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Abstract: 

Earth’s gravity field has effect on almost everything within the Earth and its atmosphere. Therefore, gravity survey is one of the 

fundamental measurements  of a nation, o f which the fu ll and accurate data are needed for various uses. One such use is the 

definit ion of vert ical spatial reference system (VSRS). Before the SPILL pro ject of the Min istry of Lands, Housing and Human 

Settlements Development (MLHHSD) commenced gravity observation in Tanzania, gravity data quality, density and distribution 

was poor and unsatisfactory. One of the spinoffs of the SPILL pro ject is a quality gravity network of Tanzania with well 

distributed and firm ground markers for various scientific and public uses. Addition of aerial gravity throughout the extents of 

Tanzania has made it possible to create a dense and accurate National Grav ity Data Base (NGDB) for a wide range of uses. One 

such use is the determination of vert ical reference system for the country. VSRS has two main components, the vertical datum and 

the vertical coordinate system. The NGDB is required in both components. The Tanzania height system is orthometric whose 

vertical datum is geoid. The current local vertical datum of Tanzania is based on 28 months of tide gauge observations at Tanga 

harbour; this is far from the requirements of a local vert ical datum based on tide gauge data. Therefore, requirement for a d edicated 

vertical datum for orthometric height system which will carter for the present and future needs is overdue. Using the NGDB and 

taking advantages of the global advances in gravimetry namely EGM2008, CHAMP, GRACE, GOCE, DEMs like SRTM , ACE 

and ASTER, it  is possible to determine a precise and accurate gravimetric geoid model o f Tanzania for use as vertical datum as 

well as for many other scientific applicat ions. With improved gravity data in Tanzania, other types of vertical datums can also be 

determined. For example to use quasi-geoid and normal heights to get geoid and orthometric heights, to create a hybrid vertical 

datum out of gravimetric and geometrical geoid models, or to constrain either geoid model or quasi geoid model to the prevail ing 

local tide gauge vertical datum and ocean levelling data. Time and cost required to realise the VSRS throughout the country may  

dictate the vertical datum type, but their selection should not compromise the present and future issues of quality VSRS for 

scientific, public and geo-hazards mitigation. Determination of quality NGDB and precise gravimetric geoid model are 

recommended, once in place GNSS levelling is proposed to be officially adopted for charted uses. This is likely to be much 

cheaper and fast to realise, but it can not meet all the height requirements. So, establishment and maintenance of tide gauges in 

Tanga, Dar es Salaam, Mtwara and Zanzibar and their unification is also advocated. Equally important is completion, improveme nt 

and update of the TPLN for scientific and safety uses now and in future.  
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1 Introduction  

For many years the mission of the Surveys and Mapping 

Directorate (SMD) of the Min istry of Lands, Housing and 

Human Sett lement Development  (MLHHSD) has been to 

establish a consistent coordinate frame for the mapping of 

the Nation. Due to advancement in knowledge and to keep 

pace with other nations in the World, it has been necessary to 

redefine, improve, maintain, and provide access to a new 

National Spatial Reference System (NSRS) to meet our 

Nation’s economic, social, and environmental needs. In 2009 

the government of Tanzania through its MLHHSD decided 

to overhaul its NSRS through the ‘Strategic Plan fo r 

Implementation of Land Laws’ (SPILL) pro ject. Mainly the 

NSRS consists of Horizontal Spatial Reference System 

(HSRS) and Vertical Spatial Reference System (VSRS). In 

this paper only the VSRS will be addressed. In coming up 

with the VSRS, two major components must be addressed 

carefully and scientifically; they are 

1. Vertical Datum, and  

2. Vertical Coordinate System 

The two are the basis for the VSRS. The aim of this paper is 

to bring to the attention of the reader, the role of gravity field 

in the definit ion, establishment and  maintenance of a 

Vertical Reference System (VSRS) 

 

1.1 Historical Perspective of VSRS in Tanzania 

Initiat ives to establish a national (local) vertical datum 

commenced in the 1960s, by then a model for geoid of 

Tanzania did not exist. Consequently a local Mean Sea 

Surface (MSS) was instead used in place of the geoid surface.  

The MSS was established using tide gauge measurements for 

28 months only at the Tanga harbour. Tanga Fundamental 

Bench Mark (FBM) was established close by as the Tide 

Gauge reference Benchmark (TGBM). The existing 

Tanzania Primary Levelling Network (TPLN) is solely based 

on the Tanga tide gauge Mean Sea Surface (MSS) as 

approximation to the correct vertical datum i.e. the geoid. 

Therefore it is obvious that the TPLN reference surface 

(vertical datum) is far from coincid ing with the geoid in 

Tanzania. By definit ion, geoid is the vertical datum for 

orthometric height system which is the official height system 

of Tanzan ia (Hofmann-Wellenhof and Moritz, 2005). At 

present, knowledge of the geoid o f Tanzania is available;  see 

for example Olliver (2007), Merry (2007), Pavlis et al. 

(2008), Ulotu (2009) and Forsberg et al. (2013).  Initiat ives 

to validate the geoid  models have been made by different 

researchers at different times for d ifferent geoid models of 

Tanzania (Deus, 2007; Olliver, 2007; Ulotu, 2009, 2013 and 
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Ntambila, 2012). All the validations aimed at advising the 

MLHHSD that Tanzania has a geoid model that could either 

be used to replace the temporary MSS datum at Tanga or to 

combine it with MSS for a better vertical height datum 

which could have less datum problems. Most of the FBMs 

and Intermediate Bench Marks (IBMs) of the TPLN were 

established over 50 years ago and were not provided with 

positional coordinates. Since it is only a locality sketch of 

that time that exists for their rev ival, it has taken dedicated 

efforts and skills to recover some of the FBM/IBM  of the 

TPLN. Due to fund limitation, init iatives to recover all of the 

FBM/IBM of the TPLN throughout Tanzania have not been 

completed. Until now only a few have been recovered and 

observed. GPS/Levelling refers to GPS observation on a 

Bench Mark (BM), this process avails orthometric height H, 

ellipsoidal height h and coordinates    , / ,N E     for 

the point of interest. 

 

Figure 1: Tanzan ia Primary  Levelling Network (TPLN) as it  was in 1970’s showing the fin ished loops, Fundamental 

Benchmarks (FBM), routes and FBMs proposed but not implemented. 

 

Figure 2 below portrays the current GPS/Levelling situation in Tanzania  

 
Figure 2: GPS/Levelling on FBM/IBM in Tanzania as of today 
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Apart from the datum problem cited, the TPLN that consists 

of loops A, B, C, D, E, F, G and H as shown in Figure 1 is 

sparse and completely absent in some areas.  Attempts to 

densify it throughout the country, to have systematic first, 

second and lower order levelling network points  to the user 

communit ies have not been accomplished.  In  addition to the 

datum inconsistency, low density coverage and distribution, 

the heights of TPLN were neither corrected for actual gravity 

nor adjusted as one network. Therefore the height system 

used in Tanzania can not be re ferred  to as orthometric height 

system parse; cf. Saburi et al. (1991). Consequently, the 

advantages of orthometric height system can not fully be 

enjoyed in Tanzan ia. Moreover, errors of the present TPLN 

can not be explained with confidence and reliab ility as their 

causes which are not fully documented can not be inferred 

practically from the prevailing network. Thus, it is clear that, 

a good gravity network and gravity database is required to 

get rid of the problems inherent in the current Tanzania 

vertical datum and vertical coordinate system as per the 

definit ion and realization of a proper o rthometric height 

system.  

 

A reliab le and quality gravity network has enormous 

advantages on top of the few mentioned above.  

 

1.2 Gravity Field 

Gravity  is the vector sum of the gravitational and centrifugal 

forces on a body due to the earth usually located on, above 

or below the earth’s surface.  Almost everything within the 

earth’s gravity field is affected by gravity. Therefore, gravity 

survey is one of the national fundamental measurements, of 

which the fu ll and accurate gravity data are needed for 

various uses.  

 

1.2.1 Gravi ty Network 

Gravity network is established from absolute and relative 

gravity measurements on firmly  established markers. The 

higher order gravity stations are used for  calibration o f 

gravimeters and accounting for drift and tidal effects during 

gravity densification by gravimeter, also they act as controls 

for densificat ion of g ravity network using gravimeters and 

geophysical monitoring of deformations. The ground and 

other gravity sources are usually used to create a gravity 

database (GDB).  A GDB will comprise of station name, its 

coordinates, elevation, grav ity accelerat ion magnitude, free 

and Bouguer (incomplete) gravity anomalies, their 

accuracies and/or a remark on how they were determined or 

computed. A gravity database can contain both point and 

mean values of its entities or either of the two.  

 

1.2.2 Creation of Gravity Data Base (GDB) 

Since GDB combine raw and reduced information, a 

combination o f data sources is usually used to develop it. 

The important sources are: 

a. Terrestrial gravity (ground, sea – ship tracks, sea 

bottom, aerial, lake surface, lake bottom) 

b. Satellite gravity from dedicated missions that may 

include alt imetric source 

c. Altimetry (a such in the sea and deep lakes) 

d. Combination of the above in form of g ravity model 

usually in spherical harmon ics 

e. Digital elevation/terrain/surface models (DEM, 

DTM, DSM) 

f. Upper crust density and its variation if availab le  

 

A state of the art GDB has many advantages, below is a list 

of some of the important applications useful for economic 

growth, safety and peace of the GDB owner and others : 

1. Determination of precise local and regional 

geoid/quasi-geoid models. The models are needed 

to determine different types of heights, e.g.  

orthometric, normal, dynamic, also to monitor 

crustal deformat ions and dynamic ocean 

constituents for weather forecast 

2. Establishment, maintenance and densificat ion of 

horizontal and vertical reference systems 

3. Computation of different types of gravity 

anomalies, such as free-air, incomplete and 

complete Bouguer, surface and isostatic gravity 

anomalies for different geodetic and geophysical 

applications 

4. Computation and densification of deflection of the 

vertical components. These are usually used to 

determine geoid slopes, understanding of 

crustal/fault deformation patterns and monitoring, 

local geoid determination and validation, also for 

control of geodetic networks. They can also be used 

to monitor mass distribution and patterns.  

5. Reduction of spatial data to reference ellipsoid for 

mapping  

6. Modeling climate, weather patterns and forecast  

7.  In hydrographic  surveying for chart ing water 

bodies (oceans, lakes and rivers) 

8. Satellite orb its determination and updates 

9. Launching of satellites into space and calculation o f 

rocket trajectories.  

10. Inference and monitoring of crustal deformat ion for 

mitigation of occurrence of geo-hazards like 

earthquakes, volcano eruption and land slides. 

11. Geophysical explorat ion (mineral exp loration and 

prospecting) and studies related to geologic changes 

12. In controlled laboratories for determination and 

calibrat ions of weights and measures  

13. For making astronomic determinations of lat itude 

and longitude 

14. Gravity measurements can also be used to explain 

variations of rock densities (as a geologic mapping 

tool) and to look for time changes of gravity (fo r 

monitoring elevation changes, magma intrusions, or 

water-table variations) 

15. Update of reference coordinate systems and datums 

which are strongly associated with dynamics of the 

earth. 

 

Until recently (Ulotu, 2009), and therefore before the SPILL 

project the, the gravity situation in Tanzania d iscouraged any 

usual undertaking as it needed devoted efforts to use it for 

any meaningful task, this is because: 

 

1. Terrestrial grav ity was limited to areas where 

exploration had taken place leaving big gaps 

elsewhere (cf. Figure 3).  Moreover, the data was 

not primarily for geodetic uses, besides, it was 

collected over wide time span, leading to differing 

undocumented accuracies , main ly due to 

instrumentation and methodology and earth 

dynamics. Often the exploration gravity data is 

classified until after production, and even then not 

easily accessible. 
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2. In the case of marine gravity, it was  only recently 

that the ship gravity surveys conducted for gas and 

oil exp loration o ffshore coast of Tanzania  were 

made public. As pointed out above, the data could 

not be accessed immediately thereafter, this is seen 

on the right of Figure 3. 

1.2.3 Tanzania Gravity Data Base of 2008 (TGDB08) 

The TGDB08 was created from 39,677 statistically  cleaned 

point gravity data only 

covering  15 4  and 26 44S N E E     . 

Pure satellite g lobal gravitational model (GGM) ITG-

GRACE03S and a combined GGMs EGM96 and EIGEN-

CG03C together with residual terrain effects computed using 

SRTM3 DEM from CGIAR-CSI were used to smooth the 

point gravity data by removing the short wave length 

component and then densify the resulting smoother point 

gravity using a similarly smoothed combined GGM . 

Thereafter a short wave length was restored to the original 

and the densified gravity at 1’x1’ grid intervals. The 

resulting gravity was dense without gaps, in addition the 

quality of the orig inal g ravity was  not compromised, see 

Ulotu (2009). TGDB08 is displayed in Figure 4 a) and b). 

 

 
Figure 3: Accessible Terrestrial (land and Sea) point gravity prior to SPILL pro ject. (Source is BGI) 

 
Figure 4: Tanzania Gravity Data Base of 2008 (TGDB08) with 39,677 surface point gravity and  1 1   surface gravity anomalies 

statistically cleaned at 99% confidence level in contour format. Coverage is  15 4  and 26 44S N E E      

(a) Densificat ion based on EGM96 combined GGM  

(b) Densificat ion based on GRACE EIGEN-CG03C combined GGM  
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1.2.4 New Tanzania Gravity Data Base of 2013 

(TGDB013) 

Once the new Tanzania gravity data is completed and 

published, it will be possible to use it  to fu rther cross 

validate TGDB08 and use the remain ing data after rejection 

at say (95-99) % confidence level together with the new 

gravity data to create a new gravity data base for Tanzania 

current to the gravity observation epoch, i.e . 2013.  The 

emerging new Tanzania Grav ity Data Base of 2013 

(TGDB013) should at least cover the same limits as 

TGDB08 i.e . 

 15 4  and 26 44S N E E      or wider to 

give it  more application diversity. One such application is 

determination of a new grav imetric geoid/quasigeoid model 

of Tanzania. One prob lem envisaged with the creation of 

TGDB013 is quality gravity outside the boundaries of 

Tanzania, to which  the current new grav ity data is limited. It 

is thus proposed here as follows: 

a) To discuss with our neighbours and global gravity 

archives like BGI, ICGEM, Leeds University, 

NGS-USA, NOAA-US etc. fo r gravity data that 

may  have come into being since TGDB08 was 

created 

b) To encourage our neighbours to undertake similar 

gravity project and thereafter share border gravity 

data 

c) To improve TGDB08 outside the boundaries of 

Tanzania using data suggested in Section 1.2.2 that 

is more current than that used to create it and use 

the same to improve TGDB013 

 

TGDB013 will have a key role to play in the creation of a 

modern vert ical reference system for Tanzan ia.  

 

2 Modern Vertical  Reference System in Tanzania  

Regional vertical reference system (VSRS) main ly refers to 

vertical datum and the vertical coordinate system based on it. 

Gravity is useful to both horizontal and vert ical control 

systems, but more so to the vertical control system. The 

setup of vertical control system is main ly intended to 

establish a vertical datum and a network of ground markers 

of differing orders (accuracies) referenced to the respective 

datum. 

 

2.1 Setup of a Vertical Datum 

As aforesaid, height system of Tanzania is orthometric, it is 

the most useful and more widely used in the World. The 

datum for the orthometric heights is geoid. By definit ion , 

geoid is essentially the real shape of the earth, without 

topographic and atmospheric masses. Geoid is defined as the 

equipotential surface of the Earth’s gravity field that closely 

coincides with the sea surface in the absence of disturbing 

factors like tsunamis, ocean currents, salinities, wind, etc., 

and then extended through the continents (Vanicek and 

Krakiwsky, 1986). Though geoid is much smoother than the 

actual earth’s surface, unlike the ellipsoid, it is still too 

complicated to serve as the computational surface on which 

to solve geometrical problems, but it is suitable as a vertical 

datum. Determination of a quality geoid  model requires 

extensive gravitational measurements, computations and 

expertise.  

 

2.1.1 Tide Gauge as Vertical Datum 

Our visualization of the hypothetical geoid is through Mean 

Sea Surface (MSS) also referred to as Mean Sea Level 

(MSL). MSL is usually established at tide gauge (s) under 

strict requirements for MSS determination, which 

necessitates among others, observation of the Sea Surface 

Topography (SST) for at least 18.6 years so that effects of 

nutation can also be removed. One or more such tide gauges 

when properly unified, can constitute a local vertical datum 

of a country/region. In Tanzania Mainland we have tide 

gauges in Tanga, Dar es Salaam and Mtwara. The tide 

gauges have not been unified officially, and therefore it  is 

only the seriously limited Tanga t ide gauge that establishes 

the local vertical datum of Tanzania as explained in the 

introduction. Then a reference BM was established close to 

the tide station with respect to its zero position to be the 

reference bench mark. In  Tanzan ia the reference BM is at 

Maweni Tanga and is called Maweni Fundamental 

Benchmark (FBM). Thereafter a dense network of ground 

markers; benchmarks (BM) of differing accuracies were 

monumented and referred  to the Maweni FBM.  A BM is a 

ground mark whose height (in Tanzania, orthometric height) 

is accurately known with respect to the vertical datum of the 

country. The orders and distribution of ground network 

points must carefully and scientifically be arrived at so that 

execution of developmental projects dependent on it is cost 

effective while enabling scientific researches that require 

higher orders of the BMs to be executed reliably. 

 

2.1.2 Geoid Model as Vertical  Datum 

Geoid is by definition the vert ical datum for orthometric 

heights used in Tanzania. Computed geoid is considered to 

be a close approximation of the actual geoid and that is why 

it is referred to as ‘geoid  model’. Geoid computed from 

gravity data according to Stokes method or its improvement 

is called gravimetric geoid model. Computation of a quality 

geoid model is dependent on quality gravity data with sound 

density and distribution on the earth’s surface or on the geoid. 

Combination of the old and new gravity data in Tanzania 

when completed and reduced (downward continued) will 

enable creation of the needed data for the computation of a 

precise and accurate gravimetric geoid model of Tanzania. 

The so determined geoid model of Tanzania will be suitable 

as the vertical datum for orthometric height system in 

Tanzania. 

 

Let it be known that, be it geoid model or MSL datum, all do 

change with t ime, and thus update of both the datum and the 

coordinates referred to the respective datum is necessary. 

The frequency of update is a function of other research 

findings which include magnitude of the change of the 

respective datum. 

 

2.1.3 Quasi-Geoid Model as Vertical Datum 

Gradually it is becoming a practice to determine normal 

heights instead of orthometric heights. Reference surface o f 

normal heights is quasi-geoid, a surface without physical 

meaning but deviates a litt le to the geoid; often less than 1m. 

Quasi-geoid determination is attributed to a Russian 

geodesist; Molodensky. At the moment, improvements and 

variations of the Molodensky method exists , one such 

approach is the Royal Institute of Technology (KTH) of 

Sweden method called ‘Least Squares Modificat ion of 

Stokes Method, LSMS’. LSMS method of gravimetric geoid 

determination combines improvement to Stokes method and 

variation to Molodensky’s method. The advantage of the 

determination is that it uses surface gravity anomalies which 

do not require advance knowledge of topographical density 

distribution for the downward continuation of gravity from 

surface to geoid/MSL. Moreover, in this GNSS era, it is very 
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easy to determine surface gravity anomaly once grav ity is 

known on the surface. Conversion of either quasi-geoid to 

geoid or normal height to orthometric height is achievable 

through a simple Bouguer gravity anomaly dependent 

correction as shown in Equation (1) below. The separation 

between reference ellipsoid and quasi-geoid called height 

anomaly is expressed by   (Sjöberg, 2006). 

 

 2 H H
N






 
 

g
, 

    (1) 

where:  

N  Geoidal height  

  Height anomaly from Quasi-geoid m

odel 

g
 

Bouguer gravity anomaly  

  Constant density of topographical masses 

  Normal gravity on the telluroid; close to the 

surface 

H  Elevation of the surface point 

 

2.1.4 Hybrid Geoid Model as Vertical Datum 

When accurate and fairly  well d istributed BMs referred to 

appropriately determined MSL datum exit, together with 

precise gravimetric geoid model, a hybrid datum can be 

created out of the two using GPS observations on the BMs. 

GPS observations on the BMs i.e. GPS/levelling enable 

determination of geometrical geoidal height as below: 

 

   
GPS

BMN h H  ,   

    (2)     

where,  
GPS

BMN  is the geometrical geoidal height           

 

From a grav imetric geoid model we obtain N , which upon 

combination with 
GPS

BMN  over the respective region often in 

least squares manner, results into hybrid vertical datum. 

When the above conditions are favourable, hybrid datum 

combines the advantages of both types of geoidal models, 

and this is often advantageous to the user. 

2.1.5 Constrained Geoid Model to Local Vertical 

Datum by a Corrector Surface  

When a local vertical datum established from tide gauge 

observations is in use, and is understood to be of quality 

except it needs to be updated due to time dynamics of the 

earth, this could be achieved through a corrector surface. A 

corrector surface is a surface of corrections to the geoid 

model to make it compatible with the existing local vertical 

datum. Therefore an up to date gravimetric geoid model 

needs to be in place, then a corrector surface is created which 

models the inconsistencies between the BMs of the local 

datum and the gravimetric geoid model such that the BMs of 

the local datum are held fixed. Thereafter, orthometric 

heights are determined from the geoid model and the 

corrector surface as if they were referred to the BMs of the 

local vert ical datum, for more information see for example 

Kotsakis et al. (2001) and Ulotu (2009, 2013). 

2.2 Vertical Coordinate Systems 

Once the decision for a vertical datum has been reached, and 

the datum is in place, vert ical coordinate system is carefully 

designed to address monuments of different accuracies 

(orders). Usually the famous surveying principle of working 

from the whole to the parts is somehow observed. Higher 

order markers are usually distant from one another, while 

lower o rders are close to one another ready for public use. 

Densificat ion and use of the ground vertical network is 

sometimes dependent on the type of vertical datum.  

2.2.1 Vertical Coordinate System with Reference to 

Tide Gauge Vertical Datum 

Usually orthometric heights of a series of BMs are 

established from precise spirit levelling differences when the 

actual gravity dependent corrections are applied according to 

the existing mathematical models and procedures  (Hofmann-

Wellenhof and Moritz, 2005). The actual gravity 

requirement is stringent and, is hard ly realized. Moreover, 

there are errors which propagate from the reference tide 

gauge and BM, if not well controlled they adversely 

compromise the quality of the resulting vertical network. To 

minimize the problems of error propagation, adjustment of 

the network is a necessity before it is released for public use. 

For end user utilization, similar approach as for densification 

of controls should be exercised, but sometimes end users are 

contented with sprit levelling heights constrained to two or 

one BM with known orthometric height. Often this does not 

affect the end user p roject if the accuracy  needed is low. For 

higher accuracy demanded say in scientific work, application 

of gravity corrections to the levelled height differences to 

obtain orthometric height may not be avoided (ibid). 

Coupled by expensive nature of the fieldwork and time 

consumption, spirit levelling fo r orthometric heights is not 

very user friendly. Moreover, it can be very expensive when 

rough and mountainous terrains are frequently encountered.  

2.2.2 Vertical Coordinate System with Geoid Model 

as Vertical Datum 

When a geoid model is the vertical datum, orthometric 

heights can be determined from GPS levelling. GPS 

levelling is a method of converting ellipsoidal (geodetic) 

height h into most needed (useful) orthometric height H 

using geoidal height at the location of the ellipsoidal height. 

This is according to Equation (3) below.  

 

H h N     

    (3) 

where, H is orthometric height from GPS levelling, h  is 

ellipsoidal height from GPS positioning at the point of 

interest, and N is the geoidal height of the vertical datum 

(geoid model) at the same position. Due to errors of 

determination of N  and h, accuracy of H in Equation (3) is 

very much dictated by that of geoid model and GPS 

ellipsoidal height, i.e. H inherits errors from both systems. 

Errors of N  are very much correlated to the quality of the 

gravity data used, so with high quality gravity data (dense, 

and evenly and closely distributed), geoid model determined 

from such gravity data will lead to precise and accurate 

geoid model. In  Europe, 1cm geoid model is now achievable 

due to improvements in gravity data quality and geoid 

determination methods. 

 

Nevertheless, advantages of GPS levelling exceed those of 

levelling and gravity corrections by far. For example, the 
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cost, time and instrumentation are cut down drastically. 

When a quality geoid datum is used together with accurate 

GPS heights, GPS levelling  orthometric heights can carter 

for wide user requirements especially in mapping and 

construction industries. 

2.2.3 Vertical Coordinate System with Hybrid or 

Geoid/Quasigeoid Model  and Corrector 

Surface as Vertical Datum 

Coordinate system established from either hybrid geoid 

model or corrector surface and geoid  model/quasigeoid 

model fo llow an approach similar to that of a geoid  model as 

vertical datum explained in the p revious Section, i.e. GPS 

levelling   

 

In addition, GPS levelling is the preferred method and 

almost the sole external source of validating Global Gravity 

Models (GGM) from dedicate satellite grav ity missions like 

CHAMP, GRACE and GOCE. It is also the most 

administered external method of geoid and quasi-geoid 

model quality assessment. 

 

If a VSRS team is in place, it should be tasked with the 

followings: 

1. Administer, maintain and timely update  the vertical 

control network for scientific and public use 

2. Improve the existing vertical datum (MSL at 

Tanga) by continuing real time t ide gauge data 

collection for the next 18.6 years. 

3. Establish, administer and maintain a series of sound 

and modern t ide gauge stations around the country 

(including Isles) and their unification fo r more 

realistic and reliable local vertical datum, but also 

for orthometric height requirements which may not 

be possible through alternative techniques like GPS 

levelling and validation of orthometric heights 

which use different types of vertical datums 

4. Update the existing gravimetric geoid model o f 

Tanzania, TZG08, and complete its validation to 

pave way to gazetting it as a Nat ional geoid model 

of Tanzania while wait ing to create a better NGDB 

and thereafter a better gravimetric geoid model.  

5. Compute a new gravimetric geoid model o f 

Tanzania from the improved local and global data 

for gravimetric geoid determination  

6. Consider determination of quasi-geoid model of 

Tanzania and thence establishment of normal height 

system in Tanzania  that are easily convertible to 

geoid model and orthometric height system 

respectively 

7. Establish, administer and maintain  gravity datum 

and gravity network for local, regional and global 

applications. 

8. Carry out vertical datum unification amongst 

different Isles of Tanzania  or determine one vertical 

datum for the whole of Tanzan ia.  

2.3 Other Applications of Geoid Model and NGDB  

2.3.1 Crustal Deformation and Mitigation of Geo-

Hazards 

A geoid model and high quality gravity database find useful 

application in mit igating geo-hazards like earthquake and 

volcano. The geoid slope velocities when exceed a threshold 

are direct ly linked to crustal deformation rates, this can be 

realized from analysis of repeated geoid determinations 

around the suspected region.  Similar detection can be 

achieved from Bouguer and isostatic gravity anomalies when 

repeated at suitable frequencies from real time gravity data. 

 

Behaviour of dynamic processes at convergent plate marg ins 

can be established by analysis of specific correlations 

between residual gravity anomalies and seismological data. 

Furthermore, combination of spatially distributed gravity 

anomalies with areas of seismological moment releases 

strong informat ion on material and structural behaviour o f 

the causing seismological structures. The detection of such 

structures and the explanation of their physical relevance for 

the rupture process provide additional information to 

investigate the seismic risk especially in locally limited areas. 

Over the last years it has been described that there exist 

spatial relationships between trench-parallel gravity 

anomalies (TPGA) and the distribution of maximum co-

seismic displacement and/or the maximal reduction of 

seismic moment (asperities) at  the earthquake rupture zone. 

New results show that density anomalies in the upper plate 

can control the seismological reveal subduction zones. 

 

with the current situation of gravity coverage in Tanzania, it 

is possible to carry out analysis of how best to combine the 

surface gravity in the mainland with the altimetric data in the 

ocean for a better geoid model that will carter well for the 

coastal areas. In princip le, gravimetric s tudies provide the 

absolute datum so that local oceanographic models on the 

shelf can be combined with sea surface topography models 

related to the global ocean circulat ion (Hipkin, 2000).  

3 Conclusion  

It has been shown that a state of the art gravity network and 

its corresponding gravity database have a key role in the 

creation of a modern vertical reference system for a country 

like Tanzania. A modern vertical reference system in line 

with g lobal developments is essential to public and scientific 

community  growth and well being. Further vital applications 

of a modern grav ity data base have been enumerated. 

Primary  and secondary applications of a quality and up to 

date gravity data base could be a good source of economic 

prosperity, peace and mitigation o f geo hazards like 

earthquakes, volcanoes and land slides. 

4 Recommendation 

Colossal money waste, and environmental degradation (due 

to vegetation clearing to allow inter-visibility) are involved 

at the planning and implementation stages of spirit and total 

station levelling for linear engineering construction of such 

undertakings like  roads, railways, gas pipelines, electricity, 

water etc. Money, time, personnel, instrumentation and 

environmental degradation could be reduced substantially by 

replacing the classical levelling by GPS levelling.  But GPS 

levelling requires a precise geoid or quasi-geoid model in 

place, which in turn requires a state of the art gravity data 

base and geoid/quasi-geoid model determination experts. 

Tanzania is now well p laced to realise the above. Therefore 

Tanzania is almost in position to immediately start using 

GPS levelling in some engineering and mapping act ivities 

upon completion of validation of the most current Tanzan ia 

gravimetric geoid model TZG08. Partial validations have so 

far indicated that of all the four gravimetric geoid models 

covering Tanzania, namely TZG07, AGP07, EGM08 and 

TZG08, TZG08 is the most accurate (Ntambila, 2012; 

Willison, 2013).  
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It is thus recommended here that, serious commitment 

should be given to: 

1. Complet ion of validation of TZG08 gravimetric 

geoid model of Tanzania using GPS/levelling to 

enable its declarat ion as the national geoid model 

and thereafter chart out areas of its applications 

which should include GPS levelling. 

2. Creat ion of a new national gravity database using 

the newly established gravity network of Tanzania, 

including the old and new gravity & relevant data 

for immediate and future uses 

3. Establishment of modern type of tide gauge stations 

at Tanga, Dar es Salaam, Mtwara and Zanzibar  

4. Recovery, update, completion, improvement, 

adjustment and sound maintenance of the Tanzania 

Primary Levelling Network (TPLN) fo r current and 

future public and scientific  uses 

5. Determination of a new regional gravimetric geoid 

and/or quasi-geoid model of Tanzan ia using the 

newly created national gravity database and other 

relevant data from the global community arch ives 

like ICGEM, BGI, IDEM, CRUST etc. 

6. Establishment of a center within  the Directorate of 

Surveys and Mapping which will foresee to 

archiving, maintenance,  and lawful custody of all 

gravity data observed in Tanzania for whatever 

reason under conditions mutually beneficial to 

observer/owner and Tanzanian government 

7. Recru itment of young committed and capable 

Tanzanians or purposely educate them to a 

researcher level who will establish a Nat ional 

Geodetic Center similar to those found in USA, 

South Africa, Germany, Canada, Japan, Australia, 

Sweden etc. 

8. Establishment of a research and scientific 

consultancy cooperation between the MLHHSD 

(DSM) and relevant Universities and research 

centres within, in the reg ion and outside for timely 

taping, sharing and advancement of knowledge fo r 

economic, social and environmental well being of 

Tanzania and global community.  
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