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c Kadaster International, Land Registry and Mapping Agency of the Netherlands, The Netherlands   

A R T I C L E  I N F O   

Keywords: 
Fit-for-purpose 
Recordation of land rights 
All-inclusive land registration field data 
collection 
Polygon-based mobile data collection 

A B S T R A C T   

Significant numbers of undocumented people-to-land relationships exist in countries around the world. They 
constitute a barrier to sustainable development. To register these relationships, a paradigm shift is required. 
Instead of following traditional, formal, costly, and time-consuming workflows, the focus should be on simple, 
flexible, scalable, affordable, inclusive, participatory, reliable, attainable, upgradeable, community-based, and 
standards-compliant methods and technologies that support land registration. Conventionally, collection of land 
data is carried out by specialists who use sophisticated survey equipment and highly elaborated attribute forms, 
with criteria based on regulations which commonly focus on the fulfilment of technical standards. To achieve 
documented land rights for all, revolutionary approaches are required that produce land administration more 
rapidly and efficiently than what present professional organizations can deliver today. Data acquisition pro-
cedures must change, be simple, comply with societal needs, support data collection by citizens and allow proper 
scaling out. Our solution has the functional ability to collect data based on a predefined data model that captures 
required characteristics and constraints associated with land registration. Landowners and other rightholders and 
community members can collect the data themselves under the supervision and guidance of land professionals. 
To realise this solution, we worked with Esri, the leading GIS industry solutions provider. We use a cell phone 
app connected to an external GPS receiver to collect polygons as the primary spatial element to represent land 
units. This configuration silently registers accuracy data on the surveyed vertices of the polygon. This data is 
needed for the generation of a cadastral data set during postprocessing. During the survey, geometric and 
administrative data are collected simultaneously. All types of people-to-land relationships can be captured: 
formal, informal, customary, etc. Since the community actively participates in the data collection, several ac-
tivities are organized by land professionals to ensure that predefined methodological requirements are met. The 
participation of the whole community also results in a gender-friendly procedure. Since every landowner/ 
rightholder surveys her/his own land, boundaries between neighboring parcels are collected twice. In practice 
this may lead to gaps and overlaps between the surveyed spatial units. A customized library of functions is used 
that transforms surveyed data into topologically valid representations of real-world spatial units in a semi- 
automated way. Subsequent community validation is organised in a public event where neighbor landowners/ 
rightholders check and approve their shared boundary with a digital signature or a digital fingerprint. Author-
ities also use the public event to check and validate identities, neighboring relationships and supporting evi-
dence. Just like the data collection, the data validation procedure requires robust but simple technology. The last 
step in the process leads to the recordation of various people-to-land relationships in the official government 
systems. During legal analysis, the evidence provided by citizens is combined with the evidence available in the 
government information systems to determine the official type of right for each relationship. Governmental 
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information systems need to be adapted to properly store a full continuum of rights, which in turn requires new 
legislation to be in place. In this way, the government obtains a comprehensive overview of the status of land 
rights, which allows better planning and decision-making. And it empowers the government to protect citizen 
land rights. The system uses a multi-level data model based on the Land Administration Domain Model (LADM). 
These levels are: data collection, post-processing, validation, and recordation. The data complies fully with the 
LADM standard and with the corresponding country profile. A number of areas in Colombia with different land 
rights structures have been used as case study for experimental and validation purposes.   

1. Introduction 

Many countries have a land administration system with a history of 
sporadic approaches to establish a set of cadastral records that covers the 
whole country and fully represents actual people-to-land relationships. 
This means that the actual status of a recorded land rights can be 
legitimate or non-legitimate (see Table 1), as all cases are covered. The 
resulting situation is that countries are partially covered by cadastral 
records resulting in three different groups of cadastral objects that we 
can categorize as follows:  

1. legally occupied land that is registered (formal),  
2. legitimately occupied land that has not been registered, and  
3. informally occupied land that falls outside the registration system 

(informal) 

An additional limiting factor is that, although a percentage of the 
land appears registered, the content of that register is not necessarily up 
to date. The percentages of the distribution of these groups differ be-
tween urban and rural areas. In the case of Colombia, for example, in 
urban areas, 66% of the land is registered, 8% of the land is legitimately 
occupied but not registered, and 26% of the land is informally occupied 
and therefore unregistered (Paez, 2016; DANE, 2016). In rural areas, the 
situation is more dire with 16%, 10% and 74%, respectively (Paez, 
2016). The latest study by the Colombian government states that only 
5.68% of the records associated with registered land are up to date 
(CONPES, 2019). 

There are multiple reasons for this situation, and two main drivers 
can be identified: the shortage of human and technical capacity of the 
institutions responsible for the creation and maintenance of the cadas-
tral records, and the use of outdated procedures and regulations that are 
based on compliance with technical standards rather than on purpose 
and use of the information collected. There is therefore a need for more 
efficient processes in land administration, using innovative techniques 
and more agile procedures. The concept of fit-for-purpose (FFP) land 
administration presents a viable option to address this problem. 

The fit-for-purpose approach in Land Administration (FIG/World 
Bank, 2014; UN-Habitat/GLTN/Kadaster, 2016) has been developed in 
reaction to the challenges set by the overall Global Agenda for Sus-
tainable Development. The fit-for-purpose approach argues for 
cost-effective, time-efficient, transparent, scalable, and participatory 
land administration, including participatory surveying, volunteered 
land administration and crowd-sourcing. The principle of the 
fit-for-purpose approach is that the spatial, legal, and institutional 
frameworks for land administration are in balance in such a way that 

tenure security can be established and maintained in a timely and 
affordable way, always aiming at facilitating the local, regional, or na-
tional needs (Lemmen, 2019). 

The fit-for-purpose concept calls for the development of a spatial, 
legal, and institutional framework as the basis of a land administration 
system (FIG/World Bank, 2014). These components include the flexi-
bility to meet actual needs and allow for incremental improvement. The 
spatial framework represents the location of land use, occupation, and 
ownership, and includes the location of conflicts. The scale and accuracy 
of this representation should be sufficient to support security of the 
various kinds of legal rights and tenure through the legal framework as 
well as for managing these rights and the use of land and natural re-
sources through the institutional framework. The FFP approach can be 
implemented in top-down or bottom-up fashion (UN-Habi-
tat/GLTN/Kadaster, 2016). The focus of a fit-for-purpose approach is to 
deliversecure tenure rights within a relatively short time at affordable 
costs (FIG/World Bank, 2014; UN-Habitat/GLTN/Kadaster, 2016). 
There are three main processes: ‘recognition’, ‘recordation’ and ‘review’ 
of land rights.  

1) Recognition: Tenure rights are how people are able to exploit land 
and other natural resources (UN-Habitat/GLTN/Kadaster, 2016). 
The FFP approach supports the continuum of land rights that refer to 
the diversity of tenure arrangements in practice, encompassing both 
de facto (in fact) and de jure (in law) rights (GLTN, 2008). The 
process of inclusion of legitimate tenure types in the formal system 
through the revision of legislation is called national ‘recognition’ in 
the FFP approach. This process is also consistent with the Voluntary 
Guidelines for responsible Governance of Tenure (VGGTs) (FAO, 
2017).  

2) Recordation: The process of ‘recordation’ is at the heart of this case 
study from Colombia. The process of recording evidence of land 
rights in the field comprises three elements of information: the 
location where the right can be exploited, the nature of the right, and 
the parties holding the right. People determine that their own rights 
are correct and or that conflicting claims exist. Grass root surveyors 
and paralegals guide this community activity. Once the recorded and 
adjudicated rights are completed and have no known outstanding 
conflicting claims, then rights can be registered in the National Land 
Register. The land administration authority can then issue evidence 
of registration to the citizens in the form of a certificate. 

3) Review: Review for Conversion is a due diligence process to deter-
mine whether an existing right in the national register meets a set of 
conditions to allow its security to be increased. The review process 
will investigate the followed procedure to create the right and 
determine if it is legal, extra-legal, legitimate, or non-legitimate 
(Zevenbergen et al., 2015). Any outstanding claims by third parties 
and new evidence may also be identified and investigated. If the 
review process concludes that the agreed conditions for change are 
met, then the security of the right will be changed along the con-
tinuum of land rights. 

This paper focuses on the second process, recordation, and we pre-
sent an approach to obtain the data required to record existing rights, 
where the community, guided by land professionals (Licensed Land 
Surveyors), can actively participate in the collection of administrative 

Table 1 
Legality and legitimacy of land rights (Zevenbergen et al., 2015).   

Legitimate Non-legitimate 

Legal The law is followed to the letter 
and in spirit. Recorded and 
documented via titles. 

The law is followed to the letter 
but not in spirit. Results in titles 
obtained using unethical 
procedures. 

Extra- 
legal 

Socially and historically accepted 
access to land but not registered or 
supported by any official 
documents. 

Land access obtained via unlawful 
or illegal activities.  
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and spatial data required to register people-to-land relationships. This 
approach is based on the concept of fit-for-purpose land administration 
and primarily focuses on rural areas. The participation of the community 
(typically farmers) in all stages is a guarantee for trust in the results and 
makes the procedure gender-friendly where all members, male and fe-
male, have the opportunity to document their right claim. Our approach 
focuses on the creation of a nationwide spatial framework to record all 
types of people-to-land relationships, either of individuals or of groups, 
documented as well as undocumented, formal as well as informal, and as 
overlapping claims as well as disputes (Morales et al., 2019). By 
covering the continuum of rights (GLTN, 2008) and the continuum of 
parties, the resulting spatial framework forms a solid basis for land 
administration procedures (Lemmen et al., 2015). Crucial to the success 
of our approach is its alignment with the Land Administration Domain 
Model — LADM (ISO, 2012), which allows the integration of any results 
into existing cadastral systems. 

LADM is applicable in relation to the implementation of relevant 
parts of the New Urban Agenda (UN-Habitat, 2017), FAOs Voluntary 
Guidelines on the Responsible Governance of Tenure of Land, Fisheries 
and Forests in the Context of National Food Security (FAO, 2017) and 
the Continuum of Land Rights as from UN-Habitat (UN-Habitat, 2008; 
Teo and Lemmen, 2013). This, of course, fits very well into the context of 
implementation of the Sustainable Developments Goals. 

The introduction of fit-for-purpose land administration can be 
considered as a new paradigm in achieving faster, cheaper, and more 
appropriate land administration systems for the world. To ensure easy 
and adaptable interoperability with other stakeholders, the Fit-For- 
Purpose Guiding Principles (UN-Habitat/GLTN/Kadaster, 2016) 
recommend that the data model chosen for the system should be based 
on (ISO 19152:2012) LADM and the derived Social Tenure Domain 
Model (STDM) (Lemmen, 2010; ISO, 2012, Annex I). The STDM is the 
foundation for the data model presented in Section 2. It should be noted 
that this article provides inputs for the development of a second version 
of the LADM (Lemmen et al., 2019). 

The polygon-based approach in data acquisition as presented is also 
applicable during data maintenance (see Fig. 5). If spatial units (parcels) 
are merged or subdivided (or a combination of the two – in case of plot 
allocations, readjustments etc.) the same principles can be applied as 
during initial data acquisition. The boundaries of the newly created and 
agreed upon spatial units can be traversed by the owners or occupants 
and the polygons can be processed to topologically correct representa-
tions of spatial units (real world parcels). 

The choice of Colombia as a case study area resulted from the 
existing conditions in the country which form a great basis to develop 
and implement a new methodology in Land Administration systems 
(Kadaster, 2017). These conditions include: there is a post-conflict 
environment in which urgency for formalizing the land is high; citi-
zens understand the relevance of documented land rights well and 
support and cooperate with ideas to realize such; the country has a 
history in using traditional land administration concepts, which has 
impacted the speed by which land rights were documented and recor-
ded; a complex institutional setting for land administration exists with 
responsibilities distributed among at least five government agencies; the 
national government is commited to modernize the existing land 
administration system within a period of seven years, starting 2019. 
Government agencies are keen to modernize their internal information 
systems to implement the LADM standard and more specifically the 
corresponding profile for Colombia. 

2. The data model 

Conventionally, land registration data collection is carried out by 
specialists who use sophisticated survey equipment and elaborate 
attribute forms, in many cases serving several purposes. This is mainly 
because of criteria and legal requirements that were derived from 
technical standards. When rightholders themselves, under the 

supervision of land professionals, actively participate in the data 
collection process, the use of advanced equipment and composite data 
forms is impractical if not impossible. Moreover, the existing volume of 
unregistered spatial units and more importantly, the societal urge for a 
complete land registration requires revolutionary approaches that pro-
duce land registration at an order of magnitude larger than what present 
professional organizations can deliver. The required change in data 
acquisition procedures poses a significant challenge for acquisition 
methodology and technology. We shall provide simple-and-robust 
technology to support the data collection by citizens and a sophisti-
cated set of algorithms to post-process generated data sets. 

Perhaps the most crucial decision is the definition of ‘the minimum 
viable set’ of information attributes that are needed to describe people- 
to-land relationships (Lemmen, 2010). These elements are listed below. 
By consideration, we mean the value that is exchanged between parties in 
a legal agreement.  

1. The identity of the party that holds a tenure relationship.  
2. The specification of the consideration, which defines the item of 

value to be assigned to the identified party. In this case, a social 
tenure relationship. 

3. The origin of the consideration, which is the document(s) that es-
tablishes the association between 1 (party) and 2 (consideration).  

4. The description of the land. A graphical representation of the unit of 
land for which the consideration (2) is valid. 

A unit of land (spatial unit) is deemed an immovable, indestructible, 
nonhomogeneous object which always occupies the same geographical 
space. Based on an analysis of the semantics of these four information 
elements, we designed a data model that forms the basis of data 
collection in the field. Fig. 1 depicts the UML class diagram that en-
compasses the data collection requirements. The figure shows on the left 
(in blue) the classes that describe the land. In the middle (in orange) the 
classes that describe the tenure relationship, and on the right (in green) 
the classes that describe identity of party. Associations between the 
classes are defined to capture static relationships between the classes.  
Table 2 describes the various classes depicted in the model. 

As part of our approach, we set out to test the data model through the 
various case studies with the aim of: having it validated by the com-
munities, and having it validated by the relevant government agencies. 
Consent and acceptance by the communities took place during the 
public inspections where rightholders approved the collected data as a 
truthful representation of their land and associated right claims. 
Approval of the spatial part of the model, by the government, has taken 
place. The national Mapping agency in Colombia (IGAC), issued a res-
olution indicating that the fit-for-purpose methodology as presented 
here follows a declarative and collaborative approach that can be used in 
Colombia (Lopez Morales, 2020). Approval of the administrative part of 
the model is currently under discussion. 

3. The field survey module 

The system’s operational environment must be in line with needs of 
grassroot surveyors and supporting land professionals and allow oper-
ation under open, disconnected field conditions, thus with a simple yet 
robust user interface that enables easy operation (Molendijk et al., 
2015). Grassroot surveyors are young adults from the villages, trusted by 
the communities, who have been trained on the fit-for-purpose pro-
cedure to survey spatial units guided by professionals (UN-Habitat, 
2019). Table 3 shows a list of activities supported by the survey module, 
during the field activities, from the perspective of grassroot surveyors 
and land professionals (UN Habitat, 2019). 

In collaboration with Esri, a field survey module was developed to 
adhere to the stated requirements. The field survey module is based on 
the ArcGIS Collector app (Morgenthaler, 2020), and consequently the 
module takes advantage of he cloud infrastructure on which Collector 
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operates. The module uses the data model presented in Section 3. It 
features an intuitive interface to collect data, in online or offline mode, 
and upon completion of the work deposits the collected data directly in a 
central database without interaction by the users. 

During the survey, the module simultaneously captures a polygonic 
representation of the spatial unit as well as individual point observations 
for post-processing and quality control. The polygon gives the grassroot 
surveyor and the rightholder a clear representation of the land against 
the backdrop of an orthophoto or a satellite image and provides the 
means to compute and display the area size of the land unit. This im-
mediate feedback helps to build trust with the stakeholders. The point 
observations include attributes required by land professionals to deter-
mine the quality of the measurements. Their values are used during 
postprocessing to properly reconstruct the geometries of surveyed par-
cels and to generate a topologically correct spatial partition of the sur-
veyed area. During the pilots in Colombia, a Trimble RTX (Real Time 
eXtended GPS) positioning service was used to provide the location in-
formation of the surveyed parcels (Leandro et al., 2012). The grassroot 
surveyors were requested to guarantee as much as possible a horizontal 
accuracy below one meter, in alignment with the technical needs of the 
surveyed areas. The collection of this data happens in the background 
and does not interfere with the data collection process as executed by the 
grassroot surveyor. 

The field survey module also guides the grassroot surveyor in 
collection of administrative data for the parcel at hand, which includes 
types of right claims and the individuals associated with those claims. As 
evidence of the claims, the survey module collects and classifies evi-
dence of the claims. This is captured by means of photographs of doc-
uments, of individuals, and of relevant landscape features of the land. 
Professionals require this evidence to process the nature of the claims 
and decide on the followed procedure for registration or recordation of 
the claims. 

With successful experiments in the case study areas, we are confident 
the application can be configured to address seamlessly the re-
quirements of land administrators, surveyors, and landowners, enabling 
fast and reliable execution of all associated societal processes. What is 
also positive about the resulting app is that it builds up citizens’ trust in 
the procedures, organizations, and technology being used to address 
their needs. 

4. Collection of land registration data 

The procedure for land rights recordation that follows the fit-for- 
purpose philosophy consists of six major steps (Fig. 2). The first step is 

Fig. 1. Data collection data model. (For interpretation of the references to colour in this figure, the reader is referred to the web version of this article)  

Table 2 
Classes of the data collection data model.  

Class name Class description 

SpatialUnit Polygonic representation of a piece of land 
VertexPoint Vertices that form the boundary of a spatial unit 
AnchorPoint Vertices at the intersection of three or more spatial units. Each 

anchor point represents a change in the neighbor relationships 
along a boundary. 

Reference object Point representing a non-private object, e.g. a river or road 
SpatialUnit__Attach Zero or more images of a spatial unit; these can be photos or 

satellite images 
Right Type of relationship associated with a spatial unit. These 

depend on local tradition, culture, religion, or communal 
traditions. 

RightAttachment Zero or more images of documents in support of a right. 
Authentic sources of legal, formal, or informal tenure 
relationships 

Party Identity details of a person or group that is engaged in an 
agreement. 

PartyAttachment Zero or more images of identity documents of the party. 
Authentic sources of legal identification of a party.  

Table 3 
Roles of grassroot surveyors and land professionals.  

Grassroot surveyors Land professionals 

Organize when and where to conduct 
data acquisition activities. 

Organize support from governmental 
agencies at the community level. 

Collect data as spatial representation of 
land units with the corresponding 
evidence on existing rights through 
photos of documents, individuals, and 
the land units themselves. 

Supervise data organization, data 
management, tool/hardware 
management, logistical arrangements 

Check data completeness after 
acquisition 

Check data consistency and overall 
completeness 

Review the approach regarding the local 
circumstances and report 
improvements or drawbacks. 

Analyze the procedure results and the 
feedback to streamline the process  
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Socialization. During this step, leaders of the community (-ies) located in 
the work area are contacted to organize a general meeting in which the 
fit-for-purpose team explains the nature of the work, the responsibilities 
of the different actors and the flow of activities. A critical result of this 
step is the identification of young adults from the community that will 
be trained to become grassroot surveyors and help the community 
execute the work. 

4.1. Planning & training 

After explanation of the work, a social mapping exercise is carried 
out through which the various landowners or claimants identify the 
location and the approximate area of their parcels on a base map (using 
an orthophoto or a high-resolution satellite image). With that identifi-
cation, it is possible to inform landowners when the survey of their land 
will take place, and who of the grassroot surveyors will accompany 
them. 

Simultaneously, these young surveyors and paralegals are intro-
duced to the functioning of the equipment (mobile app & handheld GPS) 
to be used in data collection, and they receive explanation of the specific 
steps to collect the data on each parcel. Several test runs are executed to 
guarantee complete understanding of the procedure. Special training 
material has been developed and is available for this task. 

4.2. Data collection 

Following the previously drawn up plan, survey teams are dis-
patched to cover the whole area and to collect simultaneously the spatial 
and administrative/legal data of all the land in the area for which there 
are people-to-land relationships. As explained earlier, all types of rela-
tionship are recorded, formal, informal, customary, etc. (see Section 2). 
Land for which no relationship is identified will be recorded as public 
land. Part of the data collection procedure includes the landowner to 
indicate where around her/his land there are areas of public land. 

4.3. Post-processing 

This step is used to transform surveyed data into topologically cor-
rect representations of parcels in a semi-automated way. Additionally, 
an analysis of the various classes of rights is made and is compared with 
existing government registers when applicable. 

4.4. Public inspection 

During this step, the processed results are presented to the commu-
nity in a public forum for approval. Signatures are collected as valida-
tion of the results, which indicate agreement between the parties. 
Something should be stated here to describe the situation when no 

agreement has been reached: "In cases of disputes, the method to follow 
is ... " 

4.5. Recordation 

The parcel data that is approved by authorities and the community is 
submitted to the national agencies for processing. They proceed to 
analyze the data so that official documents can be generated for the 
various rightholders. In some cases, the right can be immediately 
formalized leading to a land title. In other cases, which fall into different 
categories of rights, a different procedure applies, but they can poten-
tially lead to titles too. 

In practice, various stakeholders contribute to the execution of data 
collection activities. First and foremost, these are citizens. The entry 
point into the community is the leader of the so-called Junta de Acción 
Comunal. Such a board represents the citizens and it provides the 
mechanism by which activities in the community are organized. In turn, 
the community board invites the citizens to participate and contribute to 
the process, which leads to high levels of participation. The legitimacy of 
the process is established by the presence of the National Land Agency 
(ANT), the National Mapping Agency (IGAC) and the National Register 
(SNR). Employees from these organizations work in the field with the 
community and the project team. Since the technology is novel, Esri and 
Trimble sent their staff to work with us in the field. This proved to be 
invaluable as the challenges were rather significant. From our academic 
partners, the Universidad Distrital (UD) was invited to join and teachers 
and students actively engaged in the process. The role of the university is 
to train and accompany the survey teams and to document the process. 
The UD also contributed to the development of concepts and the soft-
ware used in the pilots, in cooperation with experts from Dutch Kadaster 
and Faculty ITC of the University of Twente. 

The execution of a pilot starts with a planning session in the office 
where the project team meets ANT, IGAC, SNR and UD to analyze the 
work area, access, geography, and contacts. ANT, IGAC and SNR 
determine which areas should be surveyed based on national govern-
ment priorities. Then, a review of available data sources is made to 
decide which data to use in the field during data collection. Existing 
cadastral records on registered land are collected to be used only during 
post-processing. Whenever necessary, a schedule for the creation of 
orthophotos is specified. Part of the team then works on the preparation 
and configuration of the technology, database server, web server, mo-
bile apps, phones and GPS units. A small group travels to the work area 
to become acquainted with local authorities and leaders of the Com-
munity Boards and to decide on best time of execute the surveys. Once 
on site, the UD executes the training and creates and joins the survey 
groups for the execution of the work. The rest of the process is as 
explained earlier in this section. 

Fig. 2. Major steps of the FFP methodology.  
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5. Field data collection 

A field data collection process that creates an overview of the 
existing people-to-land relationships should be fast, reliable, and 
affordable. This is the best possible response to the challenge that the 
establishment of a nationwide spatial framework represents. The 
methodology presented in Section 4 is designed for speed and to meet 
the requirement of creating nationwide cadastral coverage for land 
administration processes. It is reliable because the focus is on the quality 
of the data that describes the link between land and people. It is 
affordable because high-precision and time-consuming conventional 
field surveys are avoided, and so are complex bureaucratic procedures. 
It is participatory because people themselves are actively involved in the 
data collection. 

Community involvement is fully supported; the very nature of 
cadastral survey requires the participation of neighbors, family mem-
bers, etc. Therefore, the mayor or some other local authority represen-
tative is informed in advance to ensure awareness and involvement of all 
parties. 

Data collection is organized by a fit-for-purpose professional 
(generally a surveyor), and it is executed as a single sweep of an 
administrative area, during which all people-to-land relationships 
within the area are identified and recorded. A plan for the survey is 
made up with the community, based on the number and the size of 
parcels, and availability of survey teams. A survey team consists of a 
locally trained grassroot surveyor and the landowner of the parcel being 
surveyed. 

The Field Survey App is configured using the STDM-based data 
collection data model and therefore the App guarantees the collection of 
the correct data elements and associated constraints. This is trans-
parently done without intervention by the survey team. The team uses a 
handheld GPS and the Field Survey App, which are used together to 
survey boundaries of the land by traversal along the perimeter. the 
survey team is invited to survey as many boundary points as they feel are 
required to faithfully represent the full extent and shape of the parcel. In 
so doing, they build the best possible evidence for the claim of the 
landowner. The App displays an orthophoto that covers the work area 
and may include additional base data needed in support of data 
collection. This allows the team to validate the GPS-provided co-
ordinates. For each boundary vertex identified by the survey team, the 
App collects point coordinates, GPS accuracy values and satellite in-
formation, silently in the background. Simultaneously, the App con-
structs a visualization of the parcel boundary. A completed boundary 
becomes associated with a homogeneous set of people-to-land re-
lationships. Upon completion of the boundary survey, the landowner 
can see in the App the shape of her/his parcel and its computed area size. 
The accuracy values are analyzed by the FFP professional to assess 
compliance with requirements. In case of values falling outside the 
required thresholds, the involved vertices are resurveyed 

After boundaries have been surveyed, the minimal set of adminis-
trative attributes are collected. This is done in an integrated way: the 
boundary is stored together with the type(s) of right or people-to-land 
relationship(s) (ownership, possession, occupation, informal, dispute, 
etc.), combined with a photo of the claimant and a photo of the id of the 
claimant. This means that parties, tenure relationships to the land and 
boundaries (representing spatial units) become linked from the outset. 
Authentic sources of party identity are collected in the form of digital 
photos of the landowner and of her/his identification document. Photos 
of existing legal documents like deeds or titles, etc. are also collected as 
authentic source of the tenure relationship claimed by the landowner. 
Often there is more than one claimant for a specific parcel — for 
example in case of a married couple. For this reason, a share in a right 
can be recorded for each individual claimant. This can be done during 
field data collection or afterwards during the public inspection. Data 
collection can be done online or offline, based on local conditions, in 
both cases the data eventually is stored in a cloud repository (part of the 

Data Management module) where it can be accessed to follow the pro-
cess remotely — this ‘remote participation’ is important for the 
involvement of stakeholders who cannot be on site. 

To get the required accuracy, regardless of the availability of a local 
station, the handheld GPS uses Point-to-Point Communication Protocol 
to communicate with an operations center through a satellite link or 
through the internet. The operations center generates and delivers 
precise satellite corrections, which gives the GPS unit real-time posi-
tioning at various levels of accuracy. This type of measuring solution is 
known as Real Time eXtended or RTX (Leandro et al., 2011). In the case 
of Colombia, Trimble R2 devices with FieldPoint RTX decimeter accu-
racy are used for data collection. 

The interface of the Field Survey App was adapted to comply with the 
proposed method, in a collaboration with Esri Inc. and Esri Colombia, 
and was further adapted to serve users performing the work. Internally, 
the App uses the data collection data model (see Fig. 1). Later, during the 
post-processing stages, the data is transformed to comply with the LADM 
standard, or in the case of Colombia, specifically with the LADM-CO 
profile (Baron et al., 2018). 

The land professional is also responsible for checking data quality. 
Checks are carried out on the accuracy labels of the surveyed points and 
on data completeness, which includes the spatial elements and the 
administrative/legal elements of a parcel. The simplification of the 
App’s interface and its efficiency optimization have a side-effect in that 
at this moment no off-the-shelf application can be used. The platform 
that appears best suited to support the data collection process following 
FFP methodology is the Esri field data collection suite. To make the suite 
fully compliant with our purposes, Esri made the necessary changes to 
the software. 

Traversal and inspection of the parcel and collecting boundary points 
is a process that is easy to explain to, master and execute by land owners 
and grassroot surveyors. The polygon approach is elegant. Land owners 
rapidly understand from the displayed results that the surveyed 
boundary is correct (or not), and their involvement informs them of a 
more precise estimate of their property’s area size. These are crucial 
factors when it comes to trust in the data that is collected. Parcel data 
collected in this way, falls under the LA_Source class of the LADM 
standard, just like fingerprints, photos of ID cards, and photos of legal 
documents. In the end, all data collected in the field serves as evidence of 
the land registration process. 

One of the challenges for the data collection was the condition of 
existing data sets, both reference data and cadastral data. In areas that 
were surveyed in the pilots, cadastral government records were either 
outdated or non-existent. According to official government documents 
(Conpes, 2019), only 5.7% of the parcels are up-to-date, while 66% are 
outdated, showing an average last registration of 12 years prior, and 
with 28.3% of parcels as unregistered. For these reasons, cadastral data 
was pout aside, as little match was found between reality on the ground 
and existing government records. We judged inclusion of such old 
documentation as potentially detrimental to an effective collaborative 
survey campaign that has an ambition to scale up and out. After survey 
was completed, in many cases we could associate outdated records with 
recorded reality to allow government agencies to execute the appro-
priate procedures for registration. In terms of base data, we resorted to 
two sources: publicly available satellite imagery services provided by 
Esri or Google, and orthophotos generated by the project team prior to 
the survey campaign. 

6. Post-processing – conceptual framework 

Citizens collaborate in collecting parcel boundaries and reference 
points using mobile devices and handheld GPS devices in situ. Reference 
points serve to record and identify the existence of neighboring public or 
government-owned land not claimed by private landowners. The 
acquisition protocol assumes the study area is fully partitioned, so a gap 
without reference points will be flagged as a collection error. Examples 
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of areas that should become marked with reference points are: roads and 
other areas for transport infrastructure, rivers and other water bodies 
and their fringes, public lands including city parks and nature reserves. 
The exact coordinates and accuracy of observations for reference points 
is immaterial as their only purpose is to label public space. 

Parcel boundaries are either vertices or anchor points. They are fully 
georeferenced and carry an accuracy label. The RTX technology pro-
vides different levels of accuracy based on the service level that is chosen 
for the session. Thus far, given the conditions of the terrain and the 
requirements for surveys in rural areas, all anchor and vertices have 
been collected with a service level that provides sub-meter accuracy. 
(Fig. 3). 

Since every landowner surveys her/his own parcel, boundaries be-
tween adjacent parcels are collected twice. Similarly, anchor points, 
which represent an intersection between multiple spatial units are 
collected multiple times, by different survey teams at different times, 
with different accuracy and possibly with different survey equipment. 
This provides an excellent control mechanism on the quality of these 
observations. Fig. 7 shows a schematic representation of the results of 
data collection for a small sample area. 

The aim of the post-processing stage is to rework raw data from the 
field campaign and derive in a semi-automatic way, a topologically valid 
planar partition of the study area into parcels. This shoudl become an 
accurate reflection of reality that does justice to all landowners’ interests 
and presents no unfair advantages to any landowner. Original surveyed 
points are linked to the resulting vertices of the planar partition as 
sources of the computed value. The approach used here is based on the 
notion of conflation, which provides a systematic way to process the 
data, and typically consists of three phases of computing: (1) feature 
matching, (2) filtering of found matches, and (3) spatial alignment. The 
result is then a partial topological tessellation of the surveyed study area 
seen as a multipolygon. The parts are either private land parcels, or 
public land parcels with some function, based on the typification of 
reference points. The tessellation is partial because we cannot expect 
that all public lands were surveyed. The tessellation is topological in that 
it has no slivers: no two parts are spatially overlapping, and no unas-
signed holes are left between parts. The semi-automatic analytic work-
flow executed for every parcel in arbitrary order is: 

• Step 1: Raw data correction, which aims to clean the originally ac-
quired data from obvious mistakes. 

• Step 2: Public parcel inference, which aims to create polygonic rep-
resentatives of public space as suggested by reference points.  

• Step 3: Neighbor inferencing, which aims to identify which parcels 
(private and public) are each other’s neighbor.  

• Step 4: Topological anchor point derivation, which aims to identify and 
position the fundamental vertices of parcel boundaries.  

• Step 5: Boundary/boundary reconciliation, which aims to derive for 
each shared boundary component the best compromise of where it is 
positioned. 

Each of these steps is discussed below. 

6.1. Step 1: Raw data correction 

The objective of this step is to detect errors in the input data that 
affect parcel boundary linestrings. Input data can have errors of different 
type : simple errors arise when some private land parcel is surveyed 
twice, or is not surveyed at all. These cases require detection. Specif-
ically, boundary linestrings should:  

• Use only coordinate pairs within the study area,  
• Be closed linestrings,  
• Not have self-intersections,  
• Not have segment lengths below a stated threshold,  
• Not delimit areas below a threshold size,  
• Only delineate the outer boundary (i.e., for now we exclude cases 

where parcels have holes),  
• Have appropriately labeled survey points in terms of anchor, vertex, 

and reference points. 

6.2. Step 2: Public land inference 

The objective of this step is to identify public lands that neighbor 
private land. This is required as the workflow needs to provide protec-
tion of public land against illegitimate claims as private land. Unfortu-
nately, the government in Colombia does not hold properly maintained 
spatial records on public lands. 

Parcels are explicitly georeferenced by the survey method, but public 
lands are not. Instead, their existence is marked in the field with one or 
more reference points. A set of internal data constraints (relationships 
between types of points in a single parcel) and external data constraints 
(relationships between points of the same type in adjacent parcels) help 
to define inconsistencies in reference points that might arise by errors or 
intentional omissions during data collection. Ideally, the survey pro-
cedure flags every public land area with two or more reference points. 
Each point marks the existence of public land from the perspective of the 
landowners adjacent to it. We use the term “public land function” here to 
allow discrimination between public roads and paths, school yards, 
sports grounds, waterways, and other public land functions. 

6.3. Step 3: Neighbor inferencing 

The objective of this step is to find neighboring pairs of land parcels. 
There are three cases here. First, a pair may be incident in a single point, 
or they may neighbor along an edge. With the raw (non-crisp, and to-
pologically unresolved) data in hands, these cases may not be so sepa-
rable directly. Secondly, one (and only one) of the land parcels may be 
public. (The case of the two being public is not of interest as there is no 
geometric dispute to be resolved. Pragmatically, there is also no survey 
action that aims to find them.) When one of the two parcels is public, 
there is no geometry to reconcile against, and so the survey points of the 
private land parcel define the outcome. This boundary is later verified 
against the boundaries oficial boundaries of public land. Thirdly, there 
are parcels at the edge of the survey area for which two options exist. 
Their boundary can be reconciled with the official administrative 
boundary of the area, or they can only be reconciled when the adjacent 
administrative area is also surveyed. Fig. 3. Schematic representation of data collected in the field.  
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6.4. Step 4: Topological corner point derivation 

The objective of this step is to identify and properly position the 
anchor points that form the eventual topological tessellation. This is the 
first step where we use geometric conflation. Anchor points denote lo-
cations where three or more parcels meet. The common case is that of 
three parcels meeting. The case of four is still frequent, and higher 
numbers become gradually more infrequent. These cases should be 
derived from the results of the neighborhood inferences of Step 3. Each 
derived and positioned anchor point should have a fixed (reconciled) 
position and possibly a precision assessment, that is derived from the 
precisions associated with the contributing raw survey points. Recon-
ciliation of a corner point aims to determine its most-likely position, 
which can be done in different ways. Here, this is done using the asso-
ciated precision metrics (accuracy labels) of the participating points, 
which are used to derive a weighted average position. This approach 
assumes that we are working in a metric (projected) coordinate system. 

6.5. Step 5: Boundary/boundary reconciliation 

The objective of this step is to identify and properly position the 
shared boundary edges between pairs of neighboring parcels. There are 
two cases here: the more general private/private pair, and the more 
degenerate private/public pair. In the latter, no geometry needs to be 
reconciled because public lands do not contribute survey points to the 
process. The reconciliation process aims to do justice to the survey 
points at either contributing side. At this stage, the principle of 
“assigning equal area” can be implemented, and we have chosen to 
pursue such. This principle can be phrased as the combination of the 
following rules:  

• In the shared boundary zone, no land is assigned to the neighbor 
parcel if it is not contested through neighbor vertices presented.  

• The contested part of the boundary zone is defined as the union of 
overlaps and “underlaps,” and it is divided in such a way that an 
equal (or fair) amount of land area is assigned to the two neighbors.  

• Deviation from the equal area principle is possible, but only based on 
vertex precision metrics, recognizing that a higher precision is a 
firmer establishment of a vertex location. 

In the case of private/private parcels, a shared boundary edge should 
be produced for each neighbor pair. This will use the already reconciled 
corner points of Step 4, which function as linear limits of boundary 
edges. A shared boundary edge is always non-self-intersecting. In the 
common case, it is not closed either. A probably rare case is that where a 
private land parcel is completely nested within public lands, and then 

the shared boundary edge is actually closed. The functionality required 
for post-processing has all been implemented and coded within a data-
base management system using SQL or SQL-based programming lan-
guage. Fig. 4 shows a schematic representation of the data before and 
after post-processing. On the rightis the resulting tessellation including 
all private parcels but excluding all inferred public land. 

It is fundamentally important to obtain an overview of parcels and 
boundaries of which the opinions about a boundary’s location differ 
between neighboring rightholders. These differences (overlaps) are 
shown in a map as spatial units with a shared conflict right by the 
rightholders. These parties should try to agree during the public in-
spection on the location of the boundary under dispute. This is done with 
the participation of an expert who facilitates the process. In case no 
agreement is reached, the corresponding authorities should act ac-
cording to the regulations to address the issue. 

During the FFP surveys in the pilot areas, two boundaries with dis-
crepancies were mapped and in both cases the parties came to an 
agreement during the public inspection. This approach can also be used 
for maintenance procedures, for example in subdivision (see Fig. 5). In 
such case, the boundaries of the newly agreed spatial units can be 
collected independently by the new owners or occupants and then 
process to generate the corresponding representation of the new spatial 
units. In this case, only the new boundary segment will be reconciled 
(see Section 6.5) while the others are extracted from the existing rep-
resentation of the original parcel. 

7. Post-processing – functions library 

We developed the post-processing engine based on the framework 
presented in Section 6. This took the form of a library of SQL functions 
with two objectives. First, the data obtained in the field must be trans-
formed into a topologically correct representation of the parcel, together 
covering the entire surveyed area. Secondly, the data as per data 
collection data model must be semantically transformed to the land 
registration data model 

At time of post-processing, the data about Spatial units, Rights, Parties 
and Reference Objects has already been loaded into the central database. 
As described in Section 3, the representation of spatial units comes in 
two forms: polygonic representations, which in this section we call 
spatial regions, and survey point sequences with associated data quality 
values. Both representations are needed during the post-processing and 
public inspection stages. Sometimes, due to the unavailability of proper 
location services, on-screen digitizing is used and only regions are 
generated during the data collection phase. In such case, we generate 
and store the corresponding point sequences for every surveyed region. 
The function PropertyPoints(), either populates table BoundaryPoint with 

Fig. 4. Surveyed data (left), final tessellation excluding public function land (right).  
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vertex coordinates and accuracy values obtained in the field, or it gen-
erates the vertex coordinates using the spatial regions as a source. 

With all point sequences and spatial regions in place, we can proceed 
with the validation of the classification points through the PointClassi-
fication() function, which ensures, to a certain extent, that anchor points 
and vertices (see Table 2) are correctly classified. The distance between 
anchor points belonging to adjacent spatial regions and their spatial 
relation with respect to reference objects are the basis of the validation of 
the classification. This process is mostly automated, nevertheless, a vi-
sual inspection is required to ensure correct classification. The algorithm 
behind this validation, as well as those used by the other functions 
presented here, are work in progress and therefore susceptible to 
improvement. The sequence of vertices between two anchor points rep-
resents a boundary segment. 

The next step in post-processing is the adjustment of boundary seg-
ments between adjacent spatial regions. This is realized by a set of 
atomic functions that we group as LimitsAdjustment() functions. The aim 
of this function is to adjust, as much as possible and needed, each 
boundary segment of a given individual spatial region with the corre-
sponding boundary segment of its neighbor regions. This process en-
compasses the following steps:  

• Selection of common boundary segments between two neighbor 
spatial regions. The coordinate values of two anchor points at the 
border of adjected boundary segments must fall pairwise within a 
predefined tolerance for those segments to be considered adjacent. 
At this stage, adjacent spatial regions may have small spatial sepa-
ration between them. In such case, the algorithm uses the coordinate 
values of reference objects to determine whether these areas corre-
spond to public space or they represent a gap between spatial 
regions.  

• If matching conditions of adjacent boundaries are valid, the function 
recalculates the coordinate values of both boundary segments. First, 
it adjusts matching anchor points using their corresponding accuracy 
values. And secondly, it ensures that there are matching vertices in 
the two boundary segments. This means that the two boundariy 
segments are geometrically equal.  

• Next, the geometry of the spatial regions must be updated to match 
the new location of its corresponding point sequences. Naturally, any 
change in the point sequences directly affects the spatial regions and 
vice versa. Here again, a manual inspection is necessary to verify the 
correctness of adjustments. 

After the geometry of the spatial regions is topologically corrected, 
the PropertyLimit() function is used to generate linestrings of all 
boundary segments and it populates the BoundaryString table. Next, the 
PartiesConcept() function creates the table AdjacencyConcepts, which 
stores information on the approval status of each boundary segment by 
the parties associated with it. Such approval values are generated during 
the public inspection. 

The data is presented as a set of views that are used by the web 

application during the public inspection process where the rightholders 
can issue an approval concept. The PartiesConcept() function is used to 
associate the rightholders concepts to the computed boundaries, and 
their signature or fingerprints which validate the given concept, and the 
date in which the concept is given. The ClassifiedLimits view shows, in 
real-time, information on the approval status of every boundary segment 
based on the concept and signature provided by each individual right-
holder. The possible status of a boundary segment could be: 1 – not 
signed; 2 – approved by some, but not all the rightsholders; 3 – approved 
by all associated rightholders; 4 – rejected by at least one of the right-
sholders; 9 – the boundary segment is already legally registered. This 
classification is used to present the status of boundary signatures with a 
color code in the public inspection. 

In addition, this library takes care of restructuring the data into the 
land registration data model which complies with the LADM. Fig. 6 
shows a portion of this data model. At this stage, the data can be shared 
with all land administration actors as well as be incorporated into the 
land registration systems. Governmental information systems, however, 
need to be adapted to properly store a full continuum of rights as 
recorded by this approach. In any case, because of this process, local and 
national governments will obtain a comprehensive overview of the 
status of land rights, which allows better planning and decision-making 
and more importantly, it empowers the government to protect such 
citizen land rights. 

8. Public inspection 

The next step in our methodology is to share the results of the survey 
and post-processing phases with the community for their approval. This 
is achieved by the execution of the so-called public inspection. These are 
conducted at village meetings attended by authorities. The community 
members gather to view all the collected and derived data on a public 
screen and to discuss and reconcile the results. It is important that all 
owners and claimants are present during the event — for example, in 
case of a married couple that both partners are available to provide their 
approval. 

During the public inspection, owners and claimants are called for-
ward to validate the data about their parcels. In this occasion, the 
claimant is requested to show her/his ID card, to be matched against the 
card previously photographed in the field. Then, for each shared 
boundary of the parcel, the claimants are requested to check and vali-
date its geometry, and to verify the names of the owners and claimants of 
the neighboring parcel. S/he will digitally confirm her/his approval by 
providing a digital signature or a digital fingerprint. Fig. 7 shows various 
screenshots of the Public Inspection App interface. 

During the approval process, the map displaying the parcels is 
constantly updated to show the status of the process. At the beginning of 
inspection, all parcel boundaries appear black on the map. The black 
colour indicates that none of the claimants sharing that boundary has 
given approval. Once one or more of the claimants have processed and 
approved the various aspects of the data of the boundary, the colour of 

Fig. 5. Existing data (left), surveyed data (centre), final subdivision (right).  
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that boundary will turn yellow. When all claimants from both parcels 
have followed the procedure and approved the boundary data, the 
colour of the boundary will change to green. In case any of the claimants 
disagrees with the data, the colour of the boundary will change to red. In 

such case, the public inspection app allows the claimant to provide 
detailed arguments on which s/he bases the disapproval. Subsequently, 
mediation by a government actor and the village board is required and, 
in most cases, the dispute is then resolved. 

Fig. 6. Land registration data model.  

Fig. 7. Interface of the Public Inspection App (names have been made up by the authors).  
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The Public Inspection App is a Web application so that it is easily 
accessible for the approval process. This allows the process to be fol-
lowed remotely by external actors. If the approval process takes a few 
days, the whole community can check its status over the Web. It also 
makes it possible for the boundary approval to be done at different 
moments in time, in case when a claimant cannot be present during the 
public inspection. 

9. Adoption and institutionalization of the methodology 

One critical aspect of this new approach is its adoption by stake-
holders in the country. In Colombia, government organizations like the 
National Land Agency (ANT), the National Mapping Agency (IGAC) and 
the National Register (SNR) are looking for ways to improve their land 
administration processes and they regard our methodology as a viable 
option. However, several hurdles exist that make such an adoption quite 
challenging. The challenges include: institutional capacity, existing na-
tional and institutional policies, and validation of the methodology to 
allow its use in official government processes. 

To validate the methodology, we conducted, together with IGAC 
which is the highest cadastral authority in Colombia, several validation 
tests during the second half of 2019 in the municipality of Cumaribo, 
province of Vichada. As a result of these tests, IGAC issued a statement 
officially approving the FFP methodology as discussed here, to be used 
in cadastral processes in the country. This was an important milestone 
that makes it possible for local stakeholders to adopt the methodology. 

To strengthen the capacity of Colombian institutions to use the 
methodology a number of actions were implemented. First, the work 
was executed in collaboration with the Distrital University to guarantee 
that all knowledge generated during the methodological development 
was absorped locally. Based on such understanding, the University 
developed training materials that are used in capacity development 
courses for government organizations and grass-root surveyors. Addi-
tionally, collaborations with national agencies took place, including 
shared field surveys to carry out the recordation process. All developed 
software has been made available to the national agencies and members 
of the project team are collaborating to get these integrated with existing 
information systems. Capacity development resulted as a spin-off ac-
tivity and currently the University of Twente and Universidad Distrital 
are working on updating the curriculum of the Surveying and Cadastral 
engineering programs to modernize their contents and align such with 
the needs of the country and its institutions. 

In terms of institutional policies, there is still a long path to go. 
Currently, agencies such as IGAC record only formal rights as its 
mandate is to register property. Most of the data collected in the pilots 
represent informal land tenure, which means that this cannot be directly 
incorporated into existing systems. In addition, the surveys have shown 
that besides legitimate but unregistered rights, occupation of risk areas, 
national parks, indigenous reserves does occur. There needs to be an 
approach to address these situations at a larger scale, as they were 
present in all areas where pilots took place. 

10. Conclusions 

The methodology presented here has been tested through several 
case studies in regions of Colombia with different land rights structures, 
ranging from formal to indigenous or social. Modifications have been 
made to the various steps as well as to the technology based on findings 
and feedback from such case studies. Additional areas of work are in 
progress and aim to extend the methodology to cover a number of ad- 
hoc cases. The creation of community awareness has been a crucial 
success factor in achieving results in the various study areas. Especially 
in post-conflict areas, people tend to mistrust governmental plans and 
actions. The communities have shown an eagerness to cooperate and 
have welcomed the authorities to incest in the development of their 
regions. At the same time, clearly these experiences and lessons learned 

must be incorporated in legislation, so that the approach can be scaled 
up and out to a national level. In spring 2020, the methodology was 
officially recognized by the Colombian national mapping agency for its 
use in various cadastral processes, which represents an important step to 
further success. 

The polygon approach is elegant. Local landowners immediately 
understand from the presented results that the boundary observations 
are correct, and they also get to know a more precise estimate of the area 
size of their land at the moment of survey. These aspects are crucially 
important for the trust it builds in the data that is collected. The inclu-
sion of grass-root surveyors has allowed us to execute a fast and reliable 
data collection process. Similarly, they help the municipality with the 
maintenance of its cadastral system by repeating the survey process 
when modifications such as parcel splits and merges take place. The 
community has come to understand the importance of properly 
recording all land transactions in the cadastral system, to retain legality 
of documents and associated rights, and to allow their legal protection 
by the government. 

The software technology for field data collection has benefited from 
the experience of the case studies, and the versioning cycle of the Col-
lector app has shown improving functionality and robustness. This 
application not only provides support for sophisticated professional 
surveys, but now also for more basic surveys that comply with a FFP 
philosophy under the supervision of qualified professionals. For these 
settings, robustness and ease of use are key characteristics. This devel-
opment undoubtedly opens opportunities to address the many data 
collection problems that are so common in developing economies. 

The project’s methodology has proven to be applicable and produces 
land titles and tenure security for the rural population of Colombia as we 
speak. The first land titles based on this methodology were handed out in 
late 2018 in attendance of the Dutch Prime Minister, the Colombian 
Minister of Agriculture, ANT’s director, the Dutch Ambassador in 
Colombia and Kadaster representatives. High level commitment has 
turned out to be crucially important for the awareness at national po-
litical level about the surge to speed up land titling and switch from 
traditional methods of land titling to FFP methods. Institutional coop-
eration is established in the context of the Kadaster project and other 
land administration projects in Colombia. 

A second phase of the project has been initiated with the aim of 
working on scalability aspects of the methodology. More specifically 
how to enable each of the 1,100 municipalities to collect land rights data 
using the FFP approach and deliver it to the national agencies for pro-
cessing and registration. Also, in terms of national policy, during the 
second phase our aim is to work with legal experts in the country to 
advice the government on modification of land administration policy to 
support the challenges imposed by the nature of modern land 
administration. 

Similarly, policies on governing and securing digital information on 
citizens such as digital signatures are not in place. Validation of data via 
digital signatures and/or fingerprints is also not covered yet. There are 
data sharing policies in place in the country which were followed when 
handing over the collected data to the government. To that end, the 
administrative and physical components of the data had to be separated 
as they are handled by separate agencies. This is a drawback as the idea 
has always been to integrate this information according to the principles 
of the LADM. In terms of sharing the results with the community, an 
application via a web browser is always available where an overview of 
the results of the survey can be consulted. 

Instrumental to the results has been the construction of a multi- 
disciplinary team that includes representation from the national gov-
ernment, industry, and academia. The agencies involved are Kadaster 
International, The ITC Faculty of University of Twente, the National 
Land Agency (ANT), the Colombian Register (SNR), the Colombian 
Mapping Agency (IGAC), the Cadastre of the Department of Antioquia, 
the Amazon Institute for Academic Research (SINCHI), the Distrital 
University in Bogotá, Colombian National Planning Agency (DNP), Esri 
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Colombia, Esri Inc., USA and Trimble. 
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