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PREFACE 

 
During the fourth session of the Intergovernmental Oceanographic Commission’s Regional 
Committee for the Co-operative Investigations in the North and Central Western Indian 
Ocean (IOCINCWIO) held in Mombasa, Kenya in May 1997, a project proposal entitled 
“Sea Level data and Information in the IOCINCWIO region” was submitted and endorsed. 
Subsequently the Kenya Marine & Fisheries Research Institute (KMFRI) and the Institute of 
Marine Sciences of the University of Dar es Salaam, Tanzania prepared a detailed proposal 
which was approved for funding by IOC within the framework of the IOC-Sida-Flanders 
Marine Science programme. 
 
The main objectives of the project are: 
  
• 

• 

• 

• 

• 

Preparation of a comprehensive report on the tide gauges which have operated in the 
region, the volumes, quality of data collected; 
Inventory of capacity available for installation, levelling and maintenance of gauges, as 
well as analysis of data; 
Identifying the requirements for completion of the National, Regional and GLOSS 
network components in each of the countries of the region; 
Collection and analysis of sea level data from the Region, with a view to identifying 
variability of sea level and long term trends at different places in the region; 
Production of bibliography of sea level literature from the region. 

 
National experts from Kenya, Madagascar, Mauritius, Mozambique, Seychelles, South 
Africa and Tanzania were contracted to prepare national reports for their respective 
countries as per specified format.  
 
The first part of this report covers the Status of Sea level Observation and related activities 
in Madagascar. Included in this part are physical description, status of the sea level network, 
availability of data from stations, human capacity available and utilisation of sea level 
products. The second part of the report focuses on available oceanographic and 
meteorological data. 
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PART I: STATUS OF SEA LEVEL OBSERVATION AND  
RELATED ACTIVITIES 

 
1.0 INTRODUCTION 
 
During the colonial era, the French Hydrographic Service (FHS) was responsible for 
installation and maintenance of tide gauges in different parts of Madagascar.  The tide 
gauges, which were mainly for providing information for navigational purpose, and were 
installed in the major harbours of Madagascar.  FHS continued with their role until the 
sixties, when it stopped. 
 
In mid-eighties, following Madagascar involvement in the Global Sea Level Observing 
system (GLOSS), three gauges were installed.  These were situated at: Nosy-Be in the 
North-West, Toliara in the South-West and Taulanaro in South-East coast of Madagascar 
(Table 1, Annex 1).  All these gauges are of UTT R16 float gauge type and were provided 
by the Foibe Taosarintanini Madagaskara’ (FTM).  While the installation was done jointly 
by FTM and the Centre National de Recherches Oceanographiques (NRO) of the Ministry 
of Scientific Research, the maintenance responsibilities of gauges were divided between 
the two institutions.  The CNRO is responsible for Nosy-Be and Taolanaro gauges and 
FTM the Toliara gauge.  Daily maintenance of the gauges at Taolanaro and Toliara is done 
by two local technicians. 
 
The Département d’Océanographie Physique et Chimique (DOPC) of the CNRO was 
designated as the Cell for Monitoring and Analysis of Sea level. The DOPC received the 
software package for tide analysis from the University of Hawaii which is used for 
preliminary analysis of sea level data before the data is submitted to the University of 
Hawaii Sea Level Centre (UHSLC) for further analysis. 
 
However, most of the data from Taolanaro and Toliara are of poor quality, with many gaps  
due to some technical problems. Only data from Nosy-Be gauge are processed.  
 
The Centre National de Recherches Océanographiques plans to install two new tide gauges 
within a  project proposal in the middle West and middle East coast of Madagascar.  
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MAP 1: LOCATION MAP OF THE TIDE GAUGES 
 
 

 
 
 
2.0 PHYSICAL ENVIRONMENT 
 
2.1  Geographical setting 
 
Madagascar is the fourth largest island of the world, located 400 km from the East African 
Coast. It is located between latitudes 12°S – 26°S and longitudes 43°E – 52°E and oriented 
in NNE – SSW direction.  It has a land surface area of about 590,000km2, with a maximum 
extension of 1600km in the North-South direction and 570 km in the East to West 
direction. The transversal profile shows an asymmetry between East and West, with the 
Western side sloping more gently then the eastern side. The Western part of Madagascar 
consists of mainly sedimentary rock. 
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2.2  The coastal zone 
 
Madagascar has a 6600km long coastline. The West Coast has wide continental shelf with 
maximum width of about 90km. It is characterised by the presence of estuaries and 
fringing coral reefs. Mangrove found mainly in the estuaries occupies a total area of about 
300,000ha while coral reefs extend a total length of about 1000km. The East on the 
contrary is characterized by undented coastline, narrow continental shelf with few estuaries 
and absence of coral reefs. 
 
2.3  Environmental parameters 
 
Climate: 
 
Due to its position, Madagascar is under the influence of the South East Trade Winds from 
April to October. During this period atmospheric pressure ranges from 1020mb to 1026mb.  
For the period from November to March, while the northern part of the island is 
characterised by North West (with atmospheric pressure ranging from 1008mb to 
1012mb), the South-Eastern region is still under influence of trade winds from the South 
East. 

 
The West Coast is more protected due to the presence of the reef however, the frequent 
passage of tropical cyclones enhances effects of waves leading to coastal erosion in some 
areas. 
 
Hydrological parameters:    
 
From May to October the salinity range from 35% - 35.2% whereas it varies from 31.8% - 
34.8% during the rainy period from November to April. The sea surface temperature 
obtained from a long period of observations is found to be lowest (26.5°C) in August and 
highest (29.8°C) in March. The sea surface temperature decreases perceptibly from the 
North to the South. The sea surface temperature of the Mozambican channel and the Indian 
Ocean differ by 1°c in the same latitude. 
 
Tides of both west and east coasts are semi-diurnal with average tidal range of 3.2m for the 
west coast and 0.30m for the east coast.  
 
Only a few investigations have been done concerning the coastal currents. However, the 
results of current measurments carried out on the North West coast show the influences of 
the tide and the winds is predominant on coastal current patterns in the area. 
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3.0 STATUS OF SEA LEVEL NETWORK 
 
3.1  Installed and operational stations 
 
Nosy-Be Tide gauge: 
 
The tide gauge is situated at latitude 13° 24S, and longitude 48° 18E inside a small bay 
where the maximum depth is around 25m. It is installed at the end of the wharf of the 
Centre National de Recherches Océanographiques since 1985. The gauge is an OTT R16 
float gauge with a stilling well. It is owned by the Foibe Taosarintanin’i Madagasikara 
(FTM) and maintained by the Département d’Océanographie Physique et Chimique 
(DOPC) of the CNRO. 
 
The tide gauge was installed using the Service Hydrographique (SH)’s benchmark. It is a 
disk marked with SH and situated in the wall of the main entrance of the CNRO wharf. It  
is 7.74m above Hydrographic zero. The tide gauge zero (TGZ) is the Hydrographic zero. 
The tide gauge benchmark (TGBM) is 3.02m below the SH, 4.72m above Hydrographic 
zero. It is a flushed bracket on the quay in the front of the tide gauge entrance. Three other 
benchmarks have been used for levelling. The first is 2.52 km from the entrance of the 
quay of the CNRO in the wall of the SOBANO1. The second is 2.11km from the first at the 
main entrance to the cemetery of the city. The third is 1.01km from the second at the 
retaining wall near the first bridge on the way to the airport. These benchmarks were 
installed and are controlled by the FTM. Relationships between all of the benchmarks are 
available at the FTM. Benchmarks are from three known geodetic points obtained by 
triangulation from the base point situated in Toamasina in the East coast.  
 
The data are continuously recorded in a paper fixed on a drum. On extraction of data from 
anolog charts they are stored in the data bank of CNRO in the University of Hawaii Sea 
Level Center format for quality control, tidal prediction and further analysis. Analysis and 
prediction of the tide are performed by the DOPC. Observed and predicted hourly data are 
available in TSLC format. Tide tables until year 2000 are also available. A tide table for 
the main harbours is published every year by the Service Hydrographique et 
Océanographique de la Marine (SHOM). This is the only document with information on 
the tides of main harbours of Madagascar. 
    
City Nosy-Be Taolanaro Toliara 
Latitude 13° 24’ S 25° 01’ S 23° 23’ S
Longitude 48° 18’ E 47° 00’ E 43° 40’ E
 
Table 1: Positions of the operational stations 
 
The tide gauge does not have any data transmission facilities, therefore, data are sent by 
mail to the other data banks: PSMSL, and University of Hawaii Sea Level Center. Hourly 
data are available from 1987 up to now. But there are some gaps due to technical 

                                                           
1 Société de Batelage de Nosy-Be 
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problems. The DOPC gets support on spare parts and paper chart from the University of 
Hawaii.  
 
Informations on surface temperature, salinity in the vicinity of the gauge are available for 
some period. Meteorological informations series on air pressure, wind and rainfall are 
avalaible for a long period at the Meteorological station of the airport of Nosy-Be, about 
10 km from the tide gauge.  
 
 

 
 
Map 2: Location map of Nosy Be Tide gauge 
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Figure 1: View of the CNRO and the tide gauge, Nosy Be 
 
Taolagnaro Tide gauge: 
 
The tide gauge is situated at 25°01S, 47°00E in a very closed area. It was installed in the 
quay of the harbour Taolanaro in 1989 with the cooperation of the CNRO and the FTM. 
The gauge is owned by the FTM and operated by the CNRO. It is an OTT R16 float tide 
gauge with a stilling well.   
 
The tide gauge has been levelled with respect to a rivet set on the beacon in front of the 
gauge. It is 3.81m above the hydrographic zero. The tide gauge benchmark is 1.03m below 
the rivet. The tide gauge zero is the hydrographic zero. Two other benchmarks have also 
been used for leveling: one fixed on wall of the main entrance of the harbour, the second is 
on the base of the beacon in the corner of the national road n°12 and the regional road to 
Irondro. These benchmarks were installed by the FTM and are serviced at least once a 
year. Relationships between benchmarks are available at the FTM.  
 
The tide gauges is installed in a closed area where there is high traffics of boats. With 
amplitude range of tide varies between 0.30m and 0.60m, the sea level records are 
influenced by short periods fluctuations caused by boats and waves from open sea. This 
gauge has experienced a number of technical problems including failure of clock system 
and time shifts, therefore records that are available in analog charts, are of poor quality. 
 
Informations on surface temperature, salinity in the vicinity of the gauge are not available. 
However, some data on waves can be obtained upon request from one project on mining in 
the region. Meteorological informations series on air pressure, wind and rainfall are 
avalaible for a long period at the Meteorological station of the airport of Taolanaro, about 
3km from the tide gauge.  
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Figure 2: The tide guage hut and the OTTR 16guage, Taolanaro 
 
3.2  Installed but not operational 
 
Toliara Tide gauge: 
 
The tide gauge in Toliara is an OTT R16 float tide gauge with a stilling well. It is not part 
of the GLOSS network of stations project. It was installed in 1991 in the quay of the 
harbour of the city in a shallow lagoon. It is maintained by the FTM. The gauge is not 
operational since 1993, when the quay in which it was installed was destroyed by a 
cyclone. Only analog data on charts from 1991 till 1993 are available though they have not 
been extracted. Meteorological informations on air pressure, wind and rainfall are 
avalaible for a long period at the Meteorological station of the airport of Toliara, about 
5km from the tide gauge.  
 
3.3  Planned stations 
 
Two additional tide gauges are planned to be installed by CNRO as part of the 
implementation of a project to study beach erosion at Morondara and Manakara. The 
geographical positions of the planned stations is given in Table 2. 
 
City Morondava Manakara 
Latitude 20° 18’ S 22° 08’ S 
Longitude 44° 16’ E 48° 03’ E 

Table 2: Positions of the proposed stations 
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4.0 AVAILABILITY OF DATA FROM THE STATIONS 
 
4.1  Nosy-Be Tide gauge 
 
• 

• 

• 

• 

• 

                                                          

Observed and predicted data are available from the Centre National de Recherches 
Océanographiques. These includes: 

 
Analog data from charts are available from 1987 to date.  

 
Raw hourly observed data from 1992 - 1996 are available in University of Hawaii Sea 
Level Center (UHSLC) format. 

 
Quality controled data are available from 1992 to 1994 in UHSLC format. 

 
Hourly predicted data are available from 1996 to 2000 in UHSLC format and so are 
predicted high and low tide. 

 
 
4.2  Taolagnaro Tide gauge 
 
Only raw analog data on charts from 1985 to 1989 are available at the Centre National de 
Recherches Océanographiques. The data has many gaps. 
 
 
4.3  Toliara Tide gauge 
 
Raw analog data on charts are available at the Foibe Taosarintanin’i Madagasikara from 
1991 to 1993. 
 
 
5.0 CAPACITY AVAILABLE 
 
5.1  Installation and maintenance of gauges 
 
The Centre National de Recherches Océanographiques (CNRO) and the Foibe 
Taosarintanin’i Madagasikara (FTM) are the institutions responsible for sea level-related 
activities in Madagascar. Two technicians are avalaible for installation and maintenance of 
gauges from both institutions. Two local operators were trained localy for the daily 
maintenance of the gauge in Toliara and Taolanaro.      
 
One scientist2 from the CNRO received training on installation and maintenance of gauge 
in 1987 in Bidston Observatory United Kingdom and in 1990 in Service Hydrographique 
et Océanographique de la Marine in Brest France.  
 

 
2 Roger Lalao RANAIVOSON, MRS/CNRO, P.O. Box 68 (207) Nosy-Be Madagascar 
(not involved anymore on sea level measurement)  
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5.2  Analysis and Interpretation of data 
 
The Centre National de Recherches Océanographiques has a software package for tidal 
data analysis from the University of Hawaii. One scientist3 has been trained on the 
software in India in 1995. Quality control of the data and prediction are done at the CNRO. 
 
 
6.0 SEA LEVEL PRODUCTS 
 
Due to the quality of the data from the two other stations, only data from Nosy-Be gauge 
are processed. Therefore, quality controlled of hourly data from 1992 to 1994 for Nosy-Be 
gauge are actually available at the CNRO. Predicted hourly height from 1998 to 2000 are 
also available. A tide tables for Nosy-Be from 1998 to 2000 are also produced by the 
CNRO (chart. 1, 2, and 3). These products remain as an internal reports of the CNRO.  
 
During French domination up to1960, some sea level measurements were made for some 
harbours: Nosy-Be, Antsiranana in the North and Toamasina in the East of Madagascar. 
The mean sea level was defined for each harbour as well as the major component of the 
tide (Table 3). However, tide tables are produced every year by the Service 
Hydrographique et Océanographique de la Marine (SHOM) in Brest for Nosy-Be, 
Antsiranana, Toamasina and some other harbours. 
 
 
 
City Antsiranana Nosy-Be Toliara Toamasina 
Latitude 12° 15’ S 13° 24’ S 23° 23’ S 18° 08’ S
Longitude 49° 19’ E 48° 18’ E 43° 40’ E 49° 26’ E
Mean Sea Level 143 231 210 67
 
Table 3: The Mean Sea Level expressed in cm above the Zero Hydrographic.  
Source: Annuaire des marées, tome 2, Ports d’Outre Mer, Service Hydrographique et Océanographique de la Marine, Paris. 
 
 
7.0 RECOMMENDATIONS 
 
Madagascar still suffers from lack of trained staff in physical oceanography and related 
subjects. Training of one scientist working on this field would be useful for the processing 
and analysis of the sea level data. Collection of data from gauges for processing and 
distribution to the other data banks  remain a big problem for the Centre National de 
Recherches Océanographiques. Therefore, in order to enhance the national network and 
the contribution of Madagascar to the global monitoring of sea level change, assistance on 
data transmission and computer facilities will be usefull and appreciated. 
 

                                                           
3 Noasy Tovonirina RAZAKAFONIAINA 
Centre National de Recherches Océanographiques 
P.O. Box 68 (207) Nosy-Be  Madagascar 
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Part II:  OCEANOGRAPHIC AND METEOROLOGICAL DATA 
 
1.0 OCEANOGRAPHIC DATA 
 
Only oceanographic data close to the tide gauge of  Nosy-Be are actually available. Series 
of data from the fifties are available for the sea surface temperature, salinity, density. Some 
gaps occur during the seventies, but the data can give an idea on the terms of these 
oceanographical parameters. 
 
Seasonal cycle occurs for the sea surface temperature and salinity. The lowest temperature 
and highest salinity appear during the SW monsoon in July, August and September. While 
the highest temperature and lowest salinity appear during the NE monsoon. Therefore the 
seasonal variation of density occur which can explain the seasonal fluctuationof the mean 
sea level.   
  
 
2.0 METEOROLOGICAL DATA 
 
Meteorological data are managed by the Direction de la Météorologie Nationale.  
 
2.1 West coast of Madagascar: from Nosy-Be to Toliara  
 
The climate of the West coast of Madagascar is dependent on the Inter-Tropical Zone of 
Convergence (ITZC) movement. Situated around 20-25°N during the SW monsoon, July - 
August, (with the atmospheric pressure arround Nosy-Be is between 1018-1020 mbars and 
1024 mbars in Toliara), it generates an east to south-easterly wind for the whole West 
coast. During the NE monsoon when the low pressure is situated in the Mozambican 
channel, (atmospheric pressure 1008-1010 mbars arround Nosy-Be), a West to North-West 
wind blows in the northern part of the channel while the East to South-East wind continue 
blowing in the southern part, near Toliara. These situations give some explanations of the 
seaonal fluctuation of the mean sea level. The wind from East generates drift of the water 
to the offshore: fall of the mean sea level. While westerly wind accumulates the water near 
the coast: rise of the mean sea level. Maximum of rainfall and river runoff (Table 4) are 
observed during the NE monsoon (Dec-March) while minimum are observed during the 
SW monsoon (Aug-Sept). 
   
River N D J F M A M J J A S O Annual

Sambirano4 36.5 120 275 368 336 214 104 56.1 35.8 26.2 20.8 19.4 133 
Fiherenana5 36.0 63.5 72.2 67.4 54.1 20.3 17.9 15.7 16.0 18.3 23.3 24.8 35.4 
Efaho6 7.24 9.25 21.3 30.9 22.7 12.8 8.73 5.81 10.2 9.86 3.65 3.25 12.0 
 
Table 4 : Monthly and annually mean of the river runoff expressed in m3/s in the 
vicinity of the tide gauges. 
Source: Fleuves et Rivières de Madagascar, ORSTOM, CNRE, DMH, Paris 1993.    
 
                                                           
4 near the Nosy-Be gauge 
5 near the Toliara gauge 
6 near the Taolanaro gauge 
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2.2 Taolanaro  
 
The climate of the South-East of Madagascar is influenced by the presence of the 
Mascareignes High Pressure which generates North-Easterly wind and meridional High 
Pressure in the South of Madagascar responsible of  wind from the South. Therefore, the 
wind blows for the whole year from the East. However, maximum speed (>20 km/h) is 
observed during the winter, September and October. Maximum perturbation of the climate 
system is observed during June and July. Cold and wet wind from the South are observed.  
The data concerning rainfall during 1954-1984 shows a seasonal fluctuation. Maximum 
rainfall values are observed on March and minimum on September. This seasonal 
fluctuation can explain the seasonal cycle of the river runoff in the vicinity of the gauge 
(Table 4).  
 
 
 
 

 
Figure 3: One Case of Eroded Beach, East coast 
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Figure 4: Eroded beacon at the entrance of Morondava harvour, West coast 
 
 
 
 

 
Figure 5: Eroded road with a new protection against erosion, East coast 
 
 
 

 13



Figure 6: Daily mean sea level for Nosy-Be for year 1987 (top), 1988 (middle) and 1989 
(bottom) 
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Figure 7: Daily mean see level for Nosy-Be for year 1990 (top), 1991 (middle) and 1992 
(bottom) 
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Figure 8: Daily mean sea level for Nosy-Be for year 1994 (top) and montly mean sea 
level (1987-1994) 
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Figure 9: Surface temperature and Air temperature (top) and Salinity distribution and 
rainfall (bottom) for Nosy-Be for the period of 1956-1995 
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