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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. 
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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 Tanzania. 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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I: STATUS OF SEA LEVEL OBSERVATION AND RELATED

ACTIVITIES 

1.0 INTRODUCTION 

Tanzania is situated just south of the Equator, on the mid-eastern part of the continent of 
AtTica and on the Southwest of the Indian Ocean (1°-11° 45'S; 29° 21'-40° 25'E). The
country has an area of 945,200 km 2, making it the largest in East Africa. Tanzania is a
United Republic consisting of ex-Tanganyika, known as Tanzania Mainland (942,800 km2)
and Zanzibar (2,400 km2). 

Facing the Indian Ocean on the east, Tanzania is bordered by Malawi and Mozambique in
the south; Zaire, Zambia, Burundi and Rwanda in the west; and Uganda and Kenya in the
north (Fig. 1). Tanzania Mainland encompasses the major island of Mafia (518 km2) while
Zanzibar consists of two major islands of Unguja (1,666 km2) and Pemba (795 km2). A
number of small offshore islands fringe the coasts of Tanzania Mainland and Zanzibar.
Five administrative regions are situated along the Mainland's coast: Tanga, Coast, Dar es
Salaam, Lindi and Mtwara. The islands of Zanzibar consist of three regions in Unguja and
two regions in Pemba. In 1996, the population of Tanzania was estimated at 29 million,
with a GDP per capita of $800 (http://www.dar-es-salaam.com). Hence, the country is 
classified as one of the World's poorest. 

The country is characterised by a narrow coastal plain occupying the eastern seaboard of 
the Indian Ocean. The coastline of Tanzania Mainland is approximately 800 km long, 
extending from the Kenyan border in the north (4° TS) to the Mozambican border in the
south (10° 5'S). The coastline is somewhat straight and is bounded by sandy, open beaches
and some cliff out-croppings in the south and with extensive mangrove forests in the 
riverine estuaries and deltas. 

Permanent rivers, seasonal rivers and numerous creeks traverse the coastal plains.- The 
permanent rivers discharging into the Indian Ocean are the Pangani, Wami, Ruvu, RufUi,
Matandu, Mbemkuru, Lukuledi and Ruvuma. The continental shelf is characterised by
seagrass, fringing coral reef and island habitats. The shelf is generally narrow, dropping
sharply after the depth of 60 m. The 200 m depth is about 2 km from the coast at the
narrowest point and 80 km at the widest point. The widest points are the Zanzibar and
Mafia Channel. For these reasons, only a small percentage of the continental shelf is
trawlable. With the exception of the narrow coastal belt, most of the country lies on the 
Great African Plateau with altitudes ranging between 1,000 and 2,000 m above mean sea
level. 

The dominant current prevailing along the Tanzanian coast is due to the East African
Coastal Current (EACC), which flow northwards throughout the year. This current can 
possess velocity under wind acceleration of up to 2 m/s during the Southeast monsoon. 
Because of the steepness of the continental offshore margin, the EACC generally flows 
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close to the shore. The EACC tends to be deflected offshore and its speeds reduced to less
than 0.25 m/s by winds blowing in the opposite direction which are predominant during the
North east monsoon. 

According to UNEP (1985), the sea surface temperature along the coastal waters of East 
Africa within the latitude band 0°-10° S varies from a minimum of 23° C to a maximum of 
28° C [February (26.0 -28.0 C); May (28.0° C); August (24.0-26.0° C) and November 
(27.0° C)]. This latitude band covers most of the Tanzanian coastline (4° 7'-10° 5'S). 
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The Tanzanian coastal area is of significant social and economic importance. It contains
various critical terrestrial and marine habitats, valuable natural resources such as fisheries,
forestry, agriculture and mining products as when as, tourist attractions. The major ports
(Dar es Salaam, Tanga, Mtwara and Zanzibar) handle not only Tanzania's cargo, but also
transit goods to land-locked countries of Burundi, Democratic Republic of Congo, Malawi, 
Rwanda, Uganda and Zambia. Although the ports of Zanzibar and Mkoani (Pemba) were
expanded in the early 1990's, their capacities are still sma11. The port of Dar es Salaam
handles about thrice as much trade as the rest of the Tanzanian ports. And one of the 
results of the multiplier effect is that Dar es Salaam is by far the largest urban centre in
Tanzania. 

In 1973, Tanzania extended its Territorial Sea from 12 to 50 nautical miles. It became
signatory to the United Nations Convention on the Law of the Sea (UNCLOS) in 1982 and 
ratified it in 1985. In 1989, the proclamation of 50 nautical miles Territorial Sea was
revoked in an act which established a 12 miles Territorial Sea and 200 miles Exclusive
Economic Zone (EEZ). However, owing to lack of financial resources, enforcement 
capabilities and technical expertise, Tanzania has not been able to effectively manage such
a large area. 

2.0 STATUS OF SEA LEVEL NETWORK

The Tanzanian sea level network consists of two operational stations of Zanzibar and Dar 
es Salaam. Zanzibar has a satellite transmitting station while Dar es Salaam has a 
mechanical float gauge. There are also three non-operational tide gauges at Mtwara, Tanga 
and Mkoani (Fig. 2). According to the implementation plan of the Global Sea Level 
Observing System (GLOSS), 17 stations were proposed from the IOCINCWIO region for 
the GLOSS network, two of them (Zanzibar and Mtwara) in Tanzania. Furthermore, the 
"Regional Workshop on Causes and Consequences of Sea Level Changes in the Western 
Indian Ocean Coasts and islands" held in Mombasa, Kenya in 1991 recommended that IS 
extra stations (including Dar es Salaam and Tanga) be included in a regional sea level 
network.  

At the moment, the tide gauge stations are operated by different institutions. Moreover, the
operations of these stations are not co-ordinated by any agency. The Zanzibar Department
of Surveys and Urban Planning is responsible for the Zanzibar Station. The old station at
Mkoani in Pemba Island was also under the same Department. The Dar es Salaam tide
gauge station is administered by Tanzania Harbours Authority, but before installation of
the new gauge in Dar es Salaam, the Station was under the Institute of Marine Sciences of
the University of Dar es Salaam. Old tide gauge stations of Mtwara and Tanga were both
under the Division of Surveys and Mapping of the Ministry of Lands, Housing and Urban
Development. Of all the sea level stations in Tanzania, the Zanzibar one has been operating
well since 1984. 
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Fig. 2. The Tanzania Tide Gauge Network of Stations. 
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2.1 Installed and Operational Stations

For the operational stations of Zanzibar and Dar es Salaam, summaries on the station
profiles are shown in Appendix 1. 

2.1.1 Zanzibar Station 

Photograph of Zanzibar Tide gauge house 

Unlike most harbours on the Tanzanian coast, the Zanzibar Harbour is not situated on an
embayment. However, the harbour is protected by a number of offshore islands, reefs and
sandbanks that also complicate the current patterns in the vicinity of the harbour area. 

_

There are no rivers draining into the harbour, except for a sewer out-fall that discharges 
domestic effluents and storm water in the south at Malindi. The effluents drain from the
Stone town area. The winds prevailing in Zanzibar are the monsoon winds. The Northeast 
monsoons (December to February) are characterised by higher air temperatures, lower
wind speeds and consequently calmer sea. Highest wind speeds are experienced from June
to September (averaging 6 m/s in the afternoon). During the interchanging monsoons 
(March, November and December) the wind speeds are lowest. (Averaging 6 m/s in the
afternoon). 

Air temperatures vary from less than 22 °C to more than 30 °C and humidity from 65% to
95%. The (long) heavy rains are experienced from March to May while the short (light) 
rains are received during November and December. The annual rainfall recorded from the 
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nearby meteorological station (Chukwani) averages 1,381 mm, with the heaviest rainfall
occurring in April, averaging 312 mm in total. According to the Admiralty Tide Tables 
(1992), Zanzibar Harbour experiences a mean spring tidal range of 3.9 m. The currents
near this station have not been determined since no studies have been conducted except for
short surveys of duration less than a day. 

The tide gauge in Zanzibar is located on the seaward end of the main jetty in Zanzibar
Harbour, off the coast of Zanzibar town (6°09.3'; 39° 11.4'E). No information is available
on when this station was established. A Munro IH40 instrument was in operation on an
established site on the seaward end of the main jetty in Zanzibar Harbour until the mid 
1950's. At some stage the stilling well broke up, due to corrosion and lack of support. 

Under the terms of the United Kingdom-Zanzibar Survey and Mapping Project, which 
came into effect in 1977, a total of three tide gauges were to be installed on the islands of
Zanzibar and Pemba. Following field observations by the UK Hydrographic Office, it was
decided that there was only one site currently available which did not dry out at low tide, 
namely the jetty at Zanzibar Harbour. A Munro IH109 was then brought to Zanzibar from
the UK in September 1983. The decking of the jetty where this instrument was installed
was 6.9 m above seabed. 

In 1983, a permanent Tide Gauge Bench Mark (TGBM) was established at a suitable site 
(521209E; 9319992N) within 30 m of the instrument and connected by secondary levelling
to the Primary Bench Mark (BM1), some 300 m distant at the roundabout outside the dock
gates. BM1 is the fundamental benchmark to which all other levelling in Zanzibar are 
related, and has a fixed value of 3.800 m above Land Survey Datum (LSD). TGBM was
found to be 0.005 m below BM1 and thus had a height of3.795 m above LSD. The UK
Hydrographic Office had stated that Chart Datum (CD) was 2.08 m below LSD. Thus 
TGBM was 5.875 m above CD. 

This Munro IH 109 instrument was later relocated to another site in 1990, closer to the 
Ferry Terminal to give way for harbour expansion. Within the same year, a satellite sea 
level transmitting station was installed at the same site and the two instruments worked 
simultaneously. This new position of the instruments necessitated another levelling to be 
conducted in 1991. Three other auxiliary benchmarks (TGBM1, TGBM2 and TGBM3) 
were then established and levelled relative to BM1 (Fig. 3). The old instrument worked 
until 1993 when the stilling well broke due to corrosion. The new tide gauge is still in 
operation. The levelling record for the Zanzibar tide gauge station from 1983 to 1998 is 
shown in Appendix II. 

r 

The station was recently maintained (November, 1998) by replacing a number of parts,
including the Datalogger, the two stilling well floats, the tide staff and support and other
gadgets (see Appendix III). The station was also surveyed, but although the Port 
authorities have installed a fence in the survey route, no changes were made to the
benchmarks. A field engineer from UHSLC performed this work in co-operation with local 
surveyors from the Department of Surveys and Urban Planning. 
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 Photograph of the Munro gauge installed in Zanzibar 

Photograph of the Handar sea level recorder installed in Zanzibar 
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Fig. 3: Location of tide gauge benchmarks at the Zanzibar station 

According to a recent quality assessment of sea level data by UHSLC/NOOC, the daily 
and monthly means has not revealed any reference level shifts, and agrees fairly well with
adjacent stations of Mombassa (Kenya) and Dar es Salaam. Occasionally however, timing 
errors were evident in the hourly data.  
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2.1.2 Dar es Salaam Station 

The natural harbour of Dar es Salaam is a tidal basin formed by two coalescing creek
systems with a narrow opening to the sea. It thus possesses the basic requirements of a
sheltered port site. In general terms, the harbour is considered a product of deep sub-aerial 
erosion by vigorous streams of valleys which subsequently were drowned by eustatic
changes of the sea level during the Quartenary Era (Mascarenhas, 1970). 

The port has three main components: the entrance channel, connecting the ocean and the 
outer anchorage with the inner harbour; Kurasini Creek (Gerezani Creek) and the semi-
circular part of the harbour facing the main part of the city; and the Southern Creek system
in the form of an inverted Y. 

The relative width of the entrance channel varies, so that the maximum width at a depth of 
6.5 m is about 123 m. The overall length of the channel is about 4 km, and there is a
current with a maximum speed of 1.8 m/s. The channel shelters the inner harbour ITom
unfavourable conditions which sometimes prevail in the open sea outside the harbour. The
ocean end of the channel is sheltered by the Inner and Outer Makatumbe islands. The port
of Dar es Salaam has recently being expanded to enable ships to enter the port at all times
of the day and night. Previously, transiting at the entrance channel was limited to day hours
and flood periods only. The inner harbour is a completely sheltered land locked natural
basin. The South creek is navigable for a distance of 2 km inland. It branches to become
the valleys of Yombo, Mzinga and Mbagala rivers. The catchment area of the rivers is
however, relatively small. 

The wind speeds in Dar es Salaam are lowest during the rainy season when the maximum
speed is 3 to 5 m/s. The speeds are greatest in the months of December/January and 
July/August during the first weeks of the monsoon, ranging from 5 to 8 m/s. The mean
daily temperature is about 26° C, the mean seasonal range is about 4° C, and the mean
daily range is about 8°C. Generally, air temperatures vary from less than 22 °C to more 
than 30 °C and the mean humidity from 63% to 95%. The long (heavy) rains are
experienced from March to May while the short (light) rains are received during
November and December. The annual rainfall recorded from the nearby meteorological 
station at Kurasini averages 1,075 mm, with the heaviest rainfall occurring in April,
averaging 289 mm in total. Tides are semidiurnal, with spring tidal ranges of up to 4 m, the
mean spring tidal range is 3.2 m 

The tide gauge is located on the Ferry Terminal of the Dar es Salaam Harbour (06° 49.2'S;
039° 17.3 'E). The Dar es Salaam station has a mechanical SEBA float gauge (Serial No.
011997) that was installed in 1997. This tide gauge replaced an old Leupold and Stevens
float gauge whose stilling well was damaged by a boat. The Leupold and Stevens float
gauge (model A- 71) worked from 1986 to1990. The levelling results for Dar es Salaam
station in 1987 and 1988 are shown in Appendix IV. 
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Photographs of the Dar es Salaam gauge

A recent quality assessment of sea level data by the UHSLC/NODC commented that, in
comparison of daily values with Zanzibar and Mombasa, April 1987 appeared about 5 cm
low. However, no evidence of shift could be isolated in the tide staff readings or hourly
residuals. Otherwise, the daily and monthly means did not reveal any reference level shifts
and agreed well with Zanzibar and Mombasa. It was noted however that timing errors of
about +/- 7 minutes were common throughout. 

 2.2 Installed but not operational

2.2.1 Mtwara Station 

Mtwara Port was constructed in the early 1950's as a deepwater port of what was then
known as Southern Tanganyika. The depth alongside the quay is 9.3 m below Chart
Datum. The mean spring tidal range at Mtwara Harbour is 3.7 m. 

Mtwara probably experiences highest wind speeds along the Tanzanian coast. The speeds
are greatest in May to August and lowest in March. The wind directions are unique on the
Tanzanian coast as they predominantly blow northerly and easterly during the Northeast
and Southeast monsoons, respectively. 

Unlike other tide gauge stations in Tanzania, Mtwara experiences a unimodal type of
rainfall with a single annual maximum. Heaviest rainfall is received in January (213 mm), 
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and the total annual rainfall is 1,164 mm. The rains fall from December to April, with a 
mean of 193 mm/month. The temperatures at Mtwara range from just less than 21.1 °C to
just more than 30.2 °c. 

The tide gauge is located in Mtwara Harbour (10° ITS; 040° 11 'E). The tide gauge in 
Mtwara was a Munro IH 109 float type, which worked from 1959 to 1962. Previously, a 
Munro IH 40 was in operation trom 1956 to 1957. 

2.2.2 Tanga Station 

The Tanga harbour is located on the northern part of the Tanzanian coast. Tanga 
harbour experiences a mean spring tidal range on.3 m.

Tanga experiences two rain seasons: the long rains from March to May and short rains in
October-November. January-February is the period of lowest rainfall. The annual rainfall
averages 1,138 mm. The mean rainfall during the long rain season is 210 mm/month while
during the short rain season, the average is 132 mm/month. The heaviest rainfall month is
May, averaging 268 mm. 
The wind regime at Tanga is very much like that of Zanzibar. During the Southeast
monsoon, winds blow to the Southwest in the morning and to the Southeast in the 
afternoon (April to September). The winds are variable in October-November and blow to 
the Northeast in December-February. In the morning however, the predominant wind
direction is to the north. On the average, the minimum and maximum temperatures at 
Tanga are 23.5 °c and 30.3 °c, respectively. 

The tide gauge was located on the Tanga Harbour (05° 04'S; 039° 06'E). A Munro IH 40
float type tide gauge that was installed in Tanga Harbour worked trom 1962 to 1966. 

2.2.3 Mkoani Station (Pemba) 

At Mkoani harbour, the spring tidal range averages 3.4 m. Like most places, the rainfall
regime of Pemba is also bimodal. Long rains are received from March to June and short
rains from November to December. The Island of Pemba probably receives the highest 
amount of rainfall in the country. The annual rainfall is 1,916 mm, and heaviest rainfall is
experienced in May, totaling 443 mm. During the long rains, the average amount received
is 294 mm/month while during the short rain season, the average is 186 mm/month. The 
month of least rainfall is September (36 mm). 

Winds recorded at a nearby station in Wete show that during the Southeast monsoon winds
predominantly blow in the southern direction (April-October). The winds are variable in 
November, and they blow to the Northeast from December to February. During the months
of March and April the winds blow to the Northwest direction. The temperatures in Pemba
(at Wete) vary from less than 21.1 °c to more than 29.9 °c. 

The tide gauge was located on the Mkoani Harbour (5° 21 'S; 39° 38'E). A Munro IH 109
float type tide gauge was incorrectly installed at Mkoani in July 199 I and so it never 
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worked. According to the Department of Surveys and Urban Planning, the drum rotated
once in seven days, hence it was not easy to record hourly heights. There was also no tide
staff at the station. A. T. Jones, a survey advisor at the department who also installed the
Munro tide gauge in Zanzibar in 1983, installed the tide gauge. 

Planned Stations 2.3 

The stations of Mtwara, Tanga and Mkoani should be rehabilitated so that sufficient data is
generated for the national sea level network. To effectively cover the whole of Tanzanian
coastline, additional stations should be established. Hence, Chole Bay in Mafia Island (7° 
57'S; 39° 45E), Kilwa Masoko (8° 54'S; 39° 30'E) and Lindi (10° OO'S; 39° 43'E) are
proposed here for consideration as additional sea level stations. These stations are proposed
only in virtue of their convenient geographical locations, ease of communication, 
availability of personnel and institutions to operate them. This will make the total number
of stations to be eight, at least one tide gauge per 100 km of coastline. According to the
Admiralty Tide Tables (1992), the mean spring tidal ranges at these locations are 3.4 m 
(Chole Bay), 3.6 m (Kilwa Masoko) and 3.5 m (Lindi). 

AVAILABILITY OF DATA FROM THE STATIONS3.0 

Data Format 3.1 

Data at the Zanzibar station is available in digital form. At the Oar es Salaam station, data 
is made available in analogue charts. Previous sea level records of Mtwara, Oar es Salaam 
and Tanga are also available in digital form. All these data are available at international 
data centres such as WOCE, PSMSL and UHSLc. Processing of data (analogue charts) 
from the new tide gauge in Dar es Salaam is scheduled to commence later in 1999. 

Data for Zanzibar station are calculated using 119-point convolution filter (Bloomfield, 
1976) centred on noon applied to the hourly data with respective periods of the 95, 50 and
5% amplitude points at 124.0, 60.2 and 40.2 hours. Data from the Dar es Salaam station
(1986-1990) were also calculated in the same way. 

Available Data 3.2 

The table below summarises the availability of data from both operational and non-
operational stations. 
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Table 1: A vailability of Data from operational and non-operational stations 

STATION SPAN OF DATA INCOMPLETE DATA DATA SOURCES 
Zanzibar 3/1/1984...to-date  UHSLC, 

   WOCE, PSMSL 
  Dar es Salaam 7/6/1986-9/30/1990 1986,1987,1989 UHSLC 
 7/8/1997...to-date  UK Hydrographic Office 
Mtwara 1956-1957; 1957-1962 1956,1957,1959,1960,1962 PSMSL 

Tanga 1962-1966 1962,1966 PSMSL 

4.0 CAPACITY AVAILABLE

4.1 Installation and Maintenance of gauges

Tanzania has currently no human capacity for the installation of tide gauges. However, it 
might not be of priority to have this know-how at the moment. A limited capacity is 
available for operating the tide gauges (Appendix V). Repair and maintenance of gauges
requires the expertise of engineers from outside the country. The Zanzibar station for 
instance, relies on the services of a field engineer from the UHSLC. As for levelling,
surveyors are readily available all over the country that may be able perform the work. 

Associated with this problem is the lack of spare parts and equipment for carrying out 
repair jobs, including very minor repairs. Additionally, there is sometimes a lack of interest 
by some of the local tide gauge operating institutions, leaving all responsibilities to the 
international sea level data centres that installed them. This is due, in part, to lack of 
capacity in sea level data analysis and interpretation by the local institutions that are 
responsible to the stations. Consequently, little concern is paid to the tide gauges. Little 
efforts are therefore made. to rehabilitate the stations once external funding seizes. The 
Mtwara, Tanga and Mkoani stations became non-operational due to these reasons. 

This therefore calls for concerted efforts to co-ordinate the operations of the stations by 
institutions that have interests in sea level observations and analysis. Training of more
personnel in tidal data analysis and tide gauge maintenance may also create more interest
in sea level data collection. 

4.2 Analysis and Interpretation of Data

The Institute of Marine Sciences in Zanzibar has seven researchers who can analyse and
interpret sea level data. Among these, there are three physical oceanographers (Appendix
V). The fourth physical oceanographer in the country is at the Tanzania Fisheries Research
Institute. Of these four oceanographers, one has attended the IOC sponsored PMSL
training course on Mean Sea Level in the UK. Two of the remaining oceanographers
attended IOC courses on sea level data analysis in India and South Africa, respectively.
IMS has therefore a relatively fair capacity, which suggests that the Institute can suit well
to play the role of co-ordination on sea level activities in Tanzania. 
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The data collected from the Tanzanian stations has rarely been analysed by local experts.
Most oceanographic works have been site specific, utilising mainly pressure gauge sea
level observations. The data collected from the tide gauge stations is normally sent to
international data centres and little is used locally. This trend is bound to change soon as 
the number of qualified personnel in sea level data analysis is increasing. It would be of
immense benefit if all the past data are analysed and interpretations made on the trend of 
sea level, and identification of any anomalies. A linkage of sea level rise to aspects such as 
coastal erosion is potentially one of the most useful applications of sea level data in
Tanzania. 

SEA LEVEL PRODUCTS5.0 

Tide predictions for Zanzibar are produced by the UHSLc. These are made
available to the Department of Lands and Surveys in Zanzibar. The predictions are
in the form of heights and times oflow and high water. 
The Tanzania Harbours Authority produces Hydrographic Charts and navigation 
aids 
Some limited literature related to sea level is available 

a) 

b) 

c) 

RECOMMENDATIONS6.0 

a) Among the tide gauge stations proposed in the GLOSS plan of 1990 (Zanzibar and
Mtwara) and by IOCINCWIO in 1990 (Tang a and Dar es Salaam), only the Zanzibar
and Dar es Salaam stations are operational. The Dar es Salaam station however, is 
currently not dedicated to GLOSS. The Mtwara and Tanga stations should therefore be
rehabilitated and together with the Dar es Salaam station, be linked to the GLOSS
network of tide gauge stations. The stations to be rehabilitated should be equipped with 
modern data loggers so as to obtain reliable digital data, which is easy to. process.
Priority for rehabilitation should be given to the Mtwara station basing on its
geographical location and its inclusion in the 1990 GLOSS plan. In the long term
consideration, more stations should be established at Chole Bay, Lindi and Kilwa
Masoko. 

b) A single agency should be commissioned to co-ordinate the installation and operations 
of the tide gauge stations. This arrangement will help in harmonising the activities of 
the stations such as levelling, analysis of data and mobiIisation and training of technical 
personnel. 

c) The tide gauge stations should also be equipped with sensors for time series
measurements of sea surface temperature. This variable is important in sea level data 
analysis and interpretation but no records are being taken at the moment. Other
meteorological factors like wind, rainfall air temperature and air pressure may be 
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obtained from nearby meteorological stations.

d) The available sea level records should be analyzed so as to monitor the trend of sea
level, to identify any anomalies and to provide scientific information that may be of
practical importance for the conservation of the coastal zone. The analyses may also be
of regional and global importance if they can provide relevant information on aspects
such as those that relate to global warming and sea level rise. 

e) The tide gauges should regularly be levelled at least once or twice a year so as to be 
 able to filter out any variations that may be associated with land subsidence. 
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II: COMPILATION OF OCEANOGRAPHIC AND METEOROLOGICAL

DATA 

Data on rainfall, atmospheric pressure, winds and sea surface temperature for tide gauges 
are available at the nearby meteorological stations. 

Data for Oar es Salaam, Mtwara and Tanga may be obtained from: 
Director General 
Directorate of Meteorology 
P.o. Box 3056, Oar es Salaam, Tanzania. 

Data for Zanzibar and Mkoani stations may be obtained from: 
Director of Meteorology 
Ministry of Communications and Transport 
P.O. Box 266, Zanzibar, Tanzania 

The following information has been compiled: 
1. Tide data for Zanzibar (1998) 
2. Monthly rainfall at the five stations 
3. Temperature records at the stations 
4. Humidity, cloud cover and wind speeds at the stations 

Appendix VI 
Appendix VII 
Appendix VIII 
Appendix IX 

ABBREVIATIONS 
GLOSS Global Sea Level Observing System 
IOC Intergovernmental Oceanographic Commission 
IOClNCWIO IOC's Regional Committee for Co-operative Investigations in the North 

and Central Western Indian Ocean 
National Oceanographic Data Centre (US) 
Permanent Service for Mean Sea Level 
University of Hawaii Sea Level Centre 
World Ocean Circulation Experiment 

NODC 
PSMSL 
UHSLC 
WOCE 
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APPENDIX I: 
A SUMMARY ON THE PROFILE OF OPERATIONAL STATIONS 

STATION       Organisation Organisation Performance of Dedication Data Centres Data Data Nearest Other data
 Responsible Performing Tide of Station to to which Format commu- Meteorolo- available 

 for Station Maintenance Predictions Projects data is sent  nication gical  

    at Station Station  
Zanzibar The Director, Jerard Jardin, UHSLC GLOSS,     UHSLC on Digital Airmail, Chukwani NIL

 Department of Surveys Field Engineer     UHSLC monthly Email  

 And Urban Planning, UHSLC,   basis     

 Commission for Lands Email:        

 And Environment, ziggy@soest.        

 P.O. Box 81 I, Zanzibar, hawaii.edu        

 Tanzania.         

 Email: stonetown@         

 Zanzinetcom         

 (Attn: Mr Muhajir,         

 Director of Surveys)         

Dar es Principal Hydrographer,  The UK      NIL UK Analogue Airmail Dar es NIL
Salaam   Tanzania Harbours Hydrographic  Hydrographic charts  Salaam  

 Authority (THA),  Office,  Office   Airport  

 P.O. Box 9184,  Admiralty       

 Dar es Salaam,  Way,       

 Tanzania.        Taunton, 

 Tel: +2555121212  Somerset,       

 Fax: +255 51 32066  TAl 2DN, UK       

 Email: tha-  Tel:       

 do@raha.com          +44(0) 1823

 337900

Fax:

+44(0) 1823       
284077

         

          

   
          

   



 

APPENDIX II: 
ZANZIBAR LEVELLING RECORD 

DATE          BM BM BM BM BM BM BM REMARKS
 TOS        SWS SWN TGBM3 TGBM2 TGBM1 TGBM BMI  

1983 2.920      3.795 3.800 Staff zero set to Chart Datum 
1986        2.928 3.795 3.800 Elevations in meters 
1991       3.925 3.750 3.709  3.800  
1993 2.891 4.17 4.21 3.920 3.743 3.696  3.800 Survey by Lands & Environment 

  8 3       
7/6/95        2.897 3.915 3.738 3.702 3.800
3/96         2.996 3.924 3.746 3.707 3.800
11/26/98       2.996 3.921    
11/30/98 2.459   3.921 3.742 3.702  3.800 Corr=-0.531 m; New top of staff 

         location from original @J 
Courtesy: UHSLC 

Notes: 
1. TOS Top of staff. 
2. TGBM3 1 "Xl" Stainless Steel plate mounted in white epoxy set next to the tide house. 
3. TGBM2 l"x 1" Stainless Steel plate mounted in white epoxy 1 00 yards SE of the station. Outside of fence to Port. 
4. TGBM1 1 "xl" Stainless Steel plate mounted in white epoxy located on NW side of Mizingani Road, SE of TGBM2, at the entrance to the 

driveway that leads to TGBM2. 
5. TG B M Original benchmark set near the old tide gauge. 
6. BMI Fundamental BM. Located in traffic circle at the entrance to the wharf area. Located 6" below the surface. 
7. SWS Float switch south side of staff 
8. SWN Float switch north side of staff 
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APPENDIX III: 
Mai ance Work by UHSLC at Zanzibar station, 30 November 1998nten  . Replaced ENB . Replaced ENC 

. Replaced 2 solar panels and cables 

. Re. Replaced tide staff and support 
placed internal and external batteries 

. Replaced 2 new WITCH switches at new location and routed conduit 

. Replaced Datalogger 

. Replaced 2 stilling well floats with new triple coated floats 

. Re. Replaced antenna and cable 
placed both stilling well stainless steel tapes 

. Replaced new field box 

. New cables: FB-DCP, ENC-DCP, FB-EXBAT, DCFB-DCP, MAST, SWs . 
aned tide wells and cleared tide well holes ,Cle. Reprogrammed the DCP . Confirmed transmission quality with METEOSA T . Delivered 3 years observer supplies 

. Cleaned out parts from station house 

. Co. Confirmed/clarified email communication 
ntracted for additional support to stilling wells 

. Returned observer on duties 

. Surveyed station 

. Updated photo and written documentation of station. 

APPENDIX IV: 
DAR ES SALAAM LEVELLING RECORD 

DATE BM@   BMI BM2
 (TOP OF STAFF)   
APRIL 24, 1987 12.467 19.405 36.555 
Aug. 10, 1988 12.467 19.407 36.627 
Courtesy: UHSLC 
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APPENDIX V: Human capacity in sea level Data Analysis in Tanzania
   

     
  INSTITUTION NAME HIGHEST QUALIFICATION OTHER PROFESSIONAL ACTIVITY 

 TRAINING  
Institute of Marine Sciences, J. Francis PhD (physical Oceanography)  Research and Lecturing 
P.O. Box 668, I. Dubi PhD (Coastal Engineering)  Research and Lecturing 
Zanzibar, Tanzania. N. Nyandwi PhD (Marine Geology)  Research and Lecturing 

 D. Masalu PhD (Geophysics)  Research and Lecturing 
Tel: +2555130741 A. Ngusaru MSc (Physical Oceanography) PSMSL training on Mean Sea Research and Lecturing 
Fax: +25551 33050  [Currently PhD student, Physical Leyel (Bidston Observatory, UK -     
Email: ims@zims.udsm.ac.tz      Oceanography] 1989) 

 Y. Shaghude MSc (Marine Geology)  Research and Lecturing 
[Currently PhD student, Marine      
Geology]

 O. Mwaipopo MSc (Physical Oceanography) IOC training on Sea Level Data Research and Lecturing 

 Analysis(Dehra Dun, India -1995)     
Tanzania Fisheries Research S.B. Mahongo MSc (physical Oceanography) IOC training on Sea Level Data Research  
Institute;   Analysis(Cape Town, RSA -1998)     
P.O. Box 9750, Dar es Salaam        
Tanzania.        
Tel: +25551 650045        
Fax: +255 51650043        
Email: tafiri@afticaonline.co.tz        
Tanzania Harbours Authority, 1. Nhnyete BSc (Hydrography) Postgraduate Diploma, Chef Hydrographer 
P.O. Box 9184, Dar es Salaam,   Sea Surveying (THA)  
Tanzania. M.F. Mbugi   Hygrographic course Tide gauge operations
Tel: +255 5121212   Category B and other hydrographic

Fax: +255 51 32066   (Trieste, Italy) wor
k    

Email: tha-do@raha.com        
Department of Surveys and Urban M.M. Abdalla  PSMSL training on Mean Sea Tide gauge operations

Planning,   Level (Bidston Observatory, UK - and land 
survey  

P.O. Box 811   1990)     
Zanzibar,        
Tanzania.        
Email: stonetown@zanzinetcom        
(Attn: Mr Muhajir,        
Director of Surveys)        
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APPENDIX VII: 
Monthly rainfall near the tide gauge stations (mm) 

Meteorological Station Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov Oec Total Rainfall days

Tanga (Airport) 28 36 106 257 268 70 68 80 85 110 154 76 1338 109 

Oar es Salaam (Airport) 74 83 143 273 152 34 32 28 26 60 122 108 1135 92 

Oar es Salaam 49 75 114 289 216 25 27 24 37 63 73 83 1075 88 
(Kurasini)               

Zanzibar (Chukwani) 58 64 144 312 285 52 27 31 40 67 166 135 1381 97 

Mtwara (Airport) 213 195 171 195 45 13 16 10 42 21 53 192 1166 93 

Pemba (Wete) 66 46 162 436 443 134 74 50 36 97 225 147 1916 140 
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APPENDIX VIII: 

Temperature ranges near the tide gauge stations (degree Celcius) 

Meteorological Station Means  Extremes Dry bulb Dew point 
 Max Min Range High Low 6:00 12:00 6:00 12:00
Tanga (Airport) 30.3 22.1 8.2 36.5 15.1 26.1 29.1 22.4 22.2
Oar es Salaam (Airport) 30.5 21 9.5 35.2 12.8 25.7 29.2 22.3 21.2
Oar es Salaam (Kurasini) 29.7 21.9 7.8 35.3 15 25.3 28.5 22.5 22.2
Zanzibar (Chukwani) 30.3 23.5 6.8 38.8 19.4 26.2 29.1 23.4 23.3
Mtwara (Airport) 30.2 21.1 9.1 35.1 14.7 25.4 28.7 21.9 21.4
Pemba (Wete) 29.9 21.1 8.8 35 13 27 23  

APPENDIX IX: 

Humidity, Cloud cover and Wind speed near the tide stations (degree Celcius)

Meteorological Station Humidity (%)  Cloud  Wind speed  
 3:00 6:00 12:00 6:00 12:00 6:00 12:00
Tanga (Airport) 93 80 67 4.4 3.7 7 12
Oar es Salaam (Airport) 95 82 63 4.9 5 6 10
Oar es Salaam (Kurasini) 93 82 67 4.5 4.6 5 9
Zanzibar (Chukwani) 92 85 71 5.6 5.1 7 9
Mtwara (Airport) 94 81 66 5.2 5.6 9 11
Pemba (Wete)  78 4.7  3  
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