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“A land administration is more than a GIS becauseptesents social relationships

which are meaningful in a society, and not attrésiin a geographical object only.

(van der Molen & Lemmen 2004, p.7)

“There still may be deeds or some kind of record®meone’s hands, but the real
ownership status of these assets has slipped a@hbé afficial registry, leaving records

and maps outdated. The result is that most peops@urces are commercially and
financially invisible. (...) Dead capital, virtual rantains of it, lines the streets of every

developing and former communist coutitry

De Soto (2000, p.32)
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Abstract

At present, the legal land administration in Tamaaprovides tenure security to a
minority of people only with only 11% of land beitgpally registered. Consequently,
Tanzanian people developed a grassroots land agtraition based on customary
practices, extralegal institutions and documenk® Government of Tanzania is aware
of the importance of the extralegal economy andated the Property and Business
Formalization Programme, which aims at integragrtgalegal and informal land rights

into the legal system.

This dissertation develops a framework for a Ursaktand Registry (ULR) based on
Geographic Information System (GIS) technology tmport the formalization of
extralegal, customary and informal land rights anZania. First, the demand for such a
system as well as the Tanzanian environment issssde The ULR implementation
strategy is developed based on the institutionéipseinstitutional needs and on
experiences made so far in land right formalisatibata capture strategies and
registration methods are presented for adequatsyeferencing different land rights.
System requirements and the functional capacitythef ULR are discussed. The
dynamic and functional view of the application issalissed based on activity,
deployment and class diagrams developed in theddnModelling Language (UML).
The ULR data model is based on the ‘Social Tenwm&in Model’, a new standard in

the cadastral domain.

The identification of persons is identified as mmajore-condition for the ULR
implementation and requires special attention m phocess management. Extralegal
documents are a valuable source for land right &imation. They also offer
opportunities to secure land rights using simplatigp identifier such as points. The
proposed registration practice requires frequetda dachange between local registries
and a national database, which can be a handicapetsystem due to the weak
communication network and unreliable electrificatitdowever, this is still of major

value to ensure transparent and non-corrupt uteeafystem.

The study concludes that in a next step pilot s&idre required to test the feasibility of
the suggested URL. The pilot studies should furttwtribute to developing national
standards for customary practices, spelling of ggugc locations, topographic

mapping as well as measures to ensure usabilityeafystem by illiterate people.

Keywords: Universal Land Registry, land right follipation, cadastral modelling
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1 Introduction

1.1 The challenge of land administration in Tanzania

“A Cadastre is normally a parcel based, and up-teedmnd information system
containing a record of interests in land (e.qg. fighrestrictions and responsibilities)”
FIG 1995, p.1). Cadastres were established predimifior tenure security and land
taxation. Today, cadastral data build the foundatacd modern Land Information
Systems (LIS) for efficient land management (Ezigleaet al. 1995, FIG 1995,
Osterberg 2001). A functioning cadastre is the dasiactive land markets permitting
land to be bought, sold, mortgaged or leased. itaseasingly accepted that a modern
LIS is a key infrastructure for economic developimand environmental management
especially in developing countries (Williamson 19%CA 1998, UN-FIG 1999,
Enemark 2001, Fourie 2002, UN-HABITAT 2004).

The land administration in Tanzania has been blafmetdeing very bureaucratic, time
consuming, not productive and usually far too espanfor most Tanzanians (Kombe
& Kreibich 2001, de Soto 2006, CLEP 2006, p.6,ila005). Only 11% of the land in
Tanzania is registered with the legal administrafide Soto 2006). One reason for the
failed land administration is the fact, that custmoynland rights were never fully
implemented until the advent of the new land laws 2001 (Larsson 2006).

Consequently they were never incorporated intdebal cadastre.

In response the Tanzanian people developed theirgrassroots administration based
on customary practices. Studies (ILD 2005b) rewkdlee existence of an informal
administration system based on extralégabktitutions, adjudication processes and
written documents describing existing land riglst extralegal documents are only of
limited value to obtain mortgages and credits. Ldar collection is in disorder
depriving the Government of the resources to buaiid effective system of land
registration to assure land tenure security for Bdnure security is fundamental for

human shelter, food production and all economidvitiets. Secure rights to land

1 Unlike a squatter in urban informal settlementsléralholder in rural areas usually does not hotdi la
informally, but according to an alternative formglia community-based formality. This formality is
reflected in the term extralegal introduced by lted3earchers during the MKURABITA Programme (ILD
2005: Volume 11). The extralegal economy is a setfanised system of documented institutions, which

allows people to govern their action (de Soto 2006)

-1 -



encourage people to invest in their land and ptgpend can enable people to access
public services and sources of credit (UN-HABITAQU3).

The economic impact due to the lack of legal laglstration is tremendous. The value
of not legally registered Tanzanian assets is @séichat 29.3 billion US$; capital that is
largely underutilized (de Soto 2006). The GovernimainTanzania is aware of the
extralegal economy and its impact. It implementéd tProperty and Business
Formalization Programme whose Kiswahili acronymMKURABITA ? to formalize
extralegal businesses and property ownership fanauic growth and poverty
alleviation. In 2001, the Government implementedesv market oriented land policy
for mainland Tanzania through the Land Act 1999 tedVillage Land Act 1999. The
land acts recognize existing customary land rigistsequal to existing statutory rights
and intend to streamline the existing land managesyestem (Derby 2002).

1.2 Research problem

The ‘Strategic Plan for the Implementation of thentl Laws’ (MLHSD 2005) outlines
the possible re-organisation and decentralizatibfarmd registration in Tanzania and
highlights the demand for an efficient land registm system based on modern
Geographic Information System (GIS) technology. Tbegoing MKURABITA
programme endeavours to design a formalization ga®cbased on the existing
grassroots practices and written documents. Pitatlies conducted in Tanzania
analysed the implementation of land laws and then&tization of informal and
extralegal land rights. First experiences were eatth in the use of unconventional
approaches in surveying and the development of @&fabases to establish local
cadastral systems. But a concept outlining a ptessdzhnical setup for a nationwide
system based on data exchange and disseminatiach witegrates such information

into the legal cadastre, does not exist yet.

The Tanzanian land administration requires the ldpweent of a demand-driven and
cost-effective GIS based systéin support the formalization of land rights embexdid
in a system architecture, which promotes the gd¢ioeraf standardized datasets to

support the development of a national LIS in Tamzan

2 Mpango wa Kurasimisha Rasilimali na Biashara za Warge Tanzania

® The term system incorporates the software witliuitgtionality as well as the system architecturd a

organisation.

-2-



General recommendations and experiences in alteenaurveying methods and
procedures in land administration are documentedlémzania and other developing
countries. Extralegal documents provide valuabkebdor the land right formalization.
New standards for modelling the cadastral domaimgughe Unified Modelling
Language (UML) for universal tenure relationshipe aresently under development
(Lemmen et al. 2007).

This thesis aims at combining the experiences nrad@nzania and other developing
countries with the general guidelines and new aggres to modelling the cadastral
domain for developing countries in order to meet ttemand for a universal land

registry as defined by the Tanzanian context.

The land registration system which needs to be ldped must (i) support the
MKURABITA formalisation process and (ii) enable &#ccommunities to establish
local land registries in a decentralized framewollhe system targets (iii) the
registration of existing legal and extralegal doeats as well as other informal or
customary land relationships. Further, the toolsthbde (iv) a supportive instrument for
land adjudication and conflict management. Fin@ly system design and architecture
must support the efficient distribution of land higinformation throughout the

administration on all levels and enable public asde data.

Thus, a broad approach needs to take into acchemgarticularities of the land property
situation in Tanzania. It further needs to make afse potentials of new technologies
to support the formalization of land rights, tolduocally administered cadastres and to
serve the government’'s demand for information amdlaModern information and
communication technology (ICT) and interoperablé& Géchnology (OpenGf3 play

an important role in the design of a demand driaeplication (Huber et al. 2008). The
development of the land registration system outline this thesis is based on
approaches in business engineering which aim &giate GIS into envisaged business

processes.

1.3 Research objectives and methodology

The intention of this study is to:

* OQutline the framework for a Universal Land RegiqidLR) based on GIS and
ICT to support the MKURABITA programme to formalilaend rights.

» Describe methods and possibilities to integratallegd extralegal documented

-3-



land rights as well as orally transmitted claim®ia GIS based system.
« Catalogue the functionality of the ULR.
» OQOutline procedures for establishing and operatiegslystem.

« Design business processes and a data model in UONhtdgrate and maintain
cadastral data based on the Social Tenure DomadeM8TDM).

This dissertation focuses on the framework, thenass processes and the data model
of the ULR. The outcomes of this thesis aim atding the foundation for the technical
specification of the ULR, which is the topic of theesis by Schéar (2008). The study
approach follows the FIG guideline Cadastre 201dufihann & Steudler 1998) and the
Social Tenure Domain Model (Lemmen et al. 2007Y@&dacto standards in cadastral

domain modelling.
The following methods are used:

- Business (re)-engineering and strategic plannirsgessment of the current

situation, environmental analysis, goals.

- Functional analysis: catalogue the core functiofisthe system for data

integration, georeferencing processes, data arslgse

- Model building: develop a process model using UMLntaintain and continue

analogue and digital data integration.

- Model building: develop a basic data model usinglUier the ULR.

1.4 Thesis structure

Chapter 2assesses the environment in Tanzania enablintegitaplanning for the
general framework of the ULR. A brief backgroundgisen concerning the general
situation in Tanzania (population, infrastructureNew strategies and policy
programmes to formalize land tenure and to enhahee capacity of the land
administration are presented to explain the presetis and to develop strategies for
the implementation of the ULR. The extralegal laadistration and its documents are

described in chapter 2.3.

Chapter 3takes a deeper look at recent developments irstraddesign and highlights
recommendations on how cadastres can or shouldmipéernented in developing

countries with focus on sub-Saharan Africa. Genguadlelines and experiences from
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Tanzania and other developing countries illusttateonventional approaches and new
possibilities how low-cost and effective cadastoes be developed. Chapter 3.3
introduces recent developments in modelling theastdl domain with focus on
Cadastre 2014 and the Social Tenure Domain ModdDi® which is the basis for the
ULR data model.

Chapter 4 describes the general framework of the ULR andlimrmg possible
institutional and practical implementations into e thTanzanian formalisation
programme. The formalisation process is discussedutline the functional and
architectural requirements of the ULR applicatiGhapter 4.5 describes the envisaged
integration strategies for spatial data, techn@sgand methodologies, which are
relevant for the ULR implementation. Finally, th& R principles, general requirements

and the ULR functions are summarized.

Chapter 5 concludes the system development based on UMLiviActdiagrams
describe in detail the relevant registration preees The data model based on the
STDM approach is presented as well as a deploymmutel to outline the system

architecture.

The primary relationship between the chapters serileed in figure 1.

Chapter 2 Chapter 3
Y

( Tanzania overview

(L Guidelines for developing countries )

» J
Land administration in Tanzania ) —(New approaches in land administration)

The extralegal economy and \

_[ formalization programme J IFTelle] SivGETies I TEnEE S _)
( Modelling the cadastral domain )—

Chapter 4 ,
( Implementation strategy )‘- Chapter 5

( UML business model )‘-
C Data capture strategies and methods )‘— ( UNML data model )‘-
"'Q ULR principles & functions _) ( UML deployment model _)‘—

( ULR and formalization process )

Figure 1: Thesis structure



2 Land administration and extralegal economy in Tanzaia

2.1 Tanzania: land and population

The United Republic of Tanzania is situated in Bafsica at the Indian Ocean and
consists of the formerly independent states Tanganknown as mainland Tanzania)
and the islands of ZanzifaWith a total area of about 945,000 kfianzania is double

the size of Germany, Switzerland and Austria.

The mainland is divided into 21 regions (Figurea@yl 106 administrative districts. In
total there are 117 urban and district local autiesr and around 12,580villages
(Kironde 2006).

Less than 2.0
21-25
2.6 -3.0
31-35
3.6-4.0

[ ] 41-4.5
[ ] 4.6-50

Ruvuma

Figure 2: Population growth rate by region 1988 - Q02 (GoT 2003)

Tanzania consists of a large central plateau wilsglands and national parks and a
very mountainous north-eastern part of the counith Mt Kilimanjaro, the highest
peak in Africa. Only 5 to 10% of the land is undmrtivation, predominantly by
smallholder farms. 65-70% of the land is coverethviorests, woodlands, pastures or
uncultivated arable land. The remaining land is posed of National Parks and
reserves (Odgaard, 2006).

The population of Tanzania consists of about 1Z€ermdint ethnic groups with the

4 Zanzibar consist of the islands Pemba and Ungiier( referred as Zanzibar)

® The number of villages varies a lot in publicatiofke ILD Report (ILD 2005c) states 10,319 villages
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majority of Bantu origin. The Bantu people are mmaghantly agricultural farmers. The
people of Nilotic origin like the Maasai are predoately pastoralist by tradition
(Odgaard 2006).

The Tanzanian population has doubled nearly everyears from approximately 12m
in 1967 to more than 39.5m today at a present dgroate of 2.6% (Kironde 2006,
World Bank 2007a, see also Figure 2). 25% of thaz&aians live in urban areas
(World Bank 2007a). Tanzania is one of the coustvigth the fastest growth in urban
agglomerations in sub-Saharan Africa (Kombe & Ki#ib2001). Dar es Salaam for
example receives up to 300,000 people a year, aidbem tend to settle in unplanned
areas (Kironde 2006).

Tanzania is one of the poorest countries in thddvdrhe per capita Gross Domestic
Product (GDP) is at 324 US$ only (World Bank 2007Ayriculture is still the
backbone of the econofhgind main source of livelihood for most Tanzaniétisonde
2006). The Government of Tanzania has implemengedral policy programmes for
poverty reduction and empowerment of the poor &hethe Millennium Development

Goals.

The infrastructure in Tanzania is in a poor cownditiDistrict roads are usually unpaved
and overwhelmingly bad maintained (Kironde 200&)e energy production relies to
more than 80% on hydropower (CIA 2008) which makesusceptible to prolonged

droughts as happened in 2006. The electrificataa is at 11% only (UNDP 2008) and
is predominant biased against rural areas. Powts can be regarded as part of

everyday life in many parts of the country.

However, the communication network for mobile preas improved. 25% of the
population has coverage (World Bank 2007b). Thelmemof subscribers is growing at
a high rate and outstrips the number of internetaby faf. Analysts regard the mobile
phone technology as a key technology for developrimeAfrica since it is already in
use for many applications like money transfer orkegprice information system (The
Economist 2007).

® 45.3% of GDP in 2006 (World Bank 2007a)

" The number of subscribers grew from 3 to 52 pel0l€ople between 2000 an 2005, the number of
internet users from 1 to 9 per 1000 people (WoraB2007b).



2.2 Land administration and cadastre in Tanzania

2.2.1 Land right management in Tanzania

A dual land administration based on the ownersbipcept introduced by the colonial
rulers and a resilient system based on indigenost®mary land tenure is characteristic
for many countries in sub-Saharan Africa (Ezighakdt al. 1995, van der Molen 2006).
Tanzania makes no difference in that regard. Cuastpntand rights still play an
important role in land management but they havebean fully incorporated into the

written legislation (Larsson 2006).

Customary law is different from our western expece and traditional parcel-based
ownership concept. According to Kironde (2006, p.d@tomary law can be described
as a hon-formal complex of codes of behaviour and soctaltrol that have guided
rural life in tribes and societies from generatitmgeneratiot which may vary among
societies and even between villages of the sarbe. ttiand security is created through
the idea that labour creates value. Continuousvatithbn of land leads therefore to
tenure security (Kironde 2006). The most charastierfeature of customary land tenure
is the predominance of group rights. Land rights laeld corporately by a group (e.g.
tribe, clan, family) as a consequence of grouprobaind discipline. Family land can be
regarded as the most important type of group ridgttigbalike et al. 1995). The
administration of land is in customary practiceigesd to the village community and
the elders. Customary laws are traditionally keptoral tradition, whereas written

documentation is not fully accepted yet (Kirond@&0

Local land administration practices depend on thieual background of the people and
the natural conditions of the area. Migration obple and mixing of cultures leads
consequently to a diffuse conglomerate of land trighrangements. The parallel
existence of indigenous customary rights, custom@ghts of immigrants, rights
allocated through village authorities, borrowedr@nted land right, land rights gained
through commercial transaction and registered grhrrights is characteristic for
Tanzania. But irpractice it is often difficult to distinguish betes the rights, changes are
applied and new mixed forms ari§@dgaard 2006). Overlapping claims on land (legal

and customary) are frequent and induce land disputelanzania (Ojalammi 2006,
p.3).

The Land Act 1999 and the Village Land Act 1999May 2001 integrate customary
law into the legal system. They build the new faatiwh for land administration for
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mainland Tanzanfa According to the Acts land is divided into theteggories village
land, reserved land (e.g. national parks) and géteard, which includes all urban areas
(Kironde 2006, Odgaard 2006). Villages are the @lagf the new decentralized land
administration since village land comprises ned@@yo of all lands in Tanzania (ILD
2005c). Village land falls now under the jurisdicti of the Village Council which
administers land in accordance with customary l@dgaard 2006). Customary Right
of Occupancy is supposed to be applied within gdldand by the Village Council and
Granted Right of Occupancy to be used outside ggll&and. Both rights have an

equivalent status (Kironde 2006).

The Village Land Act provides also for the sharioigland by pastoral and arable
farmers on the basis of adjudication and mutuaegents (Mutakyamilwa 2002 cited
in van der Molen 2006). Nevertheless, the politaiatussion on customary land rights
is still ongoing in Tanzania despite the new laadd and policy strategies. Kironde
(2006) states that more needs to be done to imgrevsecurity of tenure for all land
users. Property rights should encompass the faratadn of land rights of pastoralists,
fishermen, hunters and gatherers and other secpnidats holders (Adams & Palmer
2007).

2.2.2 Land administration and land conflicts

Cadastral surveying and land administration isredimed under the Ministry of Lands
with only few regional offices. Services are notlyomxpensive, they are nearly
inaccessible for poor people from remote rural sudize to the poor road infrastructure
and high transport costs The land registry is nanputerized and has outdated
procedures for locating information and registeniigits (ILD 2005c). Land and title
records are kept in hard-bound registers, indegdscand paper files maintained by six
independent regional divisions (Derby 2002), whicbmplicates national land

administration and planning.

Another weakness which constrains the developmieaby new land administration is
the inadequate geodetic reference framework. Tietiey network is inconsistent and
in need of improvement using the Global PositionBygtem (GPS). The network has
not yet been transformed into the World Geodetist&y 1984 (WGS84, Africover

n.d.) but Tanzania has started to implement thec#&fr Geodetic Reference Frame

8 Zanzibar has an autonomous government with indegremdinistries, legislature, cabinet and
President.
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(AFREF). A continuous operating GPS station wasaites] in Dar es Salaam in 2006,
two additional ones are planned in Mbeya and DoddR&MRD 2007). The
development of a spatial data infrastructure (Sb[Janzania is still in an early stage
with funding not in place (Kalande & Ondulo 2006).

All of this results in only 11% of the property hgiregistered with the existing legal
system (de Soto 2006). The cadastre is sporadiy, 021 plots were surveyed
between 1991 and 2001 (Silayo 2002b). Erratic lagm@bbing, uncontrolled
urbanisation and establishment of spontaneougs®tit are some of the consequences
of the failed land administratioiithe lack of formal registration leads to insecmrure

relationships and discourages people to investeir tand.

Land disputes are common in Tanzania. The congtgralwing number of cases led to
the establishment of land tribunals, increasingsca@sd delaying land development.
Origins of land conflicts are often the increasoognpetition over access to land and the
increased scarcity of resources like pasture, wateod or fertile soils (Lugoe 2007).
Growing conflicts can be observed especially betwegricultural farmers and
pastoralists as well as around expanding urbars aéjacent to village land (Hayuma
& Conning 2006, Odgaard 2006, Lugoe 2007) and bamtweastoralist people
(Ojalammi 2006).

The Government of Tanzania has implemented newipsliand laws to improve the
situation. The Land Disputes Courts Act of 2002et the common practices of
conflict handling on village level. Land disputee golved with the local administration
trough the Village Land Councils and Ward Tribunal$ieir main objective is to
mediate between the conflicting parties to achrewtual agreement (Odgaard 2006).

2.2.3 New strategies in land administration in Tanzania

Silayo (2006) discusses new methods for cadastrakyg in terms of survey accuracy
and low-cost technologies like the use of remotesieg images. He states that high
surveying and registration cost hinders particyldne registration of low value land,

small scale farms and informal settlements in TaeDerby (2002) emphasises the
need to re-organize and streamline the registrapimtess and data flow. He also
suggests the implementation of a database baseddrkeeping system to develop an
efficient LIS. The author further outlines proceelirto clean and digitize existing

records and a streamlined process to integrate laed records into his case study
database covering six divisions. Kironde (2006)estan addition to such aspects, that

-10 -



public access to information is a very importamtda for improving the present system.

The Ministry of Land’s ‘Strategic Plan for the Inephentation of the Land Laws’
(MLHSD 2005) identifies concepts for achieving afficeent and economical land
administration. Key objectives for further actiondadevelopment are summarized in

the following points:

* Install appropriate land administration infrasturet and services (e.g.

registration, titling).

» Decentralize the land administration to districtele Planning, surveying and

land registration will be duty of District Land @férs.

» Establish a land administration infrastructure blase ICT and GIS technology
on all administrative levels as part of a natior@Dl to enhance data

management and information flow.
* Involve the private sector in the execution of gmy.
e Build capacity and educate the public on land land administration.
* Introduce a system for the identification of person

The strategic plan aims at tackling the rampantrerinsecurity in all settlements
whereby the categories cities and small towns aggifized. Curbing of land conflicts
is the crucial issue for village land (MLHSD 2003t the present state of the land
reform process in Tanzania, the Ministry of Landwd aother stakeholders have
conducted trainings and established local landste at village and district level, but
only few are yet in place (Adams & Palmer 2007).

2.3 The Property and Business Formalization Programme MURABITA

The rise of land conflicts during the 1980s ledrtoreased awareness of the value of
land and led to the development of informal landrkets (Kironde 2006, Larsson
2006). The deficits of the legal administration g/@mcreasingly compensated through
the introduction of informal institutions and prdcees. For example, local people in
Dodoma and Morogoro developed grassroots institatifor tenure security, land

transaction and land dispute arbitration (Kombe &ikich 2001).

As response to the informal and extralegal prastitee Government of Tanzania
launched in 2004 the Property and Business Forataliz Programme. The aim of the

programme is to design and implement a reformdostier locally registered business
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and property documents into legal, standardised/abpnts. In a first phase, an in-depth
analysis commissioned by the Government of Tanzaegarding the extralegal

economy was conducted by the Peruvian Institutieitsérty and Democracy (ILD) led

by the economist Hernando de Soto. The resultspaldished on a Government
websité. The programme is now in the second phase, ttermetlesign (Adams &

Palmer 2007)

The diagnosis report (ILD 2005a-c) describes iraii¢the failure of the present formal
land administration and the environment of extraldgnd management. One of the
astonishing findings is, that all across the couiitnzanians have developed structures
and procedures including written documents to manaigrests on land. This indicates
a clear shift from the tradition of a social cadadiased on group memory towards a
documented cadastre. The ILD report (2005b) libts following patterns of newly

developed customary practices (archetypes) of ptyppegnagement.

Table 1: Archetypes of property (ILD 2005b)

Archetype Description

Adjudication Local authorities adjudicate land disgs. Documents of the adjudication
process create property.

Documentation Document indicating mutual agreemigggransfer of property.

Registration Storing of property related documenta central place to get access.

Fungibility Property title as guarantee to get dsed

Collateral Land as collateral for loan.

Testament Express individual will.

Documents related to these archetypes contain deyeion the purpose for example
photographs of persons, descriptions and sketcls wigpot boundaries (Figure 3). The
documents are signed by the stakeholders involwédesses and persons responsible

like village or urban sub-ward Chairman (MwenyekKiti

Tanzanians have created these institutional arpbestgorresponding to their cultural
setting. However, these archetypes lack systemstdimdards, information management
and a basic infrastructure. Institutional changéhiw government and an improvement
of customary practices towards standardized doctatien provide the opportunity for
the development of a unified land administratiorb@ween the existing systems (de
Soto 2006, p.55).

® http://www.tanzania.go.tz/mkurabita_report_indetthl [cited 23.4.2008]
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Figure 3: Figure: Archetype of Documentation of prgerty (ILD 2005a)

The ILD report lists recommendations for the immment of the legal system and the

customary practices to merge legal and extralea ladministration in a new legal
system (ILD 2005c, p.380):

Introduce simplified, standardized and low costnfalization procedures

provided by private professionals.

Establish simplified, standardized and low cosistegtion procedures based on

a geographic database.

Design rules for standardisation of extralegal doents and introduce standard
archives for record keeping in villages accordirgg dustomary practices

(Mwenyekitis store) to pave way for future natiodesiregistry.
Facilitate access to archives to provide copiesdificates.

Professionalize and systemize adjudication prosessd support the authorities
with identification material like lists of ownersé maps of properties.

Establish simplified mechanisms to solve land dispand foreclose mortgages

and pledges.

The existing archetypes of property build a sobdrfdation to formalize customary

land rights according to the new land laws. Howeyelams and Palmer (2007) state

that the programme needs to be harmonised withr gibvernmental programmes e.g.

the Ministry of Land’'s ‘Strategic Plan for the Ingphentation of the Land Laws’
(MLHSD 2005).
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3 Developments and trends in cadastre

3.1 Guidelines for developing countries

The International Federation of Surveyors (FIG) aimited Nation (UN) agencies have
published several declarations and guidelines aearier for successful implementation
and re-engineering of land administration practieeduding appropriate tools for
developing countries (FIG 1995, FIG 1996, ECA 1998/-HABITAT 2003)'°. These
guidelines based on expert group meetings duringhwhew strategies, tools and
technologies for efficient and affordable cadasssatems in sub-Saharan Africa were
discussed (FIG 2001, FIG 2004, UNDP 2005). An Ulgpleation and architecture is
seen as a first step to build a nationwide cadéstsed on legal, extralegal and informal
land rights. Thus this section briefly reviews éxig concepts and recommendation for

best practices in land administration.

Table 2: Criteria for actual or potential success ba cadastre (FIG 1995, p.8)

1 Security The system should be secure such thaidamarket can operate effectively and
efficiently. The geographic extent of the jurisdict of the system and the
characteristics of the rights registered shouldlbar to all actors.

2 Clarity and The system should be clear and easy to understansé by administrators and
Simplicity the general public.
3 Timeliness The system should provide up-to-d#i@rimation in a timely fashion.
4 Fairness The system should be fair in developraadtoperation and be perceived as
being so.
5 Accessibility Within the constraints of culturaénsitivities, legal and privacy issues, the

system should be capable of providing efficient affdctive access to all users.
This includes providing equitable access to thdesysthrough, for example,
decentralized offices, simple procedures, and resse fees.

6 Cost The system should be low-cost, or operatesuch a way that costs can be
recovered fairly and without unduly burdening users

7 Sustainability Mechanisms must exist to ensuat the system is maintained (management,
procedures, technologies) over time and that thedbsystem is understood by
and affordable to the general population

Table 2 shows criteria for measuring the actugbatential success of a cadastre (FIG
1995). Many authors have contributed to these peattices regarding good land

administration practice in developing countries.

The cadastral system design should not be too eogid only as accurate as needed

10 Further publications are available at http://wwugifiet [cited 14.4.2008]
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to make it manageable at implementation stage @earMolen & Lemmen 2004). In
general, cadastral systems designed for poorertmesinmust be simple, flexible,
openly accessible and at low cost (Williamson 198TA 1998, Fourie 2001). A
decentralized approach following the principle obsidiarity, where local registries are
maintained based on local knowledge about propediyts and responsibilities is
favoured to ease access, support acceptance, lbaddl capacities and reduce costs
(Enemark 2001, ECA 1998, Fourie 2001, UN-HABITATO30 Augustinus et al. 2006).
The protection of woman rights becomes very impuria the context of customary
practices and legal rights (Fourie 2002, UN-HABITAZ003). Conflict solution
management e.g. trough the registration of cosfiEtseen as an important capability of
land cadastre in Africa. (Osterberg 2001, van detel 2006).

Different types of spatial representation like e of points (dots on plots), block
registration or even simple sketch maps are prapbssides the traditional parcel to
georeference the various existing rights on landnradequate way (Williamson 1997,
ECA 1998, Fourie 2001, van der Molen 2006, vanMelen & Lemmen 2004). The
cadastre should be able to maintain spatial dataadbus degrees of accuracy for
boundary delineation because of the high costshigh accuracy survey (Enemark
2001, ECA 1998). The correct spelling of person esrar geographical names is a
frequent problem in developing countries like Tanaawhere multiple languages are
spoken. The correctness of names is a seriousamctaictor for a flawless cadastre
(Augustinus et al. 2006).

3.2 New approaches in land administration

3.2.1 Tools for surveying and data logging

The advent of simple GPS receiver, high resolusiatellite images and web-based map
services like GoogleEarth has paved way for nevovative approaches in surveying

and mapping of the spatial component of land adstration systems.

The use of photogrammetric or remote sensing teciesi to survey land is very cost
effective and more suitable for mass production gamad to field survey techniques
(Tuladhar 2005, Kansu & Gazioglu 2006). Pilot stsdfrom Zambia (Nordin 2004),
Mosambique (Anderson 2000, Trinade 2004) and TaaziLHSD 2006) show the
potential of high resolution remote sensing imagesegistration or upgrading projects

in informal settlements. The advantage of theseggaaompared to orthophotos is that
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they cover a larger area and that they are conislydaken which allows a frequent

update and maintenance of the database (Tuladb&).20

New innovative instruments like palmtops or fieldnguter equipped with GPS
receiver, GIS software and remote sensing imadew ahe combination of field and
office based survey techniques. Barry & Ruther Bafemonstrate the use of palmtop
computers interfaced with a GPS receiver to cobecio-economic and spatial data for
informal settlements. The use of handheld GPS veceind amateur cameras to locate
and document shacks in a settlement has proved gufficient for an inventory. The
researcher used the Cybertrackatata collection method based on simple icons to
represent questions and answers which aims to supfadf with moderate level of
literacy. Further, the researcher used digital pip@phs to register persons and
experienced video imagery to record informatiomtie to land rights and integrated

them into the information system.

The ‘Talking Titler’, a product derived from thestgm describe above, is developed to
incorporate multi-media data such as video clipsl @ound files in a database
containing records regarding evidence of rightse ®ystem is aimed to support
societies where oral traditions play a major ralethe land tenure (Barry & Rither
2005). Figure 13 shows the user interface with briebinfation on the locality and a

playable video clip.

Y http://www.cybertracker.co.za/ [cited 14.4.2008]

lzhttp:llwww.geomatics.ucalgary.ca/~barry/ResearMa:hHome%ZOPage/
TalkingTitlerPage/IndexTalkingTitler.htm [cited #42008]
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Figure 4: Talking Titler: On-screen title certificate (Barry & Rither 2005)

The use of a GPS receiver is another option fodaoting low cost ground surveys.
Different devices are available with an accuraaygmg from 0.01 to 25 m (Schurr
2004). Differential GPS (DGPS) receivers provide-ocdinates with a sufficient
accuracy for cadastral purposes and even dataveecesing a simple handheld GPS
can be accurate enough for specific purposes. Ba&eEckl (n.d.) recommend
analysing the required accuracy against its coghbyend-user to avoid unnecessarily
expensive and accurate surveys. The level of acgutapends highly on parcel size,
land value, land potential and relationship betweeighbours.

Nafantcham-na & Borges (1998) used the combinaifdow-accuracy GPS (2 to 5 m)
and geo-referenced satellite images in Guinea flage boundary delimitation.
Rawlins (2004) used relative inaccurate data predwath a handheld GPS to generate
polygons from points in an environment without apyoperly defined spatial
framework in South Africa. Jackson (2002, p.12)oremends in this regarchbt to
worry about boundaries at firstand proposes the registration of single point
information prior to parcel delineation. The bounydaformation can be supplemented
as text information attached to the point.

Gustafson (2005) promotes the DataGrid GPS recdilemalogger produtt
Connected with a Personal Digital Assistant (PDA)ield computer the instrument
represents a universal data logger specializedthier environment in developing

countries. The collector captures GPS data withnaeice accuracy and automatic

13 http://www.datagrid-international.com [cited 12@08]
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integrity checking to eliminate the effects of nipdith and human error. The system is
able to merge GPS co-ordinates with various d& ilinages, voice recordings and
even biometric data like fingerprints and iris sgamhich is important in many

countries where persons often do not have ideatito papers.

3.2.2 Integrating customary and informal land rights

Several new approaches in developing land admatistr policies and techniques were
discussed during UN-FIG meetings in Nairobi, Ker(f/aG 2001, FIG 2004). The
following case studies are good examples to demmtestpossibilities to include
informal and customary land rights into the legald administration.

Juma & Christensen (2001) and Christensen (2004¢ridbe the Namibian Flexible

Land Tenure System which aims at formalizing lamshe@rship in informal settlements.
A second interchangeable property registration wasduced parallel to the existing
registration system to create an inexpensive angplei form of land registration.

‘Landhold’ and ‘starter’ title were issued to infoal settlers to provide them with a
certain degree of tenure security. To simplify tlegistration process a block is
registered as a single entity in the freehold owimgr register to the national deed
database while the individual land right is kepéailocal registry on district level.

Tembo & Simela (2004) propose an improved Land Man@ent System for tribal
lands under customary right in Botswana. At preskmid can be registered to the
information system either using a non-georefererstedch map or a survey diagram,
where only the latter way enables one to obtaitleadeed. Therefore it was decided to
improve the concept for boundary delineation basedGIlS and digital topographic
maps (1:5,000). An outlined new decentralized LI&lei consists of a central national
database linked with distributed databases and dallaction units (data capture,
manipulation) on local level. The access to datalinsited depending on the
administrative level. Data generated in the filsduploaded to the database without
manual interference to avoid human errors. Theaaattecommend a rapid data capture

strategy using a tool with GIS functionality to sdaup the registration process.

3.2.3 Case studies in Tanzania

In Tanzania, several pilot studies were conductedelvelop procedures and test new
technologies for land registration and managemarthe background of the new land
laws (Majani et al. 2005, Hayuma & Conning 2006,0hde 2006, MLHSD 2006). The
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pilot studies aimed at generating field experiemcéhe formalization of informal or
customary land rights in different environmentse3é studies outline the environment

of the present study and model.

The Dar es Salaam 20,000 pilot project

The goal of the project was to establish an urlaad Iregistry containing individual
land parcel data for informal settlements. Residénticenses were issued as legal
documents to formalize land ownersfifMore than 220,000 properties were identified
and 38,000 licenses issued by August 2006 (Kirogdé6, MLHSD 2006). The
topographic mapping was conducted through acguomsitf high resolution satellite
images using GIS. The spatial data were linked suttvey data in a Microsoft Access
database to enable data query and mapping as fhamitons of the land registry
system. Local street registries were establishedravipeople applied for residential

licenses. The report (MLHSD 2006) concludes thi¥ahg project challenges:

* Inappropriate remote sensing images (cloud coved) @utdated orthophotos

hindered the digitization of objects.

» Political unwillingness of local persons in chagemplicated the project (e.g.

access denied to some streets).

* Relative high costs for licensing reduced the naiton of tenants.

» Data transfer between offices was delayed throagk ¢f network connection.
The project report does not mention activities amnaepts regarding data dissemination
and maintenance.

Village Titling Process: the Mbozi District

The aim of the study, which started in 1999, wamitiate the registration process of
land rights to issue Certificates of Customary Righ Occupancy Tenure (CCRO)
under the Village Land Act. The project put empkasn technical assistance and
capacity building, process re-engineering and impig infrastructure for surveying,

mapping and registration.

A participatory approach incorporating all stakeleos constituted a cornerstone of the

% http://www.ardhi.go.tz/projects/20000 [cited 12@08]
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project. The application of computer technology wassidered to be very important.

The pilot study implemented the following stepsssue CCROs to the villagers:

e Conducted awareness workshops and sensitizatiortingeeto demarcate
village boundaries to register the village and wbthe Certificate of Village
Land (CVL).

* Surveyed village boundaries and individual plots time village. Aerial

photographs were used as alternative survey method.
* Developed a GIS based village database (Kirond@gR0

All 175 villages in Mbozi district were surveyed58 of them received a CVL and
1,117 CCROs were issued. The experience of Mbaaiic has since been extended to
10 other districts (Hayuma & Conning 2006).

MKURABITA pilot in Handeni

The Handeni District pilot study was carried out2606 in the framework of the
MKURABITA formalisation programme. Its aim was test innovations in land use
planning and registration for the implementationhaf Village Land Act. The following
activities were regarded as cornerstones of thaystu

« Adjudicated village boundaries (sign agreement efiftdary description, get
boundary co-ordinates, sketch village map).

* Prepared a digital Village Land Use Plan usingipi@dtory mapping, transect

walks and group discussions).
» Established village land registry (building).

* Processed applications and issued CCROs (file psoug, survey of land, data
management (MKURABITA 2006, TAPHGO 2006).

A GIS unit was formed to support the process of/eying, mapping and managing
cadastral data using GIS Arc Info and Arc View. Hiagld GPS receivers and remote
sensing images were used to demarcate village Edaundaries in a participatory

process. GIS receivers were also used to map haesaurces like forests, water
sources or protected areas and helped to overchendatk of commonly available

maps. Throughout the process, community parti@patras a central issue to turn local
knowledge into public knowledge using GIS techngldgHRC 2006).
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The following statements summarize the lessonséebhand general recommendations:
* Awareness creation is crucial for the successefdhmalization.

e Land grabbing is due to the misinterpretation @& term “customary right of

occupation” and can be avoided by defining the terthe local context.

» Village demarcations are often unclear and exigdhogndaries are not accepted

by the villagers. Sometimes boundaries overlapthisctheed to be clarified.

» Participatory mapping (from village sketch map & @atabase) is practical and

important for the overall acceptance of the project

* GIS is a important tool to overcome lack of a comiyi@vailable base mapa for
the assessment and management of natural resosumchsas forests, water
resources, protected and reserved areas, agrmulamd, grazing land and

village settings plus their customary locations.

e GIS turns local knowledge into public knowledge amat of local control.

Therefore people require access and insight ta data

3.3 Modelling the cadastral domain

3.3.1 Cadastre 2014 — the multipurpose cadastre

Cadastral modelling points towards describing theiad relationship between people
and land characterized through land tenure. Then riaictions of every cadastral

system are according to van der Molen (2006):
« Keep the content of the relationship up-to date.
* Provide information on registration.

Initially, cadastral systems were mainly establisteeserve legal and/or fiscal purposes
and used the parcel as representation of indivizkélownership on land. It became
clear that this approachd6es not provide enough information to assembleraptete
picture of the legal situation of lahdKaufmann 2002, p.3). A new cadastral vision
called ‘Cadastre 2014’ was introduced to outlinevngrinciples to implement a
multipurpose cadastreCadastre 2014 is an institution that inventoriesd aegisters
all types of rights and restrictions that have ampact within a defined contour of the
surface of the earth(Kaufmann & Steudler 1998, p.36).

A fundamental principle of Cadastre 2014 is to edtéhe narrow approach of parcel-
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based registration towards an inventory of dataceoning all legal land objectsA*
land object is a piece of land in which homogenemuglitions exist within its outlinés
(Kaufmann & Steudler 1998, p.13). The relationshgiween rightful claimants and
land objects corresponds with the land related &pproach (Figure 5), where the right
referring to the parcel (title) is registered tdgetwith the personal data of the claimant

in relation to the land object (Kaufmann & Steudl&©8, p.28).

Relation between man and land
in title system

parcel — ohject
legal land object

right legal relation

man — )
rightful claimant * subject

Figure 5: The title system (Kaufmann & Steudler 198, p.28)

An individual data layer is defined for all leganld objects which are subject to the
same law or unique adjudication and for every adptive process as described by a
certain law. Cadastre 2014 is therefore based on a data modganized according to
the legislation for the different legal land objeah a particular country or distri¢t
(Kaufmann & Steudler 1998, p.29). The goal of thpproach is to holistically reflect
the legal situation on land including public rigtaed restrictions (Figure 6). The
different land right relationships are covered liffedent layers encompassing the legal
topic, the claimant and the land object descriltedugh its boundary. This layer view
allows the mapping and analysis of overlapping laghts to study the ‘legal situation
on land’. The approach is therefore very approeriat support the modelling of the

manifold tenure relationships existing in Tanzania.

The Cadastre 2014 guideline is the basis for thiastaal domain model discussed in
the next chapter. Sievers (2000) and Kaufmann. €2@02) discuss the implementation
of Cadastre 2014 in Switzerland based on the INTISRlata model.
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Legal Topic Land Object Boundary Rightful Claimant

Enviranment pratectio nE Society
onduseparning | e
Private owner
Collective land rights : )
Family
Indigenous Land RightH Tribe Clan

Common reference system

Legal Situation on Land

Property 2 _I

Property 1

Property 3

Restriction 2
Restriction 1

Figure 6: The Cadastre 2014 principle of independare and legal situation on land (Kaufmann &
Steudler 1998, modified)

3.3.2 The Core Cadastral Domain Model

Standards in ICT and GIS technology support efficidata exchange between various
stakeholders. Standards in geoinformatics definethb Open Geospatial Consortium
(OGC) intend to design interoperable infrastrucuresupport distributed GIS and help
to overcome time consuming and expensive tasks fligetransformation. Domain

standards associated with specific tasks are medjlas a next step to simplify data

exchange between user communities.

The Core Cadastral Domain Model (CCDM), developetIML, aims at becoming a
standard in the cadastral domain. The model was#igdal to 1ISO in January 2008 as
new working item called the ‘Land Administration Dain Model*. (LADM,
Greenway 2008)

The CCDM covers land registration and cadastrénénbroad sense of a multipurpose
cadastre and intends according to van Oosteroh @0#®6) and Lemmen et al. (2006)
to accomplish the following goals:

5 hitp://www.iso.orglisoliso_catalogue/cataloguecat#logue_detail.htm?csnumber=51729  [cited

22.5.2008]
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e Support cadastral system development based on alrdaden architecture to

avoid reinventing and re-implementing the same tionality.

* Enable standardized communication services basedhenshared ontology

implied by the model.

The CCDM is based on the conceptual framework afaSae 2014 and the adaptation
of international ISO (International Organizationr f&tandardization) and OGC

standards.

Figure 7 shows the basic UML class diagram of tD®I. The relationship between
‘RegisterObject’ (every legal land object) and ‘$sr is described by rights,
restrictions or responsibilities (‘RRR’). The CCDHKbllows an object orientated
approach and consists of a concept of differentkpges’ as coherent part of the model

like person aspects (green) or land administraibjects (yellow).

== FeatureType ==
RegisterObject

+ohjed|d:
+useCode:[1.*]
HaxAmount:Intege1.?]
+name;Character[0.1]
+value:integer[*]
+HminDate
+Hmax Date

=< FeatureType ==
RRR

+share:float "
+#timeSpec:Time
+tmin:Date
Hmax:Date

== FegtureType ==
Person

+subijich:
HininDate
+Hmax:Date

Figure 7: Core of the CCDM (van Oosterom et al. 208)

The abstract ‘RegisterObject’ class (shown in blagn abstract class which consists of

either moveable or immovable objects. The immovablects are further differentiated

in land (2D) or space (3D) objects. The land olgj@atlude spatial representations like

parcel (‘RegisterParcel’), spaghetti polygon (‘SpeitjParcel’) or point ‘PointParcel’.

These classes can all have actual instances asel ittetances describe a piece of land.

All these objects have associations with one oremiBerson’ via the ‘RRR’ class (van
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Oosterom et al. 2005).

The abstract class ‘Person’ is specified eitheroubh a ‘NaturalPerson’ or a

‘NonNaturalPerson’ like a company or organisatiBoth classes can be aggregated to
groups. The administrative ‘RRR’ class represemsatssociation between ‘Person’ and
‘RegisterObject’ and is based on a ‘LegalDocumaeast'source. Lookup tables support

information about the kind of existing relations.

History and dynamic aspects of land administratan be modelled event based or

state based:

* Event based modelling models transactions as depantities within the
system. This allows reconstructing every statdhenfgast when the start state is

known.

» State-based modelling aims at capturing only taeedfresult) of a transaction.
Every object gets at least two timestamps whichcatd the interval during
which this object is valid.

The CCDM follows a hybrid approach. Survey or legatuments have explicit event
based representation. In case of an update abuis, a copy of the document will be
generated with a new timestamp. This allows queryime spatial representation of
cadastral objects back in time.

The definition of geometry and topology is basedcommon OGC standards like the
OpenGI$ SQL simple features specification for SQL (OGC @00The spatial data

model is described in the ISO9100 standard sereshwensures that the data model fits
into a distributed GIS network and enables the @iftctive data exchange and

maintenance.

3.3.3 The Social Tenure Domain Model

Chapter 3.1 summarized the various requirementsadastre in developing countries
with focus on sub-Saharan Africa with its dual laadiministration systems. On this
background Augustinus et al. (2006) suggested &weldpment of the Social Tenure
Domain Model (STDM), a specification of the CCDMtlned in the previous chapter,
which should incorporate formal, informal and cusévy tenure. Lemmen et al. (2007)
presented a first draft of the model in 2007.

The STDM is equivalent to the CCDM by three abdtralasses ‘SpatialUnit’,

‘SocialTenureRelation’ (‘RRR’ in CCDM) and ‘PersoiThe ‘SpatialUnit’ incorporates
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a broad range of types such as one point (texBetaof lines (unclosed polygon),
polygon (in different accuracy) and topologicallyustured parcel or 3D objects. The
model distinguishes between a ‘PlanarPartition’RIPRvhere only well defined parcels
in a topological structure exist, and the ‘NonPt&aatitionRegion’” (NPPR), where
‘PointBasedSpatialUnit’, ‘IncompleteSpatialUnit’ dBketchPhotoSpatialUnit® exist.
The ‘OverlappingSpatialUnit' was introduced to thmdel to capture conflict areas
(Lemmen et al. 2007).

Temporal aspects are included using ‘tmin /tmaxd ‘TimeSpec ‘attributes (Figure
8). The ‘tmin ‘/'tmax ‘attributes indicate to whickystem time period a version relates.
The ‘timeSpec’ attribute attached to the ‘SociallieiRelation’ is capable of handling
temporal representation, e.g. reoccurring pattesmsh as dry seasons to support
nomadic behaviour (Lemmen et al. 2007). The ‘Pérstass of the CCDM already
covers the registration of natural persons, orgdioiss and groups which can represent

communities or tribes.

class stdm_legal 7

wFeature Typexs
Spafizilinif

objectld: aid

useCode: enum [1..7]
name: CharacterString [0..1]
tafmount: Integer [1.7]
walue: Integer [7]
valuelate: [ate [F]

tmin: Date

tmax: Date

+ o+ o+ o+ o+ o+

aFeature Types
SocialTenureRelation

tenure Type: enum
share: Float
timeSpec: Time
tmin: Date

tmax: Date

+ o+ o+ + o+

wFeture Typex
FPerson

+ =ubjectld: oid
+ tmin: Date
+ tmax date

Figure 8: Core elements of the STDM (Lemmen et a007)

Lemmen et al. (2007) propose that the existing UMass diagram needs to be
completed by UML sequence or activity diagrams asd cases to cover dynamic
aspects. A first pilot study to implement the STDWhs planned for the town of
Kisumu, western Kenya (Westman 2008, personal camvation) but not yet
conducted due to political difficulties in 2008.
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4 The ULR implementation strategy

4.1 The Universal Land Registry (ULR) approach

The functional range and the system architecturth@®fULR is based on the assessed

demand and captured in the following points:

Formalize informal and customary tenure in ruradl amban areas trough low
cost and standardized procedures to issue CCR@syoother legal document
(e.g. residential license).

Implement standardized and low-cost registratioocedures and a uniform
archive for record keeping based on GIS technology.

Facilitate access to archives and provide copie=uificates.

Support arbitration and adjudication processes wattequate information
regarding person and land objects like lists angdsna

Support the land administration with cadastral datdand management (e.g. to
analyse overlapping land rights).

The application and system design is based onimgxiblisiness processes and aims to

implement GIS technology into the envisaged goélthe ULR. Huber (2006) states

that the following requirements are important f@ & based enterprise application:

Support of business process management in a ditgdlorganisation based on

division of labour.
Business specific data query and visualisation.

Consistent processing of transactions to ensutetlieadata content mirrors the

state of the business process.

The design approach should implement only as muéhds required to meet

the envisaged business goals.

A user management system with AAA functionalitytfeantification, authorisation and

accounting) controls all access to all ULR applara and maintains the replication of

data between the system nodes. It provides a raestiisdurce for the traceability of all

transactions (Huber et al. 2008).

The ULR as an application is considered to be aliai&d application to register land

rights. The ULR will be implemented in a distribdt@etwork using ICT and GIS
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standards for data replication and data dissenoimaffhe system will be used on
different administrative levels to promote datalgyatimeliness and trustworthiness of

content.

4.2 The ULR environment — opportunities and challenges

Because of the complex situation in Tanzania ahBligigted in chapter 2, this section
assesses the opportunities and challenges of theddi®ronment by SWOT analysis.
SWOT Analysis is a strategic planning tool to ewtduthe strengths, weaknesses,
opportunities and threats involved in a projectirora business venture. Internal and
external factors are classified as favourable dawourable to achieve the envisaged
objective. Thus, strategies can be developed tstuergth and opportunities in order to
overcome or minimise the weaknesses and threantg)fide project (Wikipedia 2008).

The following figure highlights the internal and tesnal factors affecting the

implementation of the ULR in Tanzania.

Internal origin

Helpful

ULR based on customary rules and
public demand

New and affordable GIS, ICT & SDI
technologies

Support all level of administration
and jurisdiction

Integrated into LIS / SDI initiative
Flexible and affordable survey techniques

Demand driven application design

Harmful

ULR deals with heterogeneous land
structures (e.g. urban areas, small scale farms)

Cost effective registration required
Local variability of customary rights

Local registration requires big network (12,500
villages +registries in urban areas)

Heterogeneous data base: Different survey
techniguesand levels of accuracy
have to be supported.

external origin

Political commitment to formalize property

New implementation strategies to
streamline administrative procedures

Commitment of Tanzanians (pilot study)
Public participation is successful

Existing extralegal documents

Academic and practical capacity
in land surveying (UCLAS)
for capacity building

Many stakeholders in land administration

Weak communication-and electricity
infrastructure in remote areas

Corruption, red tape
Legal procedures are not yet established

Financial capacity of government
No adequate national ID system

Existing land disputes, grabbed land
and trouble makers

SWOT: Strength, Weakness, Opportunities and Threats

Figure 9: SWOT analysis of ULR environment

Strength:The ULR aims at supporting local registration adlwas data dissemination

on all levels of administration and jurisdictioneW information and communication
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technologies, standards in GIS (Open®)$owerful open source software and tools to
integrate GIS functionality (e.g. PostGIS, Geoser@penLibrarie¥ etc.) allow the
development of a tailored application in a disttdzlinetwork at low-cost. This strategy
enables the developers to focus on the user denzanadell as the technical capability
of the personnel (trained local surveyors). The UkRpports different survey
techniques and flexible spatial representationsujgport a low-cost registry for pro-
poor land management. A system architecture basestamdards for interoperability

supports further existing initiatives to developaional SDI in Tanzania.

WeaknessThe system needs data to be updated and replicagedarly to guarantee
up-to-date reliable information to all stakehold&ecurity measures like verification of
transactions must be implemented to prevent a pomuse of the system. All this
requires a functioning communication infrastructtoe data transfer and access. This
can be a major handicap in rural areas where twriication rate and communication
network coverage is low. The high number of loegjistries (villages) could negatively
affect the data maintenance and quality control.

The ULR has to deal with different environmentsthwpeople of different cultural

backgrounds and customs regarding administratiolard rights. This heterogeneity
requires careful considerations how data can bestrioctured in a database. The ULR
has to integrate a broad range of spatial and pahat data in different accuracies and

qualities which could negatively affect the usabibf data for analysis.

Opportunities:The existing extralegal practices and documergsaarexcellent base to
formalize land property. The political commitmentdathe good results of previous
participatory land management projects in rural arhn areas build a solid foundation
to speed up the process and establish nationwadelatds and tools. The academic and
practical experience in GIS and SDI technology vsilable for enhancement and
transfer to local level capacity building. Educatb capacity in GIS and surveying
exists (Kironde 2004) and constitutes a foundation capacity building for local
registries. The successfully conducted pilot steidiee evidence of the commitment of
people and their ability to use GIS and spatiahdata participatory process to generate

land use and land right information.

Threads The present land administration with its finahcanstraints and involvement

'8 http://postgis.refractions.net/; http://www.operges.org/; http://www.geoserver.org/ [cited 1.5.2D0

-29.



of many stakeholders could threaten the implememtatf any land administration tool.

The system will be most likely implemented in arviemnment of an uncertain and

dynamic political and administrative setup. Corroiptand bureaucracy (‘red tape’) are
not only frequent in land administration but alsoother sectors which might affect a
resource efficient, customer friendly and timelypiementation of the ULR. The lack of
person identification papers in Tanzania due tengofficient national system requires
alternative solutions for the ULR.

4.3 Institutional implementation

The Strategic Plan for the Implementation of thed_&aws outlines a first draft of the
decentralized land administration with its insiias and relationships (MLHSD 2005,
p.36). Figure 10 illustrates a possible integratodrnthe ULR into this structure and

shows the core support functions to administrativeies.

President Office- Regional Ministry of Lands Ministry of Justice
Administration and Local I
Government (PO.RALG) Commissioner of Lands :
Human Settlement Division High Court
Survey and Mapping Division

.........................................................

| RegionalNational ULR server:
Drata distribution (WS, WFS)
Mantain national person datahase

h
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e
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i
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Figure 10: Institutional implementation of the ULR (MLHSD 2005, p.36), simplified and

supplemented.
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Data capture, maintenance and dissemination arerdbponsibility of District /
Municipal Land Offices according to the decentedizand subsidiary approach
(MLHSD 2005, p.48). All registration activities amonitored and guided by the
District Land Officer.

Villages are granted more autonomy in managing tla@id according to the Village
Land Act. By law they are obliged to set up theunaregistries for record keeping. The
Village Council acts as entrusted land managerdonage and administer land issues. In
practice, it is the Village Land Officer and Villadregistrar who perform the duties and
handle the village land register. The village coluestablishes a Village Land Council
as informal land tribunal. District authorities niton and assist with expert know-how
and advice function. For general land, which ineldall urban areas, land
administration is managed directly by the Distri€ouncil on behalf of the

Commissioner for Lands (Larsson 2006, p.47).

The following section proposes the implementatitmategy of the ULR, the process
management for land right formalization and the o$ehe ULR in a distributed

network.

Villages and municipalities in their administratibeundaries are the core entities of
land registration. If one takes into account thatnzZania consists today of
approximately 12,500 villages (Kironde 2006) it bexes clear that it is very unlikely to

equip all village land registries with all techri@guipment and capacity required for
land registration. Therefore it is suggested tHatdata are captured in local village
databases, but they are maintained at districtl ldbweugh the District Land Office.

Equipment for data capture and output will be aldéd at the villages only at specific

times or on demand.

The land right formalization process is conductedai first stage in campaigns
comprising adjacent villages in a district. All daare registered in a local spatial
database using a field computer with adequate ssee (laptop). Palmtop computer
are considered as too small for the participatogpping approach. The computer is
equipped with ULR database and server and all sacgslevices for data capture (e.qg.
GPS receiver, scanner, digital camera). The progessgistration is usually conducted
by the Village Land Officer and locally trained fétan a participatory process. The
process is monitored and assisted by the DistaadLOffice with spatial data, technical

support and training.
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The local database supports the establishmenteofittage cadastre required by law.
The field computer will be available at agreed sme the village to update data,
conduct transactions or to print land certificat€se village registry stores the paper
based cadastre produced by the ULR (printouts ctich@nts and maps) to provide

information for periods when the technical equiptriemot available at the village.

The ULR database is replicated to the District /nMipal Land Office database for
quality control and data dissemination (Figure Te registration of land rights which
overlap village and / or municipality boundarieshe responsibility of the District Land
Office.

Data are replicated from district level in horizaindnd vertical direction. The present
plan for the setup of the new land administratenat clear about the responsibilities of
the regional administrative level and its functi®LR server and databases can be
established here for data access and managememévie the final goal is to create a

national ULR database founded on district inforrati

The ULR supports conflict arbitration and adjudicatmeasures on village and district
level trough production of digital and/or paper doents e.g. land certificates (CCRO).
The Handeni pilot study revealed that many landlmis arise during the formalization
process due to the misconception of the word “coaty” (TAPHGO 2007). Direct
support to any kind of conflict management is tf@ee considered to be a mandatory
function of the ULR. Printouts of registered or lgsad land disputes will be given to
the Village Land Council or responsible bodiesiatritt level for conflict arbitration or

adjudication.

4.4 ULR implementation in the formalization process

4.4.1 Formalization process structure

The case studies conducted in Tanzania (Chapte8) 3Jjze an overview of possible
strategies and technologies to formalize and registormal and customary land tenure
in rural areas. The proposal for the Handeni dispilot project of land registration
according to the Village Land Act outlines the adistrative procedure and the steps
involved to prepare land certificates in villagadalMKURABITA 2006) (Figure 11).
The procedures for village land use planning apptlaring the Handeni pilot project

are regarded as a general model for land rightdbmation in rural areas (LHRC 2006).

The formalization processes is a participatory essovhere first the village boundaries
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are adjudicated and documented to register thaegéllSecond, a Village Land Use Plan
is compiled in a participatory process (transectkwaarticipatory mapping, group
discussions etc.). The registration of land rightsonducted based on the landuse map.
A person applies for a CCRO using the applicatioomf (form 18). Further, the
applicant gets consent of his neighbours regarthegooundaries (form 44). Then the
land is surveyed using a handheld GPS to estahblistorners points (geographic co-
ordinates) surrounding the farm. The points arel usecomplement the land certificate
containing personal data including a photo withapgpropriate map and co-ordinates.
The Village Land Officer files a letter of offer tbe District Land Officer who issues
the certificate and sends it back to the villagevirification. After all parties including
the owner have signed, the certificated will beegivo the owner. One copy remains in

each the village and the district registry.

Yillage boundary Transect walk Boundary
adjudication survey

v - Get co-rdinates

Apply for Village Land ~op and desenae Aoundery

[ CeHificate Sign boundary adiudication
L
Conduct Village land use Participatory Land Lise
plan Mapping

* - Inferpyef sateilite Image

Establish village land - Map land use classes

registry

( Issue land cerificate )—b(Process application forms)

( Boundary survey )

Y

C Register person )

( Prepare document )

Figure 11: Formalization process for village land §ccording to MKURABITA 2006)

Urban areas by laws do not require the establishroéra land use plan but the
procedure is similar to the one for village lan@dsBd on the experience of the 20,000
pilot project in Dar es Salaam City the followingneiple can be derived as guideline
for urban area slum upgrading and formalizationr@gide 2006, MLHSD 2006).
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[ Block registration )—»( Inventory survey )

Block boundary, streefs,
buildings, facilities

h 4

Data surve Compile socio-
y economic data

- Household characteristics
- Income
- Used facilities

Publish and verify data )

Establish urban land
registry

Y

(Issue residential Iicense)—>< Apply at Street Office )

J

e ( Signed by Street

Chairperson and Ward
Secretary

e | v

Register at Municipal
Council

Figure 12: Formalization process in urban areas (amrding to MLHSD 2006)

The first step in urban upgrading is to identifglatelineate block and street boundaries
(Figure 12). Satellite image are used for the idieation of properties on the ground
like existing buildings, road network, open spadfajnage structures, electricity lines,
and public buildings. Boundaries of land parcele arterpreted and delineated to

generate polygons as spatial entities.

The non-spatial data regarding each polygon aréeatetl through questionnaire
surveys and linked with the spatial informationairGIS database. Compared to usual
data required for land registration the data congalot of socio-economic information
like household characteristics, expenditure anarre data, housing conditions and

level of services (e.g. electricity) for land usanming.

After generating the database the register is pldl for verification through a person
responsible (e.g. Street Chairman) as well as tibéiq After verification final printouts
are prepared including maps and submitted to Stodgtes for residential license

issuing.
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The procedures outlined above indicate that foa#ibn of land rights contains

generally the following procedures:
» Delineate the administrative boundary for land seigtion (village or block).
» Participatory mapping of environment to produceebas data.
* Process application forms between applicants, laedldistrict administration.

 Compile land right information (survey, adjudicatigprocess) and identify

persons.

The ULR application and architecture is implementgth its functionality into the
complete process of land registration. The topdgcapnapping is essential for
participatory mapping of land resources and théstegion of land properties because
of the lack of appropriate data on land. Chaptér24l introduces to a concept on how
topographic data is compiled and maintained usi®®j& and/or the ULR application.
Chapter 4.4.2.2 describes the integration of theRUhto the formalization process

taking the example of the MKURABITA formalizatiomqeess.
4.4.2 The integrated ULR concept

4.4.2.1 Land use mapping and registration

The Handeni project is a good example for demotistyghe importance of topographic
mapping during the formalization process. The studs conducted according to

existing guidelines for village mapping (NLUPC 1998

Remote Sensing images and GPS receivers are uskdirteate the boundaries and to
compile the landuse plan. The outcome is a GlSusadlata base and map containing
areas for farming, grazing, forest, residential anotected areas. The village landuse
plan is the starting point for property registratend field surveys. Figure 13 shows the
village landuse plan conducted for Bongi villageHandeni district. The boundary
contains the surveying points. Landuse classeassigned as well as important access
ways (footpath), landmarks (signpost) and importaailities (watering point). The
map indicates that the requirements on topograpmpping are adequate for the
purposes and comprises fundamental topographiceetism
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Figure 13: Village Land Use Plan conducted for BongVillage (TAPHGO 2006, English terms
added)

Some of the elements shown in Figure 13 can beaeteas objects containing land
rights. The footpath for example is a spatial dbjacthe topographic database which
might have relevance as an object containing aeyhd like ‘access right to pasture’ in
the ULR database. Watering places can be ownedhédwitlage community but use
rights can exist for example for pastoralist peoplee use right might further only be
valid for specific periods of the year such asdheseason. Many customary land rights

are related to linear or point based spatial estiti

The village landuse plan can be seen as a topagraphentory predominately
focussing on land use classes and infrastructumel as roads. Other topographic
element like landmarks or natural boundaries likkelges are important for general
orientation during the participatory mapping and floe registration of land rights.
Topographic elements can also be related to lagistsriand are therefore of great

importance for the formalization process.

Figure 14 shows parcels surveyed based on theg¥illand Use Plan for Bongi village

as an example.
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Figure 14: Surveyed parcel in Bongi village (TAPHGC2006)

In order to integrate the ULR into the village s#gation and to use and maintain

topographic data efficiently, the following procees are proposed:

* The village land use mapping must be based onmadtiopographic standards
regarding element types and signatures. A simpkdague containing standards

for topographic mapping and signatures is mandatory

e The land use plan can be compiled using any GlISlicagppn but the
topographic database requires a standard intettaogake data accessible for
other applications like the ULR e.g. through a \Welature Service (WFS).

e The ULR is not designed for topographic mapping it application should
enable the surveyor to use topographic elements the topographic database

for registration of land rights (e.g. footpath asess rights to pasture).

« The surveyor should be able to choose from praiddftopographic elements in

the topographic database which are necessaryrfdright registration.

The UPR application allows the user to switch betwpographic mapping and land
right registration as well as to copy spatial eggitbetween the databases. These
measures help avoid duplication in data capturei@pdove data consistency. Further,
the land use plan can be maintained simply usiadJdhR. If standards for data capture

and access are applied, the outlined system is eapable to support the update of
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topographic databases in Tanzania.

The procedure outlined above applies also to urbeeas where the topographic
elements are inventoried before socio-economic, data right information and spatial

data are gathered and linked.

4.4.2.2 The ULR principle to register land

Extralegal land registration corresponds well town practices in land administration.
However, customs vary between tribes and sometawes between villages. Therefore
the main challenge is to bring customary practigeso meeting national standards for
documentation to enable a standardized data captocess in digital databases (ILD
2005c, p. 380). Such standards do not exist aeptesd need to be developed during

the implementation of the ULR.

To transform the existing documents or oral infaiorainto a digital database, the
ULR architecture needs to separate information amd | objects, persons and the
assigned land relationship to efficiently maintalata in a relational database. The
formalization process either based on documents arally transmitted rights requires

three steps to secure tenure relationships:
» Identification and registration of the person.
» Identification and registration of the spatial ettef the existing land right.

» Identification and registration of existing landatenship to link person and

spatial unit.

Figure 15 shows the implementation of the ULR itl® process of land registration in
village land based on the MKURABITA case studieK@RABITA 2006, TAPHGO

2006). This principle is also applicable for regitibn in urban areas.
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Figure 15: Implementation of ULR into the formalization process

The blue boxes describe the village land formalrasteps. Spatial baseline data are
essential to (i) develop the Village Land Use Pdad (ii) to georeference land rights.
The yellow frame contains the ULR application, tate and activities (round boxes)

for the formalization of land rights and data outpu

Person identification

Many Tanzanians do not possess an ID or passpmd, gersonal identification is a
major concern in land registration (ILD 2005c, @23#akikazi Catalyst 2007, p.11).
The field studies conducted in Tanzanian and thstiag extralegal documents show
that person identification is the central issueathieve proved documentation. The
ULR uses a combination of passport photograph amahedric identifier (fingerprint)
for person identification. The fingerprint as biane identifier was very successfully
introduced with the ‘Bhoomi’ land cadastre projéttthe Indian state of Karnataka.
There, the fingerprint is used instead of a pasgwaystem to give access for local
people to land record via land record kiosks itediin private shops (Rajasekhar 2006,
State of Karnataka 2008). The fingerprint as idiemtis used in the ULR application to
authorise applicants and administration persormtid system as well as for process of
transaction verification (e.g. issue CCRO, compehepter 4.4.1). Affidavits from
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village or street chairpersons are accepted aedriated to confirm personal identity of
applicants who do not possess personal identificatpapers. They can also be
converted into official certificates of residence & standard format (HAKIKAZI
Catalyst 2007, p.20).

The following two ULR principles of registrationeaintroduced:
e ID holder. ID number +scan of ID + personal photograph +dipgint
* Non-IDholder. Affidavit + personal photograph + fingerprint

Persons usually apply as village member in themd@illage for land rights. If a non-
member applies the application has to be accepyethd Village Council (LHRC

2006). However, it is generally possible for Tanaas to own property everywhere in
the country. Therefore the overall goal should degtablish a nationwide ULR user
database. Registration as applicant should be lpgesai any administrative level. To
avoid double registration it is suggested thatpalison files will be maintained on

national level.

Land right identification

The formalization of existing land right documestsch as extralegal documents and
orally transmitted land rights requires transfegrthe content of the documents into a
standardized format (paper form) to integrate thResteg archetypes of property
documents into a standardized database as atsilfbigure 15, ‘LandTenure' class).
Thus, all customary documents need to be scanngédstaned in the database to re-
produce the original source document including atigres. Because of the frequent
occurrence of land disputes during registration gagns the ULR supports the

documentation of land disputes as land right docume

Further research during field studies is requiredidentify to what extent tenure
relationships should be maintained using the ULBt &ll aspects of customary land
tenures can be easily computerised and incorponatedan LIS. Some social and
cultural features may be based on spiritual oris@mnttal perceptions and be very

subjective and not easily viewed objectively (Rakalilliamson 2001).

Land object identification

Extralegal documents contain often a sketch mapwel as a detailed textual
description of the boundary to visualize and expldie plot in its environment. The
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Village Land Act, however, requires a field survayd a survey protocol to register

customary land rights.

A field survey is considered as not necessary & éxtralegal document contains
sufficient evidence to delineate the boundary uinggxample a remote sensing image.
The content of the extralegal document is savedatabase attributes and stored as a
scanned document to the ‘SpatialUnit’ class. lietdfsurveys is conducted, the survey

protocol is saved to database attributes and sam@dscanned document. (Figure 15).

Support of illiterate land right owner

llliterate land right owner need special supporeitsure that their interests on land are
registered correctly. The land right formalizatiprocess involves according to pilot

studies conducted in Tanzania in a first phase ewems campaigns and education
programmes to prepare the local people. Specetadh must be given at this stage to
illiterate land right owner. Térhénen (2001) giveesexample from a study conducted in
Cambodia. Both, textual and graphical records weezl there to assign land rights. An

assistant was engaged to explain the records dpuhdp¢o draft claims.

The design of the ULR application and its userrfatee must support illiterate land
right owner. Graphical elements must be developedng the education phase to
enable illiterates to express their land rightseSéhelements have to be integrated into
the ULR application to enable illiterate land rigiwner to understand and verify the
registered content of their land right. Experienicethis field exist for example due to

the ‘Cybertracker’ technology (see chapter 3.2.1).

An independent consultant must assist illiterateend the registration process. The use
of video clips to capture land rights as suggebte®arry & Ruther (2005) seems not

an appropriate solution for the ULR concept. Viddips are large in size which would

affect negatively the ULR concept of efficient datessemination in a nationwide

network. Further, the verification of registerechdarights through the owner is

mandatory and requires the readability of the asslgight to everybody.

The development of graphical elements is seen asti@nal initiative to develop
standards for illiterate land right owner. This espmust be included into the national

programmes to formalize land tenure.

ULR field station

The ULR application requires basic visualisation amapping functions to query and
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analyse the registry entries. The participatorycess of land administration and
adjudication requires field computers with appraf@i displays to allow field
discussions and visualisation of ULR content. Egagpwith a printer, the system can
printout legal certificates and documents in tHiges to support the paper based local
registry. This supports the provision of evidenzé¢hie local authorities for land dispute
adjudication. Attached devices like digital came&e®S receiver and biometric scanner
(if not integrated into the laptop) allow the eiént registration of all objects as well as

the immediate production of documents (Figure 16).

deployment Field Station/

Tenure Documeat Survey Docum et
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scan

(- ¢ ;/4 -
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\ Topographic

data, Satellite
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get &dat base
fingerprint
= =
land dispute land certificate

document

Figure 16: The ULR Field station for data capture ad information output

4.5 Data capture strategies and methods

4.5.1 Strategic considerations

The experience of field studies and the generalomecendations for land
administration in developing countries (see Cha@grdemonstrate clearly that

alternative and unconventional approaches are nejior the setup of a simple and
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low-cost cadastre. The recommendations are of foasemmportance on the background
of the ULR since this system focuses on the formasibbn of informal or extralegal land
rights. The ULR architecture mostly caters for &#pits who own low value land and/

or live as urban squatters in informal settlements.

Williamson (1997) states that the success of a stealasystem rather depends on
adequate protection of land rights than on the stagfs legal or technical
sophistication. Land cadastre and methodologiesdfia capture and maintenance
should be implemented corresponding to the diffiesenial contracts on administration
of land in the particular country (van der MolenL&mmen 2004). Appropriate survey
activities and the choice of spatial representasioould depend on norms and values on

which for example a customary system relies onuffed 7).

e )

Norms & Values) [Norms & Values

[ Statutory law ) [Customarylaw)

[Norms & Values)
( Informal rules )

Property rlght 1 Property right 2 Property right 3
- Survey accuracy - Survey accuracy - Survey accuracy
- Spatial Unit type J | - Spatial Unit type - Spatlal Unit type )
v v
Individual parcel Polygon or line oint + sketoh map
[ High accuracy . [ Medium accuracy ) [Low accuracy J

™ - ™ ™

Costs Capacity Time frame Technical framework

Figure 17: Principles for land representation (vander Molen & Lemmen (2004, modified)

Different communities in a nation accept differem¢thodologies to secure their land
rights. High accuracy ground surveys might be aateifrom commercial farmers to
secure their property whereas simple sketch mapssaificient for urban squatters
living in informal settlements. The implementatioh a cadastre and its tools needs

therefore to support a broad range of surveyingrtiegies and spatial identifiers with
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different levels of accuracy.

Thus, any such system needs to reflect the demértleoTanzanian people. The
MKURABITA studies (ILD 2005a-c) on extralegal lamégistration and the field

studies show that people have indeed high intéoestcure their land rights. Extralegal
documents show, that a combination of sketch magsaundary description is widely
used to adjudicate or document land rights. Theéstegion of customary land rights
often involves an adjudicative part, where neighbagree in the field on boundaries
and sign documents to proof the content. The tersgreurity of simple spatial

representations can therefore usefully be enhaused) the traditional methods of the
customary practices, which are often already cdrdeaxtralegal documents. However,
land conflicts are quite common and the presenceoaflict changes existing norms

and values and can lead to a higher demand orskndity or different measures.

High land security is also an important issue feogle who own expensive properties
or high value farmland. This community might favaurhigh resolution survey and
concrete blocks to demarcate their property oppdseldw accuracy polygons. The
international horticulture industry is at preseabKking for possibilities to invest in

commercial farm land in Tanzania and they demandooirse high tenure security.
High value property and land might still requiree teupport of sophisticated survey
methods to meet the demand of local and foreigastors.

The system described in van der Molen & Lemmen 420teeds to be seen in the

context of available infrastructure, costs and cas (Figure 17).

» The geodetic reference network is undeveloped la@durveying capacity lacks
technical infrastructure and funding (MLHSD 2003ag 2006). Capacity in
GIS and surveying is developing (Kironde 2004) ibuteeds to be transferred
and strengthened at local level. Efforts to devedogpatial data infrastructure

are still at a very early stage (Kalande & OnduWo@).

« The costs of surveying concern not only the abitifya person to pay for a
service but also his willingness (Silayo 2006). 36Rthe Tanzanians live below
the national poverty (World Bank 2007a) and risfogd prices in 2008 will

make it even more difficult for many people.

* The formalization process should deliver during fingt phase information in

short time to give an overview of existing landhtiggand land conflicts.

- 44 -



The ULR application requires therefore differentveying and mapping technologies

to meet a broad range of demands:

» Support different methods in surveying and mapgmihtand rights to guarantee
tenure security at acceptable costs for each contynfrom the owner of

expensive property in Dar es Salaam to the smalégarmer in rural areas.

« Where tenure security cannot be supplied using aauracy survey data other
measures are required to increase the securityl lexg. sketch maps,

descriptions).

* Apply flexible, cost-effective and easy to use noetth and applications to

register land rights which can be applied by trdilozal staff.

* Focus on unconventional approaches because theitypayd people require

affordable registration practices to secure thandlrights.

The use of various spatial representations basefiffenent survey methods and spatial
accuracy leads consequently to a spatial data modetaining a high level of
uncertainty. In Geoinformatics, uncertainty desesitihe concept, that a spatial data
model is an abstraction of the real world and distbby its conception, measurements
and representations. Uncertainty is inherent irspéditial data models to a certain level
(Longley et al 2005, p129).

Cadastral data compiled using the ULR are meanspatial analysis for example to
research land disputes or overlapping land righitss capability can be limited by the
high level of uncertainty described above. Mainte@aof metadata regarding accuracy
and survey methods are therefore of major impoedocthe successful use of the data.
The user of the ULR or any GIS-client who accessesJLR database must be aware

of the uncertainty to design appropriate measureddta analysis and mapping.

The data capture process therefore requires détdibeumentation through system

metadata containing the data source, the surveyetod applied and the co-ordinate

accuracy according to international standards. ddequate use of system metadata is
the foremost step to implement measure to enswectirect use of data and the

development of data analysis approaches. User atatackn be added for user

information, but they are not important for datagassing.
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4.5.2 Applied surveying techniques

The ULR aims to serve a broad range of customaging from urban squatters settled
in informal settlements to people and companiesiointg land rights for high value
properties or commercial farmland. The ULR is desidpredominately as a pro-poor
tool. Considerations have to be made concerning wihd of data will be put into the

database and how.

High accuracy ground surveys

Total Stations are the current state-of-the-artrumsent to conduct field surveys.
Survey data are stored in a database using therdomate geometry (COGO)
methodology, which uses the bearings and distaaloegy boundaries and angles and
distances along curves (Longley et al. 2005). GiSesns in comparison store data as
2D or 3D co-ordinates (X, Yy, z) to represent vedata like points, lines and polygons.
Since high accuracy survey data play an importalet in land administration in many
western countries, modern GIS tools and databasae weveloped to implement
survey data into the GIS environment. One exampléhe ESRI (Environmental
Systems Research Institute) SurveyAnalyst, an sidanfor ArcGIS. The extension
provides tools to surveyors and GIS professionalsréate and maintain survey and
cadastral data. The traditional GIS data model @dended to derive measured GIS

features like polygons from survey measurementR(E2807).

ULR Recommendatiorifhe maintenance of high accuracy survey data isnioior
importance for the ULR because of the estimatedasehand the technical capacity on
local level. The ULR supports the integration obgnd survey data only through
import of data in a GIS compatible format (polygmrcel) and as a list of co-ordinates.
Survey data and information regarding the geodegitwork (survey points) can be
integrated into the ULR framework using standardi¥¢eb Feature Services (WFS) or
Web Map Services (WMS).

GPS based field surveys

GPS based field surveys comprise a broad varietingiftuments and levels of co-
ordinate accuracy (see chapter 3.2 for .discusefodifferent experiences). Schnurr
(2004) distinguishes in his publication four ditat GPS methods with different levels

of accuracy.
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Table 3: Levels of GPS accuracy (Schnurr 2004)

GPS level Description and measurement method Accueg (m)
Level 1 Standalone pseudorange GPS Positioning 0 —
Level 2 Differential code GPS, or “DGPS” 2-5
Level 3 Carrier smoothed differential code GPS 0048
Level 4 Double differenced carrier phase GPS 0.004

Simple hand-held GPS with the lowest accuracy (L&yere a simple and important

instrument to be used by trained local staff. TAkgw data capturing using waypoints

or tracks capture single points or lines. A GP&ivar can be used simultaneously with
the field computer or as a stand alone applicat@mordinates and lines can easily be
captured directly through the ULR application canferred into the ULR database
through an interface.

The accuracy of pseudorange GPS data can be intprsiag ground station based
differential GPS services or satellite based audatiem services like WAAS (Wide

Area Augmentation System). The positional accu@Edhe Garmin eTtrex Vista C for

example can be improved from < 15 m to an ordeét o8 m (Garmin 2004) using the
WAAS service. Unfortunately, the WAAS service ispesent only available in the
U.S. (FAA 2008).

DGPS services are not available in Tanzania. Toongdata accuracy using the GPS
service it is required to establish temporary nekaoconsisting of a base station

receiver and a mobile rover receiver for data a@ptReal-time kinematic GPS delivers
high accuracy data (cm) on-the-fly (Leica Geosyste2000). The system is very

productive but also very costly and requires higéfperienced personnel. Security and
optimal position for the base station has to besictred. Problems might occur due to
the interruption of the radio link between the userd the base station (Leica

Geosystems 2000, Roberts 2005).

For optimal results, all GPS systems require ardkg and horizon to acquire satellite
information. The use of GPS receivers is therefam@blematic under canopy or in

urban environments.

ULR RecommendatiorA Level 1 GPS receiver is sufficient where parsetindaries
are of less importance or difficult to define, dugzy boundaries such as grazing rights.
They are also appropriate for areas where landutispare less frequent disputed and
the ‘social cadastre’ is still in place. The segulevel of point or polygon co-ordinates
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captured with low accuracy can be increased thraattgched boundary description,

sketch maps or photos of the plot.

Level 2 to 4 GPS data require the availability ofeenporary ground station during
formalization campaigns. Level 2 data would be daty benefit for the formalization
process since the accuracy is sufficient for mogp@rties in urban and rural areas but it

Is most likely too expensive for the majority ofopée.

High accuracy GPS surveys Level 3 and 4 are ongvaat for high value lands and
properties where tenure security is required thinodggh accuracy surveys and
customers are willing and able to pay for the smrvirhe procedure of data integration

Is equivalent to high accuracy ground surveys.

Image based data capture

The use of remote sensing images, aerial photograpl orthophotos is the most
frequent techniqgue used in many developing countfe low-cost data capture.

Especially the advent of high resolution satelliteages has opened new options for
cost-effective data land registration.

Satellite images with a high spatial resolutiore iIKONOS or QuickBird (Table 4)
provide the opportunity to use up-to-date imagegesithey are produced regularly
(Tuladhar 2005). This allows building an archiveilmiages to analyse trends such as

settlements in urban areas.

Table 4: Details of commonly used high resolutionagellite images

System IKONOS QuickBird WorldView-1
Swath width  11.3 km at nadir 16.5 km at nadir Ikfrbat nadir
Spatial Nadir: 0.8 m panchromatic, 0,61 m panchromatic (at 0.5 m panchromatic at nadir
resolution 3.2-m multispectral nadir)
off Nadir: 1 m 2.44 m multispectral at
panchromatic, 4 m nadir

multispectral
Positional 2 to 15 m depending on CE 90%: 23 m circular 6,5 m circular error

accuracy product error, 17 m linear error
(without ground control),
RMSE 14 m
Revisit Approximately 3 days at 1- 1 to 3.5 days depending 1.7 days at 1 m GSD or less
meter resolution, 40° on latitude at 70 cm 5.4 days at 25° off-nadir or
latitude. resolution less (59 cm GSD)
Organisation www.geoeye.com/ www.digitalglobe.com/ www.digitalge.com
/ website

Different image products (e.g. orthorectified oereb) are usually available from the

data provider to meet the specific application dednd he positional accuracy depends
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on the product and varies for example for IKONOSges between 2 and 15 meter
(GeoEye 2006). Further interesting products nottraead in the table above are the
French SPOT 5: 2.5 m panchromatic images or predofcthe Indian CARTOSAT-1

(IRS-P5) with an enhanced spatial resolution ofrd.5

The use of satellite images is considerably chetper aerial photographs or ground
surveying and requires less effort to produce dé&tesu & Gazioglu (2006) achieved
an accuracy of 3 m using IKONOS images in Turkelyiclv they considered as “very
low” for satellite imagery. The accuracy of theuks can be affected trough distortions
due to image rectification or through uncertainligyaf georeference network.

Another possibility to use high resolution imagesdata capture or visualisation is the
integration of web-based map services like GooglelE Microsoft Virtual Earth or
Yahoo! Maps. One major obstacle is that the apiptioaequires reliable internet access
which is most likely not available for data captimerural areas. The spatial resolution
and date of image capture is also unclear to the ltss further unpredictable when the
data content changes. At present the coverage gif hesolution images is still

incomplete in Tanzania and covers mostly urbanshtea

Figure 18 shows as an example of two Google Eardeashots from Tanzania located
in Dar es Salaam showing an industrial area andced} informal settlements and a
view on rural areas near Usangi, 60 km southeasitoshi.

Figure 18: Screenshot GoogleEarth: Dar es Salaaneft) and Usangi (right)

" Google Earth: visual data content check 9.5.2008
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ULR RecommendationHigh resolution satellite image are very usefut foany

applications in the focus of the ULR in rural amban environment. Satellite images
fill the important gap in the GPS accuracy classvben 1 to 3 m since DGPS services
are not available and the setup of local refererateorks is possibly too expensive for

many users.

Map services like Google Maps are at present antrésting for data visualisation in
areas where up-to-date images are present andenteccess is available. They are a
future option for data publication and public datecess. The integration of map

services should be supported by the ULR.

Existing cadastral data

In Tanzania cadastral data are kept in a cadasiraky register containing the spatial
descriptions of parcels and a title register whiontains parcel ownership particulars.
The Surveys and Mapping Division of the Ministry ladnds and Human Settlements
Development is digitizing all cadastral survey plagSilayo 2002a). Digitized
information can be imported into the ULR databasigi a standardized GIS format.
Conventional maps can be georeferenced and ustH iLR application to digitize

data for data capture and update.

Table 5 summarizes the recommendations above afidatas the data integration

process.

Table 5: Recommendation for survey techniques andada integration

Technique Accuracy Use and opportunities for ULR|  taDategration

Ground survey, high <0.8 m Appropriate for high value land Data import as GIS filg

accuracy or GP$ property, commercial farms,(e.g. shape format

(Level 3 + 4) expensive and time consumingnd/or co-ordinates,
product WFS

Satellite images <=3 mil8 Point, Line or Parcekbdsimages can be loaded
registration of land rights, into the ULR

accuracy is sufficient for manyapplication for on-
environments, data can be usescreen digitizing.
directy by the ULR in
combination with GPS device.

GPS (Level 1) 5-25m The GPS device will be used Real time data capture
capture co-ordinates or tracks fior upload of co-
the field stand alone or attachedrdinates and/or tracks
to the field computer.

18 According to Kansu & Gazioglu (2006).
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Existing conventiona| Unknown Existing cadastral maps can |b@ata import as GIS filg
maps (scanned) scanned and digitized. (e.g. shape format
and/or co-ordinates

Existing digital survey Unknown The data have to be transformedata import as GIS file
data into a GIS format for import. (e.g. shape format
and/or co-ordinates

The ULR field computer should be equipped with adieeld-GPS receiver which also
can be used stand alone to capture co-ordinateratrdcks. The GIS tool of the
application uses a high resolution satellite imagsides the topographic information
(Village Land Use Plan, urban block data) as baselformation for orientation and
digitization. All other data have to be importedngsstandard interfaces (e.g. WFS,
shape file).

4.5.3 Spatial representation of land rights

The FIG guideline cadastre 2014 (Kaufmann & Staudl898) recommends the

incorporation of land objects to extend the limiteelw of parcel based systems towards
multipurpose LIS. The parcel based view on landperties serves the registration of
adjacent land objects in the sense of ownershifugtomary practice. But it has to be
considered that other socio-territorial units aftero difficult to delineate and have

never been mapped. The only existing informatiararding the extent of a land right

might be a vague description of the area or lo@ahes of escarpments or valleys.
Further, many land rights are seasonal only and vaay depending on external factors
like prolonged droughts. Last but not least, simgobel flexible spatial representations
are required to support cost-effective and efficieadastre in developing countries.
Augustinus et al. (2006) promote the following itkers on the background of the

STDM:

e Lines.

« Polygons, Polygons with fuzzy boundaries.

» Text, including lists of names and unique numbers.

» Parcels -poorly surveyed, georeferenced and nowefecenced.

» Sketch maps and photographs.

The ULR concept requires that all land rights aesrgferenced using any kind of

spatial identifier. The ULR application must enagpatial analysis besides the query of

attribute tables. This is of great importance fapping and analysing disputed land or
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overlapping land rights. Users beyond the ULR aapilon on district or higher
administrative level require cadastral data foradahalyses and land management
purposes. Land right information, which is not bt identifiable gets lost and is not

suitable for efficient land management.

According to the strategic considerations in chagt®.1, the ULR concept allows
different approaches to model the tenure securityrinciple, tenure security can be
achieved through combining spatial accuracy (basedurvey method), the kind of
spatial identifier and additional attributes dédsicrg or visualizing the extent of the land
object (Figure 19). The factors can be joined ¢iffety to meet the specific demand of
the targeted community or land right owner (e.gtgolevel of tenure security, cultural
issues). A simple point identifier for example dekhs itself a low level of tenure

security which can be improved by attaching a dketap or a textual description of the
boundary. Conversely, if extralegal documents dlyeeontain detailed information

about the spatial extent of the land object, a tpoilght be very sufficient to register
this land right in a short time at low cost.

4

Spatial accuracy
Low < Medium < High

Spatial unit
& © Point < Polygon < Parcel
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Figure 19: Factors maintaining the tenure security

The ULR strategy supports the application of défdrspatial identifier and the use of

additional attributes to model the required terageurity (Figure 20).
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I : Point registration:

: * 1 1 Pointperland object

T 1 + co-ordinate

. : : + sketch map or photo of plot

| - . +textual description of boundary

Parcel / Polygon registration:

in different accuracy, with (parcel)
and without topology (polygon)

+ co-ordinates

+textual description of boundary for

polygons

Line registration:

/-v in different accuracy
+textual descripton of boundary

Block registration:

I =100 parcel / block

- Block boundary captured as polygon,
+ sketch map of block

+description orphoto of indrvidual plot

Figure 20: ULR types of spatial identifier

All land rights have to be surveyed according ® tlew land laws. The co-ordinates of
corner-points are taken to delineate plots andgbaBut to streamline the process it is
suggested to implement simpler forms of boundatyeéation and integrate customary

practices like textual descriptions to secure tenur

The simplest form is the registration of point iteers without corner-point co-

ordinates. A point can represent a parcel or polyg®e well as a land right with little
extent like a use right for a well. The point idéat requires a sketch map or a
photograph attached to explain the locality and hbandaries of the land right. A

textual description is mandatory.

Polygons represent a parcel based view or index&as of overlapping land rights. The
parcel view for representing ownership uses toposbdgrules for maintenance.

Overlapping of parcel is not allowed in this vietvlist of co-ordinates is attached to
the polygon according to the general surveyingtp@adn Tanzania. Co-ownership of
land is registered as a separate parcel.

The polygon represents the simple parcel based b&ésgd on data acquisition in lower
spatial accuracy. The polygon view maintains nmlogy and overlapping is possible.
A textual description is mandatory because manyl leghts cannot be delineated

accurately along natural boundaries or topograpfiements like roads. Fuzzy
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boundaries have to be indicated to the user torertee appropriate use of the data for
mapping and spatial analysis. Disputed land is akgotured as a separate polygon
referring to a land conflict document and involyedties.

Lines are used to map linear land rights like asagghts. A textual description is

mandatory to explain details such as a corridasie.

The last option recommended is the use of blockstegion as implemented in
Namibia to formalize land ownership in informal teahents (Juma & Christensen
2001, Christensen 2004). This approach is suggestbéd used for issuing residential

licenses in urban areas or to register small geates in undisputed lands.

A block containing at least 100 tenants is survesed stored as a parcel or polygon in
the spatial database. A sketch map containing ib&vidual plots is attached to add
further details about the individual land rightfieTsketch map is not geo-referenced but

can be designed as an interactive map to quergitite using the PC mouse.

This setup allows the specific view on spatial edats regarding their land right (type,
class) and spatial representation. A spatial laysrtaining ownership rights can be
subdivided into different types (e.g. customanhtigf occupancy, informal land right)
represented through different spatial identifikelpolygons (parcel) or simple points as
shown in Figure 21. The overlay allows the spairalysis of overlapping land rights
and disputed land. Signatures for mapping haveetantroduced to mark uncertain
areas where a boundary cannot be delineated exéattyy boundaries). Linear
elements map access rights like footpaths leadingasture. These are important

elements in village land where shared land useite gommon.

g Land userights
\_  Polygon (low accuracy)
\ ) uncertain boundary

Access right (e.g. pasture)
Shared land use in villages

Figure 21: ULR spatial identifier layer view
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4.6 ULR principles and functions

The previous chapter outlined the implementatiaategy and highlighted several
functional capacities of the ULR application. Saiter development requires a detailed
cataloguing of core functions and the definition syfstem requirements to design

business processes, data model and interface softveare design process.

ULR principles

 The ULR registers persons and land objects viar tiegiure relationship and
according to standards in cadastral modelling (€aed&@014, STDM).

* The identification and registration of personsfiparticular importance because
many Tanzanians do not possess identification gajére ULR applies the use
of photographs, affidavits and fingerprints to Huid national ULR user

database.

» Different survey techniques and levels of spattaluaacy are supported like use
of handheld GPS / DGPS for field surveys, on-scigitizing based on remote

sensing image / orthophoto, import of spatial dateo-ordinates.

* Tenure relationships are registered using differgpdtial identifiers (point,

polygon, line) as well as field sketches and teixtiescriptions.

* The ULR architecture contains security measuregrévent corruption of the
system and assures sustainable tenure security (geg authentication and

authorization).

* The system architecture is a distributed networketdaon well acknowledged
GIS and ICT standards for data replication andettissation.

e« The ULR business concept focuses on the registragtiocess with simple data
visualization and output. The application requispecific GIS, database and

user management functionality.

* The ULR application is a tailored GIS applicatioevdloped with open-source
software to minimize costs and maximise customeéendly design and

functionality.

General requirements

e The ULR application must support Swahili and Enrglias language for
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operating the system. Swalhili is the official laaga in Tanzania, but English is
the primary language of commerce and administratiocal languages are not
supported. The ULR supports illiterate land righiiner with appropriate

graphical content.

The ULR system must be able to work offline to dedbe registration process
in rural areas. Online access is only requiredeficate and disseminate data

between the nodes or to use internet based maproeso

The spatial database requires the implementatiowedlf known standards to
support interoperable data exchange and access-effestive open source
products are recommended to reduce the cost of emmggitation and

maintenance.

The ULR application requires standards for topolgiapmapping and
geographic names as well as interoperable accessnt®rned libraries and/or

databases.

The ULR application interface must be designed imag that it can easily be
used by trained local staff who has limited knowledand experience in

computer technology and mapping applications.

The following tables summarize the functional calii#s or the ULR.

Registration of persons

The registration of persons requires the identifica of natural persons, groups and

institutions (Table 6).

Table 6: Description: Registration of persons

Registration of persons

Registration
single person

The ULR requires registration of single personstiiations or groups. Applicant

without ID card require affidavit to proof identity
A) data capture ID holder:
« Copy of id (image).
» Get personal photograph.
» Fingerprint for biometric authentication.
* Get attributes: ID number, date of issue and locathame, sex, date a

name of birth, address (name, location, nearesiniank), plot number

phone, e-mail.

» define function: land right owner, affidavit, langht owner and depone
of affidavit

%)

nd

"
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B) data capture non-ID holder:
e Copy of affidavit (image).
»  Fingerprint for biometric authentication.

» Get attributes: name, sex, date and name of ladtress (name, locatio
nearest landmark), plot number, phone, e-mail.

» Link personal file to deponent of affidavit.

=]

Register groups

Groups are represented trough a specific numbaresfibers as representatives
list of all members is not implemented since itds difficult to maintain for large
groups as clans. All representatives will be reged as single persons.

e Group name

» Description of group

containing name, address and ID number to all eppis (person, group, etc. A
personal data will be maintained in a national blase to avoid double registrati
and fraud.

Register Legal and extralegal companies are accepted. Thestnation should be in
institution accordance to the formalization of business.
» Person data of company owner or representative.
» Copy of registration document [legal, extralegatjgge)
» Attributes in institution form: Name of institutiprRegistration ID (e.g
Tax id, church register number etc.) extralegal pany registration: scan
document, capture company data (ownership)
Import and | The ULR application is capable of exchanging peasadata with the national user
verify  identity | database to verify identity of persons and to ihperson identity files.
file
Security The registration of a person requires the verificatof the national person ID
measures management unit [check of fingerprint]. The persddila has to be sent to the
national ID management unit to verify the corresmelf the applicant is naqt
registered yet, an ID number will be attached aext 0 the local registrar as
confirmation.
In case a person is already registered in anotliage the personal file has to be
requested from the national ID management unit.
Print  registra- | Every person has the right to get a printed cophisfregistration to the system
tion document containing personal data, status, attached docunfiehtaffidavit], picture.
Issue user-1D The correct spelling of names is a concern in raaiitig personal data in countries
with many local languages and low literacy rateuger ID card should be issued

Il
DN

visualisation

Search &

The ULR application allows the search for persomnsname, ID number o
fingerprint and visualisation of related documeans land objects.

r

Since the literacy rate of persons older than Id&rs/es only 69% (World Bank 2007b,

UNDP 2008) measures have to be taken to suppodatrect identification of persons

and the spelling of names. The user database wilinhintained at national level. A

national user ID is issued as personal identifccanumber. A user ID card containing

the applicant name, address, user ID and passiotutgis handed to all users to ease

system access and communication especially fterdlie people.

The ULR application supports the query of the regi®n status of an applicant and the

printout of registration documents. The securityasuges ensure that the registration
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process is traceable and transparent.

Registration of land rights

The ULR is implemented hand in hand with an in-tegmalysis of existing customary

practices of land administration and documentatidrese customary practices have to

be systematized, professionalized and better hamedmwith the existing legal system

to be enforced at national scale. Nationwide statsdhave to be defined to classify the

content of documents (ILD 2005c, p.381). The contdrexisting documents will be

stored in the ULR database as document attributdssaanned to keep the original

document (Table 7).

Table 7: Description: registration of land rights

Registration of land rights

[0

Land right | The ULR supports the registration of all land rigrelationships based on
document documents (legal or extralegal) or in oral traditio a standardized database format
(standard forms and attributes). To register a lagiat, the applicant/group has
provide a written document approved by the legalybaf land administration (e.g.
Village Council). If no extralegal document exigtand right in oral tradition) a
standard form will be provided by the Village Extee Officer.
Data capture:

e Tenure type (use right, access to water etc.) amgré class (meta-class
tenure types e.g. ownership). National standardsrequired for tenure
types and classes to enable systematic mappinguaalgsis of existing
rights (adjacent rights of occupancy, overlappisg tights etc.) based gn
the ILD archetypes (ILD 2005b).

« Date of registration.

» Village name and ID [National standards are regi}ire

e Local name (mountain range name etc.) [Nationaidsteds are required].

» Description of right or relation to land (e.g. opancy, lease, sub-lease,
use-right, access rights collateral etc.).

» Time span: in/out (e.g. lease hold).

« Time span for seasonal rights (grazing rights, s&te water).

e Copy of document (image).

e Get attributes in a standardized form: kind of tigtluration, seasonal
aspects.

Further attributes are required to register documéor collateral or testaments.
These details have to be defined according to maltistandards.
Application The application for land rights requires paper pesing between the applicant, the
processing Village Executive Officer and the District Officefhe preparations of the forms

and the processing must be supported by the ULR.afplication status must be
registered and accessible to the applicant e.gutftir request using a short message
service (SMS).

Print certificate

The ULR supports the printout of land certificatedand dispute documents. The
documents are designed in a standard format camggthe personal particulargs
personal photographs, description of land righhfl dispute and map.
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Query status The registrar must be able to query the statushefland right registration and
verification process. Land right owner can requkststatus using a short message
service (SMS).

The ULR further maintains the application processoading to different existing

practices. The form should be compiled digitallg gmminted for the person who applies
for the land right. The application forms paperdtobe processed digitally between
the persons responsible. The ULR application suppiie query of the registration
status. The security measures ensure that allkictioss are traceable and transparent.

Spatial data capture and GIS functions

The GIS functionality comprises very basic viewintapping and query tools. The user
must be able to create and edit point, line angguosl features. Topology rules are only
required for the registration of parcel, which pional for the registration of ownership

rights.

Table 8: Description: data capture spatial unit

Spatial data capture and GIS functions

ULR database Recommendation: all data will be stored in a sfigtEnabled relational database
following the OGC Simple Features Specification QL (OGC 2006). Thig
standard is implemented in Post®lSan open-source extension for the
PostgreSQE°, the object-relational database management system.

Data integration | Data are integrated using the digitization captidi of the ULR application,
through import of data or through integration usiigS / WMS services based on
international standards for interoperability defiriey OGC and 1SO.

A) Digitization of points, polygon (multi-polygorand line (multi-line).
B) Import through pre-defined Interfaces:

» Existing cadastral data or data compiled using iggogsurvey instruments:
WEFS or industry standards like dxf or ESRI shafesfi

* GPS co-ordinates compiled using handheld GPS. ildnéofmat depends
on the system chosen.

Data editing The ULR allows manipulation of spatial data:

* Manage rights and restriction on spatial data (@ditlus, view only etc.).

» Create and edit geographic features (point, lirdygon) and join them
with land right information

« Copy geographic features from/to topographic da@aba
» Upgrade features (point to polygon, polygon to phetc.).
e Maintain topology for parcel.

19 http://postgis.refractions.net/ [cited 30.4.2008]

20 hitp://www.postgresql.org/ [cited 30.4.2008]
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» Spatial keys for efficient data query.
» Edit tools: Define snapping tolerance, snap touieafvertex, line).

Data view & | Key GIS functions:

analysis » Data viewer (satellite image, topographic data @emigined) with basig

zoom / pan functions, measure distances.

e Cadastral mapping: layer overlay: customize featlanger (based on
TenureType, TenureClass etc.).

e Attribute query, identify objects using cursor.

»  Spatial analysis to detect disputed lands.

e Print view with legend.

» Add data from neighbouring villages (view only).

The import of data requires several interfacesitegrate data from different resources
like GPS points or GIS data files. The specificatdeepends on systems available and
used by the land administration professionals inZ&aia (type of GPS receiver, GIS
software available). De-facto industry standardse IESRI shape file or dxf are
considered as mandatory interfaces to integratgtiegidigital data. The ULR should

also be able to integrate data while online via VAF8/MS.

Only very basic GIS analysis capabilities are regfliito support the participatory
registration process. Data viewing on maps with mapigation (zoom, pan) using
different data resources is essential for visuatisa The user should be able to switch
between the use of remote sensing images, scanapd amnd topographic data (e.qg.

Village Land Use Plan) to register and visualizedlaights.

Spatial query functions are required to supportahaysis of land disputes. The cursor
query is essential to request the information fepecific spatial unit. The interoperable
database design enables data access using Gl @rmh workstations with additional
GIS functionality to analyse for example overlagpiand rights. Furthermore, the ULR
application requires of course all capabilitiesntaintain security measures and data
replication. The ULR requirements and functions swarized above build the
foundation for the in-depth application developmand design using UML. Chapter 5
presents the dynamic and functional view of thdiaation based on UML activity and
deployment diagrams. The data model is discussetVisclass diagram. Schar (2008)
describes the logical and physical system architecs well as the user interface of the

prototype based on the presented UML diagrams.
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5 The ULR business and data model

5.1 Application development in UML

UML is a globally accepted de-facto standard defing the Object Management Group
(OMG) for object orientated specifying, documentiagd visualizing software. The

language is also used for the modelling of nonveafe systems and is extensively
relied on in many sectors including finance, mijtand engineering (Sparx Systems
2008). The use of different diagram types allowaneixation of a software product

from different perspectives like that of the usHtre data modeller or the process

management.

The UML provides a common vocabulary for businesslysts, designers and
programmers discussing software design (BorlandR0OML 2 defines thirteen basic

diagram types, divided into two general types asrsarised in table 9:

Table 9: UML diagram types (Erler 2004)

Structural modelling diagrams Behavioural modellingdiagrams
Package Activity
Class or Structural State machine
Object Communication
Composite structure Sequence
Component Timing
Deployment Interaction overview
Use-case

The ULR processes outlined in chapter 4 are madieltel analysed using the following
diagram types for defining the ULR framework fondiaregistration in Tanzania:

Activity diagram

“In UML an activity diagram is used to display thegsence of activities. Activity
diagrams show the workflow from a start to thesimpoint detailing the multitude of
decision paths that exist in the progression oh&veontained in the activity. They may
be used to detail situations where parallel progggsnay occur in the execution of
some activities. Activity diagrams are useful fasibness modelling where they are used
for detailing the processes involved in businestvities’ (Sparx Systems 2008).
Activity diagrams are used to model the ULR registm processes for persons and

land rights.
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Deployment diagrams

“A deployment diagram models the run-time architectof a system. It shows the
configuration of the hardware elements (nodes) simolws how software elements and
artefacts are mapped onto those nddé€Sparx Systems 2008). The deployment
diagram is used to outline the ULR distributed raetwand major processes between

the nodes in the ULR architecture.

Class diagrams

The class diagram gives an overview of a systenshlmwing its classes and the
relationships among them (Borland 2006J.h& class diagram shows the building
blocks of any object-orientated system. Class @iagy depict a static view of the
model, or part of the model, describing what atitds and behaviour it has rather than
detailing the methods for achieving operations. SSlaliagrams are most useful in
illustrating relationships between classes andriisiges. Generalizations, aggregations,
and associations are all valuable in reflecting énitance, composition or usage, and
connections respectivélySparx Systems 2008). The class diagram is useitlistrate

and analyse the ULR data model.

All modelling was conducted using Enterprise ArebitVersion 7 (Sparx Systef)s

5.2 Business processes

5.2.1 Regqgister person

The UML activity diagram register person (Figure) 22escribes the process of
registration and the interdependency and link betwibe local registry and the national
database. All person data are registered at ladrairastrative level (village, district)

but maintained at national level.

The start condition describes an applicant who estputo be registered for a land right.
The first and mandatory condition in this procesthat the applicant is registered to the

ULR ‘Person’ database. Two cases are considertdsimliagram:
» The applicant is not registered at all.

* The applicant is registered to the national da@basit his file is not yet
available at the local registry.
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act Reg_Person J

start

local registry

enteruser
account
authorize

; check land 5 P
Usgr 1S Trltmi request ID file from | verify file @
registerd? IgD v national datbase erson file with

25E0 fingerprint Person
«flow» : status regis terd
1
fill v
. ! Person
I application file «datastore»
form local database
Person define group name & description
or group
Group? class & |
single e >~.]AGroup canbe a
family, tribe etc.
Various single
register single nominate persons are stored
person or persons to under one name (e.g.
institution turn to family name)
Person
is ID reg_non_id ). _| Anon-id holder
holder? T requires an affidavit
yes
register ID —
ertificate Is
holdey institution attached if the
«trace» [PEISE
represents an
institution Person file & status
Person
1
A
1
«flow»
create. status!
Person file |E| '
1
L
request received approved store i verify file with issue land
verification Person data file fingerprint regis tration
ID-Card
Person
registerd

national database
user
- T exists?
check identityin . ]
send existing file
and delete received

national user
database

send Person
file

attach national id
number to file

store file

«flow» /1
L

k- -----

«datastore»
national database

The file will is verified to proof if the person or group etc. is alreadyregistered to the system. This measure
prevents double registration and fraud.

If the applicaantis already registerd, the person file will is mailed to the local registry.

If the applicantis new to the system, a national ID number is attiched to the submitted file is mailed back.

Figure 22: UML activity diagram: register person
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The registrar logs in to the ULR system (authoriasing his fingerprint as identifier
(1)?%. If the applicant is already registered to théamat! database, the registrar requests
the personal file using the national user ID numbgrthe applicant (2) which is
included to his user ID card. The request is vadlifat national level and if approved, the
verification is sent to the local registry and stbiin the local database. The applicant
has to verify and thereby accept the file conteitit Wwis fingerprint (3). The applicant is
now registered as person to the local databasestéhes of his personal file changes to

‘valid user’.

If the applicant is not yet registered in the URdtianal database, he has to fill the
application form (4). The procedure then dependghertype of applicant, whether the

applicant is a single person or a group of persons.

Groups require the definition of the group througpe (e.g. family, clan), name and
description (5). The group has to name represertatiwho are registered as single
persons to the ‘Person’ class und the umbrellahef group name. A list of group

members as proposed for the STDM by Lemmen e2807) is not included. Such a
list seems to be not practical because groups canprse many members and
maintenance of such large list is most likely nainageable. Lists containing individual
personal data are only controllable if the persoas be identified and that would

require consequently that all group members havwetregistered to the ULR database.
The maintenance of these data would require tochretfort. It is therefore proposed to

register a group through a limited number of greapresentatives under the group
name. However, more field studies are required nsuee that this methodology is

appropriate in the local context.

The registration of the single person (6) is theedanction of the registration process.
Group or company names are attached as attribatemgle persons to model these
entities. In case of an institution, a copy of degal, extralegal or informal business
certificate is attached to the file.

The registration of a single person depends whethermperson has official personal
identification papers or not. If the person hadror passport, all personal details are
captured and supplemented with the fingerprint dihel a personal photo (7). The ID
card is scanned and the ID number is registergzerdon file is then created and mailed

L The number in brackets refers to the relevantistéipe diagram, which is being discussed.

-64 -



to the national database for verification (7). Uthie file is verified the applicant is
registered at the local database as ‘non-valid’.u8é&er verification at national level
(8), the file is be verified by the local registi@nd the applicant (9). The status of the
registration file then changes to ‘valid user ‘ndly, the ULR user ID card is issued

containing personal detail, national user ID nundred personal photo (10).

If the person does not possess an ID or passpoaffaavit is required to proof the
identity of the applicant. The affidavit provides registered to the ULR system as a
single person (7) with the function ‘AffidavitPraler. The affidavit provider must
have official personal identification papers. Tregistration procedure (11) for the

affidavit document and the applicant is documemedyure 23.
actreg_non_id /

request
affidavit
regi deponent
glster Reg_|D L _>
deponent oo possesses ID
/ passport
condurct
document
document

4 I

data capture

The affidavit can be

provided by a well
recognized person
from the community|

get e.g. elder, chief.
fingerprint
getpersonal
data
document SCal
N\ W

«datastore»
create
| local database
Person file

Link
Person «flow »

getphoto

!

(applicant)
to Person
deponent

(from registerPerson)

Figure 23: UML activity diagram: register non-ID holder
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Persons will usually be registered using an offliredd computer. The immediate
verification of the person file through the natibwiatabase at the national server is
therefore not possible in most registration sitwai To avoid unnecessary delay,
especially during the initial phase of the formatian campaign, a solution should be
considered so that the registration of land rigbésn be processed without final
verification of person data file. Also, it is vepnlikely that reliable and affordable
internet connection will be available in remoteamravithin in a short time. Thus a
strategy to cater for this particular situation tadve defined to enable the registration

campaign and create a customary friendly and teaesp registration environment.

5.2.2 Register land right

The process of land registration depends on the tipland right and the papers
required for the application process. The followiagtivity diagram (Figure 24)
considers 3 cases: The registration of a custoagtyt Occupancy, a Granted Right of
Occupancy and customary land rights based on egahtiocuments. Depending on the
local situation and customary practices, the loegistry might require additional or

different types of land right registration.

The allocation for the CCRO requires the processhgorm 11 and 18 (1). All
application forms are transferred as digital docuis&etween the local registry and the

District Land Office for verification.

Based on the current situation in Tanzania, it lmarexpected that the most commonly
requested option for land right formalization wile the registration of existing
extralegal documents (2). Orally transmitted lamghts are transferred to a standard
document form (provisional document) provided bg tegistrar (3). All provisional
documents have to be approved by the Village LandnCil. If the claims are granted,
the document is registered digitally and scannedagsy to keep the signatures of
adjudication. A land dispute document is compiled &nked to all parties involved if
land is disputed (4).
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Figure 24: UML activity diagram: register land right
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A field survey is conducted after application papand land documents are processed.
Land right is georeferenced (‘getgeoreference’)etieing on the availability of data
and documents. Figure 25 shows the decision trgedceference land right documents.

act get georeference /
import data: GPS coordinates og GIS
data
> standard exchange format
data - T
? |
available digital’ !
Ch.eck yes yes trans fer {create}
available data tolih
start data GIs
cadastre file userand
no map system
digitize metadata
GIS
file :
digital copy | | \
image \'/
carry out «datastore»
field . | _data | GIS database %@
GIS or «flow»

survey?
y%< , GPS data end
wwaces (e T I

. _ .
Does the LR ¢ image !
extralegal :
1

docum ent

Surve
provide sufficient . OGC: Simple
information to ocument M yocument

delieate the land Feature
object? Access (SQL
digitizing GIS data
on-screen [
digitization land right ]
document

option)
document

Figure 25: UML activity diagram: get georeference

Existing digital data are imported through a staddaterface (e.g. dxf, shape). If data
are digitized from a scanned and georeferenced thescan of the map detail is stored

as image with the file to maintain the original s

The decision of whether a field survey is requidsghends on the content of existing
extralegal or informal land right documents (1)fi&ld survey can be avoided if the
document is accepted by the registrar as legakgutlecument (2). The land object is

digitized based on the existing information.

A survey protocol is compiled and attached to #h@lobject in case a field survey is
conducted (3). The document contains a descripgiothe boundary as well as the
corner point co-ordinates. If necessary, a sketep m drawn and scanned. The land

object is registered using the GPS co-ordinatessnoply through on-screen digitizing.

The status of the land right registration can lopiested by the applicant or the registrar
(Figure 24: 5). The request can be processed bretfistrar using the ULR application
or accessed by the applicant using a simple SM$u(€i26).
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act getStatus_produceDocuments /
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to prevent corruption.

The local database is replicated to district and higher administrative level. All registerd land
rights or land disputes require to be approved regarding their correctnes by officers from all level

If yes, the documented right/ dispute will finally be freed by the applicants (fingerprint) as last
step to enable the publication of the document.

Land Right registerd

land tribunal / adjudicatior

0

Figure 26: UML activity diagram: get status
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5.3 ULR data model

The registration of a land right comprises the s&gtion of the land right owner, the
land right document and the land object. Thesectdbjeuild the main features of the
ULR data model developed in UML. A generalized vieimhe model is presented in
figure 26. The relationship between the land rigivher (‘Person’) and the land object
(‘SpatialUnit’) is realized through the tenure tedaship (‘LandTenure’).

extralegal
documents:

class GeneralView /
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| SU_Documenth_:
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v ¥
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>

surveyDocum ent: image
sketchMap: image
surveyMethod: char
surveyAccuracy: int
accuracyClass: enum

boundaryDescription: char

tmin: date
tmax: date
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S
N

N

LandTenure

interface

+ mapping() : void
+ query() : void
+ print() : void

ilow - Su_status
N
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Documentatigh

Documentation

tenureDocument: image
tenureType: enum
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tmax: date

timeSpec: char
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RegistryStatus

Ireg_status

«flow »

status_local_reg: int
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s
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-
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passport: image '
affidavit: image

-

s
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-,

P

.
«flow » - pers_status

fingerprint: image
photo: image
tmin: date

tmax: date

pers_status: int \

> natural Person | |nonNaturaIPerson|

Figure 27: UML class diagram: data model — generatied view

A person can be an individual person, an institutts a group. The spatial unit is
designed flexibly and can be realized as a simpi@tpor a polygon. The survey
document or any other extralegal document contginiigspatial description of the land
object is attached to the ‘SpatialUnit’ to save tiiginal land object description. The
‘LandTenure’ class is based on any written landhtrigocument with focus on the
registration of extralegal land right documentse ontent of the documents is saved
as attributes of the class (e.g. ‘tenureType’). Trginal extralegal document is
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scanned and saved as image (‘tenureDocument’).

Dynamic aspects describing the temporal validityaod rights are modelled according
to the STDM approach. All documents (legal documenirvey document) are

considered as a representation of an event (traosacThe time related aspect to these
elements is saved in the ‘tmin‘ and ‘tmax’ attriésiof all classes. This approach allows

updating of documents or spatial entities and theryjof cadastral objects over time.

The interface is an aggregation of ‘Person’, ‘Laeddre’ and ‘SpatialUnit’ to support
the generation of required products and servicet s$ printing of documents and

queries with respect to land disputes.

The process of land registration creates a permantmmation flow on the status of
the registration of the ‘Person’, the ‘LandTenurelationship and the ‘SpatialUnit’.
This information are saved in each class (e.g. saitus’) and transmitted as
information flow to the ‘RegistryStatus’. The infoation are combined here with all
status information concerning the verification @nisactions made by different persons
responsible (e.g. ‘status_district’,'status_regjonthe ‘RegistryStatus’ class enables
efficient status management of the land right rtegfi®n process and supports the query

of the status at any phase of registration.

‘Person’

Figure 28 presents a detailed view of the ‘Persbass. A ‘Person’ can be any legal
person (‘naturalPerson’) or and institution (‘nonitalPerson’). A group can consist of
both types of ‘Person’, but is limited to the numbé persons (maximum 10). Lookup
tables are used to assign the kind of institutiostjtutionType’). Administration staff

(e.g. surveyor) and persons who provide an affidaé further specifications.

The ‘function’ enumeration assigns the role of therson who is registered. A
registered person can be a land right owner omusiger of an affidavitA land right
can not be assigned to the ‘AffidavitProvider'thfs person applies for a land right, his
status has to be changed to ‘LandRightOwnerAffidravider’. This lookup table can

be extended if required.
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class Person /

+Deponent of Affidavit +Land right
Affidavit 1 owner1.*
«enumeration» dm:Person dm:nonNaturalPerson «enumeration»
dm:pers_status dm:institutionType
- subjectlD: int + OrgExtID: int
«enum» + tmin: date + institutionType: int «enum»
in_process + tmax: date + institutionName: char company
proofed + passportValidUntil: date + registrationNumber: int bank
+ passportDateOflssue: int A/ + registrationDocument: blob moneyProvider
+ copyOfPassport: image . church
+ pers_status: int * co-operation
«enumeration» [+ function: i.nt _ _ {XO\R}
dm::function - fingerprint: biometric
«enum» + addAccount() : Person v\
LandRightOwner + changeAcccount() : void
AffidavitProvider + defineFunction() : function dm:naturalPerson
LandRightOwnerAffidavitProvider | [+ importPersonFile() : void -
+ printPersonidCard() : void personExtiD: int
+ verifyldentity() : void

2..10 Zﬁ

— dm::Group
+ grouplD: int
+ groupName: char
ml | . I + groupType: enum
dm:Administration dm ::AffidavitProvider + GroupDescription: char

adminID: int document: AffidavitDoc
admin_function: enum date: int
license: int

L1

«enumeration»
dm:admin_function

dm::AffidavitDoc

affidavitiD: int
«enum» copyOfAffidavit: immage
surveyor forPersonName: int
District_Officer date: date
Village_Officer
I\
1
dm:Affidavit =

Figure 28: UML class diagram: Person

The ‘Person’ class contains various attributesuiticlg the fingerprint for authorisation.
The operations assigned to this class comprise gshathers the import of an account
(‘importPersonFile) and the verification of contéiverification’). These functions are

important for data exchange between the local tgggsd the national database.

‘SpatialUnit’

The ‘SpatialUnit’ (Figure 29) can be representemulgh different spatial identifiers
depending on need. The ‘Parcel’ is the only uniimaéning topology in order to model
ownership of adjacent land rights. The ‘Polygon‘MultiPolygon‘ class can overlap in
their spatial extent, which indicates either ovaplag land rights or land disputes. A
separate class assigned to overlapping land raghssiggested in the STDM approach is

not integrated.
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class SpatialUnit /

dm::SpatialUnit:
partOfParcel

+ partNum: int

. lz
split

dm::SpatialU nit::Parcel

parcellD: int

type: polygon dm::SpatialUnit:
parcelName: char PartOfP olygon
computedSeize: double ;i

legalSize: double +  pattNum: int

""""""" 47 """""" split 2

dm::SpatialUnit
dm-poig ' + objectlD: int dm::SpatialU nit::Polygon
pointiD: int H + date: date ' —
type: point >+ surveyor: char e Sp%IyID(;llnt()n
sketchmapPhoto: image : + source: char J typ "pd ygbl
+ method: char ; »  Sels: et |
; + accuracy: int —B - sketchmapPhoto: image
+ estimatedSeize: double {XO.R}
dm:SpatiainD ! + surveyDocument: image '
m po_:ma nig + boundaryText: char
ine . ) + coordinates: char H dm::SpatialUnit:
linelD: int + srid: int MultiP olygon
i i ' + su_status: int '
type: line A +  tmin: date <l - multiPolygonID: int
; + tmax date - type: multipolygon
. + illage_id: int - computedSize: double
+ district_id: int
dm::SpatialUnit:MultiLine ' + region_id: int .
— P ———_— «enumeration»
: 9 + editFeature() : void
+ linkToDocument() : void >
+ importGPS() : void edit
+ importGeometry() : void not_linked
+ upgradeGeometry() : void linked
1 [\ upgrading
* \
. \
dm::SpatialReferenz \
\
srid: int dm::SurveyDocument=]|

auth_name: int
auth_srid: int
srtext: int
proj4text: int

Figure 29: UML class diagram: SpatialUnit

The survey document, sketch map and/or photo &aehad to the ‘SpatialUnit' where
required (e.g. point). A description of the bourydaan separately be stored in the
‘boundaryText’ attribute. A lookup table is intetgd to register the status of the
‘SpatialUnit’. ‘Parcel’ and ‘Polygon’ can be subdled through a transaction which

leads the ‘partOfParcel’ and ‘partOfPolygon’ cla3$ie operations assigned to the
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‘SpatialUnit’ summarize the required registratiomdtionality.

The ULR model does not include survey points arteotlasses of the non-planar
region described in the STDM like the ‘SketchPhaio’'the ‘Incomplete SpatialUnit'.
Images or sketch maps are attached to the exigtimg, line or polygon classes where

required.
‘LandTenure’

All original documents (‘TenureDocument’) are scatirand saved in the database as
‘tenureDocument’ (Figure 30). Lookup tables alldve tspecification of land rights as
‘tenureType’ or ‘tenureClass’ (meta-type). The ‘@8pec’ attribute captures data on
temporal aspects of land rights. This supportsefample modelling of pastoralists’

rights such as grazing rights to a specific siterduthe dry season.

The system metadata are important for identificatsd different tenure relationships

and support of the spatial analysis of land dispated overlapping land rights. These
system metadata have to be defined during fieldissun the proposed standardisation
process of customary land right documents accortbnthe MKURABITA program.

The development of additional system metadata neagguired.

The system metadata captures details of the kirdnaf right and its representation as
spatial entity. The combination of land right cles®r meta-classes and different types
of identifiers classified by type, survey methodl atcuracy allow a layer based view
on existing land rights according to the FIG ca@a&014 guideline. The database
content can be easily combined in a LIS with otheasting data layers. This enables for
example the analysis of existing grazing rightgastricted areas like national parks.
The documentation of land disputes is of foremaspartance considering their

frequency in Tanzania.
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class LandTenure /

«enumeration»
dm:tenureType

«enum»

GrantedRightOfOccupancy
CustomaryrRightOfOccupancy

«enumeration»
dm:lreg_Status

«enum»

doc_scanned
doc_proved_district

dm::granted right of
occupancy

+ addDocument() : void

dm::Customaryright of
occupancy

+ addDocument() : void

dm:ResidentialLiscens

grazing doc_link_person
access
sub-lease
collateral
zg;atitgeed \ dm:LandTenure
tenant + tenurelD: int
adjudicated + date: date
+ tenureType: char
«enumeratio... + tenureClass: char
dm:: + tenureDocument: image
tenureTypeClass + tenurelLocation: char
+ timeSpec: char
CEMUD> + registrationNumber: int
ownership + tenurePlotNumber: int
rights + certificateNumber: int
restriction + Ireg_Status: char
+ tmin: date
«enumeratio... + tmax: date
dm:timeSpec
+ addDocument() : void
«enum» + connectToPerson() : Person
DrySeason + connectToLand() : SpatialUnit
RainSeason ——— [+ changeStatus() : void

A

A

+ addDocument() : void

<+

dm::Adjudication

dm:Transaction

dm::Collateral

dm:Testament

dateOdAdjudication: date
judicalOrg: char
description: char

dateOfTransaction: int| -
fromPerson: int -
toPerson: int -

dateOfCollateral: int
amount: int
interest: double

addDocument() : void | +

addDocument() : void

- name_1: int
- name_2: int
- name_3: int
- text: char

A

A\

dm:TenureDocuments]

Y

+ addDocument() : void

(data requirement)

The transfer of existing documents requires the
definition of standards for customary practices

(from dm)

Figure 30: UML class diagram

: LandTenure
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5.4 ULR architecture — the distributed network

The following UML deployment model (Figure 31) debes the logical ULR
architecture. The approach presented here is aficaithn of the architecture discussed
in Huber et al. (2008).

deployment Structure J

r 3 verify Person / assign
Mortgages ID number / proof §
identity
,,,,,, maintain national
. § P § I Person database
land market = national ULR server

public access «interface»

/ webAccess
replication

/87 /Y
/'i\
7
)
Y 7
|

opographic
data server N Region ULR

; database
Region

,,,,,, Verification of land
rights
Workstation

>da<|arepcm°” data replication

District A “ / \ District B \

data maintanance
quality control

verification of land
rights (Land Officer),

S N
: - » X v
Topographic District Ul

data server workstation District ULR

data support and replication

District
Topographic district ULR
datab workstation

atabase server data server database
replication: RS B
immages, land use copyor
maps etc. _py

wireless

Field station: Village / Municipality

Field station: Village / Municipality

s [ get >3
get picture
plcture\ ’/ get status get
c

et coordlnate
//\ SN 9

\

oordinates /\ //
get Field computer fin geer“rint Field computer getdocumem
fingerprint with ULR database getducumem gerp with ULR database
: [
P [
N —— v
— oYY
sms
certificate customer service land dispute ?djudication

document

Figure 31: The ULR architecture

According to the ‘Strategic Plan for the Implemeiota of the Land Laws’ District

Land Offices are the key agencies in the new laimdimistration setup. Every District /
Municipal Land Office is responsible for maintenanaf data for several villages or
upgrading projects (blocks). The data capture m®de conducted using flexible field
computers, which must be able to work offline dgrthe registration phase. Usually,

the computer stores the local database with redd-access to the local data and read
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only access to data of adjacent villages or distrasd overlapping land rights. The
topographic data and satellite images are alsoigedvby the District Land Office. If
topographic data are updated during the land magjish process the data will also be

transferred to the district database.

All ULR servers are based on the same databasgndesid management system to
enable data replication between the nodes froml lles@l up to the national ULR

server. Data are replicated first from the datatuwe@punit to the district server. The
District Land Officer is responsible for quality megement and control of data. He also
verifies land transactions and processes the apjlicpapers. After verification all data
are replicated back to the local registry and leptillages / municipalities who require
these data. The data will be further replicatedizootally to other districts and

vertically to the regional and national ULR server.

The management of data replication is based ontligight Directory Access Protocol

(LDAP) which allows data and user management irstilbduted network (Schéar 2008).

Security and traceability of transactions are naangd with AAA services that control

access to all ULR applications (Huber et al. 2008)e registration of land rights

always includes the verification through differepérsons responsible at different
administrative levels to prevent misuse and corompof the system. Fingerprints are
used for authentication and identification of ULBets and personnel. Authorization
works by assembling a set of attributes, which dess activities the user is authorized
to perform. Accounting ensures that all transactiare traceable to minimize misuse
and provide evidence in case of corruption. Theaigegerprints also offers the future

option to use simple eGovernment kiosks for landniadtration purposes as

demonstrated in the ‘Bhoomi’ land cadastre projacthe Indian state of Karnataka
(Rajasekhar 2006, State of Karnataka 2008).

All administrative levels use the ULR applicatios \ell as other GIS-clients for data
management and basic data analysis. Data accesmlided through standard WFS /
WMS services based on well known OGC specificatidrigs allows a detailed data
analysis using different GIS clients and efficiesita sharing between different
stakeholders in land administration. This architeet additionally enables the
distribution of land right information through wednrtals supporting public access.
Institutions linked to the land marked such as ofinoeance organisations can be

provided with information to support functioningcatmransparent land markets.
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The deployment model also emphasises the importahdata exchange between the
different administrative levels for data dissemioratand the verification process. These
processes are most likely negatively affected by wWeak communication and/or
electrification infrastructure in the rural aredbis especially affects the data exchange
between local registry and District Land Office.t®aeplication might not be possible
at any time, which may lead to delays especiallthinitial phase of the formalization
process during which land rights are registerethasse in campaigns.

The implementation therefore requires careful plagmvith well defined schedules and
deadlines for replication to ensure a transparedtraliable process. The replication of
data between local database and the district degabhould be processed at least
weekly. Unconventional methods like the use of megers carrying data storage
devices might be an option to deal with weakne&sdasfrastructure. The emerging
mobile phone sector might be the solution to bettemect rural land registries in the

near future.
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6 Conclusion

The use of GIS technologies provides new oppoigsior land management systems
especially in developing countries. Traditional &stdes base on surveyed point data of
high accuracy maintained in survey databases. @sed systems focus more on the
spatial representation of existing objects throwgistor data with focus on spatial
analysis. This functionality is very valuable touotries like Tanzania, where different
land rights overlap and land disputes are frequilaidern GIS and ICT technology
therefore build the foundation for the developmehthe Universal Land Registry in

Tanzania.

This study defines a framework for the ULR to supploe formalization of land rights
in Tanzania. In a first step user needs are asbemse the Tanzanian setting is
evaluated to design an appropriate implementaticategly as well as to specify the
functionality of the system. General recommendatiéor the implementation of a
cadastre and experiences especially from otherc#dricountries are reviewed with
special reference to unconventional approachesummeging and cadastral design.
Methods and possibilities for integrating legallgdaextralegally documented land
rights into a GIS based system are analysed.

The development of the ULR is based on the ‘StratBtan for the Implementation of
the Land Laws’, which outlines a new setup for laabinistration in Tanzania. The
exact specification of responsibilities and managetircapabilities is not yet finally
agreed upon in Tanzania and still under developmEme proposed ULR design is
therefore flexibly designed allowing its extensiamd adjustment. All suggested
business processes are based on previous fielegéstoonducted in Tanzania by other
researchers and represent a preliminary stage. Wowiney highlight for example the
importance of land right application managemena aore function of the ULR. The
pilot studies also provide insight in experiencéhgeed in the use of GIS for cadastral

database design and management in rural and urbas. a

The ULR approach requires the correct identificaiid persons, land right documents

and land objects. The lack of national identificatipapers is one of the major

handicaps identified in the SWOT analysis of thssdrtation. The support of person

identification procedures is therefore of foremiogportance for the implementation of

the ULR. The ULR concept proposes that all persata dire maintained at national

level to avoid the multiple registrations of laright owners. Frequent data exchange
-79 -



between local registries and the national ULR seiv@bligatory for the system. This
could delay registration processes since the conuation network coverage is
incomplete especially in rural areas; howevels deemed vital to minimize corrupt use

of the system.

The existing extralegal land right documents comntgithe foundation for registration of
customary land rights. They usually contain allessary information including maps
and descriptions. Extralegal documents also inditteg level of security people require.
Point information and polygons with a moderate a@cy seem to be an appropriate
method to register land rights in rural areas dsd for land of low value. However, the
use of different spatial identifiers with differeatcuracy leads to a data model with
high spatial uncertainty. This complicates the nemance of data as well as the
mapping and analysis of land rights. Further, & teabe considered, that boundaries of
customary land rights such as pastoralists’ grazighgts cannot be delineated very
accurately along natural boundaries. Such fuzzynaues not only complicate the
mapping of land rights; they nearly disable datalysis and overlay to assign rights

and restrictions.

The functional capacity of the ULR is reduced te tlkequired core functions for land
registration and participatory mapping. It is swusgggd that the ULR should possess a
limited capability to use and update a topograplaitabase to support the registration of
village land. This implementation strategy makesssebecause the formalization
process requires a complete inventory of the \@ad he Handeni pilot study revealed
first examples of maps. Standards for topograplata ccapture and mapping are
urgently needed to streamline the process of lagibtration.

The UML modelling language allows the dynamic andctional view of the
application. UML activity diagrams show the completructure of registration
processes. The registration of persons diagramligigh that frequent data and
information exchange between local registries dr&rational database is necessary.
Measures have to be taken especially during thdemmgntation phase to minimize
delay in the registration process. The registratibtand rights and land objects offer
different opportunities to register different kinds land right documents. A decision
tree explains how spatial data can be integrategetweference land rights. Important
is, that all relevant documents (e.g. extralegatudwents, survey protocols) are

transferred to attributes and scanned to keeprigmal document as a copy.
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The ULR data model is based on the STDM developetdML. The STDM is a

specification of the CCDM, which supports modelliagland tenure relationships in
developing countries with complex land rights. THER data model points to the
importance of system metadata. The specificatiath @assification of existing land
rights is important to register land rights systéoadly. A categorization of survey
methods, spatial accuracies and data sources ess@y to validate data for spatial
analysis applications. System metadata guide tleatciwho uses the data for spatial
analysis and land use planning. The metadata adlnefube used to define rules of
spatial analysis so that overlapping land rights loa distinguished from disputed land.
However, the implementation of the ULR requires @endetailed analysis of existing
documents to define and specify system metadatal@idip tables to ensure the

usability of the data for spatial analysis.

The ULR deployment model describes data replicatoal dissemination in the

distributed ULR network. The weak communication week and unreliable

electrification cause uncertainty the ULR implenagioin. Thus, this study proposes to
carry out local registration offline, but frequetita exchange is mandatory for data
verification and dissemination. Whereas the dafdiaa&tion between District Land

Office and higher administrative levels is manadgathe major constraint can be the
data transfer among local registries and districtsiral areas. Unconventional methods
like the use of messengers carrying data storagieete might be an option in some
areas but nevertheless, it complicates the dataaege and may lead to delays. A good
LIS has to keep data up-to-date if it aims to servand market, which is one goal in

Tanzania.

The UML diagrams, data model and the cataloguedtimms of the ULR developed in
this thesis constitute the foundation for furthpplecation development. Schar (2008)
presents in his dissertation ULR use cases, thedbgiew and the physical model. All
UML diagrams combined deliver a view on the presstaige of the ULR system

development.
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7 Outlook

This thesis develops a GIS-based application awetitacture for a universal land
registry for Tanzania. In combination with the teidal specifications developed by
Schéar (2008) it constitutes the first project phimsethe implementation of the system.
As second phase a pilot study should be conductedhlidate the functionality and
usability of the ULR. This pilot study should engomss the following activities in

order to extend the ULR approach to national uggliihsed on national standards:

Customary practicesResearch extralegal archetypes in more detail and
define national standards for customary practiced documentation as
proposed by ILD (2005c).

Geographic namesDevelop a database containing geographic nameés an

their nationally standardised spelling for centrsg by the registration unit.

Topographic mappingDevelop standards in topographic mapping for the

establishment of Village Land Use Plans.

Support of illiterate usersDevelop standardized measures (e.g. graphical
visualisation of land rights) and procedures tauemshat illiterate land right
owners are able to secure their land rights.

Seasonal aspects of land rights are modelled thrattyibutes and different spatial

representations. But many land rights are diffitaltlelineate and they further depend
on weather patterns like prolonged droughts. Palssts for example are often forced to
travel long distances with their cattle for pastdeging dry seasons. The modelling of
changing boundaries and fuzzy boundaries is needotompletely and requires more
research during the pilot study. Further developneéradequate system metadata to

support the spatial analysis of such land righteisessary.

The lack of person identification papers in Tanaasia concern for the formalization
of land rights as well as the formalisation of Imesis transactions. Therefore, the
process of person registration described in thesith could be implemented and
extended in the MKURABITA formalisation programme tsupport also the

formalisation of extralegal and informal businessefanzania.
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