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SUMMARY

Since the start of the 2Tentury, great progress has been made with ramal ¢ertification

in Ethiopia. This process, however, has been mainlyfined to the so called first phase
certificates. These certificates do identify thedaolding households (with name etc. and
photographs), but limit the geo-referencing to wading the size (acreage, often only
estimated) and listing the names of neighboringskbolds. As a rule the data is also only
kept as paper records at one or more levels of gmarnment.

To be able to profit from all the benefits land awistration can bring, it will also be
necessary to collect graphical and/or geometriagd @n the spatial units to which the land
holders have their (eternal) use rights. After d@ldeling of such spatial plans, some speak of
second phase certificates, although very few afeheave been actually issued till date.

In a number of places, with support from differdonors (SIDA, USAID), the regional land
administration authorities have piloted with usi@PS and GIS to collect and process
boundary surveys.

In July 2008 a team (partly overlapping with théhaws), did a first simple field test with the
use of high resolution imagery as base for dateectdn — this second phase certificate can
be combined with a first phase certificate in pactThis limited data set was processed at
the ITC in the Netherlands with ArcGIS softwareddras been re-processed later - for test
purposes - with the first prototype of the Sociahtlire Domain Model (STDM). The STDM
prototype will be available as a Free/Libre/OpemirSe Sofware and the intension is to use
this software for an extensive field test in Etli@ojm 2009. This implies a digital version of
the geometric data will be available — which candated to alpha numerical data.

This paper describes the experiences during theeabentioned field test and gives some
recommendations for ways forward.
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1. INTRODUCTION

Since the start of the 2Tentury great progress has been made with rurdldartification in
Ethiopia. For the rural areas several Ethiopiatestdave introduced land administration
systems that aim at issuing land use certificatesll (sedentary) farmers in that state at an
affordable cost. Unlike many of such initiativesoiier countries, the implementation of this
has really caught on in Ethiopia and by 2005 daté Ibeen collected on about six Million
households, of which about half have actually neseitheir ‘first phase’ certificates. These
certificates do identify the land holders (with reaetc. and photographs), but are weak on
the description of the land plots, which neitheclude a map, nor any kind of spatial
reference (save a list of neighboring landholdeas)d only give a roughly measured or
estimated indication of the acreage.

In order to gain the benefits that land adminigiratan bring, it is also necessary to collect
graphical and/or geometrical data on the spati#tsuo which the land holders have their
(eternal) use rights. After the adding of such igpgilans, some speak of second phase
certificates, although very few of these have baetually issued till date. In practice it is
possible to combine first and second phase, althwegy few of these have been actually
issued till date.

The fact that it is covering large areas (and salbrrural landholdings in several states)

makes it possible to have a real effect on the lamg is administered and managed in those
states. This differs from the ‘advanced’ cadastiadl registry approaches that even after
many years often only extend to certain pocketa tdrritory. For details on the procedures
applied and the effects see e.g. Deininger et@b 20d Deininger et al 2008.

In a number of places, with support from differdohors (SIDA, USAID), the regional land

administration authorities have piloted with usi@PS and GIS to collect and process
boundary surveys. In July 2008 a team (partly @mping with the authors), did a first

simple field test with the use of high resolutiatedlite imagery as base for data collection.
This limited data set was later processed at tieitilthe Netherlands with ArcGIS software,
and has been re-processed with the first prototyfpéhe Social Tenure Domain Model

(STDM).
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The Social Tenure Domain Model (STDM) is a pro-plaod administration tool intended to
cover land administration in a broad sense, inagi@dministrative and spatial components.
Traditional/conventional land administration systenelate names/addresses of persons to
land parcels (or spatial units) via rights. In tB€DM, an alternative option for this is to
relate a personal identifier such as fingerpriota toordinate point inside the land in use by
that person, via a social tenure relation. Depenain the local conditions, there can be a
variety of social tenure relationship types andeothights. The STDM thus provides an
extensible basis for an efficient and effective system of laigtits recording. The STDM is to
be seen as a specialization of the Land Administtddbomain Model (formerly known as the
Core Cadastral Domain Model) of the Internationadération of Surveyors (FIG). See
Augustinus et al (2006) and Lemmen et al (2007)e BTDM prototype is available for
testing since the beginning of 2009 and the prp®ig planned to be tested in a World Bank
preparatory activity in Ethiopia, in the context mofral land administration. This prototype
will be available as Free/Libre/Open Source Sofew&urther testing of the prototype, e.g. is
area’s with informal settlements will be scheduled.

The field tests of July 2008 in Ethiopia, the prexiag of the data collected and the
development of the prototype for STDM are described the next sections.
Recommendations for ways forward are also given.

2. DATA COLLECTION
2.1 Acquiring Imagery

The idea to use satellite imagery for cadastraliegpons is not new: Kansu and Sezgin
2006; Konstantinos 2006; Paudyal and Subedi 20@fdhar 2005; Ondulo and Kalande
2006. Only of late are images available with reohs that make them useful for standard
size land parcels (spatial units). Use for largstqgal ranges, forest reserves etc. has been
much longer possible. A quick scan led to the assioh that it would be possible to acquire
satellite images for a number of kebelles (lowesel of local government) in four different
regions from Quickbird at 60 cm resolution whichrev@early cloud free. We chose for the
true color, with pansharpening.

Taken the size of the data set (as well as thes;astvas important to acquire only the area
needed. Digital contours of the kebbelles (villggesre obtained from the Central Statistic
Agency of Ethiopia (CSA) and could be used to deded order the required areas at Digital
Globe. This still amounted to 5,8 Gb of data. Tlseprice was obtained at 17 USD per
sgkm, and the original choice led us to acquire328-89+61 sgkm.

Overview plots of each region were made and useltfine the exact test area, making sure
a mix of terrain and land use modalities were ipoaaited. For a part of the kebelles large
scale plots (1:2000) were made, covering 1 by X&mad some adjacent area).
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2.2 Informing local communities

about the data collection exercise, and individy
right holders as well as community representativ
were available on site. The approach on collecti
boundary data using enlarged high resoluti’l
satellite images can therefore be seen
participative.

2.3 Field work

Fieldwork was carried out in June 21 to July 5.
site were performed on the potential to use st
imagery to establish parcel index maps in sele
villages using Quickbird images.

Extracts representing a size of 1 x 1 km in th&df '
were plotted on a 1:2000 scale - on quality page
a basis for field data collection. The 1 x 1 kmagu ¢
was drawn on the paper plot, the real represen
area on the paper plot was bigger — to allow drgwies = : _
of boundaries of parcels (spatial units of landasa Flgure 1 chkblrd Image fragment
by persons).

Local woreda (¥ level of local government) staff accompanied teant members to
different locations (Hanigodu, Megelta and Alentpuaid with data collection. Land users in
the field were invited to identify the boundariefstioe land in use in the field and on the
paper plots. Land owners, neighbors and villageesgntatives participated in boundary
identification.

The boundaries of spatial units were drawn on tlmspby pen. Additional information

collected included the name of the user of theglgiar spatial unit), the certificate id, the

area and the names of land users (neighbours)endth, east, south and west. This

additional information was to be used as admirtisgadata, and were written on (non

standardised) papers. Different methods were usethé identification of spatial units and

for linking between the identified spatial units thie plot

* by writing the name of the name land user; this @mamas used as a link to the
administrative data,

* by plot id ad give on the certificate, and:
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* by co-ordinate id - combined with co-ordinate li§to-ordinate id concern GPS co-
ordinates collected with hand held GPS devices.

Local woreda staff took over the fieldwork actiggiin one of the teams after about an hour.
It was very evident that most people/participargsywquickly understood the images. They
recognized where they were and even noticed charejesen the present field situation and
those at the time the images were made. A cleampbeawas when looking for a small,
irrigated plot in Tigray, that trees were countadd people started to laugh when one had
been chopped in the mean time. Similarly a numibevaier storage facilities which was
black (full) on the image, were now empty.

Although people had been asked to be present htn tertificates during the informing of
the local communities, many of them did not shoeedificate to us. Some said they did not
have one, or that it was in an office for updati@ghers mentioned that the family member
who holds it was presently not living on the laett,.

Fiure 2: "General Boundaries” Easy to identify on the alarged Satellite Image

In some area’s the boundaries were easy to reegmsthe enlarged plots — this type of
boundaries appeared as paths — and looked likeefgeiboundaries”. In other area’s the
boundaries were more difficult to identify — it ked as if some boundaries "moved”
compared to the situation on the image — creatagswio plough may be the reason here.
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Figure 3: "Moving Boundaries....."

2.4 Combining with GPS

The images have not been related to Ground CoRwoits. This implies that the absolute
accuracy is (according to the provider of the insagPBigital Globe) up to 14 meters
horizontal accuracy (root mean squared error) @ach@ters vertical. Ortho-rectification will
improve this, but for “absolute pixel accuracy” t@ound Control Points are needed. A
small sample ortho-rectified afterwards, showededénces of -20 meter on mountain and
+40m in valley. The NASA Shuttle Radar TopograpMission (SRTM) was used for as a
Digital Elevation Model for this (90 m). Seleitp://srtm.csi.cgiar.org/

3. DATA PROCESSING

Processing of the data involved, scanning; geaeafeng; digitizing; and feeding the
fieldwork attribute data to the digitized parcels.

3.1 Scanning

The resultant 6 analogue images, each containiegidbntified boundaries and parcel-
identifiers were scanned using cougar 36 scanntr 300dpi resolution, as a first step in
transforming the field information in to a digitahvironment. Scanning resulted in 6 raster
data sets in .JPEG format. Necessary correctiats asirotations were carried out in order to
ease the following processes. Figure 6 is oneebthraster data (.JPEG files) obtained after
scanning the field images.
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Figure 4: Raster data of Hanigodu-Megelta with parcel boudaries, identifiers and names of parcel
owners

3.2 Georeferencing

The 6 raster data sets contain undefined spafiatergce. Spatial reference was defined by
importing the coordinate system and projection hed briginal image. After defining the
reference system, geo-referencing was then pertbrtme®ugh identification and matching
the coordinates of the new images (these were makéhe edges of each scanned image)
within original image. Control points such as romdersections, and other identifiable
features were also used. Figures 7 and 8 show entagwf the scanned and geo-referenced
photo-images against the original image.
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Figure 6: Georeferenced images from Alengu overlaid on aginal aerial photo

3.3Digitising

Once the images were geo-referenced, on-scredizutigiwas performed in ArcGIS. Parcel
boundaries were extracted by pointing and tradiegadursor along parcel boundaries. Each
parcel was created as a closed polygon. The podygbm not share boundaries with
neighboring parcels, therefore independently idiabiie. The digitizing process tried as
accurately as possible to avoid overlaps betweemndsries, especially where parcels
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boarder each other. See Figures 9 and 10. Restétnres were parcel boundaries in shape
file format. Two shape files were created: from lgadu-Migelta, and other from Alengu.

a5

Figure : Digitied parcels shown in rd Iines in Ach
3.4Linking field (administrative) data to spatial units in ArcGIS
A database containing administrative data aboutbates of the parcels was created in

Microsoft Excels and was exported and joined with attribute table of the parcels shape
files.

HERIO A e |

Figure 8: Attributes of the parcels are linked to parce$
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Figure 9: Parcels and attributes identified using ‘idetify' icon in ArcGIS

The results were that parcels (geometric data) alew contained administrative records, i.e.
the names of user of the parcels, their certifiedt® the area and the names of land users
(neighbours) to the north, east, south and wess. ifformation has successfully been linked
to STDM for the purpose of testing, and the firstsion of the prototype already available
for testing in the field.

3.5Using GPS positions to ground truth parcel informaton
GPS points consisting of survey points from edgesanious parcels from the field were

uploaded and superimposed on the shape files. Wheey examined for mismatches between
the GPS positions and corresponding parcels (gaesfil2 and 13)
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Figure 11: Offset of GPS positions from parcel about 200m

It was observed that the:
= GPS positions displayed with both vertical and famtal offset,
= vertical offsets were greater than the horizontfseds, and:
= parallel diagonal offset is of about 200m.
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These offsets are likely caused by the fact thatithages were not ortho-rectified and by

errors introduced during scanning and geo-refengnprocesses (see figures 5, 6 and 12), or
relief distortion resulting from the differencesetevation of the aerial images and the GPS
observations (see also paragraph 2.4).

& ‘% =
) L

Figure 12: Scaned and origlnal |mag
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4. THE SOCIAL TENURE DOMAIN MODEL

The Social Tenure Domain Model (STDM) is a multripar software development initiative
to support pro-poor land administration. The ititi@ is based on open source software
development principles. The STDM, as it stands, thascapacity to broaden the scope of
land administration by providing a land informatiomnagement framework that would
integrate formal, informal, and customary land egst and integrating administrative and
spatial components. The STDM makes this possilsuth tools that facilitate recording all
forms of land rights, all types of rights holdensdaall kinds land and property objects /
spatial units regardless of the level of formality.

Not only with regard to formality does the thinkibghind the STDM depart in terms of
going beyond some established conventions. Traditior conventional land administration
systems, for example, relate names or addresspsrebns to land parcels via rights. An
alternative option being provided by STDM, on thbes hand, relates personal identifiers
such as fingerprints to a coordinate point insigoa of land through a social tenure relation
such as tenancy. The STDM thus providesesensible basis for efficient and effective
system of land rights recording. The STDM is a gdeation of the Land Administration
Domain Model (LADM), previously known as Core Cailak Domain Model, which is a
similar effort initiated by the International Fedgon of Surveyors (FIG).

4.1 People — Land Relationship

The Social Tenure Domain Model (STDM) describeatrehships between people and land
in unconventional manner in that it tackles landnaistration needs in hitherto neglected
communities such as people in informal settlememsd customary areas. It supports
development and maintenance of records in areasewhgular or formal registration of land
rights is not the rule. It focuses on land and proprights, which are neither registered nor
registerable, as well as overlapping claims, thay tmave to be adjudicated both in terms of
the ‘who’, the ‘where’ and the ‘what right’. In ahwords, the emphasis is on social tenure
relationships as embedded in the continuum of lagfits concept promoted by GLTN and
UN-HABITAT. This means informal rights such as opaucy, adverse possession, tenancy,
use rights (this can be formal as well), etc ot@usiry rights, indigenous tenure, etc as well
as the formal ones are recognized and supporteld (egard to information management) in
STDM enabled land administration system. Likewite, STDM accommodates a range of
spatial units (‘where’, e.g. a piece of land whadn be represented as one point — inside a
polygon, a set of lines, as a polygon with low/hagtturacy coordinates, as a 3D volume,
etc.). Similarly, the STDM records all types offridnolders (‘who’, e.g., individuals, couples,
groups with defined and non-defined membershipygrof groups, company, municipality,
government department, etc.).

In regard to evidence, STDM handles the impreciserad possible ambiguities that may
arise in the description of land rights. In a netsithe STDM addresses information related
components of land administration in an innovatixagy .

TNRS3: Technology for low-cost land rights recognition & matwesource management 13/22

Christiaan Lemmen, Jaap Zevenbergen, Monica Lengoiboni, Kleisger, Tony Burns
First experiences with High Resolution Imagery Based Adatitin Approach for Social Tenure Domain
Model in Ethiopia

FIG — World Bank Conference
Land Governance in Support of the Millennium Development Ge&ssponding to New Challenges
Washington D.C., USA, 9-10 March 2009



4.2 Data Acquisition

In STDM enabled land administration, data comingfrdiversified sources is supported
based on local needs and capabilities. This pertairboth spatial and administrative (non-
spatial) data. For example, it may be, in informettlements, sufficient as a start to relate
people-land relationships to a single point. Thetribaites such as photographs and
fingerprints can be attached to the records. Ieraral business district (CBD) of a city, a
traditional cadastral map/register may be requikghile in a residential area, land

administration needs may entail using a map deriveoh satellite images and combined
with formal descriptions of rights and right holdeThe STDM encourages and caters for all
these variations.

High resolution satellite image is one of the enmeggnd a very promising source of spatial
data for land administration. A large-scale plotsath images can be used to identify land
over which certain rights are exercised by the pEdpemselves, i.e., in a participatory
manner.

4.3 Standardization

FIG has submitted the Land Administration Domaindéio(LADM) to the International
Standardization Organization (ISO) Technical Conari211 (geomatics group) with a view
to making the model a descriptive global standdtte STDM, as a specialization of the
LADM, is integrated in this standardization exeecis

4.4 STDM Prototype

The STDM development activity has thus far generatnceptual, functional and technical
designs and software development, starting witlhogopype and testing this through a pilot
project in a country which has slums, customarytenoverlapping claims and non-polygon
spatial units, etc. The prototype is under develapnat the International Institute for Geo-
Information Science and Earth Observation (ITC)lose co-operation with Global Land

Tool Network / UN-HABITAT and the International Fexédtion of Surveyors (FIG). The

World Bank led pre-project (preparatory) activityEthiopia is creating opportunities to test
the prototype in the context of rural land admuaison.

The STDM under development covers the informatelated components of Land
Administration. The STDM software is based on Inééed Land and Water Information
System (ILWIS) and PostgreSQL. ILWIS is a PC-ba&d8 & Remote Sensing software,
developed by ITC up to its last release (versid@) 81 2005. Since July 1st, 2007, ILWIS
software is freely available (‘as-is' and free lofirge) as open source software (binaries and
source code) under the 52°North initiative (GPlefise). This software version is called
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ILWIS 3.4 Open. PostgreSQL is a very powerful, omenirce object-relational database
system. Figure 1 presents the STDM main window.

=/ | rfcimation Managemeit
- Preferences
- Access Rules
ohrea
i [ ata Collector
= Data Acquizition
=) Persons
- Matural
- Non Matural
- Source Document
- Spatial Uit
Social Tenure Relationship

Close

Figure 13: STDM Main Window

The data collected in July 2008 have been inse¢aestcGIS and have been re-processed in
the STDM prototype in the beginning of 2009 — faternal testing. The testing will be
continued as an extensive field test in the figf year of 2009 in Ethiopia. A combined
collection of spatial and administrative data isgble.
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_ a2, 1605 [(_azoibers, Greamns) | ags i, SRIRLIBE
Figure 14: Presentation of parcels - shown in green lisen ILWIS /Postgres based STDM

It is intended that the STDM prototype will be dabie as an Free/Libre/Open Source pro-
poor land tool after the testing and upgradinghef $oftware in the first half of 2009. The
prototyping is the process of quickly putting tdggta working model (a prototype) in order
to test various aspects of a design, illustratasde features, and gather early user feedback.
Prototyping is often treated as an integral parthef system design process, where it is
believed to reduce project risk and cost. Often @nmore prototypes are made in a process
of iterative and incremental development where epobtotype is influenced by the
performance of previous designs, in this way pnuoisleor deficiencies in design can be
corrected. When the prototype is sufficiently refirand meets the functionality, robustness,
manufacturability and other design goals, the pcods ready for production. In the
functional design in relation to the prototype depenent the same iterative approach will be
used: the design can be made more detailed anidededaring this process.

5. LESSONS LEARNT AND FUTURE ACTION
From this exercise the following can be learned:

* People can read the images easily. Almost withepcejgtion the local people could easily
recognise the area and building where they aredigind using the land on the paper plot.
For the data collectors it was easy to observeeageat on the location of the boundaries
of land in use. In some cases when neighbours wetreon site it was observed that
persons tend to claim extra. An alternative apgriaaay be to bring a Personal Digital
Assistant (PDA) to the field and to present theslitg image on a screen. This implies
that the screen data must be readable in casenshisie. But costs could be saved in
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plotting and scanning and by directly vectorisimgsite. But such approach may not have
the same perception of collecting evidence fronfitld.

» The approach is a participatory approach. The papes areattractive, people are
surprised by what they see and recognise. The gapeis something “to sit around and
to work with”; for sure also for illiterate peopl€he same may be valid for an alternative
setting where a village community is invited tontl®y boundaries in a room where the
satellite image is projected on a wall. But thisn@ a real evidence from the field —
where you have to walk around the land in use.

» Boundaries can be identified on the satellite insaggsilyin most cases; especially when
small paths are in use to access the lands —irafgpe of general boundary. Sometimes
people even demarcate the boundaries. But thigtialways the case; in some area’s the
boundaries are “flexible” and moving during the s®#s. Clear differences between the
boundaries observed on the images and the fialdtgin have been observed in case of
such “flexible boundaries”. It has to be stated #msiness to identify boundaries on the
satellite image may depend on the weather conditituming the date of observation from
the satellite. Of course there should be no clams images made during rainy season
may be not so clear for being used in this appboat

* The data are available in a homogeneous refereganeeivork — the accuracy may not be
comparable to conventional systems in e.g Europbe Tpproach allows for
reconstruction of individual points within a certatandard deviation in case of boundary
disputes later in time.

It is easy to get lost in some field environmen®&PS for orientation may be a
requirement — to be investigated.

* Checking administrative data costs relatively a dbttime. It can be stated that the
collected administrative data during the field wake incomplete and contain many
errors, especially where the names of persons aneecned. The same names are
collected several times — data duplication andrpmétation errors are there: the same
names appear in different spellings.

» It has to be said that in some cases the ink desapd from the image. A good pen is a
must

* For a comprehensive test the following issues elevant:

- paper type (costs and volume in large scale apjits)

- paper size (e.g. A3); overlap is presented areajsaper

- ink to draw boundaries - in relation to weatherdibans

- thickness and colour of the pen (to draw straigigd on the image using a thin
pen point)

- possible impact for archiving - scanning the imagésthe images and the
vectorising the collected spatial data in post pssing

- symbiology in drawing (e.g. to mark a line as d=dgt

- general approach in identifying objects: use liaesind the parcel, this means no
individual points_ids. Name of the user directlyawn on the image? Or a
temporal plot_id (related to the data collectorppdfer the last.
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- in short: a more systematic approach - but we amre of that of course, and
much can be learnt from earlier work with aeriabtggraphs

The first version of the STDM which will be undessting in field circumstances includes the
following basic functionality to support data acgjtion as a result of this learning
experience:

» Generate and plot satellite images for field work
* Generate forms for field work

» Allow overlapping claims and tenures

* GPS data input

* Scanimages

* Vectorise

» Process overlapping claims

* Proces overlapping tenure

» Link spatial and administrative data

* Holdings — groups of Parcels

* Manage history

* Support the maintenance processes (1st trial)
* Source documents

» ldentify data collectors

It can be expected that further developments aedewwhen building the second version of
the prototype: STDM 2.0

The Ethiopia data acquisition experience as foregsee¢he first half year of 2009 will bring
requirements for further developments.

One requirement could be the use of Personal Digissistants with built in GPS and
camera. A wide range of devices is available. PRkbe very supportive, e.g. in case of
image based evidence finding data collection irfigdd. Supportive in navigation (to walk to
the spot) and in orientation (to be sure that yeally are at the identified vertex of a spatial
unit). And in taking photographs with a GPS co-pade linked. Most relevant in relation to
this are the knowledge and correct applicationosbdinate systems and transformations.
Transmission of collected data to other data ctuhsan the neighborhood. As already stated
above it is good to mention that in combinationhwilie PDA method, eonventional paper-
based procedure is done in parallel, in order to fall back onto in case of technicedlgems
and also for redundancy and legal purposes. Ndte:Chmera does not necessarily have to
be in one device with the GPS. The photographsbeageo-referenced in post-processing
based on timestamps registered in both devices.
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Then the different data acquisition methods fotiapdata collection for land administration
can be compared on criteria as: cost effectiveroggins for participatory approaches, level
of training required, pro poor support etc. See &alm, 2006.
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