic of Cape Verde (Portuguese- Republica de 
Cabo Verde), is an island archipelago lying 600 km west of Dakar, Senegal, the 
westernmost point of continental Africa. The archipelago is volcanic in origin and rises 
from the the deep abyssal plain beyond the African continental shelf. It occupies roughly 
63,000 km2 of ocean area and just over 4000 km2 of land area and consists of ten 
islands and five islets, divided into the Windward (Barlavento) and Leeward (Sotavento) 
groups. The capital is Praia on the island of Santiago. The population in 1994 was 
estimated to be 423,120. 

http://www.cia.gov/cia/publications/factbook/geos/cn.html

http://www.ksu.edu/sasw/comoros/comoros.html
Comoros 

http://www.sas.upenn.edu/African_Studies/Country_Specific/Comoros
.html

The CIA reference is from the World Fact Book. Located in a strategic position at the 
northern end of the Mozambique Channel, the Comoro Islands once played a major role 
in a thriving world economy of the western Indian Ocean. The archipelago arose from the 
seabed of the western Indian Ocean as the result of volcanic activity. The four major 
islands: Ngazidja (Grande Comore), Mwali (Moheli), Nzwani (Anjouan), and Maore 
(Mayotte) are of varying age with distinct topograhical characteristics. Mayotte, the oldest 
of the islands, is closest to Madagascar and is highly eroded with slow, meandering 
streams. Ngazidja, the youngest of the islands is closest to Africa and has a massive 
volcano. Seismic activity continues today on this island and experts have been 
concerned that a very violent eruption may occur in the near future. Comoros has a 
population of 632,000 people, and a land area of 2170 square kilometers. 

http://www.cia.gov/cia/publications/factbook/geos/ma.html

http://www.sas.upenn.edu/African_Studies/Country_Specific/Madagas
car.htmlMadagascar 

http://www.infoplease.com/ipa/A0107743.html

Madagascar lies 250 miles (400 km) off the east coast of Africa, south of the equator. It is 
separated from Africa by the Mozambique channel and is crossed by the Tropic of 
Capricorn near the southern town of Toliara (Tulear). Madagascar has a population of 
over 17M people and an area of 578,000 square kilometers. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

http://www.intnet.mu/iels/

Mauritius 
http://www.sas.upenn.edu/African_Studies/Country_Specific/Mauritius
.html

Provides an overview of Mauritius and its environment. 

http://www.cia.gov/cia/publications/factbook/geos/mv.html

http://lcweb2.loc.gov/frd/cs/mvtoc.htmlMaldives 

http://www.cia.gov/cia/publications/factbook/geos/mp.html

The first URL is a reference to the World Fact Book for the Maldives. The second 
reference is a study of the Maldives contained in the Library of Congress. 

Seychelles http://www.sas.upenn.edu/African_Studies/Country_Specific/Seychell
es.html

The first URL is a reference to a study by the University of Pennsylvania, and the second 
is a reference to the World Fact Book. 

GEF national focal points for 
endorsements E-mail Addresses of focal points

Cape Verde E-mail: fandrade@ma.gov.cv

ANDRADE, Fernando 
Director of the Cabinet of Studies and Planning 
Ministry of Environment, Agriculture and Fisheries 
CP 115 
Praia 
Cape Verde 
TEL: 011 238 615716 
FAX : 011 238 611301 

Comoros   not available YOUSSOUF, Hamadi Director General of Environment Ministry of Rural Development of 
Fisheries & Environment Moroni, ComorosTEL: No Phone FAX: (269) 73 13 57 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Madagascar E-mail: minenv@dts.mg

RABOTOARISON, Charles Sylvain 
Director General 
Ministre de l´Environnement 
B.P. 571 
Antananarivo 101 
Madagascar 
PHONE: (261) 2022 40908 
FAX: (261) 2022 41919 

Maldives   not available

SHIHAB, Hussein 
Deputy Minister 
Min. Planning, Human Resources & Env. 
Ghaazee Building 
Male 
Maldives 
TEL: (960) 323-825 
FAX : (960) 327-7351 

Mauritius   not available

KUSHIRAM, Kushal Chand 
Minister of Economic Development, Financial 
Services and Corporate Affairs 
Emmanuel Anquetil Building 9th Fl. 
Port Louis 
Mauritius 
TEL: (230) 201-1260 
FAX : (230) 212-4124 

Seychelles  mfapesey@seychelles.net copprotocol@mfa.gov.sc
RADEGONDE, Sylvestre Principal Secretary Ministry of Foreign Affairs P.O. Box 656" 
Maison Quéau de Quinssy" Mont Fleuri Mahe Seychelles TEL: 248 28 35 00 FAX:248 22 
48 45 

Vulnerability and Adaptation URL Comments

National Adaptation Programs 
of Action http://www.undp.org/cc/napa_resources.htm

One of the guiding principles of the NAPAs is that countries should use existing 
information and traditional knowledge -- there should be no new studies. The NAPA 
should also contribute to overall sustainable development goals. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Assessing impacts and 
adaptation for climate change 
(AIACC) 

http://sedac.ciesin.columbia.edu/aiacc This website facilitates access to extensive data, software and bibliographic resources 
related to climate impacts, adaptation, and vulnerability across multiple sectors. 

Vulnerability and adaptation 
assessments for National 
Communications 

http://www.undp.org/cc/index2.htm

The National Communications Support Programme works with around 130 participating 
countries in the regions of West, South and East Africa, the Arab States, Europe and the 
Commonwealth of Independent States, Asia, the Pacific, the Caribbean, and Central and 
South America.  

Intergovernmental panel on 
climate change (IPCC) http://www.ipcc.ch/

The Intergovernmental Panel on Climate Change (IPCC) has been established by WMO 
and UNEP to assess scientific, technical and socio-economic information relevant for the 
understanding of climate change, its potential impacts, and options for adaptation and 
mitigation. 

United Nations Framework on 
Climate Change Convention 
(UNFCCC) 

http://unfccc.int/

UNFCCC supports cooperative action by States to combat climate change and its 
impacts on humanity and ecosystems. This is our contribution to a sustainable world and 
to realizing the vision of peace, security and human dignity on which the United Nations 
is founded. 

World Summit for sustainable 
development http://www.johannesburgsummit.org/

Johannesburg Summit 2002 – the World Summit on Sustainable Development – brought 
together tens of thousands of participants, including heads of State and Government, 
national delegates and leaders from non-governmental organizations (NGOs), 
businesses and other major groups to focus the world's attention and direct action toward 
meeting difficult challenges, including improving people's lives and conserving our natural 
resources in a world that is growing in population, with ever-increasing demands for food, 
water, shelter, sanitation, energy, health services and economic security. 

Capacity Building URL Comments

African environment information 
network (AEIN) http://www.unep.org/ROA/aein/Objectives.asp

The Africa Environmental Information Network (AEIN) is a multi-stakeholder capacity 
building process that aims to harness and enhance access to information and knowledge 
to support the management of Africa's environmental resources as assets for sustainable 
development. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

World Climate Program  http://www.wmo.ch/web/wcp/wcp-home.html

The World Climate Programme (WCP) is an authoritative international scientific 
programme whose goals are to improve understanding of the climate system and to 
apply that understanding for the benefit of societies coping with climate variability and 
change.  

World Meteorological 
Organization (WMO) http://www.wmo.ch/index-en.html

The WMO is the UN system’s authoritative voice on the state and behaviour of the 
Earth’s atmosphere, its interaction with the oceans, the climate it produces and the 
resulting distribution of water resources. 

World Climate data and 
Monitoring Program (WCDMP) http://www.wmo.ch/web/wcp/wcdmp/html/wcdmp.html

The purpose of the World Climate Data and Monitoring Programme (WCDMP) is to 
promote the development of a comprehensive and dedicated climate observing system 
and climate data management systems, and ensure that high quality climate data from 
existing observations of the global climate system, including those obtained through other 
Programmes. 

WMO Commission for 
Climatology 

http://www.wmo.ch/web/wcp/ccl/CClguide/app_sects3ed/appr_sec_te
xt_rev_1.html

The vision of the CCl is to stimulate, understand and coordinate international technical 
activity to obtain and apply climate information and knowledge in  support of sustainable 
social-economic development and environmental protection. 

World Climate Applications and 
Services Programme (WCASP) http://www.wmo.ch/web/wcp/clips2001/html/ Associated with CLIPS, described directly below. 

Climate Information and 
Prediction Services (CLIPS) http://www.wmo.ch/web/wcp/clips2001/html/

CLIPS is a Project of the World Meteorological Organization that deals with the 
implementation of climate services around the globe. Climate services are any activity 
that employs and/or applies climate knowledge, climate information and climate 
predictions to the benefit of individuals, organizations and countries. Increasingly, 
governments, international organizations, companies and individuals are recognizing the 
impacts that climate has on their activities, whether from long-term climate change or 
from climate variability on time scales of up to a few seasons or years.  

Global climate observing 
system (GCOS) http://www.wmo.ch/web/gcos/gcoshome.html

The Global Climate Observing System (GCOS) was established in 1992 to ensure that 
the observations and information needed to address climate-related issues are obtained 
and made available to all potential users. 
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World climate research 
programme http://www.wmo.ch/web/wcrp/wcrp-home.html

The objectives of the programme are to develop the fundamental scientific understanding 
of the physical climate system and climate processes needed to determine to what extent 
climate can be predicted and the extent of human influence on climate.  

UNEP/DEWA (Africa) http://www.grid.unep.ch/activities/capacitybuilding/africagis/index.php

The “Environmental Information System on the Internet” project (which is known by its 
French acronym SISEI) aims to strengthen existing national capacities and provide new 
opportunities to remote users and decision-makers, particularly in Africa, to consult and 
analyse current environmental information. 

New partnership for Africa's 
development (NEPAD) http://www.nepad.org/

NEPAD is designed to address the current challenges facing the African continent. 
Issues such as the escalating poverty levels, underdevelopment and the continued 
marginalisation of Africa needed a new radical intervention, spearheaded by African 
leaders, to develop a new Vision that would guarantee Africa’s Renewal. 

NOAA CSI/ESD-Africa Program http://www.ogp.noaa.gov/mpe/csi/esd/africa/index.htm

The goal of the NOAA/OGP regional African program is to support African nations in 
creating a broad set of tools and relationships to live harmoniously and profitably with 
their natural environment, through the application of seasonal to inter-annual climate 
information for sustainable development. 

Pew Center on Climate Change http://www.pewclimate.org/ 

The Pew Center on Global Climate Change brings together business leaders, policy 
makers, scientists, and other experts to bring a new approach to a complex and often 
controversial issue. Our approach is based on sound science, straight talk, and a belief 
that we can work together to protect the climate while sustaining economic growth. 

World Health Organization 
(WHO) http://www.who.int/en/ 

The World Health Organization, the United Nations specialized agency for health, was 
established on 7 April 1948. WHO's objective, as set out in its Constitution, is the 
attainment by all peoples of the highest possible level of health. Health is defined in 
WHO's Constitution as a state of complete physical, mental and social well-being and not 
merely the absence of disease or infirmity. 

UNEP's division of early 
warning and assessment http://www.unep.org/dewa/

Division of Early Warning and Assessment (DEWA) provides the world community with 
improved access to meaningful environmental data and information, and to help increase 
the capacity of governments to use environmental information for decision-making and 
action planning for sustainable human development. 
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International Red Cross http://www.icrc.org/eng

An exclusively humanitarian mission - the mandate of the International Committee of the 
Red Cross. The ICRC Statutes. Access to documents, articles and studies on aspects of 
the mission of the organization, role, mandate and strategy, including the text of the 1993 
Agreement between the ICRC and the Swiss Federal Council. 

UNEP/GRID-Arendal http://www.grida.no/

As a specific follow-up to the recommendations of the 1987 World Commission on 
Environment and Development, the Government of Norway and the United Nations 
Environment Programme (UNEP) established an environmental information centre in 
Arendal, Norway. Set up as a foundation under Norwegian legislation, the centre was 
linked to the world-wide UNEP programme termed Global Resource Information 
Database and was therefore called a GRID centre. GRID-Arendal was opened by the 
Norwegian Prime Minister on August 22, 1989. 

UNEP regional office-Africa http://www.unep.org/unep/products/gcroa.htm Little information is available. 

UNEP regional sea program http://www.unep.ch/seas/rshome.html
Today the 14 Regional Seas programmes remain the central UNEP initiative providing 
the legal, administrative, substantive and financial framework for the implementation of 
Agenda 21, and its chapter 17 on oceans in particular. 

ISDR/UNEP Africa unit http://www.unisdrafrica.org/en/documents.php

UN/ISDR Africa opened in the second half of 2002, with financial support from the 
Government of Germany and in cooperation with the UN Environmental Programme in 
Nairobi. The outreach programme’s overall objective is to contribute to saving lives and 
assets through improved risk management and the building of a culture of prevention, 
and emphasizes the strengthening of public awareness and accessibility to disaster 
information through join initiatives with international and regional organizations, 
governments and other groups in the Africa region. 

Ministers of the African 
ministerial conference on the 
environment (AMCEN) 

http://www.nemaug.org/amcen/iv.htm

The purpose of AMCEN is to promote the harmonization and coordination of African 
Environment and sustained development program policies in collaboration with the 
Governments and Non-Governmental Organizations, international organisations and the 
private sector, including the business and industrial sectors. 
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Global environment facility 
(GEF) http://www.gefweb.org/

The Global Environment Facility (GEF), established in 1991, helps developing countries 
fund projects and programs that protect the global environment. GEF grants support 
projects related to biodiversity, climate change, international waters, land degradation, 
the ozone layer, and persistent organic pollutants. 

Sea level, tides, and storm 
surges URL Comments

UNESCO:  Climate change and 
sea level rise 

http://portal.unesco.org/en/ev.php@URL_ID=12121&URL_DO=DO_T
OPIC&URL_SECTION=201.html

The principal contribution of UNESCO to issues related to rising sea-levels is the Global 
Ocean Observing System (GOOS), a collaborative international effort led by the 
Intergovernmental Oceanographic Commission (IOC). Technically, GOOS is a global 
network of ships, buoys (fixed and drifting), subsurface floats, tide gauges and satellites 
that collect real time data on the physical state as well as the biogeochemical profile of 
the world's oceans.  

U.S. Environmental Protection 
Agency Sea Level Rise Reports 

http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCente
rPublicationsSeaLevelRiseIndex.html This is the US EPA's website on sea level rise. 

Permanent Service for mean 
sea level (PSMSL) http://www.pol.ac.uk/psmsl/

Since 1933, the Permanent Service for Mean Sea Level (PSMSL) has been responsible 
for the collection, publication, analysis and interpretation of sea level data from the global 
network of tide gauges. 

NOAA National Ocean service 
(NOS) http://www.nos.noaa.gov/

NOS is a scientific and technical organization of more than 1,700 individuals whose 
mission is to preserve and enhance the nation’s coastal resources and ecosystems along 
95,000 miles of shoreline and 3.5 million square miles of coastal ocean. 

United States Naval Acadamy http://www.usna.edu/NAOE/courses/en420/bonnette/Sea_level_rise_a
nd_tides.html Links and information on sea level, tides, and storm surges 
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United State Army Engineer 
Research and Development 
Center 

http://chl.erdc.usace.army.mil/ Storm surge information and modeling 

International Hurricane Center, 
Florida International University http://dels.nas.edu/dr/docs/leatherman.pdf Sea level rise and coastal disasters 

Coastal Resources URL Comments

Fisheries and Biology of the 
Indian Ocean http://indianocean.free.fr/fish.htm Contains website links for fisheries, biology, coral reefs, coastal resources for many of 

the SIDS within this study (including Maurtius, Madagascar, Mauritius, and Seychelles). 

UNESCO http://ioc.unesco.org/icam/default.htm Integrated coastal zone management document. A case study includes the Seychelles. 

World Conservation Union http://www.iucn.org/info_and_news/press/indianreefs.pdf Reef monitoring network for Indian Ocean 

Global coral reef monitoring 
network (GCRMN) http://inco.ac.ir/gcrmn-ropme/ Data for Comoros, Mauritius, Seychelles, Madagascar 

Development and protection of 
coastal and marine environment 
in sub-Saharan Africa 

http://ioc.unesco.org/icam/ICAMin%20Africa.htm Data for Seychelles 

Reef environmental education 
foundation http://www.reef.org An organization of divers committed to preservation of the marine environment 

Human Health and Climate 
Change URL Comments
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International Red Cross http://www.icrc.org/eng

An exclusively humanitarian mission - the mandate of the International Committee of the 
Red Cross. The ICRC Statutes. Access to documents, articles and studies on aspects of 
the mission of the organization, role, mandate and strategy, including the text of the 1993 
Agreement between the ICRC and the Swiss Federal Council. 

Caribbean Environmental 
Health Institute (CEHI)  http://www.cehi.org.lc/

The Caribbean Environmental Health Institute (CEHI) was established as an attempt by 
the regions leaders to address, in an organized manner, the environmental health 
concerns of the people of the Caribbean.  

Disaster Preparation and 
climate change URL Comments

UNEPs Division of Early 
Warning Assessment http://www.unep.org/dewa/

Division of Early Warning and Assessment (DEWA) provides the world community with 
improved access to meaningful environmental data and information, and to help increase 
the capacity of governments to use environmental information for decision-making and 
action planning for sustainable human development. 

Famine Early Warning System 
Network (FEWS Net) http://www.cpc.ncep.noaa.gov/products/fews/

The Famine Early Warning System Network project at NOAA's Climate Prediction Center 
is an extension of an earlier FEWS program, ending in the year 2000. Originally covering 
only Africa, the project at CPC has now grown to encompass Africa, Afghanistan, Central 
America, and southern Asia. The goal of the program is to provide weather and climate 
related information to users within USAID's FEWS-NET group, such that a greater level 
of humanitarian assistance may be offered. 

Economics and climate change URL Comments

Pew Center on Climate Change http://www.pewclimate.org/about/ Numerous reports have been developed by the Pew Center that relate to the economics 
of climate change. 
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More to be determined To be determined To be determined 

Online climate change and 
variability tools URL Comments

MAGICC/SCENGEN http://www.cru.uea.ac.uk/~mikeh/software/ The most recent version is V4.1, in September 2003. 

IRI http://iri.columbia.edu/pred/productlist.html IRI is developing a number of forecasting tools related to climate change and variability. 

Series of tools for Pacific Ocean 
Island climate variability and 
change 

http://www.waikato.ac.nz/igci/modelling/modelling1.html
Among the tools are PACCLIM, FIJICLIM, COOKCLIM,VANDACLIM. The tools are 
developed through the University of Waikato, NZ, in association with IGIC (International 
Global Change Institute). 

This web site is associated with 
above site, and contains 
software ordering information 

http://www.climsystems.com/site/home/ CLIM systems Ltd is associated with IGIC, 

ARCADIS To be determined To be determined 

IPCC data distribution center 
(DDC) http://ipcc-ddc.cru.uea.ac.uk/

The DDC has been established to facilitate the timely distribution of a consistent set of 
up-to-date scenarios of changes in climate and related environmental and socio-
economic factors for use in climate impacts assessments. The intention is that these new 
assessments can feed into the review process of the IPCC. 
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General References on 
Freshwater resources, drought, 
and sustainability

URL Comments

Small Island Water Information 
Network http://www.siwin.org/index.html The purpose of the network is to provide water sector professionals on small islands with 

a forum for access to and exchange of information on relevant issues. 

UNESCO:  Sustainable Living in 
Small Island Developing States 

http://portal.unesco.org/en/ev.php@URL_ID=12123&URL_DO=DO_T
OPIC&URL_SECTION=201.html

UNESCO’s contribution to the development of approaches for sound water management 
is primarily through the International Hydrological Programme (IHP) and through the UN-
system-wide World Water Assessment Programme (WWAP). Cross cutting activities 
related to freshwater resources in small islands and other ‘sectors’ (e.g. cities, tourism, 
biodiversity) have also been promoted through the Coastal Regions and Small Island 
(CSI) platform, including its Internet discussion forum on wise coastal practices for 
sustainable human development. 

United States Geological 
Survey (USGS) http://pr.water.usgs.gov/public/webb/bibliography/abstract010.html The USGS has investigated the hydology of small islands in the Atlantic and Pacific 

Oceans. 

 UNESCO  http://portal.unesco.org/en/ev.php-
URL_ID=4222&URL_DO=DO_TOPIC&URL_SECTION=201.html Focus is on management of coasts and small islands. 

Drought monitoring center-
Nairobi http://gisdata.usgs.net/sa_floods/article.asp?sid=83 Southern Africa drought and flood network 

NOAA Drought monitoring 
center http://www.drought.noaa.gov/ Website contains a large number of related websites. Focus is on the USA. 

African Center of Meteorological 
applications for development http://www.acmad.ne/homepage.htm

The objective of this organization is to contribute to the sustainable development of 
various socio-economic sectors of the African continent through its fields of investigation, 
namely Meteorological and Climate. 
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Drought monitoring center-
Zimbabwe 

http://www.dmc.co.zw/SeasonalForecasts/seasonal_forecast_2002_2
003_harare.htm Focus is on southern Africa 

Water Resources and Geology 
for Mauritius URL Comments

Institute  for Environmental and 
Legal Studies, Mauritius http://www.intnet.mu/iels/water_mau.htm Report on geology and water resources 

Civil Engineering Department, 
University of Mauritius http://www.uom.ac.mu/IRM/papers/paper3.htm Report on geology and water resources 

Civil Engineering Department, 
University of Mauritius http://www.uom.ac.mu/IRM/papers/paper2.htm Report on geology and water resources 

Civil Engineering Department, 
University of Mauritius http://www.siwin.org/textbase/swtb0023.pdf Report on geology and water resources 

Water Resources and Geology 
for Madagascar URL Comments

D'Appolonia Consulting 
Engineers, USA http://www.dappolonia.com/water/madagascar.htm Performed hydropower feasibility study in Madagascar 

USAID/Madagascar http://www.irgltd.com/irgltd/ENR/PAGE/Documents/Docs/DOC_PDF/B
rown%20Hydrology%20Isalo%20ZIE,%20May%202000.pdf Feasibility study on hydropower production in Madagascar 
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Water Resources and Geology 
of Seychelles URL Comments

ENVIRO http://www.seychelles.net/~nirmal/biblio.htm Bibliography of many pertinent references 

Meteorology URL Comments

World Meteorology Organization http://www.wmo.ch/index-en.html

The World Meteorological Organization is an intergovernmental organization with a 
membership of 187 Member States and Territories. It originated from the International 
Meteorological Organization (IMO), which was founded in 1873. Established in 1950, 
WMO became the specialized agency of the United Nations for meteorology (weather 
and climate), operational hydrology and related geophysical sciences.  

African Center of Meteorological 
applications for development http://www.acmad.ne/homepage.htm

Its objective is to contribute to the sustainable development of various socio-economic 
sectors of the African continent through its fields of investigation, namely Meteorological 
and Climate. 

Climate prediction center, 
African Desk http://www.cpc.ncep.noaa.gov/products/african_desk/

The African Desk was established in 1994 to focus on short-term climate monitoring and 
predictions for Africa. The objective of the African Desk is to develop a partnership 
between NCEP and the African Meteorological Services through data and product 
exchange and to create of a cadre of meteorologists who can use and apply NCEP 
products in their local and general area of interest. 
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South African Weather Service http://www.weathersa.co.za/ Provides a variety of weather related services. 

Department of Meteorology, 
Republic of Maldives http://www.meteorology.gov.mv/ Provides a variety of weather related services. 

Maurtitius Meteorological 
Servvices http://metservice.intnet.mu/ Provides a variety of weather related services. 

Seychelles Meteorological 
Services http://www.pps.gov.sc/meteo/ Website not routinely available 

Comoros - Direction de la 
Meteoroloie nationale none available No information 

Madagascar - Direction of 
Meteorology and Hydrology, 
Madagascar 

none available No information 

Desalination URL Comments
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UNESCO http://portal.unesco.org/en/ev.php@URL_ID=13960&URL_DO=DO_T
OPIC&URL_SECTION=201.html  Renewable energy sources (RES) for Islands, Tourism and Water Desalination. 

Middle East Desalination 
Research Center http://www.medrc.org Provides a variety of news on upcoming events in the world of desalination 

European Desalination Society http://www.edsoc.com
Is a Europe-wide organization for individual and corporate members including 
universities, companies, research institutes, government agencies and all concerned with 
and interested in desalination and membrane technologies for water. 

California Department of Water 
Resources Desalination Task 
Force 

http://www.owue.water.ca.gov/recycle/desal/desal.cfm Describes current activities in California regarding desalination. 

International Desalination 
Association http://www.idadesal.org/ IDA is committed to the development and promotion of the appropriate use of 

desalination technology. 

Desalination Directory Online http://www.desline.com Website contains a variety of desalination related information. 

Research Sites/Universities URL Comments
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Caribbean Marine Research 
Center http://www.cmrc.org/

The purpose of the center is to improve and enhance the understanding of the wider 
Caribbean region's marine environment by supporting and conducting high quality marine 
research and education programs in order to provide solutions to people and our oceans. 
  

The Islands and Small States 
Institute of the University of 
Malta  

http://www.comnet.mt/issi/ The Islands and Small States Institute promotes research and training on economic, 
social, cultural, ecological and geographical aspects of islands and small states. 

University of Guam http://www.uog.edu Involved in numerous climate change issues for islands in the Pacific Ocean. 

University of the South Pacific http://www.usp.ac.fj/
The University of the South Pacific (USP) is the premier provider of tertiary 
education in the Pacific Region, and an international centre of excellence for 
teaching and research on all aspects of Pacific culture and environment. 

Institute of Island Studies at the 
University of Prince Edward 
Island  

http://www.upei.ca/~iis/

The Institute of Island Studies is a research, education and public policy institute based 
at the University of Prince Edward Island, Charlottetown, Canada. With an emphasis 
always on Prince Edward Island, the work of the Institute focuses on the culture, 
environment and economy of small islands. 
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South Pacific Applied 
Geoscience Commission 
(SOPAC)  

http://www.sopac.org.fj/

SOPAC is the South Pacific Applied Geoscience Commission. It is an inter-
governmental, regional organisation dedicated to providing services to promote 
sustainable development in the countries it serves. SOPAC’s work is carried out through 
its Secretariat, based in Suva. The work programme is reviewed annually by the 
Governing Council assisted by: Secretariat representatives, a Technical Advisory Group 
(TAG), and a Science, Technology and Resources Network (STAR). 

University of California at Santa 
Cruz Climate Change and 
Predictions Center 

www.es.ucsc.edu Develops and applies global and regional climate change models. 

Johns Hopkins University http://www.jhu.edu/~climate

The Climate Change and Human Health Integrated Assessment Web provides 
information on research conducted between 1998-2000  about the potential impacts of 
climate change through integrated assessment.  This web site aims to appropriately 
characterize and communicate the scientific research to support policy development and 
analysis.  The site is a program of the Johns Hopkins University and the Johns Hopkins 
Program of the Health Effects of Global Environmental Change. 

Columbia University's 
International Research Institute 
for Climate Prediction 

http://iri.columbia.edu/
IRI was established as a cooperative agreement between U.S. NOAA Office of Global 
Programs and Columbia University. It is part of The Earth Institute at Columbia 
University. IRI is located at the Lamont-Doherty campus in Palisades, NY. 
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East-West Center http://www.eastwestcenter.org

The East-West Center is an internationally recognized education and research 
organization that helps promote the establishment of a stable, peaceful and prosperous 
Asia Pacific community in which the United States is a natural, valued and leading 
partner.  

Oxford Center for the 
Environment, Ethics, and 
Society 

http://www.mansfield.ox.ac.uk/ocees/ocees.html

The Oxford Centre for the Environment, Ethics & Society (OCEES) is a multi-disciplinary 
research institute dedicated to exploring the social and ethical aspects of environmental 
issues. OCEES combines original academic research with social engagement and 
education in order to influence environmental attitudes and political processes, policies 
and practices towards more sustainable ways of living. The work focuses on human 
values - on ethics in the broadest sense of the term. It addresses the underlying ethical, 
philosophical, economic, social, political and legal issues across cultures and academic 
disciplines. The scope of the research is both domestic and international, in recognition 
of the global nature of environmental problems. 

Bogor Agricultural University, 
Indonesia http://www.ipb.ac.id/ See the vision and mission statements posted at the web site. 

University of Queensland, 
Australia http://www.uq.edu.au/

The mission of the University of Queensland is to create a community dedicated to 
achieving national and international levels of excellence in teaching, research and 
scholarship, one that makes significant contributions to the intellectual, cultural, social 
and economic life of the state of Queensland and the Australian nation. 
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National Institute of Water and 
Atmospheric Research (NIWA), 
New Zealand 

http://www.niwa.co.nz/index.html

NIWA’s mission is to provide a scientific basis for the sustainable management and 
development of New Zealand’s atmospheric, marine and freshwater systems and 
associated resources. Established in 1992 as one of nine New Zealand Crown Research 
Institutes (CRIs), 

Lawrence Berkeley National 
Laboratory (LBNL) http://www-esd.lbl.gov/CLIMATE/index.html

The Climate Variability and Carbon Management Program at LBNL is funded by a variety 
of federal and state agencies, and international collaborations.  These include the U.S. 
Department of Energy's Office of Basic Energy Sciences, Office of Fossil Energy, Office 
of Geological and Environmental Research, and Office of Biological and Environmental 
Research; the National Aeronautics and Space Administration; the National Science 
Foundation; the National Oceanographic and Atmospheric Administration; and the Office 
of Naval Research, as well as the California Energy Commission and CAL-FED. 

Lawrence Livermore National 
Laboratory (LLNL) http://www-pcmdi.llnl.gov/index.html

The Program for Climate Model Diagnosis and Intercomparison (PCMDI) was 
established in 1989 at the Lawrence Livermore National Laboratory (LLNL) in Livermore, 
California. They are funded by the Climate Change Research Division of the U.S. 
Department of Energy's Office of Science, Biological and Environmental Research (BER) 
program. PCMDI's mission is to develop improved methods and tools for the 
diagnosis,validation, and intercomparison of global climate models, and to conduct 
research on a variety of problems in climate modeling and analysis. 
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University of Hawaii at Manoa http://www.hawaii.edu/envctr/

The Environmental Center of the University of Hawaii at Manoa is dedicated to the 
advancement of environmental management through education, research and service. 
Established in 1970, they facilitate access to interdisciplinary expertise within the 
university to enhance understanding of environmental problems and to identify effective 
solutions. A unit of the university’s Water Resources Research Center (WRRC), the EC 
provides a unique and crucial source of objective information to contribute to balanced, 
rational environmental management in Hawaii and throughout the Pacific. 

Tropical Pacific Islands climate 
change URL Comments

UNITAR and UNFCCC Pacific 
Islands Climate Change 
Assistance Programme (PICAP)  

http://unfccc.int/resource/ccsites/marshall/activity/piccap.htm

This site provides various information related to the Marshall Island's implementation of 
the United Nations Framework Convention on Climate Change (UNFCCC) and other 
climate change issues. It has been prepared as part of the Republic of the Marshall 
Islands Environmental Protection Authority (RMIEPA) implementation of the Pacific 
Islands Climate Change Assistance Programme (PICCAP). 

Pacific Islands climate change 
Program (PICCP) http://unfccc.int/resource/ccsites/marshall/activity/piccap.htm UNFCC workshop held August 2002. 
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South Pacific Applied 
Geosciences Commission  http://www.sopac.org.fj/

SOPAC is the South Pacific Applied Geoscience Commission. It is an inter-
governmental, regional organisation dedicated to providing services to promote 
sustainable development in the countries it serves. SOPAC’s work is carried out through 
its Secretariat, based in Suva. The work programme is reviewed annually by the 
Governing Council assisted by: Secretariat representatives, a Technical Advisory Group 
(TAG), and a Science, Technology and Resources Network (STAR). 

South Pacific Regional 
Environment Program (SPREP)  http://www.sprep.org.ws

SPREP is a regional organisation established by the governments and administrations of 
the Pacific region to look after its environment. It has grown from a small programme 
attached to the South Pacific Commission (SPC) in the 1980s into the Pacific region’s 
major intergovernmental organisation charged with protecting and managing the 
environment and natural resources. It is based in Apia, Samoa, with over 70 staff. 

The Republic of the Marshall 
Islands Climate Change Web 
Site 

http://unfccc.int/resource/ccsites/marshall/index.htm

This site provides various information related to the Marshall Island's implementation of 
the United Nations Framework Convention on Climate Change (UNFCCC) and other 
climate change issues. It has been prepared as part of the Republic of the Marshall 
Islands Environmental Protection Authority (RMIEPA) implementation of the Pacific 
Islands Climate Change Assistance Programme (PICCAP). 

Indian Ocean climate change URL Comments

The Indian Ocean Climatology 
& Oceanography (IOCO) 
Gateway 

http://indianocean.free.fr/ The IOCO provides information on the climate, oceanography, biology, and fisheries of 
the Indian Ocean. 
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Indian Ocean Commission 
(IOC) http://coi.intnet.mu/ This commission promotes sustainable development in the Indian Ocean. 

Outcome of the Ministerial 
Meeting on the Sustainable 
Development of the Small 
Island Developing States in the 
Indian Ocean, Mediterranean 
and Atlantic Regions 

http://www.sidsnet.org/ima/valletta.html Meeting for sustainable development of small islands in the Indian and Atlantic Oceans 
(1998) 

Caribbean Sea climate change URL Comments

Caribbean Planning for 
Adaptation to Global Climate 
Change 

http://www.cpacc.org/

This project is designed to support the participating Caribbean countries in preparing to 
cope with the adverse effects of global climate change, particularly sea level rise in 
coastal and marine areas through: vulnerability assessment, adaptation planning, and 
capacity building linked to adaptation planning.This project is being executed through the 
cooperative effort of twelve CARICOM countries and participating institutions over a 
period of four years by a combination of national pilot/demonstration components and 
regional components.The project is financed by the Global Environment Facility (GEF) 
through the World Bank as implementing agency and is executed by the Organization of 
American States (OAS).The project is coordinated in the Caribbean through the Regional 
Project Implementation Unit (RPIU), which was established by the UWI Centre for 
Environment and Development (UWICED).  

Caribbean Community Climate 
Change Centre http://www.caribbeanclimate.org/ not available 
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SIDS – Caribbean Project http://www.sids-caribbean-project.com/

The Project for the “Preparedness to Climate Variability and Global Change in Small 
Islands States, Caribbean Region” (SIDS-Caribbean Project) is a project supported by 
the Government of Finland. The overall objective of the programme is to provide tools for 
better planning for sustainable development in the Caribbean region. This is to be 
achieved by strengthening the National Meteorological Services of the region so that they 
will be capable of providing the information needed for planning purposes at national and 
international levels. 

Atlantic Ocean (off African 
coast) and Mediterranean Sea URL Comments

African Small Islands 
Developing States Ministerial 
Meeting 

http://www.sidsnet.org/sidsdocs/mahepoa.html Programme of Action for African Small Islands (1998) 

Outcome of the Ministerial 
Meeting on the Sustainable 
Development of the Small 
Island Developing States in the 
Indian Ocean, Mediterranean 
and Atlantic Regions 

http://www.sidsnet.org/ima/valletta.html
MINISTERIAL MEETING ON THE SUSTAINABLE DEVELOPMENT OF THE SMALL 
ISLAND DEVELOPING STATES IN THE INDIAN OCEAN, MEDITERRANEAN AND 
ATLANTIC REGIONS VALLETTA, MALTA:  24-27 NOVEMBER 1998 

General Small Island sites URL Comments
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Alliance of Small Island States 
and Small Island Developing 
States Network  

www.sidsnet.org

Small Island Developing States Network (SIDSnet) is a direct follow-up to the 1994 
Barbados Programme of Action (BPoA). SIDSnet connects 43 Small Island Developing 
States (SIDS) in the Pacific, Caribbean, Atlantic, Indian Ocean, Mediterranean and 
African island nations. SIDSnet's main goal has been to utilise information and 
communication technologies (ICTs) to link SIDS in supporting the implementation of the 
sustainable development objectives of the BPoA. 

UNEP ISLANDS Web Site http://islands.unep.ch/ Access to information on islands and small island developing States (SIDS) especially 
from within the United Nations system  

United States Agencies 
(Government and Private) URL Comments

Climate Institute (Washington, 
DC based) http://www.climate.org/

The Climate Institute has been in a unique position to inform key decision-makers, 
heighten international awareness of climate change, and identify practical ways of 
achieving significant emissions reductions. This has been done through several different 
media including symposia, conferences, roundtables, and special briefings. These have 
been carried out not only in the U.S., Canada, Australia, Japan and Europe but also in as 
many as 30 developing countries providing expert advice at ministerial and heads of 
state briefings and at sessions with business executives and private citizens. 
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California Energy Commission 
PIER climate change program http://www.energy.ca.gov/global_climate_change/index.html

The California Energy Commission (Energy Commission) is the lead agency for climate 
change issues as established by AB 4420 (Statues of 1988). In its role of coordinating 
state activities addressing climate change, the Energy Commission has the only staff 
devoted entirely to climate change issues, the Climate Change Program (CCP). 

Desert Research Institute, 
Western Regional Climate 
Center, and California Energy 
Commission 

http://www.calclim.dri.edu/ A website is underdevelopment to provide tools for montoring California's climate. 

Electric Power Research 
Institute, Global Climate 
Change and Modeling  

http://www.epri.com
Gives public- and private-sector decision makers information and analyses regarding the 
potential costs and benefits of domestic and international global climate policy proposals, 
and creates options for complying with greenhouse gas emission reduction requirements. 

NASA earth observatory http://earthobservatory.nasa.gov/ This site provides current information and satellite images of regions around the globe, 
and features climate change topics. 

NASA’s Global Change Master 
Directory http://gcmd.nasa.gov A directory of earth sciences data and services. 

NASA's Goddard Space Flight 
Center http://www.gsfc.nasa.gov/ This site provides current information and satellite images of regions around the globe, 

and features climate change topics. 
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Pew Center on Global Climate 
Change  http://www.pewclimate.org

The Pew Center on Global Climate Change was established in 1998 as a non-profit, non-
partisan and independent organization.  The Center's mission is to provide credible 
information, straight answers, and innovative solutions in the effort to address global 
climate change.  

Reef Environmental Education 
Foundation http://www.reef.org An organization of divers committed to preservation of the marine environment. 

US Global Change Research 
Information Office (GCRIO) http:// www.gcrio.org

The US Global Change Research Information Office (GCRIO) provides access to data 
and information on climate change research, adaptation/mitigation strategies and 
technologies, and global change-related educational resources on behalf of the various 
US Federal Agencies. 

US EPA http://www.epa.gov/globalwarming

The EPA Global Warming Site is provided as a public service by the U.S. Environmental 
Protection Agency. EPA's climate change programs and activities are an integral part of 
the Agency's mission and purpose. With the Global Warming Site, we strive to present 
accurate information on the very broad issue of climate change and global warming in a 
way that is accessible and meaningful to all parts of society – communities, individuals, 
business, public officials and governments.

US Global Climate Change 
Research Program, Nat’l 
Science and Technology 
Council 

http://www.nacc.usgcrp.gov/
The U.S. Global Change Research Program (USGCRP) supports research on the 
interactions of natural and human-induced changes in the global environment and their 
implications for society. The USGCRP began as a presidential initiative in 1989.  
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US State Dept., Bur. of Oceans 
and Int’l Env. and Sci. Affairs  http://www.state.gov/www/global/oes/ To be added 

US Geological Survey EROS 
Data Center http://edc.usgs.gov/

The USGS EROS Data Center has in its possession thousands of rolls of film containing 
several million frames of historical aerial and satellite photographs dating back to the 
1930's gathered from various federal agencies. The largest portion of this archive 
consists of original film acquired in support of the USGS 1:24,000 topographic 
quadrangle map series, taken during the 1940s through the 1970s. Most of this 
photography is reasonably large scale to support the production of the quadrangle maps. 

International Agencies URL Comments

Small Island Water Information 
Network http://www.siwin.org/index.html The aim of the network is to provide water sector professionals on small islands with a 

forum for access to and exchange of information on relevant issues. 

UN Atlas of the Ocean http://www.oceansatlas.org/index.jsp
The Atlas is an information system designed for use by policy makers who need to 
become familiar with ocean issues and by scientists, students and resource managers 
who need access to underlying databases and approaches to sustainability. 

UNEP GRID-Arendal  http://www.grida.no/

GRID-Arendal provides environmental information, communications, and capacity 
building services for information management and assessment. Established to 
strengthen the United Nations through its Environment Programme (UNEP), its focus is 
to make credible, science-based knowledge understandable to the public and to 
decision-making for sustainable development. 

Page A-31 

http://www.state.gov/www/global/oes/
http://www.siwin.org/index.html
http://www.oceansatlas.org/index.jsp
http://www.grida.no/


Appendix       Tetra Tech, Inc. 

Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Deutsche Gesellschaft für 
Technische Zusammenarbeit 
(GTZ) 

http://www.gtz.de
The Deutsche Gesellschaft für Technische Zusammenarbeit (GTZ) GmbH is an 
international cooperation enterprise for sustainable development with worldwide 
operations. 

National Inst. of Water and 
Atmospheric Research, New 
Zealand 

http://www.niwa.co.nz/index.html

NIWA’s mission is to provide a scientific basis for the sustainable management and 
development of New Zealand’s atmospheric, marine and freshwater systems and 
associated resources. Established in 1992 as one of nine New Zealand Crown Research 
Institutes (CRIs), 

Center for International Climate 
and Environmental Research 
(CICERO, Norway) 

http://www.cicero.uio.no/index_e.asp

CICERO (Center for International Climate and Environmental Research - Oslo), founded 
by the Norwegian government in 1990, is an independent research center associated 
with the University of Oslo.   CICERO's mandate is twofold: to both conduct research and 
provide information about issues of climate change. 

The Intergovernmental Panel on 
Climate Change (IPCC) http://www.ipcc.ch

The Intergovernmental Panel on Climate Change (IPCC) has been established by WMO 
and UNEP to assess scientific, technical and socio-economic information relevant for the 
understanding of climate change, its potential impacts and options for adaptation and 
mitigation.  

United Nations Framework 
Convention on Climate Change 
(UNFCCC) 

http://unfccc.int/ In addition to addressing the causes of climate change, the Convention calls on Parties 
to adapt to its adverse effects. 

Forestry and Greenhouse 
Gases URL Comments

Forest Stewardship Council http://www.fsc.org/fsc

The Forest Stewardship Council (FSC) is an independent, not for profit, non-government 
organisation based in Bonn, Germany, that provides standard setting, trademark 
assurance and accreditation services for companies and organisations interested in 
responsible forestry. 
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European Forest Institute  http://www.efi.fi EFI is an international association guided by its members which form an extensive 
researcher network across Europe and beyond. 

Australian Academy of Sciences http://www.science.org.au/aashome.htm

The Fellowship of the Academy is made up of about 350 of Australia's top scientists, 
distinguished in the physical and biological sciences and their applications. Each year 
sixteen scientists, judged by their peers to have made an exceptional contribution to 
knowledge in their field, are elected to Fellowship of the Academy. Election is subject to a 
searching appraisal of the candidate's published works, including reference to leading 
scientific researchers around the world. Fellows are employed by universities, CSIRO, 
government and private research organisations. They contribute to the Academy in an 
honorary capacity by serving on Council, Committees and as advisers. 

International Center for 
Forestry, Jakarta (CIFOR) http://www.cifor.cgiar.org CIFOR is an international research and global knowledge institution committed to 

conserving forests and improving the livelihoods of people in the tropics. 

Forest Research Institute of 
Malaysia (FRIM) http://www.frim.gov.my

The Forest Research Institute Malaysia, one of the leading institutions in tropical forestry 
research, both within the country and abroad. Founded by a British colonial forest 
scientist in 1929, the former Forest Research Institute with Dr F.W. Foxworthy as its first 
chief research officer, became a statutory body governed by the Malaysia Forestry 
Research and Development Board under the Ministry of Natural Resources and 
Environment in 1985. 

Oxford Forestry Institute http://www.plants.ox.ac.uk/ofi/

As a consequence of major changes in structures and financing within the University the 
Oxford Forestry Institute has been fully incorporated into the Department of Plant 
Sciences. Research into forestry issues continues, as previously, in the areas of ecology, 
silviculture, sustainable management and biodiversity (genetics to taxonomy). 
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Finance/Insurance-Climate 
Change URL Comments

Det Norske Veritas (Risk 
Management Company)  www.dnv.com

Companies today are facing increased complexity and uncertainty, making it difficult to 
manage technical and business risks. Tolerance for failure to manage risk from society 
and stakeholders at large is lower. In turn, regulators and authorities are developing 
stricter requirements. As failure to manage these risks can be fatal, consistency and 
control are becoming even more critical. DNV can help you manage this new risk reality. 
DNV is a leading international provider of services for managing risk. 

UNEP Finance Initiative http://unepfi.net/rio/

The UNEP FI works closely with over 275 financial institutions including commercial 
banks, investment banks, insurance and re-insurance companies, fund managers, 
multilateral development banks, venture capital funds to develop and promote the 
linkages between the environment and financial performance. 

Hurricane/Tropical Cyclone 
Information URL Comments

National Hurricane Center http://www.nhc.noaa.gov/ Provides information about hurricanes, with an emphasis on the United States, the 
eastern Pacific Ocean, and the western Atlantic Ocean. 

Joint Typhoon Warning Center https://metoc.npmoc.navy.mil//jttwc.htm/l
Located at Naval Base Pearl Harbor, Hawaii, the Joint Typhoon Warning Center (JTWC) 
is the U. S. Department of Defense agency responsible for issuing tropical cyclone 
warnings for the Pacific and Indian Oceans. 
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Public site for Joint Typhoon 
Warning Center https://metoc.npmoc.navy.mil/jtwc/pubref/reference.html See above 

La Reunion Island, Meteo 
France http://www.meteo.fr/temps/domtom/La_Reunion/# Tropical cyclone information for Reunion Island, located near Mauritius. 

NASA's Earth Observatory http://earthobservatory.nasa.gov/ This site provides current information and satellite images of regions around the globe, 
and features climate change topics. 

International Research Institute 
for climate prediction (IRI) http://iri.columbia.edu/climate/ENSO/globalimpact/TC/index.html Provides link to may web sites on tropical cyclones. 

ENSO Information URL Comments

Jet Propulsion Laboratory-
NASA Space watch http://airsea-www.jpl.nasa.gov/ENSO/welcome.html

NASA space borne sensors help to monitor global climate changes. NASA scientists 
study seasonal-to-interannual climate anomalies, such as El Niño, which have far 
reaching ecological and economical impacts. This home page provides updated 
information on NASA's contribution in monitoring the evolution of El Niño and its climatic 
consequences.  

NOAA El Nino  http://www.elnino.noaa.gov/
NOAA is the National Oceanic and Atmospheric Administration, which has primary 
responsibilities for providing forecasts to the Nation, and a leadership role in sponsoring 
El Niño observations and research. 

International Research Institute 
for climate prediction (IRI) http://iri.columbia.edu/climate/ENSO/ A comprehensive site with background and current information on the El Niño-Southern 

Oscillation (ENSO), El Niño and La Niña. 
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NOAA National Weather 
Service 

http://www.cpc.ncep.noaa.gov/products/analysis_monitoring/ensocycl
e/enso_cycle.html Detailed discussion of ENSO cycle, 

Remote sensing for climate 
change URL Comments

Canada Center for Remote 
Sensing http://www.ccrs.nrcan.gc.ca/ccrs/homepg.pl?e

The Canada Centre for Remote Sensing, Natural Resources Canada, is responsible for: 
receiving, processing, and archiving Earth observation data; coordinating a national 
research programme, which develops and applies remote sensing technology to 
sustainable development and environmental protection; developing geospatial 
information applications; and providing electronic access to spatial databases. 

United States Geological 
Survey (USGS) http://www.nwrc.usgs.gov/climate/fs96_97.pdf Discusses activities of the USGS. 

NASA http://rsd.gsfc.nasa.gov/rsd/RemoteSensing.html Site contains data and information. 

NASA Space shuttle imagery http://www2.jpl.nasa.gov/srtm/africa_radar_images.htm#PIA04965 NASA recently released high-resolution imagery taken from the space shuttle for Africa. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

NOAA http://www.etl.noaa.gov/et2/ Discusses activities of NOAA. 

Mapping Products URL Comments

Environmental software 
research institute http://www.esri.com/ To be contacted 

NASA Space shuttle imagery http://www2.jpl.nasa.gov/srtm/africa_radar_images.htm#PIA04965 High resolution (3 arc seconds, or about 90 m horizontal resolution) are gradually 
becoming globally available for Africa. 

Maps of island groups http://www.maps.com/ General interest maps of the island groups. No detailed maps. 

Collection of more than 250 
spatial data servers http://clearinghouse1.fgdc.gov/ Worldwide servers are included. 

Custom-generated digital 
products based on user-
specified geographic extents 

http://seamless.usgs.gov/ Includes 10-meter digital elevation maps and Shuttle radar topography mission data 
(SRTM). 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Data portal maintained by ESRI http://www.geographynetwork.com/ Gateway to maps of Africa and SIDS 

Identification of website with 
information directly on the SIDS 
for this project

URL Comments

Global and regional climate 
change model 
MAGICC/SCENGEN 

http://www.cru.uea.ac.uk/~mikeh/software/

Historical climatic data from 1981-2000 and predicted climatic changes over the 21st 
century, gridded at 5 degrees around the world. Information includes changes in 
temperature (seasonal and annual), and precipitation. Resolution is generally of the scale 
of each island group, but much larger than each island, except Madagascar. 

Columbia University's 
International Climate Change 
Research Institute 

http://iri.columbia.edu/pred/productlist.html IRI is developing a number of forecasting tools related to climate change and variability. 
Databases are included for climatic data around the world. 

Mauritius water resources 
papers To be created (Put together by Tt for this project) Copies of recent papers and reports on the status of water resources in Mauritius 

Other SIDS water resources 
papers To be determined  To be determined 

Permanent Service for Mean 
Sea Level (PSMSL) http://www.pol.ac.uk/psmsl/

Sea level time series data are available for at least one island in each of the SIDS; 
however, the period of record for each station is relatively short, most less than five 
years, and a few almost 20 years. 
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

NASA Space shuttle imagery http://www2.jpl.nasa.gov/srtm/africa_radar_images.htm#PIA04965 High resolution (3 arc seconds, or about 90 m horizontal resolution) is gradually 
becoming globally available for Africa. 

Maps of island groups http://www.maps.com/ General interest maps of the island groups. No detailed maps. 

Data portal maintained by ESRI http://www.geographynetwork.com/ Gateway to maps of Africa and SIDS 

Joint Typhoon Warning Center https://metoc.npmoc.navy.mil//jttwc.htm/l
Located at Naval Base Pearl Harbor, Hawaii, the Joint Typhoon Warning Center (JTWC) 
is the U. S. Department of Defense Agency responsible for issuing tropical cyclone 
warnings for the Pacific and Indian Oceans. 

NASA’s Global Change Master 
Directory http://gcmd.nasa.gov A directory of earth sciences data and services 

Alliance of Small Island States 
and Small Island Developing 
States Network  

www.sidsnet.org

Small Island Developing States Network (SIDSnet) is a direct follow-up to the 1994 
Barbados Programme of Action (BPoA). SIDSnet connects 43 Small Island Developing 
States (SIDS) in the Pacific, Caribbean, Atlantic, Indian Ocean, Mediterranean and 
African island nations. SIDSnet's main goal has been to utilise information and 
communication technologies (ICTs) to link SIDS in supporting the implementation of the 
sustainable development objectives of the BPoA. 

UNEP ISLANDS Web Site http://islands.unep.ch/ Access to information on islands and small island developing States (SIDS) especially 
from within the United Nations system  
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

The Indian Ocean Climatology 
& Oceanography (IOCO) 
Gateway 

http://indianocean.free.fr/ The IOCO provides information on the climate, oceanography, biology, and fisheries of 
the Indian Ocean. 

Indian Ocean Commission 
(IOC) http://coi.intnet.mu/ This commission promotes sustainable development in the Indian Ocean. 

Columbia University's 
International Research Institute 
for Climate Prediction 

http://iri.columbia.edu/
IRI was established as a cooperative agreement between U.S. NOAA Office of Global 
Programs and Columbia University. It is part of The Earth Institute at Columbia 
University. IRI is located at the Lamont-Doherty campus in Palisades, NY. 

World Conservation Union http://www.iucn.org/info_and_news/press/indianreefs.pdf Reef monitoring network for Indian Ocean 

Global coral reef monitoring 
network (GCRMN) http://inco.ac.ir/gcrmn-ropme/ Data for Comoros, Mauritius, Seychelles, Madagascar 

Development and protection of 
coastal and marine environment 
in sub-Saharan Africa 

http://ioc.unesco.org/icam/ICAMin%20Africa.htm Data for Seychelles 

UNESCO:  Climate change and 
sea level rise 

http://portal.unesco.org/en/ev.php@URL_ID=12121&URL_DO=DO_T
OPIC&URL_SECTION=201.html

The principal contribution of UNESCO to issues related to rising sea-levels is the Global 
Ocean Observing System (GOOS), a collaborative international effort led by the 
Intergovernmental Oceanographic Commission (IOC). Technically, GOOS is a global 
network of ships, buoys (fixed and drifting), subsurface floats, tide gauges and satellites 
that collect real time data on the physical state as well as the biogeochemical profile of 
the world's oceans.  
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Table A-1.  

Internet websites that focus on vulnerability and adaptation to climate change and variability for selected small island states 

Topic Address Comments

Climate Information and 
Prediction Services (CLIPS) http://www.wmo.ch/web/wcp/clips2001/html/

CLIPS is a Project of the World Meteorological Organization that deals with the 
implementation of climate services around the globe. Climate services are any activity 
that employs and/or applies climate knowledge, climate information and climate 
predictions to the benefit of individuals, organizations and countries. Increasingly, 
governments, international organizations, companies and individuals are recognizing the 
impacts that climate has on their activities, whether from long-term climate change or 
from climate variability on time scales of up to a few seasons or years.  

Global climate observing 
system (GCOS) http://www.wmo.ch/web/gcos/gcoshome.html

The Global Climate Observing System (GCOS) was established in 1992 to ensure that 
the observations and information needed to address climate-related issues were 
obtained and made available to all potential users. 

Assessing impacts and 
adaptation for climate change 
(AIACC) 

http://sedac.ciesin.columbia.edu/aiacc This website facilitates access to extensive data, software and bibliographic resources 
related to climate impacts, adaptation, and vulnerability across multiple sectors. 

IPCC data distribution center 
(DDC) http://ipcc-ddc.cru.uea.ac.uk/

The DDC has been established to facilitate the timely distribution of a consistent set of 
up-to-date scenarios of changes in climate and related environmental and socio-
economic factors for use in climate impacts assessments. The intention is that these new 
assessments can feed into the review process of the IPCC. 

Page A-41 

http://www.wmo.ch/web/wcp/clips2001/html/
http://www.wmo.ch/web/gcos/gcoshome.html
http://sedac.ciesin.columbia.edu/aiacc
http://ipcc-ddc.cru.uea.ac.uk/


 

APPENDIX B:  
B. ILLUSTRATIVE ANALYSIS OF MAGICC/SCENGEN V4.1 FOR UNITED NATIONS INDIAN 

AND ATLANTIC OCEANS SIDS PROJECT 

 



Appendix Tetra Tech, Inc. 

 

 

B.1 INTRODUCTION 

This appendix is intended to provide an overview of MAGICC/SCENGEN as 
applied to the Cape Verde, Comoros, Madagascar, Mauritius, Seychelles, and 
Maldives SIDS. This appendix does not provide model background. More 
information on the models can be found in the User’s Manual and Technical 
Manual (http://www.cru.uea.ac.uk/~mikeh/software/). Here the model results are 
developed for two emissions scenarios: WRE750 and P50; others could be used 
as well. A limitation of the model is that it calculates regional results for 5 arc 
degree intervals, which is over 300 km. Obviously, local topographic affects are 
not included.  
 

B.2 GLOBAL ANALYSIS 

First, results are given globally. The time interval up to the year 2100 is 
evaluated. All changes are with respect to the time period 1961-1990. The  
projected global carbon dioxide emissions rates are shown below in Figure B-1. 
The reference case is close to BAU, while the P50 case is intended to eventually 
stabilize carbon dioxide concentrations at 750 ppm. 
 

 
Figure B-1  Projected carbon dioxide emission rates up to the year 2100 using two 

alternative emission rate scenarios.  
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The concentrations of carbon dioxide since preindustrial times and projected to 
the year 2100 is shown below in Figure B-2. Note that by 2100 the 
concentrations have not stabilized for either scenario, but the rate of increase is 
decreasing.   
 

Figure B-2  Historical and predicted carbon dioxide concentrations, 1760-2100. 
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The temperature increase, referenced to the year 2004 (present), is shown in 
Figure B-3 for both scenarios. The uncertainty associated with the P50 scenario 
is included in the figure. Note that up to the year 2050, the expected increases are 
practically the same for the two scenarios examined.  

 

Figure B-3  Predicted global temperature changes up to year 2100. 
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The projected sea level rise is shown in Figure B-4. There is relatively little 
difference in sea level predictions caused by the two scenarios. The increase is 
expected to be about 35 cm for the year 2100 relative to the year 2004.  

 

Figure B-4  Predicted global sea level changes through the year 2100. 
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B.3 REGIONAL ANALYSIS USING SCENGEN 

The regional analysis will focus on the year 2050 and the P50 scenario. Other 
years/scenarios could be used to supplement this, and to provide a comparison. 
The model makes predictions of monthly, seasonal, and annual changes. Here, 
only annual predictions are shown for illustration. First, the baseline (1961-1990) 
global temperature and precipitation patterns are shown in Figure B-5. These 
baseline values are based on data gridded and interpolated from unequally spaced 
meteorological stations around the world.  
 
 

A) Baseline Annual Temperature  

B) Baseline Annual Precipitation 

Figure B-5. Baseline temperature (1961-1990) and precipitation data (1981- 200) gridded at 5o 
intervals  
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A) Predicted Change in  Annual Mean Temperature  

B) Predicted Change in Annual Mean Precipitation 

Figure B-6. Predicted regional climate change for year 2050. 
 

Changes with respect to these baseline conditions for the year 2050 are shown in 
Figure B-6 for the P50 scenario, as predicted by an average of all the models 
contained within the MAGICC/SCENGEN modeling framework. 
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The signal to noise ratio (SNR) is shown in Figure B-7 for temperature  and 
precipitation predictions. When SNR exceeds 1, the likelihood that the 
predictions are meaningful is high. Note that the temperature SNR is generally 
high at most locations around the globe. 

 
A) SNR-Temperature 

 
B) SNR- Precipitation  

 
Figure B-7. Signal to noise ratio for temperature and precipitation for year 2050. 
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The probability of an increase in annual precipitation is shown below in Figure 
B-8. More will be said about this in the next section. 

 

 
Figure B-8  Probability of an increase in annual precipitation for 2050. 
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B.4 SUMMARY OF RESULTS FOR SIDS 

Table B-1 shows the major results of the above analysis for each of the SIDS. 
The predicted changes are remarkably consistent from island group to island 
group, especially temperature changes. Precipitation changes are generally small 
at all islands, except for the Maldives where a 7.4 % increase is forecasted. The 
SNRs for the temperature increases are high at all locations, and the SNR for 
precipitation is low, except at the Maldives. Also, the probabilities of 
precipitation increases are close to 0.5 at all locations except the Maldives. At 
those locations there is nearly an equal probability of precipitation increases and 
decreases. At the Maldives, the probability of precipitation increase is 0.7, 
consistent with the high SNR. The predicted temperature and precipitation 
changes are shown graphically in Figure B-9 and the SNRs are shown 
graphically in Figure B-10.  

 

Table B-1  

SIDS Specific Climate Change Results for year 2050 

SIDS Baseline Change Predicted P Signal to Noise ratio, 
dimensionless 

Probability of 
Increased P 

  Temperature, 
degree C 

Precipitation, 
mm/day 

Temperature, 
degree C 

Precipitation, 
percent mm/day Temperature Precipitation fraction 

Cape Verde 24.5 0.7 1.2 -0.2 0.7 4.8 0 0.5 

Comoros 26.5 2.4 1.2 0.2 2.7 6.6 0.4 0.6 

Madagascar 22.5 4.9 1.3 -0.2 4.9 5.6 0 0.5 

Mauritius 25.1 4.2 1.1 -2.2 4.1 5.8 -0.1 0.4 

Seychelles 26.5 4.4 1.2 1.8 4.5 7.1 0.1 0.6 

Maldives 27.8 5 1.2 7.4 5.3 8.2 0.6 0.7 
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Figure B-9. Change from baseline to 2050 
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Figure B-10. Signal-to-noise ratio (SNR)  for 2050 predictions. 
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Seasonal (December, January, February, March, April, May, June, July, August, September, October, 
November) monthly analysis can be performed, for temperature and precipitation. See Figure B-11 for 
observed baseline mean DJF temperature. 
 

 
Figure B-11.  Observed baseline mean DJF temperature  
 
Baseline temperature for the month of January is shown below in Figure B-12 and the observed 
baseline Dec/Jan/Feb precipitation is shown in Figure B-13.  
 

 
Figure B-12.  Observed Baseline January Mean Temperature 
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Figure B-13.  Observed Baseline DJF Precipitation 
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C.1 METHODOLOGY OVERVIEW 

Given a time series of the relative sea level data at a particular location (for 
example, monthly values supplied by PSMSL), the relative gage or benchmark 
vertical movement can be determined if an estimate of absolute sea level change 
is known over that time interval (which is typically the case). The sketch shown 
below in Figure C-1 defines the relevant variables.  
 

Figure C-1. Sketch of variables used in computing relative sea level change. 
 
The variables are related as follows: 
 

Hg + HR = Ha
 
Where: 
 Hg =  height of gage datum above a fixed datum 
 HR = relative sea level, measured with respect to gage 
 Ha = height of sea above fixed datum 
 
These variables  (Hg, HR,  Ha ) may all be time variable, and either cont
discontinuous over time.  An illustration of a hypothetical data set (p
shown below in Figure C-2.  Plotted is HR(t), the relative sea level data
be available from PSMSL, for example.  
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Figure C-2. Example hypothetical  relative sea level data set. 
 
Continuous data are typically not available, and often H& a   and H& g are assumed 
constant due to lack of a better alternative. Equation (C-1) can be re-written, by 
taking time derivations: 
 

(C-2)
lglaR HHH ,,l,

&&& −=

Where the subscript l denotes a linearization. Invoking the assumption that  

and  are assumed constants, then H
laH ,

&

lgH ,
&

R,l  is a linear function of time: 
 

HR,l (t) = a +  b (t-To) 
 = (a – bTo) + bt 
 = a’ + bt 
 
where a’,b are best fit coefficients to the data. 
 
From Equation (C-4), 
 H& R,l (t) = b  
 
Substituting Equation (C-5) into Equation (C-2): 
 

H&  g, l = H&  a,l – b  
 
Thus, the historical rate of change in vertical elevation of gage level 
since b is known and Ha,l is known from numerous estimates made by re
(typically, Ha,l is thought to be approximately 1.8 mm/yr at present). I
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that multiple subsets of data can be used in the analyses if an abrupt shift in 
datum occurs (such as from station relocation, or from an earthquake). See Figure 
C-3. Note that by analyzing each set of data independently, two independent 
estimates of b can be made. 
 

Figure C-3. Hypothetical sea level data set with an abrupt shift.  
 

C.2 ESTIMATES OF FUTURE RELATIVE SEA LEVELS  

For future estimates of relative sea levels, an annual time scale is used because 
predictions of changes in absolute sea level are not highly resolved, and are 
subject to uncertainties. On an annual basis: 
 

agaaR HHH ,,a,
&&& −=  

 
where 
 
  = future annual rate of change of relative sea level  a,RH&

  = future annual rate of change of absolute sea level aaH ,
&

 = future annual rate of change of gage reference agH ,
&

 
Typically,  may be a nonlinear function of time: aaH ,

 (t) = (0) + f(t)  aaH , aaH ,

so 
  )(, tfH aa

&& =
Substituting equation (C-9) into equation (C-7):  
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agaR HtfH ,, )( &&& −=  
 
where it is assumed that Hg,a is the historical vertical rate of change of the gage 
reference, due to lack of better information. Thus, from equation (C-10), HR,a(t) 
can be found by solving the differential equation. The function f(t) can be found 
by applying models such as MAGICC. 
 
An example of anticipated results is shown in Figure C-4. The figure shows a 
time frame from past times to future times. For this particular example, the 
relative historical sea level is assumed to be dropping, even though the global sea 
level has been slowly rising. Thus, the gage reference elevation must be rising 
faster than the global sea level. In the future, however, if global sea level rise 
accelerates, at some point, the sea level rise may exceed the rate of change of the 
gage datum, and relative sea level would start to rise again. However, since there 
are uncertainties in how global sea level will change in the future, alternative 
estimates of g(t) are provided.  
 

(C-10)

Figure C-4. Hypothetical past and future relative sea level change.  
 
An alternative way to present results is shown in Figure C-5. Both historical and 
future analysis are normalized to time frames of a century. The historical 
absolute sea level rise over the 20th century is assumed to be 18 cm, a typical 
value. The island is assumed to have subsided 0.9 cm over that time, a small 
change. Thus, the 20th century relative sea level rise was 18.9 cm. Over the 21st 
century, the predicted increase in absolute level is 50 cm, a typical value among 
the range of predictions by researchers. Assuming the island continues to subside 
at its historical rate (0.9 cm/century), the relative sea level rise over the 21st 
century is predicted to be 50.9 cm. 
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Figure C-5.  Overall summary of historical and projected sea level change .  
 

C.3 GENERALIZATION OF APPROACH TO REMOVE LINEARITY 
ASSUMPTIONS 

Start with the use of same symbols as previously: 
 

);();();( papRpg tttHtttHtttH ≤=≤+≤  
 
where tp = present time 
 
Thus equation (C-11) is a statement of past to present conditions. In general, 
assume is known from global (or even basin-wide) studies. A 

typical value for 

);( pa tttH ≤

);( pa tttH ≤ = 1.5-2.0 mm/yr for the 20th century. 

 is known from local sea level data that may have been collected 
over the past 5 to 100 years. Typically for Indian Ocean SIDS, the records are no 
longer than 10-15 years.  

);( pR tttH ≤

 
Rewrite Equation (C-11) to find the unknown );( pg tttH ≤ : 

 = );( pg tttH ≤ );( pa tttH ≤ - );( pR tttH ≤  
 
 

(C-11)
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Taking an average value over the period of record (this is a reasonable, but not 
the only approach): 
 
   )tt(t; );( );( p≤−≤=≤ rpapg HtttHtttH = K 
 
Now looking to the future, find , and from that find : );( pR tttH >& );( pR tttH >
 
 = -  );( pR tttH >& );( pa tttH >& );( pg tttH >&

 
If it is assumed that = );( pg tttH >& );( pg tttH <& = K 
 
then = -  );( pR tttH >& );( pa tttH >& );( pg tttH <&

Ultimately   is needed. Thus we integrate: );( pR tttH >
 

  τττ dtH p

T

t
R

f

p

);( ≥∫ &

 

 = ττττττ dtHdtH p

T

t
gp

T

t
a

f

p

f

p

);();( >−≥ ∫∫ &&  

 
[ ]);();( pppapffa tttHtTTH ≥−≥≈ -K[ ]pf tT −  

 
Or  );();( pppRpffRR ttTHtTTHH ≥−≥=∆  
 

[ ]);();( pppapffa tTTHtTTH ≥−≥= -K[ ]pf TT −  
 

Note: K<0 => Island Subsiding, K>0 => Island Rising 
 
 

 
An example result is shown in Figure C-6. The curve – K(t-tp) is a continuation 
of the historical trend. The curve Ha(t)- Ha(tp) is the future global sea level rise 
predicted by climate change models. 
 

(C-13)

(C-14)

(C-15)

(C-16)

(C-17)

(C-19)
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Figure C-6. Examples of predicted relative sea level changes.  
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APPENDIX D:  
D. SELECTED PAPERS ON WATER RESOURCES  

MAURITIUS: 

• Case study #8 (from UNESCO, 1991) 

• Water resources in Mauritius (Nowbuth and Allybokus, 2001) 

• Water Resources Management in Mauritius (Yuk, 1995) 

SEYCHELLES: 

• Case Study No. 11 (from UNESCO, 1991) 
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D.1 PHYSIOGRAPHY AND CLIMATE 

The island of Mauritius is situated in the southwest Indian Ocean between 
longitudes 57o 17’ and 57o 48’ east and latitude 19o 50’ and 20o 32’ south.  It lies 
at about 800 km east of the Republic of Malagasy (Figure 1.1).  The island is 
approximately elliptical in outline with a major axis of 61 km and a minor axis of 
46 km, covering a surface area of about 1860 km2.  Except for some consolidated 
coral and shell debris in isolated remnant raised beaches, the coral reefs, the 
sandy beaches and sand dunes around most of the coast, Mauritius is entirely of 
volcanic origin.  The island of Mauritius was formed by volcanic activities, 
which took place during the period 10 million years to 25 000 years ago 
(Sentenac, 1963).  Alternating periods of eruptions and quiescent conditions, 
shaped the island into a central caldera of uplands surrounded by discontinuous 
rings of mountain ranges  
 

 
Figure 1.1: Location of the island of Mauritius 
and low undulating coastal plains (Figure 1.1).  The average elevations of the 
mountain ranges fall within the range of 600 m to 900 m, while the coastal plains 
have an average elevation of about 100 m. 
 
The climate of Mauritius has been discussed in detail in Padya (1989) and is 
summarised in this section.  Mauritius enjoys a tropical climate, mostly because 
of its latitude, relief and the fact that it is an island.  The summer season, 
November to April, is warm and wet, period during which the island also 
receives up to 70% of its total annual rainfall.  It is also during this period that the 
island is under the influence of tropical cyclones, which may bring up to 400 mm 
of rain over a period of 24 hours.  The winter period, May to October, is much 
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cooler and drier.  Annual average rainfall varies from about 4000 mm in the 
higher elevation regions to 900 mm along the western coasts (Figure 1.2).  The 
month of February is the warmest month, with mean temperature of 27.8o C, 
while July is the coolest month with mean temperature of 21.9o C.  Mean 
monthly relative humidity is around 83% in the higher elevation regions and 
around 80% in the coastal regions.  Mean annual potential evaporation varies 
from 1350 mm in the high elevation regions to more than 1870 mm in the coastal 
areas (Padya, 1989). 

 

Figure D-1:  Distribution of rainfall over the island of Mauritius (Padya, 1989) 

 

D.2 WATER RESOURCES 

The island has a dense network of rivers, most of which have their source in the 
high elevation regions.  Drainage is essentially radial from the Central Plateau, 
the location of the source of the rivers, towards the sea.  The rivers are deeply 
incised and fast flowing.  The island has been divided into 25 main river basins 
and 22 minor river basins.  The catchment areas vary from 3 to 164km2.  Only 2 
rivers, Grand River North West and Grand River South East, have catchment 
areas exceeding 100km2.   River water levels are gauged at about 100 locations, 
and 60 of these stations are equipped with continuous water level recorders.  
River flows are monitored on a daily basis at least along one reach of the river.   
Surface water is being harnessed for both domestic and agricultural supply.  
Presently there are 10 man-made reservoirs in Mauritius with a combined total 
gross storage capacity of 67.36Mm3 and a regulated annual yield of 230Mm3.  
Water is also abstracted from about 350 river-run offtakes.  Such offtakes permit 
an average annual mobilisation of 514Mm3 of surface water (WRU, 2001).   
Both surface and groundwater resources are being harnessed to cater for water 
demand.  There are five aquifers which account for most of the groundwater 
resources of the country.  The annual groundwater recharge has been estimated at 
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390Mm3.  Presently groundwater resources contribute up to 57% domestic water 
supply (WRU, 1997), but only 12% of total water demand.  
  

WATER UTILIZATION 

The present annual water utilization is of the order of 982Mm3 equivalent to 
about 25% average annual rainfall over the island.  About 837Mm3 are from 
surface water and 145Mm3 from groundwater (Table D-1): 

Table D.1   

Water Utilisation (million cubic metres per year) 

PURPOSE SURFACE WATER 
(Mm3) 

GROUNDWATER 
(Mm3) 

TOTAL 
(Mm3) 

   River-run 
Offtakes 

Storage       

Domestic, Industrial & 
Toursim 

38 48 113 199 

Industrial (private 
boreholes) 

- - 10 10 

Agricultural 370 76 22 468 

Hydropower 131 174    305 

Overall Utilisation 539 298 145 982 

D.3 THREATS TO OUR WATER RESOURCES 

About 50% of the whole island of Mauritius is under agricultural activities, with 
sugar cane being the main crop under cultivation, representing about 90,000 
hectares of land.  Annually about 900kg of nitrogeneous fertilisers are used per 
hectare of land cultivated, and this contributes to 150kg of nitrogen per hectare 
cultivated (CSO,1999).  Hence, both the surface and the groundwater resources 
of the island are exposed to this diffused source of agricultural pollution.  
Similarly, waste from cattle breeding activities eventually find their ways into 
our water resources.   
As for residential contaminants, presently only 20% of the whole island is served 
by sewer networks, the remaining 80% either disposed of their liquid wastes in 
absorption pits or via septic tanks.  The island of Mauritius being volcanic in 
nature, its geology is characterised by highly fissured lava flows, with relatively 
high permeability.  Hence, leachates can easily find its way into our water bodies, 
in case the absorption pits are not well located. 
Our water resources are also threatened by industrial activities, such as sugar 
factories, wet textile industries and hotels.  These industries require by law that 
they pretreat their wastewater before disposing into the environment.   

D.4 MITIGATING MEASURES CURRENTLY UNDERTAKEN 

Aware of the possible impact and the degree of importance on the quality of our 
water resources the Government and many concerned institutions are looking 
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into the problems and identifying possible solutions to minimise these impacts as 
far as possible. 
Aware of the impact of domestic wastes disposal on both surface and groundwater 
bodies, the Government, the Ministry of Public Infrastructure, the Waste Water 
Authority, has recently invested massively in sewage distribution network.  Their 
objectives being to connect all the activities onto the sewer lines.  Consumers are being 
given free connection to the sewer lines as an encouragement, and it is expected that this 
activity will be completed successfully in the next 5 years. 
The Ministry of Environment has in 1991 proclaimed the Environmental Protection Act, 
with a view to having better control on the impact of development on the environment.  
All industrial, commercial and agricultural developments, are required to conduct and 
Environmental Impact Assessment study, to ensure that these developments do not have 
serious adverse impacts on the environment.  This Ministry also formulates appropriate 
standards that regulate the quality of waste water disposed into the environment.  The 
same Ministry is also looking into proclaiming a Waste Audit Regulations, for industries 
with a view to monitor their environmental related activities more closely. 
In the field of agriculture, planters are encouraged to adopt more efficient water 
systems for irrigation purposes, such as drip irrigation, and the Irrigation 
Authority are also encouraging  
Many hotels and industries are currently adopting the ISO14000 series of standards as 
their own initiative to reduce the impacts of their activities on the environment.  Though 
consumer pressure dictates that industries and hotels adopt an environmental 
management programme, many of the industries are going into environmental 
management programme on their own   Several hotels and sugar factories are already 
reusing their treated wastewater for irrigation purposes, while many industries have been 
optimising the use of water by recycling the used water a number of times internally 
before disposing of it.   
The public is constantly educated in the importance of reducing wastage and 
saving water, and many farmers have adopted rainwater harvesting as a means of 
making good use of collected water for irrigation purposes. 

D.5 FUTURE PLANS FOR PROTECTING AND PRESERVING OUR 
WATER RESOURCES 

REDUCING THE UNACCOUNTED FOR WATER (UFW) 
The water distribution network of the island is old and hence much losses occur 
through leakage in damaged pipes.  The local water authority, Central Water 
Authority has invested heavily in sophisticated equipment, and training of their 
technical staff, with a view to minimise the unaccounted for water, which stands 
presently to about 50% the total water produced.  The aim is to bring the UFW to 
35% in the next five years. 

INVESTIGATING THE POSSIBILITY OF BUILDING A SUBSURFACE 
GROUNDWATER RESERVOIR 
By the nature of the geological subsurface, much groundwater is lost to the sea.  
Tapping the groundwater to the maximum may not be economical.  Presently 
there are no geological barriers along the coastal zone of the island, which would 
have helped in storing any excess groundwater not used for other purposes.  The 
Water Resources Unit is looking into the possibility of building geological 
barriers, so as to store the groundwater which would otherwise be lost into the 
sea. 
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REUSE OF TREATED WASTEWATER 
Mauritius being a small isolated island, there is a need to optimise the use of 
water resources, for in periods of water crisis we cannot import water from 
elsewhere.  Desalination is a reliable option which is however very expensive 
both in terms of capital investment and in terms of operation cost.  This option is 
however being implemented in one of the dependency of Mauritius, the island of 
Rodrigues, which constantly face water problems.   
In Mauritius, we are relatively more fortunate, since we can rely upon rainfall, 
specially that cyclonic periods bring significant volumes of water.  However, we 
still have to consider better ways of optimising water usage.  Recycling of water 
is an option that would be widely encouraged in a number of industries.  
Similarly reuse of pretreated wastewater has to be encouraged in high water 
consuming industries.  With the sewer network eventually covering a larger area, 
the volume of treated wastewater will significantly increase, and hence the 
Irrigation Authority will be looking into the viability of using this water into drip 
irrigation systems. 
Dual water supply systems in high rise buildings or for hotels needs to be 
looked into and implemented wherever possible. 

WATER AND ENVIRONMENTAL PROTECTION LEGISLATION 
The Water Resources Unit is currently looking into the revision of existing laws 
which deal with the development and protection of our water resources.  
Similarly, the Ministry of Environment will be revising the existing 
environmental protection act to ensure better protection.  These laws need to be 
revised and actually enforced if we are to ensure sustainable development of our 
resources. 

FERTILIZERS - CHEMICAL AND ORGANIC 
Since 57% of our domestic water comes from groundwater resources, the impact 
of agrochemicals need to be given serious consideration.  The use of more 
environmentally friendly chemical fertiliser and the use of organic fertiliser needs 
to be studied, with particular emphasis to be given to the viability in large scale 
production. 

IRRIGATION EFFICIENCY 
About 60% of the total water mobilised is used for irrigation purposes.  We need 
to look into the possibility of improving the efficiency of water used for 
irrigation, by reducing surface irrigation, and by adopting more appropriate 
technology for small islands. 
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APPENDIX E:  
E. COASTAL ZONES: USES, DEVELOPMENT AND STRESSES 
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(Cap Malheureux, Northern Region)  

Introduction / What are Coastal Zones / The sandy beaches of Mauritius / Uses Of 
Coastal Lands And Lagoons /  

 
Protection Of Coastal Zones / Guidelines For Coastal Water Quality / Urbanisation 
of Coastal Zones /  

 
Environmental Impacts of Human Activities / Rodrigues / Off Shore Islets / 
Conclusion / Bibliography 

 

E.1 INTRODUCTION  

Mauritius is a small island with few natural resources and coastal zone resources 
have been and still are of great importance to the country. For instance, many 
families of fishermen depend on coastal fisheries for subsistence, the tourism 
industry has developed principally along stretches of sandy beaches and for the 
local population coastal zones are important for both habitation, work 
opportunities and leisure.   
 
Unfortunately, coastal zones are also recipients of land based pollution such as 
untreated domestic and industrial sewage, solid waste from dumps close to the 
shore and agricultural run-offs. The mining of sand, though banned since October 
2001, has added to the pressures on the resources of the coastal zones. 
Urbanization and tourism have added to coastal degradation.   
 
The competing and often conflicting demands for access to coastal zones by the 
population and property developers and the need to preserve the marine and 
coastal ecology for future generations have meant that demand pressures and 
conservation needs result in a multitude of conflicts. There has been few attempts 
to manage rationally and reasonably the impacts of development upon the coastal 
resources. It is only over the past ten years that successive Governments have 
paid any attention to coastal zones management. Given the level of urbanization 
reached, it is somehow a bit late, but better be late than never.  
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E.2 WHAT ARE COASTAL ZONES?  

According to the Environment Protection Act 2002, coastal zones are defined as 
follows:  
 
 (a) means any area which is situated within 1 kilometre or such other distance as 
may be prescribed from the high water mark, extending either side into the sea or 
inland; 
(b) includes - 
(i) coral reefs, reef lagoons, beaches, wetlands, hinterlands and all islets within 
the territorial waters of Mauritius and Rodrigues;  
(ii) any estuary or mouth of a river and that part of a river, stream or canal which 
lies within 1 kilometre from the outermost point of its bank on the sea at high 
tide;  
 
(iii) the islands of Agalega and Saint Brandon, and other outer islets. "  
According to the Environment Protection Act 1991 (repealed in 2002 by the 
above Act) the coastal zones meant:  
" (a) (i) any area of seawater including any low-tide elevation, land, beach, islet, 
reefs, rocks, lying between the baseline and the highwater mark,  
(ii) any land which is situated wholly or partly within 81.21 metres from the 
highwater mark,  
(b) includes any estuary or mouth of a river and that part of a river, stream or 
canal which lies within 81.21 metres from the outermost point of its bank on the 
sea at high tide;" It is seen that in the new Act, the coastal zone now encompasses 
any land within one kilometre from the high water mark, a much more reasonable 
definition. Oceanic islands such as Agalega and St Brandon are also specifically 
defined to be within the coastal zones of Mauritius.   
 
A geographical definition of coastal zones would include the following: the 
coastal plain, the continental shelf, the waters that cover this shelf and includes 
features such as bays, estuaries, lagoons, small islets and reefs. It is also the 
region where marine and continental processes of erosion and deposition interact 
giving rise to different types of landforms.  

E.3 MORPHOLOGY OF SHORES AND BEACHES AROUND THE ISLAND  

THE CONTINENTAL SHELF  
In spite of the limited extent of the Mauritian coast, barely 323 km in length, it 
comprises a great variety of different features. The presence of an appreciable 
and shallow continental shelf all round the island has determined in part the 
nature of the coastal features seen. For example the shallow shelf has enabled the 
development of the coral reef, which mainly thrives in shallow and warm waters. 
The reef in turn shapes coastal morphology.  
 
The Lagoon and Coral Reef Formation 

 

Page E-2 



Appendix         Tetra Tech, Inc 

FORMATION OF LAND FORMS  
Landforms that develop and persist along the coast result from a combination of 
processes acting upon the sediments and rocks present in the coastal zone. 
Waves, currents and tides are the most prominent processes affecting coastal 
morphology. Climate and gravity are also significant agents of change.  

WAVES  
Waves moving towards a coast are the most obvious of the coastal processes 
under consideration. As waves enter shallow waters they interact with the sea 
bottom. As a result sediment can become temporarily suspended and is available 
for movement by sea currents. The larger the wave, the deeper the water in which 
this process can occur and the larger the particles that can be moved.   
 
Generally, small waves cause sediment, usually sand, to be transported toward 
the coast and deposited along a beach. Larger waves, during a storm for example, 
can remove sediment from the coast and carry it out to into deeper water.  
 
Waves erode the bedrock along the coast largely by abrasion. Similarly, 
suspended sediment particles, pebbles and rock debris have an abrasive effect on 
a surface. Waves which have considerable force can break up bedrock simply by 
impact. 

LONG SHORE CURRENTS  
Waves usually approach a coast at an acute angle rather than head on, in a 
direction perpendicular to the coast. When the waves enter shallow waters at an 
angle, they are bent (refracted). As this happens, the bent waves generate a 
current that runs along the shore and parallel to it. This current is called a 
longshore current. The current's speed depends on the power of the waves and 
their angle of approach with the shore. It can vary from 10 centimetres per 
second to over one meter per second under stormy conditions. Waves and 
longshore currents together transport large quantities of sediment along the 
shallow zone adjacent to the shore.  
 
Longshore currents may move in either direction along the shore depending upon 
wave direction. As this is determined in part by wind direction, it follows that the 
wind is the ultimate factor in determining the direction of longshore currents and 
the transport of sediment along the shoreline.  Typically waves lift up the 
sediment and longshore currents carry it along the coast.   
 
In Mauritius, the coral reefs act as barriers and absorb most of the impact of 
waves. Those overflowing hit the shore almost orthogonally. However, where the 
coral reef barrier is absent, at river mouths for example, waves can approach the 
coast at an angle and produce a longshore current. It appears (Reference 1 P 272) 
though that a long shore current exists along the western and south western 
coasts that causes a drift of sediment. It does not appear to be continuous and its 
strength has not been measured.  
 
High frequency waves can cause the accumulation of considerable volumes of 
water in the lagoon, raising its level by up to 1.5 meters. This excess water then 
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flows out of the lagoon through gaps in the coral barrier reef thus creating a 
current called an intra-lagoonal current which may reach up to 3.5 knots. This 
current can transport loose sediment on the lagoonal floor out to the gaps in the 
barrier reef.  

TIDES  
Tides are semi-diurnal and have mean amplitude of 0.8 metres and generally vary 
between 0.5 to 1.3 metres. The relatively low tidal amplitude means that tidal 
currents generated are of low magnitude. Hence their effects on coastal 
morphology is weak.  

CLIMATE, WINDS AND GRAVITY  
The climatic elements of importance in the development of landforms are rainfall 
and wind. Rainfall is important because it provides the run off in the form of 
streams and is an important factor in producing and transporting sediment to the 
coast. The importance of wind comes about in its relationship to waves. The 
presence of strong winds is associated with high energy waves. The direction and 
intensity of winds determines both the direction and energy of the waves.  
 
Cyclones (Tropical storms) with their associated strong winds and considerable 
rainwater increase in magnitude the usual processes that affect landforms.   
 
Gravity also plays an important role in coastal processes. It is indirectly involved 
in processes associated with wind and waves and it is directly involved through 
down slope movement of sediment and rock.   
 
This role is particularly evident along shoreline cliffs where waves attack the 
base of the cliffs and undercut the slope. It results, eventually, in the collapse of 
rocks into the sea or accumulation of debris at the base of the cliffs. 

DEPOSITIONAL AND EROSIONAL COASTS  
There are two major types of coastal morphology. One type dominated by 
erosion and the other by deposition.  

EROSIONAL COASTS  
Generally erosional coasts have little or no sediment in contrast to depositional 
coasts with abundant sediment accumulation.  
Sea cliffs and wave cut platforms are characteristic of erosional coasts. Wave cut 
platforms arise when the face of the sea cliff recedes under wave action. In 
Mauritius erosional coasts occur mainly where coral reefs are absent. This occurs 
along part of the western coast at Pointe Aux Caves and Montagne Jacquot and 
along the southern coast. 

DEPOSITIONAL COASTS  
Waves and wave-generated currents significantly influence the development of 
depositional landforms. Waves crashing on the barrier reef lose most of their 
energy, but enough is left permitting sediment to be lifted off the reef flat, 
transported to the shore and deposited there.   
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In Mauritius, beaches are the most common depositional landform found along 
the coastline and sandy beaches made up of carbonate sediment are the most 
frequent forms seen. 
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E.4 THE USE OF COASTAL LANDS AND LAGOONS  

Considerable pressure is exerted on coastal zone ecosystems and its resources. It 
is clear that it is a matter of urgency for the country to determine what forms of 
coastal development is possible and desirable within the constraints imposed by 
local conditions. Provided, of course, the aim is to promote sustainable human 
development and not to maximize returns and profits at all costs for a minority of 
private operators at the expense of the community.   

 

Table E-1 

Coastal Land Use  

Usage  Kilometres (Km)  Percentage (%)  

Public Beaches  26.6  8.2  

Hotel Sites  41.9  13  

Bungalow Sites  52  16  

Building Sites  25  7.7  

Diverse Activities  12.78  3.9  

Agricultural  17  5  

Grazing  28.7  8.9  

Under Vegetation  76.24  24.2  

Coastal Road  16.1  4.9  

Cliffs  10.2  3.2  

Cliffs/Grazing  11.5  3.6  

St Antoine Sugar Estate  4.5  1.4  

TOTAL  322.5  100  

Source: Ministry of Land, Housing and Town Planning 1996  

 

The first historical use of coastal zones has been for artisanal fisheries. It is still a 
very important activity that provides a means of livelihood for thousands of 
families.  
 
Sand mining at selected locations has been going for years with more than 
800,000 tones of sand extracted yearly form the lagoon and inland deposits close 
to the shore. Fortunately, sand mining from the lagoon has been banned as from 
October 2001.  
 
For decades, very few Mauritians were wealthy enough to be able to enjoy the 
sea for recreational purposes. Few bungalows existed around the coast and before 
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independence (1968) only a couple of hotels were in operation. The 
environmental stresses on coastal zones were minimal.   
 
The increased affluence of the seventies (due to an increase in sugar prices on the 
world market), a governmental policy of encouraging tourism as from the 
eighties and the success of industrialization as from the mid eighties, have had 
the greatest of incidence on the use of coastal resources.  
  
The above mentioned factors have resulted in:  
 

1. (1) more wealthy Mauritians leasing beach frontage for the erection 
of private bungalows,  

2. (2) a host of new hotels built upon prime beach frontage (more than 
a hundred hotel complexes currently dot the coastline) to 
accommodate an ever increasing flow of tourists,  

3. (3) a spectacular increase in the number of mauritians heading for 
the beaches for recreational purposes,  

4. (4) a haphazard urbanisation of a number of previously sleepy 
coastal villages. Grand Baie and Flic en Flac being prime examples,  

5. (5) a spectacular increase in the number of leisure boats operating in 
the lagoon,  

6. (6) and a greater demand for the local varieties of fishes.   

(1) PRIVATE BUNGALOWS 

 
Nearly all of the strip of land all round the island from the high water mark to 
81.21 meters inland is known as Pas Geometries and is the property of the 
Government. However it can be leased for a maximum of 30 years renewable 
against a fee that is ridiculously low. Over the past decades, the different 
governments have been generous in leasing away most of that land either to 
individuals or to hotel developers. The result of which is that bungalow sites 
occupy 52 kilometers of coastal land representing 16% of the total. Though that 
does not appear to be such a high proportion, it is important to realize that the 
vast majority of bungalows are built on lands adjacent to sandy beaches.   
 
The erection of bungalows tend to preclude the population from gaining access to 
those beaches, though this is unintentional in most cases. But on numerous 
occasions, owners of bungalows have erected fences and walls in order to 
prevent access by the public. Laws had to be passed to render illegal fencing off 
access to the beaches.  
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It is clear that any future governments will find it increasingly difficult to justify 
leasing off further tracts of Pas Geometriques to private individuals when the 
public is facing rather crowded public beaches with few if any amenities. In fact, 
public pressure will soon demand that leases not to be renewed and the land so 
freed to be transformed into public beaches with proper amenities. A perfectly 
reasonable demand. (L'Express, 12 janvier 2003: Vagues de protestations sur nos 
plages…)  

(2) TOURISM AND COASTAL LAND USE  
The vast majority of tourists come to the island to enjoy the beaches, the sea and 
the sun. Hence tourists are concentrated on coastal zones. The north, the west, the 
south-west, the east of the island being the principal tourist zones.  
 
Prior to the seventies, few tourists visited the island and there were few hotels. 
Since independence (1968), it has been Government policy to encourage tourism 
in order to increase foreign currency reserves and provide much needed 
employment. It is beyond reasonable discussion that the tourism industry has 
played a pivotal role in the development of the country. It has boosted foreign 
reserves and provided employment. The influx of foreign tourists has increased 
the exposure of the public to the outside world and influences. It has spurred the 
development of service industries that cater for the need of tourists, like 
restaurants, travel agencies, car hire services, retail shops, bars & discotheques, 
and so on.  
 
The vast stretches of sandy beaches adjacent to unoccupied Pas Geometriques 
land, have enabled the first hotel developers to lease from Government, for a 
small yearly sum of money, hectares of prime coastal land. In the seventies or 
even in the eighties, this aroused little attention from the public because few 
could afford to go regularly and frequently to the beach for a day out.  
 
The sugar boom of the seventies, industrialization of the eighties steadily 
increased the welfare of the population. Once the basic needs more than satisfied, 
people naturally looked for better recreational facilities. Inevitably they turned to 
the sea and its beaches. Furthermore, the increased wealth enabled more people 
to purchase or erect bungalows from leased lands on the Pas Geometriques. 
Hence competition for access to sandy beaches inevitably arose among the three 
groups: hotel developers, bungalows owners and the public.  
 
Unfortunately, the pressure to build new hotels directly on the beach frontage is 
relentless because tourism is one of the few growth areas of the local economy 
and is highly lucrative. Very powerful commercial interests are at play in this 
sector. More hotels on the beach means less beach frontage for the public. 
According to 1996 figures, hotel sites occupy 41.9 kilometers of coastal zones 
which represent 13% of the total which does not seem to be considerable but 
again it must be remembered that hotels tend to be built along the most beautiful 
stretches of sandy beaches of the island.  
 
The insistence from property developers to have prime beach frontage and the 
demand from the public for more public beaches with better amenities will 
inevitably lead to uneasy situations that will lead to confrontation.  
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(3) RECREATIONAL PURPOSES & PUBLIC BEACHES  
Coastal zones have become, over the years, important centers of leisure activities 
for the local population, and it is expected to grow in importance in the years to 
come. Currently, public beaches total 26.6 kilometers, which represent 8.2% of 
coastal land use. It is clear that bungalows and hotel site with a combined total of 
29% fare much better than the public with a mere 8.2% of the total. Any 
government, present or future will have to come up with more public beaches to 
dissipate mounting public concern for a better access to beaches and better 
amenities on site. A visit to the hugely popular beaches at Flic En Flac (west 
coast) on Sundays is sufficient to convince anyone of the urgency of the 
situation, the public beach there is packed with people, cars and buses. Amenities 
like toilets and water points are far and few between, and thus totally insufficient. 
The same scenario repeats itself in the north at Mon Choisy and La Cuvette, two 
very popular public beaches.   

 (4) THE URBANIZATION OF COASTAL ZONES  

(5) LEISURE BOATS  

 
Tourism has considerably increased the number of pleasure crafts operating in 
the lagoons round Mauritius, whether it be motor boats for water skiing or para 
sailing, or the usual sailing crafts. The operation of pleasure crafts is now 
regulated by law.  

(6) ARTISANAL FISHERIES  
 
 

E.5 ENVIRONMENTAL IMPACTS OF HUMAN ACTIVITIES IN COASTAL 
ZONES  

Human activities with impacts on coastal ecology and environment can broadly 
be divided up into:   
(a) activities that are situated in coastal zones  
(b) activities occurring elsewhere (principally inland).   
 
The category (a) can be subdivided into the following activities:   

• The construction and operation of hotel complexes and bungalows  

• Sand mining  

• Artisanal Fisheries  

• The recreational use of beaches  

• The operation of pleasure boats  
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Similarly category (b) can be subdivided into the following activities   

• The disposal of industrial sewage  

• The disposal of domestic sewage & storm water  

• The disposal of waste water from sugar mills  

• The disposal Of Solid Waste  

• Agricultural run off  

ENVIRONMENTAL IMPACTS OF HOTEL & BUNGALOW CONSTRUCTION AND 
OPERATION ON COASTAL ZONES  
Apart from occupying beaches and rendering access difficult to the public, the 
construction of hotels directly on the beach head may have significant 
environmental impact. For instance, though hotels with more than 75 rooms must 
have, by law, a water treatment plant on site, it is not known whether all the 
different hotels' treatment plants are really adequate to cope with the load or 
whether some seepage does occur at times which could have adverse effects on 
the lagoon.   
 
Furthermore, hotels construct piers or jetties that can severely interfere with the 
long shore movement of sand creating sand erosion further down the coast and 
can interfere greatly with the free passage of the public up and down the coast. 
Example: Grand Gaube Sand erosion caused by the construction of piers and by 
sand mining is beginning to be a significant problem though no studies are 
publicly available on the matter. The seriousness of the problem can be gauged 
by the fact that the Government has, over the past years, built sea defenses at 
certain places round the coast like Grand Baie, Cap Malheureux and Flic en Flac. 
The defenses consist of placing at  
http://www.intnet.mu/iels/coastal_mau.htm 9/8/2004 selected places gabions 
which are wire netting cages 1 meter cube in volume filled with rocks. This 
method is thought to hold the sand in place and permit local accumulation of 
sand.   
 

 

Figure E-1 The above picture shows gabions placed at Cap Malheureux.  

 
The clearing of sea weeds, corals and other rocks in the lagoon close to the shore 
has regularly been carried out to create suitable bathing areas or sky lanes. 
Though, in some cases, the clearing is fairly innocuous, on a couple of occasions, 
it cannot be said to be so. For example, at Balaclava ( west coast of Mauritius), 
where a marine park has just been set up, a couple of hotels obtained the 
permission to create water skiing lanes by clearing corals over a long stretch of 
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the lagoon. Notably, The Victoria Hotel, in 1995, cleared corals for a water 
skiing lane 750 meters long and 30 meters wide and further proceeded, in 1996, 
to clear another site for the creation of a bathing site and this amidst much 
opposition from local fishermen who feared for their livelihoods. Needless to say 
that the hotel had the necessary permits and Environmental Impact Assessment 
reports to back up this operation.   
 
In 1993, the Touessrok Hotel at Trou D'eau Douce (east coast) carried out very 
important works in the lagoon with the necessary Environmental Impact 
Assessment report. The government of that time informed the management that 
"the ministry has no objection to the implementation of the proposed works in 
relation to (i) the dredging of the inner cover and of the two channels (ii) dredged 
material treatment and handling onshore (iii) beach recharging and widening (iv) 
erection of a groyne and (v) the construction of an artificial breakwater to protect 
the cove beach, provided that the following conditions are observed" ( Le Week 
End 20

th
 of June 1993). Though the local fishermen went to court to obtain an 

injunction, it does not appear that they managed to influence the course of things.   
From 1995 till 2000, promoters fought hard to have a hotel built on "ilot des deux 
cocos" in Blue Bay Marine Park. Their initial works in August 2000 did cause 
damage to coral fields in the vicinity. However for once Government had the 
initial works stopped and subsequently rejected their Environment Impact 
Assessment report. Click here for further details.  
 
Unfortunately, little is at present known on the impacts of hotel development on 
the coastal and lagoon ecology. Yet there is anecdotal evidence that points to 
sewage seepage from hotels into nearby lagoons in spite of most hotels having 
primary and secondary sewage treatment plants.  
 
Bungalows built along the coastline have never been connected to the sewage 
system and disposal of sewage is done exclusively through absorption pits or cess 
pits. It is possible that nutrient enrichment of the lagoon occurs through seepage 
of sewage to the lagoon. But that is at present purely speculative.   
 
At several places, bungalows and even hotels have been built on wetlands or 
marshy grounds, for example at Flic en Flac or Grand Baie. This has resulted in a 
drastic reduction of wetlands around the coast, hence wetlands are no longer 
there to act as natural filtering systems of either sewage or storm waters. The 
water table at Grand Baie has risen significantly, for example, and is now only a 
metre deep. Flooding and pollution by sewage is now a reality in parts of Grand 
Baie.   
 
At Flic en Flac also, construction of hotels and bungalows has been going on for 
years on marshy lands. And now certain parts of Flic En Flac is prone to flooding 
after heavy rains.  

ENVIRONMENTAL IMPACT OF RECREATIONAL USE OF BEACHES  
One of the main impacts of the use of beaches by the public on the environment 
is the fact that a fair proportion of the public fails to use the dust bins provided on 
the beaches for the proper disposal of solid waste. Hence, at times and on certain 
beaches, there is solid waste accumulating on site. This waste, apart from being 
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unsightly and a source of bad smells attracting rodents, can drift into the lagoon 
waters polluting it.  
 
Furthermore, at certain places, the lagoon is used by some people as a huge and 
uncontrolled dumping ground. Regularly, non governmental organizations 
working in the field of the environment and professional divers team up to 
remove from the lagoon bottom large quantities of solid waste which found its 
way there. For example on the 7

th
 of June 1997, during the "World Environment 

Day" divers removed from the lagoon of Blue Bay ( South of the island ) car and 
truck tires, old nets, discarded plastic bags and bottles, broken plates and even 
radio sets!   

ENVIRONMENTAL IMPACT OF THE OPERATION OF PLEASURE BOATS   
Anchor damage by pleasure crafts or fishing boats is thought to be a significant 
factor in the destruction of corals.  

E.6 CONCLUSION  

Coastal zones are undoubtedly under heavy use, and the pressure will not cease 
in the foreseeable future, on the contrary it can only increase significantly with a 
greater number of tourists visiting the island every year, with more of the 
population going to the sea side for leisure activities. It is indeed, high time that a 
comprehensive policy of coastal management be set up by government before 
irremediable damage is inflicted upon coastal zones. Already, there are signs that 
all is not well, a decrease in the catch of fishes over the years, nutrient 
enrichment of the lagoon due to sewage, sand erosion, industrial pollution are but 
a few of the problems that have to be addressed fully. As a fair share of the 
stresses on coastal zones originate inland, it is clear that coastal zone 
management cannot be seen in isolation from what happens elsewhere, making 
proper management a challenging and interesting task of supreme importance.  
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