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Abstract

In any country, land ownership and land records management are prime objectives of
any land record management authority. These issues are of key importance in Pakistan
for land individuals as well as for land record management authorities. Currently, land
records and revenue maps are maintained by the land revenue officers manually and
are available in outdated form. The Land revenue maps are made manually on paper-
based fabric that has no proper standards regarding preservation, updating and
integration of revenue textual information available in different scattered registers.
This results in an increasing number of litigations regarding land issues. The land
records management system does not exist digitally at all in the country for
preservation, updating and integration of revenue records and land administration faces
difficulties in land transactions, mutation, taxation, land disputes, land tenures and land
rights. Some efforts to develop a standardized management information system are in
progress regarding the conversion of manual revenue records into digital form but
ultimately not resolved the specific objective. The need of the day is the creation of a
comprehensive Spatial Land Record System (SLRS), for the preservation, updating and
integration of the revenue records. Geospatial technology was used for the development
of SLRS, which will not only secure land records but also be beneficial for land records
management scientifically. The land revenue maps are treated as base maps, which
were scanned, geo-referenced and digitized by using the High-Resolution Satellite
Imagery (HSRI). The revenue textual information available in different scattered
registers was integrated with the land parcels and updated the sub-khasra information
(missing in land revenue maps) as per the field book (contains the details of
measurements; length, width and area). Parcel Fabrication Model was adopted for the
preservation of the dimensions of land parcels. The user-friendly web-based GIS
interface was developed for the visualization of land records information which will be
helpful for land administration. The SLRS utilizing geospatial technology is a way
forward for the land record management authorities and departments to streamline the
land records and update their old system. This will enhance the transparency of the
service delivery system across the board.

Keywords: Geography, Geographic Information System, GIS, Geospatial Technology,
Parcel Fabric,
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Chapter 1 - Introduction

1. INTRODUCTION

1.1 Background and Motivation

Land is referred to as any component of planet Earth and an important key element of
human life (M.S.Ahsan, 2016). Land has different concepts concerning different people;
a lawyer states that land is used for physical measurements for collection of revenue and
ownership rights, while an agriculturalist considers that land as an area, used for the
cultivation purpose (Ratcliffe, 1976) and a developer describes that land as a corporeal
medium permitted to manipulate for investment purposes (Latu, 2009).

Pakistan is an agriculture country and 24% Gross Domestic Product (GDP) of country
depends on agriculture. Almost 45.1% of employed population takes advantage from
agriculture (PBS, 2018). Government of Pakistan's Strategy for Reducing Poverty
(December 2003) illustrated the importance of agriculture for poverty reduction and
sustainable economic progress (BOR, 2014).

Pakistan is at 5" number in population, among the largest countries in the world
(Beef2Live, 2020). In Pakistan, laws and regulations related to land are formulated at
federal level and implemented at provincial level. This top-down approach causes some
confusion between federal and state authorities (Mirza and Adeel, 2012). In Pakistan, no
land management authority exists at federal level and authorities exist at provincial level
to division, district and tehsil’ offices. A tehsil is an administrative sub-division of a district
and district is a sub-partition of a division and no connection with federal government. The
Board of Revenue (BOR) is the supreme authority at province level, for management of
land records and functioning the land issues manually.

Land occupancy and managerial problems are significant issues and have huge concerns
for landowners in record keeping and other administrative issues like; prejudice of land
allocation, duration uncertainty, troubles and enrollment processes, which are complex and
interconnected (BOR, 2014). These issues occur due to the non-availability of digital
records in land management authorities.

Mostly, manual maps are paper-based and on inappropriate scales. There was no standard
to develop and preserve handmade cadastral maps. It turn causes measurement issues and
increases disputes among landowners and stakeholders. Therefore, land record authorities
are facing problems like land selling, tax collection, land disparities, land mutations and
land privileges due to a lack of digital record and technology.
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In Pakistan, a lot of work has been done in the field of Land Information System (LIS).
This system has its roots from an old conventional system of land documentation and
evidence that it is somehow complex, old and extremely contradictory system as compared
to present innovative advancements (Ali et al, 2012).

Cadastral maps are primarily available in paper forms and general research represented a
deficiency of criterion from such paper mapping, outcomes with outdated knowledge (Ali,
2012). Presently, all the land records have not yet been digitalized, and it is a big deal to
digitize 190 million manual land records in Pakistan.

Geographical Information System (GIS) was introduced and developed standard methods
to disseminate geospatial data (Alesheikh, et.al. 2002). The process of evolution in
geospatial technology continues to fulfill the needs for professionals to manage land
records. Initially, an appropriate land possession makes it possible to shift property timely
and lends a helping hand in resolution of disparities. It is a need for impartial and equitable
property taxation to be accessed easily by people (ESRI, 2007). Transforming cadastral
maps into digital forms is a very difficult task. However, cadastral modeling is very useful
for agricultural management and aims to summarize attributes & spatial data and to display
information in a single portal (Kalantari, 2005).

Geospatial technology is a system that acquires and handles positional data regarding
Earth. GIS, Global Positioning System (GPS) and Remote Sensing (RS) are based on
geospatial technologies (Encyclopedia, 2019) and must be used to preserve land records in
digital form. There is a dire need for such a system to secure and land records data and to
access and visualize it geographically. Therefore, development of Spatial Land Record
System (SLRS) using geospatial technology is the need of hour for development of digital
cadastre to secure, manage, access and visualize geographically.

According to the International Federation of Surveyors, LRMIS is a package that is based
on information related to land and attracted to manage land information in secure form
(FIG, 1995). It is necessary for land administration to function the process of land
registration by using transparent administrative techniques. Therefore, the use of geospatial
technology is very important in preservation of terrestrial documentation in digital form
and benefits include accuracy of information, correctness of data and measurements.

Cadastral maps (musavees) and land record registers ought to be dealt as basic ones for
every land-associated data to develop SLRS by use of geospatial technology. These land
records are converted into digital form and linked geographically to develop a digital
cadastre.
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Parcel Fabric is an ArcGIS elaboration and secured a regulatory surface of interconnected
parcels (Ana, 2014). It is used for the extraction of dimensions of individual land parcel
(khasra and sub-khasra) and audited with manual records. The ultimate database is
analyzed critically and developed analytical layers for development of SLRS of study area.
Web-based GIS interface is developed for accessing land records information and
visualization purposes. This interface will be helpful for land management to provide the
services in a transparent way.

This SLRS gave an e-administration concept for land history and land records
management. This research has evolved into a methodology to develop digital cadastre for
SLRS using geospatial technology and proposed to land record authorities for management
of land records digitally. It will reduce land records issues, which came from manual
management of land records. It will also provide translucent land management systems and
ensure socio-economic lawfulness. The purpose of High-tech system is to plan methods
relating to computerization, checking, upgradation, confirmation and unification of data
and examining the outcomes by the usage of geospatial techniques.

In other words, my study is focused on methods related to conversion of manual data into
digital format and digitization of manual land records by using geospatial techniques.
Manual land records include perpetual changes in divergence to digital records and revenue
officer updated daily, these manual changes regarding land sale and purchase in the
revenue registers. This old, outdated method takes so much time regarding updating,
increasing the chances of manual mistakes, uncertain, unapproachable and dispersed
attribute information and there is no integration with spatial data. Spatial Land Record
System (SLRS) will provide the efficiency in conversion of manual records into digital
format and helpful in an efficient updating, computing, and auditing the land record
information from digital cadastre as proposed in this study.

1.2 Research Objective

General objective of my research work is to develop a cost-effective methodology where
digitalization and spatial techniques are used to form digital cadastre and preserve the
dimensions of individual land parcels of a mid-sized village in Pakistan. The updating of
the digital cadastre and its audit with manual cadastre is also a core objective.

1.3 Research Questions

The following questions were explored and addressed during the development of proposed
methodology to SLRS.
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e How well will the dimensions and boundaries of land parcels be preserved in a
digital cadastre?

e How should land records be updated and new records be treated? What are the
proposed routines?

e How should attribute data be integrated into the digital cadastre? What are the
proposed practices?

e How could the digital cadastre be available and accessible in a Web-based GIS
Interface

1.4 Justification

The studies conducted by Pakistani researchers; Ali 2013, Zahir 2010, Johum 2012,
Kamran 2016, Adeel 2010, and M.S. Ahsan 2016 had their own scope of study and did not
cover all my research objectives due to limitations, deficiencies and difficulties. The
digitalization of land record attribute data is not enough for land record management and
missed component of integration of attribute data geographically. In previous studies, there
IS no system or mechanism available for recording dimensions of land parcels and updating
land parcels information. There is a lack of a centralized enterprise system for land record
administration resulting in the transparency of the service delivery mechanism.

My research covers the missing portions in former studies and suggests such methods
relating to digitization by using geospatial techniques to form digital cadastre for proposed
system and preserve the dimensions of land parcels. This system is a proposal for land
record authorities to develop similar SLRS to achieve transparency in service delivery
system of land management.

1.5 Expected Outcomes
The following are the outcomes of my research study.

e Digital cadastre (Land parcel boundaries with dimensions of lines of land parcels)
e Delineation of revenue boundaries; square, musavee, khewat and khetuni from.
e User friendly Web-based GIS interface



Chapter 2 — Literature Review

2. LITERATURE REVIEW

Land represents physical properties demonstrated by the surface of the earth (Wyatt et al, 2003).
It is the most essential part for any nation because most economic assets like; industry, housing,
infrastructure, etc. depend on agricultural land and agriculture is largely dependent on the fertility
of the land. It has different categories and classifications regarding ownership and usage. Land
ownership relates to the title of land and represents the land's legal right to the individual body.
Public land relates to the land of state or government bodies and private land is the land possessed
by individual or private entities other than government bodies.

2.1 Administrative History of Land Records in Sub-Continent

The land record history in the sub-continent is very old and the Land Record System (LRS) was
established by Sher Shah Soori in 1540. In Pakistan, first land revenue act was introduced in 1967,
and the land revenue rule of Pakistan was developed in 1968 (Kamran, 2016). The major agrarian
reform was followed by Zulfikar ali Bhutto in 1977(Gazdar, 2009). The land record history in the
sub-continent is shown in figure Al of Appendix A.

The administrative hierarchy starts in descending order from country to Mauza/Village, but the
land records in Pakistan are maintained at the province level. The administrative hierarchy and its
functions are expressed in Appendix A. Each administrative zone has a relevant revenue
administrator for administrative purposes and all revenue matters are dealt with by the Board of
Revenue (BOR) at the province level (Zahir, 2010). Land administration, assessment, record
maintenance and preparation of cadastral maps are the main functions of the BOR and have manual
procedures to prepare, manage, update and archive the cadastral record (PLRA, 2019).

The patwaries (revenue officer) are at the lowest rank in the revenue administration and have to
store and maintain the revenue record manually in the revenue registers (PLRA, 2019). They are
the legal authority to conduct surveys, collect taxes, assist in land-related issues, the mutation
process and keep records related to crop disease (Tarig, 2011).

The revenue records are the archive registers and cadastral maps and are used for land
administration purposes. There are 50 million (approximately) landowners in Pakistan who own
190 million land records which is not in digital form (Adeel, 2010). In Punjab province,
approximately 8,000 Patwaries maintain the land records of twenty million landowners (PLRA,
2019). Most of the attribute data are converted into digital format in Punjab but spatial component
is missing. The cadastral maps are being prepared on handmade paper and pieces of cloth (Latha
or Kapra) manually as shown in figure A4 of Appendix A. Many irregularities and the absence of
standards are not followed to keep the record secure (Ali, 2012). The handmade maps are not up
to scale and are damaged during disasters like floods and earthquakes (Dale et al, 1999). The

5
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revenue data are maintained in the manual form at the time of settlement which includes cadastral
maps; musavies/latha and 17 different registers (Adeel, 2010). The purpose of the record sets is
given in Table Al of Appendix A.

In Pakistan’s land revenue system, many local expressions are included in land records. Some
cadastral terminologies are given in Table A2 of Appendix A. The land is measured in specified
units in Pakistan (M.S.Ahsan, 2016). Some measurement units with their equivalent units and Sl
units are given in Table A3 of Appendix A.

2.2 Existing Research

The region of Bangladesh is the same as in Pakistan. The research titled “Land Information System
(LIS) for Land Administration and Management in Bangladesh” highlighted the major issues of
land management and administration (Shafig-Ur-Rahman and Kasphia, 2009). Multiple research
related to Land Record System (LRS) were conducted in Pakistan and observed the issues of land
records management which are the same as in Bangladesh.

In Pakistan, to simplify the LRS, a few efforts have been made for the computerization of land
records to ascertain the transparency in the land market (Qazi, 2006). The land records are
managed on a traditional system which is not digital, and a few efforts have been made to convert
the registers data into digital, while cadastral maps were not converted into digital.

A few published research was investigated to analyze the problems, limitations and gaps. The
comparison among previous research is as follows: -

A report developed by Ali Raza Bhutta in 2014 titled” Punjab-Land Records Management and
Information System” debated the history and description of land records, their digitization, as well
as land use software development (BOR, 2014). In 2013, Ali conducted research “Developing a
framework to apply total quality management concepts to land administration”, to highlight the
institutional and practical facets of Pakistan’s land administration authorities. He suggested
possible strategies related to quality management and emphasized the importance of the integration
of land records using geospatial technology (Ali, 2013). The research titled “Assessing Usefulness
of High-Resolution Satellite Imagery in GIS-based Cadastral Land Information System” pointed
out the significance of Remote Sensing data in the Land Information System (LIS). This study
focused on the adoption of high-resolution spatial imageries like Quick Bird and GPS for the
cadastral survey methodologies (Ali, 2012). Ali and Zahir also highlighted the importance of high-
resolution imageries like SPOT-5 and Quick Bird in land record management and cadastral
mapping (Ali and Zahir, 2012). In 2010, “Land Administration System in Pakistan-Current
Situation and Stakeholder’s Perception” by Zahir Ali and Abdul Nasir, highlighted the history of
Pakistan’s current cadaster system and their associated shortcomings (Zahir, 2010). In another
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study, a complete theoretical concept regarding the use of geospatial techniques for land record
computerization was explained in “Land Records Archiving Using Geospatial Techniques”.
These previous studies lacked the component of spatial integration with relevant attribute data
which was covered in the present study (Kamran, 2016).

In 2012, Johum Fatima and Muhammad Adeel conducted research titled” Design and
Development of Digital Cadastral Database in the Context of Pakistan” and proposed a
comprehensive database model for land administration in Pakistan, which was based upon
theoretical concepts and lacked practical implementation (Johum, 2012). Adeel pointed out the
significance of GIS tools for the development of land record management and cadastral mapping
(Adeel, 2010). He also recommended the use of open-source software. The research titled”
Integrated geospatial evaluation of manual mapping: a case study of Pakistan”, adopted the fishnet
tool method using ArcGIS to support the use of spatial technology in cadastral mapping practices
to avoid validation errors among datasets (M.S. Ahsan, 2016). This recommended method was
only feasible for land parcels in square shapes but not possible for the irregular shapes.

It was concluded from the few research that there is a dire need for modern tools and geospatial
technology for the changing scenarios of land administration to ensure transparency. The previous
studies did not cover the whole part of land record computerization using geospatial technology
and there is no unique computerization system available for effective land record administration.
The use of geospatial technology is a mandatory requirement for the 21st century and my research
has focused on innovations, which were not covered in previous studies.

2.3 Land Record Management Information System in Punjab

LRMIS system is not efficient in Pakistan and maintenance of land records is suffered due to the
non-availability of governance principles in the country. Many developments and trial projects
were initiated to manage land archives but did not provide sufficient solution. There were four
initial developments incorporated by the Punjab government that had either failed and abandoned
or were partially successful. The reason for the failure of the initiative is due to a lack of
comprehensive software for data entry because it was developed in-house and a stand operating
procedure (SOP) was not followed to manage the land records. In the next phase, Management
Information System (MIS) software was developed for the digitization of manual land records
registers and used for the service delivery and 18 districts of Punjab were digitized by the end of
2011. This project improved the excellence of service delivery in land record management, land
transaction and linkage of the NADRA database of landowners via biometric system was a unique
example of the Punjab government. (BOR, 2014).
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2.3.1 Punjab Land Record Authority (PLRA)

The Government of Punjab took another initiative and established Punjab Land Records Authority
(PLRA) under the administrative control of BOR to automate land record process and ascertain
the quality control in transparency and in provision of better service delivery to the public. The
future approach of PLRA is to transform manual land records management into an efficient,
accountable, secure and transparent system by adopting integrated methods (PLRA, 2019).

According to the PLRA, there are 25,709 revenue estates in Punjab and most of the records from
registers have been digitized. The main achievements of PLRA are 24/7 online availability of
revenue record information, Digital PLRA android application and digitization of cadastral maps
of three districts but did not link with the MIS online information. The explanation is given in
PLRA achievements of Appendix A.

2.4 Use of Geospatial Technology in Land Records

In 21% century, geospatial technology is very helpful to convert manual land records into digital.
This technology provides solutions such as strategy planning, decision making, meeting the
transparency level and analytical modeling in the management of land records qualitatively and
efficiently. It is essential to develop a comprehensive Spatial Land Record System (SLRS) using
geospatial techniques for the mid-sized village in Pakistan. This system can be used as a multi-
purpose tool to ascertain the transparency in the land record at the administrative level.

Martin Ralphs and Peter Wyatt described the theoretical and practical concepts regarding the
development of LIS. They emphasized the improvements of LIS in the United Kingdom (UK)
considering the struggle and economic transition stage of other countries. Emerging technologies
like computers are used for the management of land records and processed information. The
importance of GIS is identified and highlighted in managing the real property system and potential
applications (Wyatt et al, 2003).

In geospatial technology, Parcel Fabrication Model is a very useful tool for cadastral mapping in
a systematic way and efficient management of land records with limited resources. It became quite
important at local and global levels. Parcel fabric model is used to record the direction and accurate
measurement of every land parcel (Ana, 2014).

2.5 Parcel Fabric

The Parcel fabric model consists of a continuous surface of connected parcels and is defined by
vector format (polygon, line and point). The Polygon's features are defined by boundary lines in
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series, and record dimensions in a attribute table. These dimensions of lines against each parcel
must match the recorded sizes of lines on the survey plans (ArcGIS, 2018).

Parcel Fabric is represented in ArcGIS extension and ESRI datasets, to manage cadastral data,
which permits the storage, preservation and editing of data on real estate. The advantages of the
parcel fabric are retrieving the historical parcels and station of a cadastral land parcel (Ana, 2014).
In 2010 cadastral fabric was retitled to parcel fabric by ESRI, and associate tools are transformed
and editing technology from an extension product to a part of ESRI software (Geodata, 2006).
Parcel fabric of the ESRI data model provides the solution to issues like; precision, maintenance,
storage and updating of legacy data within the parcel fabric cadastre (Linda, 2013).

2.5.1 Parcel Fabric Dataset

Parcel fabric is a set of feature classes with connected tables in a geo-database that form a network
of parcel boundaries (ESRI, 2018). The parcel fabric geo-database structure is given in Appendix
A. The Parcel fabric geo-database structure includes elements; lines, points, polygons, control
points, plans, parcel fabric jobs, accuracies and adjustments are briefed in table A4 of Appendix
A.

2.5.2 Parcel Fabric Concept

The theory of parcel fabric suggests a well-organized database and information on parcels can be
simply accomplished to trace the parcel history. The history of the parcel is very significant for
the value and legal position in the course of adjustments (Badea, 2013). A parcel fabric is created
under a feature dataset and inherits its spatial reference from the feature dataset.

The ways; Archive, Periodical and Transactional, on which parcel history can be tracked (Ana,
2014) and expressed in Parcel History of Appendix A;

2.5.3 Benefits of Parcel Fabric

The main benefits of parcel fabric (Sidewell, 2021) are given as.
o Effectively manage parcel database and provide better measurement approach
e Keep historical records
e Improve the spatial integrity of the database
e Incorporate best practices for the management of cadastral data
e Produce better maps with improved data accuracy
e Promote data sharing with other agencies
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2.6 e-Land Administration (e-LA)

Current cadastral data prototypes are outdated and not digitally acceptable due to integration issues
of MIS data and geographical data. There is a need for an e-LA system for land records
management. The role of cadastral-related data is most important to estimate the revenue
collection, tax of land with comprehensive and inclusive information, to meet up-to-date
government essentials. e-LA is established and holistically service delivery is achieved to improve
the management of land records. e-LA not only provides the cost-effective and operative method
of data modeling for cadastral mapping but also developed the standard linkages for the handling
of detailed information from the data developers. Figure 2.1 illustrates the role of modeling data
management. (Kalantari, 2005).

capture database
Format Design ? =
S -7 N o
Model
catalogue exchange
Metadata z fn ﬁ i J’

XML

Figure 2.1: Role of Modelling of Data Management (Kalantari, 2005)

Spatial data and attributes need to be integrated into the active decision support system and must
be up to date for the achievement of accurate analysis (Meyer, 2004).

The Internet has become very dominant in recent years and is taking the leading role in the
provision of information in an efficient way to consumers. Web-based GIS interfaces provide the
best way to present spatial and non-spatial information. Therefore, web GIS technology is used in
land record management to facilitate the service delivery system (Amit, 2015).
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Web GIS is an effortless and cost-effective technology to disseminate spatial data (Albert Osei,
2006). The geospatial data is published on the Web GIS portal and provides an online platform to
access that information remotely from other worldwide users to manage and analyze the spatial
data. OGC is the abbreviation of Open Geospatial Consortium and includes numerous standards
of interfaces for information sharing and interoperability among web GIS systems. Various spatial
data formats are treated via Geography Markup languages (GML) interfaces. Web Map Service
(WMS) interface provides a simple HTTP interface of geo-database (Abbas, 2007; Erh-Sang Lu,
2002 and G.H.B.Souza, 2008). There are some commercial web GIS packages like; ESRI, ArcIMS
and Geomedia on the market and some open-source web GIS packages; Geoserver and MapServer.
These are freely available and can be used to publish geo-spatial data to be accessed remotely
(Amit, 2015).

2.7 ArcGIS Server

ArcGIS Server is Earth System Research Institute (ESRI) software. It enables us to present
geographic data through web services. It is a superior software suite termed ArcGIS Enterprise
and allows organizations to install geographic information onto the web (E-Education, 2018).
ArcGIS Server is software used for the visualization of accessible geographic information. Any
user can view geographic information via the internet through web services. GIS information can
be viewed on smartphones, Tablets, laptops, desktop workstations and other related devices

through ArcGIS Server (ArcGIS, 2018).

Therefore, ArcGIS server will be used locally to develop the suggested web-based GIS Interface.

11
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3. DATA AND METHODOLOGY

This section begins by outlining the sources of data used in this study, associated metadata, and
the preliminary data management process. It then describes the methodology of the development
of a spatial land record management information system and the application of geospatial
technology to carry out the vector data development in ArcGIS.

3.1 Study Area

The study area consists of mid-sized village “Chak No.311-WB” having area 1,439.33 acres (5.82
km). It is situated 14.5 km away in the North-East of Dunyapur city and 33.4 km away in the
south-West of Lodhran City. It falls in the premises of Patwar Circle 301-WB, Qanungo 12-L,
Tehsil Dunyapur and District Lodhran of Punjab province. It is located between 29°50.14' N to
29°52.49' N and 71°48.59’E to 71°50.05' E. The adjacent villages are; Chak N0.289/WB in the
North, Chak N0.291/WB in the East, Chak N0.313/WB in the South-East and Chak No. 309/WB
in the West as shown in figure 3.1. The reason for the selection of this study area is the availability
of spatial data (cadastral maps and textual information) and ancillary data.

Figure 3.1: Location Map of Study Area

The Top-Down approach of the administrative hierarchy from the province to Chak No. 311-WB

(AQI) is shown in figure 3.2.
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Figure 3.2: Top-Down approach of study area; Mauza 311/WB
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3.2 Data Formats and Sources

The sources of spatial and non-spatial data used in this study and other associated metadata are
mentioned in table B1 of Appendix B. The data encompasses the following fundamental formats
for geographic data.

e Spatial Data: The spatial data consists of raster and vector data.
o Raster Data: Satellite Imagery, Revenue data (Cadastral Maps).
o Vector Data (Point, line or polygon) e.g., administrative boundaries, land parcels
(polygon), land parcels’ dimensions (line), field survey (points).
e Non-Spatial Data: Land record attribute information (Registers data) and census data.

A common map projection system called Universal Transverse Mercator (UTM) is used for spatial
data for precise calculation and accurate positioning. The projection system: UTM 42 N with
Datum WGS 1984 is used for all vector and raster spatial data.

3.3  Methodology

The use of geospatial technology has changed the paradigm for manual handling of land records
like cadastral surveys and mapping. The methodology proposed for research was based on
cadastral mapping through geospatial technology and based on previous research (Tuladhar 2005;
Prudhvi et al., 2008; Ali, 2012; Sengupta et al., 2013 and Rao et al., 2014) to some extent and not
an ordinary digitization of cadastral maps (Demir and Coruhlu, 2008). This study included the
process of spatial data development from the handmade cadastral maps, and it also incorporated
the element of recording of dimensions of sides of land parcels, integration of registers data with
the land parcels data, auditing the analyzed information and remotely visualization of digital
cadastre. The methodology was turned around the assimilation of geospatial technology to migrate
paper-based and manual cadastral mapping into an automated, validated and standardized digital
form as shown in the methodology flow chart figure 3.3.

Data acquisition includes field data and satellite imagery. The field data comprises revenue data
and field survey data, while revenue data includes Registers’ Data and Cadastral Maps (Musavies).
The information like; Ownership record, size of the land parcel, Khewat and Khetuni, etc. were
recorded from the manual registers and developed the non-spatial database to integrate with spatial
data.

The scanned cadastral maps of the study area were collected from the Urban Unit. These maps
were scanned via Roller scanner and Manual scanner based on the condition of the maps. The
explanation is given in section 1 scanning of cadastral Maps of Appendix D. These maps were
processed to make a mosaic map and removed unnecessary information to preserve the study area.

15
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This mosaic map was georeferenced by using the Ground Control Points (GCPs) collected from

the field and high-resolution satellite imagery with a spatial resolution of 0.46 meters.
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Figure 3.3: Methodology Flow Chart

The study area boundary (mauza boundary) was demarcated by using the georeferenced mosaic
mauza map and unwanted information was detached to preserve the study area.

Khasras boundaries (land parcels) were demarcated from the final study area map and retrieved
the information; khasra, square, mausavee name, etc, and incorporated geographically with
individual land parcel. The land parcels were made qualitatively by applying the topology in
ArcGIS software and rectified the errors to make error free data.
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To make the parcel fabrication, the final land parcels were converted into line features and
transformed into polygon features. Topological rules were applied to make it qualitative for the
parcel fabrication model and tool “Fabric Sketch to Geographic Entity”” was applied to develop the
error-free data (land parcels and parcels lines) in the parcel fabric model. These land parcels and
lines were updated by applying the parcel fabric rules by using the field book data (registers data)
and again quality assurance was ensured for final error free data (land parcels and lines data).

The non-spatial database was integrated geographically with land parcels using the unique key and
dimensions information were linked with land parcels’ lines. Audited the size of the land parcels
and dimensions, resulted in a GIS environment with the registered data and field data.

The final data was analyzed critically and analytical layers; land parcels, square, Musavee,
Khatuni, khewat and dimensions of lines were generated. Multi-analytic maps were developed
from analytical layers, and a web-based GIS interface was developed to access and view the data
in an interactive mode.

The segment explanation as mentioned in methodology flow chart is given as;

3.3.1 Satellite Imagery

The satellite Imagery, having spatial resolution of 0.46 meters, was acquired from The Urban Unit
for research work. The sensor of satellite imagery is World View-2 satellite, and the characteristics
are given in table B2 of Appendix B. This imagery was used for geo-referencing of the final mosaic
map and extraction of features.

3.3.2 Field Data

The field data is comprised of revenue data and field survey data. The revenue data consists of
cadastral maps and land record registers.

3.3.2.1 Field Survey Data

Global Positioning System (GPS) receiver (GPS 60TM)) was used for collection of GCPs of
existing boundary pillars (local name as Sarhede) and boundary marks for the geo-referencing of
cadastral maps. The GPS receiver had tempted error which was fixed during processed of surveyed
data. The technical specification of the GPS gadget is given in table B3 of Appendix B.

3.3.2.2 Revenue Records

The revenue records consist of cadastral maps and the registers’ data.

17
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e Cadastral Maps

Cadastral maps and registers’ data of the study area were collected from Board of Revenue (BOR),
Government of Punjab and observed these maps were generated in the year 1963-64. These
cadastral maps consist of an index map and eight individual maps (musavies). The scale of all
cadastral maps is 1 inch (721.82 meters) equal to 220 feet (40 Karam). The index map shows the
whole study area as shown in figure 3.4. Each map has a specific Urdu language name and
highlights that 4 Alaf and 4 Bey Musavies (cadastral maps) reflect the index map area as shown in
figure 3.5a.
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e Land Record Registers

The land ownership, cultivation, mutation, possession, lease, and shajra nasab information were
recorded from different manual registers by the land revenue officer (Patwarie). The description
of land record registers is given in Appendix C. The revenue registers data was scanned by using
a Bookeye scanner as shown in figure D2 of Appendix D. The information available on the
registers; RHZ, field book, etc. were converted into digital format and linked with the geometry of
the land parcels.

3.3.3 Pre-Processing of Musavies

The study area consisted of eight individual cadastral maps (Musavies). These were renamed,
cropped and mosaicked in MATLAB. The cropping and mosaic MATLAB algorithms were
processed to complete the jigsaw puzzle for the final mosaic map as shown in figure 3.5b.
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3.3.4 Geo-referencing of Final Mauza Map

The final mauza map has no spatial reference, therefore, it was geo-referenced in ArcGIS 10.3
software by using the high-resolution satellite imagery (HRSI) and GCPs collected from the field
activity as suggested in the previous research to develop cadastral measuring techniques (Ali,
2012). In this concern, 11 geospatial references were assigned on the final mosaic map using high-
resolution satellite imagery and Ground Control Points (GCPs) to ascertain the better accuracy of
features. The 2nd order transformation was used for geo-referencing to get better accuracy of geo-
referenced mosaic map. The Sl unit “meter” was used for input measurements to estimate Root
Mean Square Error (RMSE). The RMSE was estimated 0.000060097 m, which is less than one
meter and reflected that good positional accuracy of geo-referenced data was achieved.

3.3.5 Final Subset of Mauza Map (Area of Interest)

Digitization is a process of converting existing features from cadastral maps into a vector (digital)
format. On-screen digitization process was used to demarcate village boundary of study area. Final
subset of the Mauza map as per digitized area of interest (AOI) was extracted in ArcGIS using the
Spatial Analyst tool “Extract by Mask” and removed un-wanted area as shown in figure 3.7c.

3.3.6 Khasra Level Mapping

The final extracted mauza map consisted of squares, khasra and sub-khasra boundaries with
labeling of information and dimensions of sides of land parcel. It was digitized in ArcMap to store
the geometry of land parcels (khasra and sub-khasra) and recorded attribute information (square
number, khasra number, sub-khasra number and name of Musavee, dimensions of sides of land
parcel). One of the basic challenges faced was to read the vernacular mentioned on the final mauza
map because labeling information was in Arabic language and caused confusion at some times.
This issue was resolved after consultation with revenue experts and revenue registers’ data. The
khasra as per cadastral map, overlay with digitized features and only digitized features without a
cadastral map are shown in figures 3.6a, 3.6b and 3.6¢ respectively. In order to ascertain 100%
qualitative error-free data, topology was applied and removed the overlapped areas and gap errors.
Further, these land parcels were merged into 66 squares features based on square number recorded
from finalized area.

3.3.7 Fabric Sketch to Geographic Entity
To store the dimensions of the sizes of land parcels, Parcel Fabric tool was used to develop parcel
fabric models. Parcel Fabric is an ArcGIS extension that is used for cadastral data management

and stores a continuous surface of connected parcels. It resolves the issues of generation of separate
lines with associated sizes and land parcel information can be managed easily.
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In this research work, methodology of parcel fabrication model was based on approach; “Parcel

Fabric — A good possibility for management of Geospatial Cadastral Data” (Ana, 2014) and

a): Khasra and sub-khasra Scanned Musavee Map
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Figure 3.6: Khasras and sub-khasras of Scanned Musavee map vs Digitized khasras and sub-
khasras

gave a full concept to develop parcel fabrication model. Khasra and sub-khasra features were
converted into line features to develop parcel fabric models. These lines features were generalized
and split at vertices. Dimension field was incorporated in the database of spatial features to store
measurements of sides of land parcels. Topology was applied to ensure the quality of spatial data
as per the standards of the parcel fabric model (Badea, 2004). Topology including 8 topological
rules as mentioned in Appendix E was applied to line feature class and rectified errors and further
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converted into the new khasra polygon feature class. Again, topology included six topological
rules as given in Appendix E, were applied to the new_khasra_polygon & khasra_lines feature and
errors were rectified to ensure accuracy of output data and ready for parcel fabric model. The
spatial data: new khasra polygons and khasras’ line features were stored in a blank geo-database.
The geo-database structure detail is given in section 3 of Appendix D. The output of parcel
fabrication model resulted that 1,605 khasra polygons and 6,508 khasras’ lines being generated. It
ensured that the increase in lines in Parcel fabric model was due to addition of adjacent lines
(sharing boundary lines) of two land parcels considered a double line.

3.3.8 Updating of Khasra & Sub-Khasra

Cadastral maps are very old and not updated till now. Meyer, 2004, proposed that the cadastral
records must be updated to specified standards and on a regular basis. Therefore, register data;
Tatima (a division of land record) Field book (new and old), Girdawri and Register Hagdaran
Zamin (RHZ) as mentioned in Appendix C, were used for updating of boundary and lines
dimensions of khasra & sub-khasra. The revenue information was also updated from registers’
data, including the dimensions (measurements of sides) of land parcel (khasra). The revenue
system depends on measurements of land parcels because the dimensions of lines of individual
land parcel reflects its area as shown in figure 3.7a. Individual khasra feature includes its
dimensions of lines as 36 Karam (198 feet) x 40 Karam (220 feet). Karam unit is used for
measurement of dimensions of lines of land parcels, where one Karam is equal to 5.5 feet (1.68
meter). The line’s dimension of the individual land parcel, on a cadastral map, may represent two
lines of adjoining land parcel. Figure 3.7b highlights the dimensions in red text which are
represented by two overlapping lines with unique khasra numbers.
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khasras were updated based on information present in the Field book & RHZ registers. To divide
the concerned khasra parcels into two parcels or multiple parcels, “Parcel Division” was used in
the parcel fabric tool by used of true direction tool; starting from the “North or South” or “East or
West” and unwanted parcels were deleted after division and updated the attribute information. To
merge the concerned khasra parcels in one parcel “Merge” option was used in the parcel fabric
tool and updated the attribute information. These tools are very useful regarding Tatima cutting in
land administration. Then topology was applied final to ascertain 100% quality of the final parcels
and lines feature classes and other necessary quality checks as mentioned in section 4 of Appendix
B, were also authenticated.

3.3.9 Non-Spatial Database Development and Integration with Spatial Data

BOR developed a MIS system of attribute information available in the land record registers but
did not link with the geographical features as discussed in section 2.3 of Chapter 2. This linkage
is necessary for geospatial technology as suggested in previous research; Data offers connections
to more comprehensive information (Meyer, 2004). Therefore, attribute information (khewat
number, khatuni number, number of owners, ownership, cultivator status, khasra number, total
land area, types of land (nahri area, gair mumkin area, banjer gadeem and banjer jadeed) mentioned
in Appendix C, were recorded from RHZ in excel format and unique 1Ds, were assigned to each
entry for relationship with geographical features. Kkhasra level spatial data and non-spatial
database were integrated based on unique IDs.

3.3.10 Ground Truthing / Field Verification

The positional accuracy and attributes information accuracy were verified in field activity with
consultation of revenue officials and audited information with help of revenue available records.

3.3.11 Development of Analytical Layers

Analytical layers were prepared based on attribute information stored with geometry of khasra &
sub-khasra after development of the spatial and non-spatial databases and generated multiple
analytical maps.

The following feature classes were developed;

e Khasra and Sub-khasra feature class
e Square boundary feature class

e Musavee boundary feature class

e Mauza boundary feature class

e Khewat Boundary feature class

e Khatuni Boundary feature class
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e Field Verification Point feature class

e Village Boundary

e Kbhasras ’Dimensions feature class

e Different Analytical Layers: land type based on possession, ownership and gair mumkin

3.3.12 Web-Based GIS Interface

Kalantari, 2005 suggested that E-LA does not only provides a cost-effective and operative method
of data modeling for cadastral mapping but also develops standard linkages in handling of detailed
information from data developers and expressed to disseminate geospatial data with less effort,
web GIS plays an important role (Nutan, 2014). Alesheikh pointed out that web GIS will enhance
communication among the users who understand maps and spatial data (Alesheikh, 2002). The
departments: PMU and BOR have already developed software for management and maintenance
of attribute data of land records but there is no spatial linkage of land parcels with spatial geometry.
Therefore, a web GIS system is necessary for the 215 century.

The spatial data of my research area is ready for development of Web Based GIS Interface and
interactive maps. Web-based GIS interface “Spatial Land Record System (SLRS)” was developed
by publishing the data through ArcGIS Server. It provides an ArcGIS online map viewer and ESRI-
enabled facilities. It can be configured as per requirement and can be accessed on a local server. It
provides metadata and spatial data. Data can be viewed in multiple data rendering formats, ArcGIS
JavaScript, ArcGIS Online map viewer, Google Earth, ArcMap and ArcGIS Explorer.

This study provides attribute data with spatial data of analytical layers in such a way that data can
be searched/queried through Web-based GIS Interface Spatially and associated attribute
information of individual land parcels.

The details of attribute and neighborhood of land parcel can be visualized in the developed GIS

web interface. It provides the land revenue record in a much more readily accessible and useable
format than manual land record.
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4. RESULTS

Significant anomalies in area and length measurements of land parcels were identified from
manual land records after the conversion of manual land records into digital form. The analytical
layers: khasra and sub-khasra, square, musavee, khewat, khetuni, land types based on ownership,
gair mumkin, possessions, ZTBL borrowed loan, and lines’ dimensions were developed and
prepared thematic maps. Web-based GIS interface was developed through ArcGIS Server for
visualization and analyses of spatial data of land records remotely.

4.1. How well will the dimensions and boundaries of land parcels be preserved
in a digital cadastre?

Eight musavies (cadastral maps) were scanned using a manual scanner to preserve better resolution
(300 DPI) of scanned musavies as discussed in section 1 Scanning of Cadastral Maps of Appendix
D and processed to make the final mauza map of the study area through Metalab algorithm. This
final map was geo-referenced and digitalized the land parcels to form the digital cadastre. The
lines” dimensions of land parcels were preserved through parcel fabrication model.

4.1.1. Land Parcels and Sub-Land Parcels’ Statistics

The officially notified study area as per land records registers is 1,439.33 acres (11,514 kanal and
13 marlas), whereas one acre is equal to 4046.856 square meters in Sl unit and number of
rectangular blocks are 66. These blocks were further sub-divided into individual land parcels
(khasras & sub-khasras). The total number of khasras and sub-khasras is 1,682.

The estimated area after conversion of cadastral map into digital, is 1,440.92 acres (11,527.33
Kanal), approximately as shown in table F1 of Appendix F and resulted that 0.11% increase in
area. The total land parcels as per musavies are 1,605, while total land parcels as per field book
(2010-11) are 1,681 as shown in table F2 of Appendix F. This illustrates that the revenue records’
ownership was not up to date and did not match with another revenue record due to manual
management. Musavies-wise area information with an overlay of square boundary, khasras and
sub-khasras is shown in table F2 of Appendix F.

Musavee Bey-1 has the least land area of 33.67 acres (269.30 Kanal), square no. and khasra & sub-
khasra information, while musavee Alaf-2 has the maximum land area of 375.17 acres (3,001.38
Kanal). Musavies wise area percentage distribution is shown in figures 4.1 & 4.2 respectively.
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The area summary of individual squares and analysis as per musavies (before updating) and as per
field book (after updating) is given in table F3 of Appendix F.
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4.1.2. Land Parcels Lines’ Dimensions Statistics

One objective of my research was to develop the lines’ dimensions of each khasra land parcel
through a parcel fabrication model to preserve lines’ dimensions of land parcels in a digital
cadastre. The advantage of parcel fabrication is that every single line’s dimension of each khasra
(leaving the boundary ones) is shared between its adjacent khasras on a cadastral map. This was
stored in a database in such a way that line’s dimensions are represented by two overlapping lines
with unique IDs. Even in this case, different dimensions of shared side of adjacent khasras are also
stored in that database separately as per cadastral map.

Khasra land parcels comprise of 1,681 polygon features and are converted into 3,575 lines features.
These lines are converted into 7,119 parcel fabric lines, and store separate sides of individual
unique khasra land parcel.

It is resulted that all four sides of 1,525 khasra land parcels out of 1,681, are sharing sides with
adjacent land parcels, while three out of four sides of 156 khasra land parcels are sharing sides
with adjacent land parcels as shown in figure 4.3a. 168 lines facing the study area boundary, are
not shared with any other land parcel and consist of a single side of individual land parcel within
study area as shown in red tone in figure 4.3b.
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Figure 4.3: Khasras’ Sides Sharing Status
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Karam is the basic unit used in the revenue record in Pakistan, which is equal to 5.5 feet (1.68
meter), so this unit is used for the measurement of the length of lines. The total dimensions’ length
of 7,119 lines of 1,681 khasra land parcels is 2,47,898 karam as per revenue records, while the
total length of all sides in GIS is 2,48,016.60, which is 0.048% higher than the dimensions’ length
of revenue record.

The summary statistics of dimensions’ length of individual musavies are given in table 4.1.

Table 4.1: Statistics of Musavies Wise - Lines’ Dimensions

Musavee Lines Dimensions Dimensions _
Name Count Length (karam*) Length Difference %
Revenue Record  (karam*) GIS
Alaf-1 758 27,168 27,169.20 0.004%
Alaf-2 1,828 63,963 63,959.95 -0.005%
Alaf-3 1,322 45,522 45,614.02 0.202%
Alaf-4 375 12,401 12,443.78 0.345%
Bey-1 174 5,396 5,347.79 -0.893%
Bey-2 1,434 49,722 49,670.31 -0.104%
Bey-3 593 20,338 20,369.46 0.155%
Bey-4 635 23,388 23,442.09 0.231%
Grand Total 7,119 247,898 248,016.59 0.048%

*One karam is equal to 1.68 meters.

Musavee Alaf-2 has the highest lines count (1,828) and dimensions length (63,963 karam) as
shown in red in figure 4.4 and Bey-1 has the least lines count (174) and dimensions length (5,396
karam) as shown in green. The dimensions’ length concerning the square is also calculated and it
was observed that square number 3 has the least lines count (3) with dimensions’ length (93 karam)
while square number 37 has the maximum lines count (167) with dimensions’ length (5,343
karam). The count of sides with dimensions 36 karam and 40 karam are 3,167 and 2,316
respectively. The khasra number 66 of square number 66 has the longest dimension length 1,372
karam.
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Figure 4.4: Musavee Wise Lines’ Dimensions Status

The dimensions of all sides of each khasra land parcel are entered manually from cadastral maps
& field book registers. These lines’ dimensions were audited after conversion into a GIS
environment. The sequence of dimensions lines, generated in parcel fabrication, is clockwise, i.e.
1 represents to South, 2 represents to West, 3 represents to North and 4 represents East. The unique
parcel ID was assigned to all lines of parent land parcels. Sub-khasra numbers 15/1 & 15/2 of
khasra number 15 of square number 24 are shown in figure 4.5a, this khasra land parcel has no
division on musavee, but existed in the manual record. The unique parcel ID (1621) of the parent
khasra land parcel of each line’s dimension, length of each side, and digital presentation of khasra
number 15 of square number 15 are shown in figures 4.5b, 4.5¢ and 4.5d respectively. This digital
map clearly shows the lines’ dimensions of each side with khasra and sub-khasra information. The

development of digital cadastre is one of the objectives of this research.
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Digital Map of Khasra Number 15 of Square No.24

4.2.  How should land records be updated, and new records be treated? What
are the proposed routines?

The updating of land records information was integrated through parcel fabrication model. This
model preserves information of updated parcels and stores archive information. It also provides a
mechanism to merge or split the land parcels.

It is estimated that total number of khasras and sub-khasras as per musavies (before updating) and
as per field book (after updating) are different. The increase in khasras and sub-khasras are 76 and
138 respectively, while total number of musavies, square numbers and areas are same before and
after field book updated record as shown in table F2 & table F3 of Appendix F. It has resulted that
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the change in count of khasras is due to a change of land ownership in revenue records. The sub-
khasras (sub-land parcels) are further division within khasra (land parcel). The interesting thing is
that the number of khasras decreased in musavee Alaf-1 from 164 to 161 and sub-khasra parcels
from 22 to 18, while other musavies have increased in khasra and sub-khasras. This is considered
that it is due to a change of ownership record. Musavee Alaf-2 has a maximum increase in khasras
from 418 to 437 and sub-khasras from 53 to 93 as shown in table F4 of Appendix F. Similarly,
total number of khasras and sub-khasras of individual square numbers as per musavies (before
updating) and as per field book (after updating) are shown in table F5 of Appendix F. Musavee
wise change in khasras (land parcels) and sub-khasras (sub-land parcels) before & after updating
are shown in figures 4.6a and 4.6b respectively.

Ley

»
450 ] 100 &8
400 90
, g &
350 8 5 L 80
S 70 - &
300 i
- 60 3
N
50 pu &
=
200 @
22 oE BB 40 8
0 © N
15 30 N N
8 s S
100 « 20 o o B
wh N N
g (]
? ll 0 JEND
0 0
N v > ] N A2 > ™ e A2 ) N N v ) ™
K/ K’ s\' Q\/ ’ ’ ’ G K K/ s\/ K& *I */ A/ */
%’b ?\’b v\’b v\'b %Qﬁ %Qﬁ Q)Qﬁ Q)Qﬁ ?\’b ?\’b V\’b ?gb Q)e, Q)Q, Q’e Q)Q’
M Total No. of Land Parcels (Masavees) before updation M Total No. of Sub-Land Parcels (Masavees) before updation
M Total No. of Land Parcels (Field Book) after updation M Total No. of Sub-Land Parcels (Field Book) after updation

a): Change in Land Parcels before & after updating b): Change in sub-Land Parcels before &
after updating

Figure 4.6: Musavee wise change in khasra (land parcels) and sub-khasra (sub-land parcels)
before & after updating

Each observation before and after updating can be seen geographically. It was observed that 1,525
khasras out of 1,605 khasras remained unchanged; nine khasras were merged, while 71 khasras
were sub-divided after updating. The behavior of merged land parcels and split land parcels after
and before updating, at zoom level and full extent of study area are shown in figure 4.7 and figure
4.8 respectively.
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4.2.1. Development of Digital Musavee

The digital musavee was developed after the conversion of digital cadastre and updating of land

records information by use geospatial technology. In this study, different kinds of analytical layers
were prepared based on information available in the digital cadaster.
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For example, the digital map of square number 24 is shown in figure 4.9, which highlights the
square boundary and khasra & sub-khasra boundary with dimensions’ length. Square number 24
consists of 25 khasras with six sub-khasras having 126 lines count and total dimensions’ length is
4,358 Karam. This digital map represents lines” dimensions in karam of each side with khasra and
sub-khasra information, which was one of my objectives of this research. Similar digital musavee

concerning other squares and musavies can be generated. This digital data can be further used for
khasra level crop estimation and digital Girdawri.
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4.3.How should attribute data be integrated into the digital cadastre? What are the proposed
practices?

In the manual record, the revenue information; khewat, khetuni, khasra & sub-khasra, land areas;
nahri, gair mumkin, banjer jadeed, banjer gadeem, benaam and Zarai Taraqiati Bank Limited
(ZTBL) loan information were recorded manually in revenue registers. In my research work, this
information was transferred into digital format and was linked with spatial data. All data in the
field book is only textual information and was missing the geographical linkage, which is covered
in my study. The land record analysis based on khewat, khetuni, gair mumkin, ownership land
type, land possessions based on cultivation and ZTBL loan information are given below.

4.3.1. Khewat Wise Land Record Statistics

Khewat information is summarized and compared with the Register Hagqdaran Zameen (RHZ) and
identified the misrepresentation entries in manual revenue record. Khewats counts were calculated
by searching each khewat entry from the web portal of PLRA and audited with digital cadastre.
The summary statistics of individual khewat is given in table F6 of Appendix F and geographical
representation is shown in figure 4.11. The further categories of land areas; nahri area, gair mumkin
and banjer gadeem are highlighted. It is identified that total khewats count increased from 152 to
166 and landowners increased from 152 to 761, which is due to a change in ownership of
landowners. The total area of all 166 khewats is 10,822.6 Kanal instead of 11,517.05 Kanal.
Khewat 1/1 consists of 199 khasras and sub-khasras has the highest land area 1,460.35 Kanal. This
kind of analysis is possible due to the conversion of manual field book information into digital
format and linked geographically. Some khewat has no difference in land area, i.e. khewat no.5
has the same total land area in RHZ and PLRA, which consists of 15 khasras and sub-khasras of
square number 15 of Bey-2 musavee as shown in figure 4.10.

Khewat No.S5 with Khasra & Sub-Khasra

19 ! 18 17 16 20

E — A - e
Figure 4.10: Khasras & sub-khasras of Khewat Number 5
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The discrepancies were identified in khasras information such as five khasras; 35/27, 28/27, 43/27,
55/27 and 63/27 exist in RHZ but are not identified on the map, three khasras; 10/26, 30/26 and
36/26 have no information in RHZ. The khasra numbers; 11/23/1 & 11/23/2 are available in RHZ
but did not divide on cadastral map. The summary of discrepancies in khasras is shown in table
4.2.

Table 4.2: Summary of Discrepancies in Khasras

Khasra Count Khasras’ Discrepancies Remarks
1682 Total Land parcels (RHZ) Total Land parcels (RHZ)
-5 35/27, 28/27, 43/27, 55/27 and 63/27  available in RHZ but not on Musavee
+3 10/26, 30/26, 36/26 available on Musavee but not in RHZ
+1 11/23/1, 11/23/2 available in RHZ but not divided
1,681 Grand Total

The detail of the five khasras was not available on musavies map and existed in khal
(water path) type of gair mumkin land type. The description of each khasra is shown in
table 4.3.

Table 4.3: Summary of missing Khasras on Musavee Map

Land Total Gair
Parcels Total Area Mumkin Area  Type of Gair
Khewat No. Khetuni No. . in Kanal* . yp .
(Field (RHZ) in Kanal* Mumekin Land
Book) (RHZ)

77 37 35/27 1.8 1.8 Khal
21/21 79 28/27 1.2 1.2 Khal
52/51 141 43/27 1.8 1.8 Khal
63/62 159 55/27 1.8 1.8 Khal
93/93 267 63/27 1.2 1.2 Khal

Grand Total 7.8 7.8

*One kanal is equal to 505.857 square meters

The area and khasras count discrepancies were noted in khewat Numbers; 33/32, 39/38, 93/93,
124/129, 125/116, 128/119, 129/120, 138/131 and 145/138 as highlighted in table F7 of Appendix
F. The geographical representation of these khewats is shown in figure 4.11.
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Figure 4.11: Khewats map highlighting Changes

Khewat No. 39/38 has no information regarding divided khasra of parent khasra number 13, while
sub-khasra is available map. Similarly, another khewat has wrong summarized area information
of all khasras recorded in RHZ.

For example, the total summarized area of all 14 khasras of khewat number 145/138 is 100 Kanal

in RHZ as shown in figure 4.12, and after audited, area is 100.6 Kanal. It resulted that 0.6 kanal
area information is not found in RHZ. Similarly, khewat number 125/129 includes wrong area

36



Chapter 4 - Results

information of khasra number 40/9, which is geographically four kanal instead of eight Kanal as
shown in figure 4.13.

Figure 4.12: Summarized Statistics of Khewat No.145/138 of RHZ
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Figure 4.13: Change in Land Area of Khewat Number 125/116 vs RHZ
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4.3.2. Khetuni Wise Land Record Statistics

The khetuni wis statistics were also summarized after integration of information available in RHZ
with geographically. The summary statistics of each khetuni is given in table F8 of Appendix F.
The geographic representation of khetunies is shown in figure 4.14 and identified that total
khetunies are 472 in RHZ, while notified total khetunies are 477. The discrepancies in khasras and

land area information were also identified, for example, three khasras were missing the khetuni
information in RHZ.
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Figure 4.14: Khetuni Map after the integration of records from RHZ
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The land area of individual land type of gair mumkin was also identified and highlighted in table
F8 of Appendix F. It resulted that Khetuni number 8 has the highest land area of 660.65 Kanal and
total Nahri area 654.4 Kanal, while three khetuni have minimum land area 0.5 Kanal. Khetuni
number 473 has the highest gair mumkin area 100 Kanal and khetuni number 433 has the
maximum banjer qadeem area 31.6 Kanal, while only one Khetuni has 7.2 Kanal area of Benaam.

4.3.3. Gair Mumkin Land Type Statistics

The summary of Gair Mumkin land type statistics is mentioned in table F9 of Appendix F &
percentage distribution of land type is shown in figure 4.15. Total summarized 19 categories of
gair mumekin types of area is 748 Kanal and identified that each category of gair mumkin land type
has different area information and khasra count. For example, Abadi consists of 149 khasras with
maximum land area 370.25 Kanal and Khal consist of 107 khasras with land area 125.25 Kanal.
Only one graveyard is present in the study area, which consists of six khasras with land area 52
Kanal.

It was identified that each gair mumkin land type consists of combined khasras, such as Nehri
Land type includes 1,282 khasras with Gair Mumkin area 18.2 Kanal, nahri area 8,773.8 Kanal,
banjer jadeed area 2 Kanal, banjer gadeem area 163.4 Kanal and benaam area 7.4 Kanal. The
geographical representation of each gair Mumkin land type is given in figure 4.16.

0.62% 0.06%
0.41% B Abadi

0.20% 0.07% 0.07%
5.00% — PRYDA = Abadi & Khal
’/) 0.03% % 0.03% i Abadi & Rasta

// B Abadi, Rasta, Talab
P/ 3.20%

y 0.52% Abadi, Road

/
V7 n.10% = Abadi, Tibba

0.70%

9.85%

Abadi,Graveyard

0.13% H Boor

B Ghad Machin

M Girl Primary School
Graveyard

H Khal

m khal, rasta

M Lajbah

W Masjid

Figure 4.15: Gair Mumkin Land Type Area Percentage Distribution
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Figure 4.16: Geographical view of Gair Mumkin Land Types as per RHZ
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4.3.3.1. Land Type’ Khasras Statistics

The khasras count of land types; nehri, gair mumkin, banger gadeem and benaam were also
calculated after integration of information from RHZ as given in table F10 of Appendix F. It was
noted that nehri land, gair mumkin land, banjer gadeem and benaam land comprise of 1,258, 101,
14 and 1 khasras and sub-khasras respectively, while 307 khasras are contained mixed land types;
banjer qadeem & gair mumkin (19 khasras), banjer gadeem & banjer jadeed (1 khasra), nahri land
& gair mumkin (284 khasras), nahri land & banjer gadeem (1 khasra) and nahri land, banjer
gadeem & gair mumkin (2 khasras). The percentage distribution of khasras of individual land type
is shown in figure 4.17.
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B Nehtri Land

Nehtri Land & Gair Mumkin

B Nehtri Land & Banger Qadeem

B Nehtri Land, Banger Qadeem &
Gair Mumkin

Figure 4.17: Percentage distribution of Khasras based on Land Type

Khasras count of land types; nahri, gair mumkin, banjer gadeem, are 1,545, 406 and 37
respectively, while banjer jadeed and benaam are contained only one khasra. it is noted that major
portion of land category of gair mumkin and banjer gadeem was covered with Abadi as highlighted
in figure 4.18 and comparison with imagery is shown in figure 4.19.
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Figure 4.18: Geographic representation of khasras based on Land Types
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4.3.4. Ownership’s Land Type Statistics

The land type characteristics based on ownership were recorded from RHZ and linked with khasra
geometry. Summary statistics is given in table F11 of Appendix F and percentage distribution of
individual ownership’s land type is shown in figure 4.20. The geographical representation of each
land type based on ownership is shown in figure 4.21a. It was identified that ownership area
10,897.9 Kanal of 1,586 khasras is mentioned in RHZ and resulted that government land area of
65 khasras is 354.35 Kanal and no ownership record of 27 khasra is available, while these kharas
have maximum gair mumkin land types; Abadi and khal as highlighted on satellite view as shown
in figure 4.21b.
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Figure 4.21: Geographical view of Ownership’s Land Type
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4.3.5. Cultivation Land Possession Statistics

The land possessions based on cultivation characteristics were also recorded from RHZ and
integrated with geometry of individual khasra feature. The statistics of land type based on
possession is given in table F12 of Appendix F and percentage distribution is shown in figure 4.22.
It is noted that Nehri land and Gair Mumkin land areas are 2,825.85 Kanal and 2,873 Kanal, while

banjer gadeem land type has area of six Kanal.

Khasras distribution was also checked and observed that 1,122 khasra belongs to not-self category
of cultivation type, while 23 khasra belongs to self and not-self category. Cooperative societies
and schemes include 15 and 3 khasra respectively. The geographical view of land type based on

possessions pattern is shown in figure 4.23.
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4.3.6. ZTBL Certificate of Release of Charge

Landowners who borrowed amount from Zarai Taraqgiati Bank Limited (ZTBL) against agriculture
land (Hisa Malkiat) for purpose of cultivation their land are shown in table F13 of Appendix F,
and recorded from certificate “Release of Charge” by ZTBL of mutation register.

500000 469,000
450000
400000
350000
300000
250000

192,000
20000044 4000 139,840
150000

97,920 98,000
100000
=0 - nn i
0 |

23-10 12-0 26-0 21-18 29-4 67-0 100-0

Loan Amount

M Aslam M Bilal M Essa M Rafique = M Saleem Malik M Sattar

Borrower (Land Owner) & Hisa Malkiat (k-m)

*k-m means kanal and marla, one kanal is equal to 505.857 square meters
Figure 4.24: Loan amount vs Borrowers (Landowners) based on possession area (Hisa Malkiat)

It was noted that the total borrowed amount was PKR. 11,57,400/- by seven landowners and
identified that ZTBL’s certificate had no exact information regarding total land area of landowners.
For example, no khasra information and wrong entry of khewat number are observed. Mr. Bilal
(ZTBL No. 347) borrowed the least money, PKR. 16,640/- against land area of 12 Kanal, while
Malik M (ZTBL No.168) borrowed maximum amount of PKR. 4,69,000/- against land area of 67
Kanal as shown in figure 4.24. The geographical view of borrowed loans against land information
within khewat is shown in figure 4.25.

The reason for performing this kind of analysis will be helpful for ZTBL for cross-verification of

land information provided by the landowners. The existing practice for verification of land
information may be a difficult task and did not produce transparency.
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Figure 4.25: Geographical view of Loan against land area within Khewat

4.4. How could the digital cadastre be available and accessible in Web-based
GIS Interface?

The main and last objective of my research was to develop a web-based GIS interface for land
record data access and visualization. Spatial data layers of study area was prepared under this
research and uploaded on Map server. All spatial data: Musavies, satellite image, and vector layers
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linked with registered data, can be accessed and visualized through web-based GIS services local
link.

The data along with metadata can be accessed and visualized in different data rendering formats,
ArcGIS Online map viewer Google Earth, ArcMap and ArcGIS Explorer.

Data view in “ArcGIS Map” viewer is shown in figure 4.26. ArcGIS Map service provides legend
detail, Base Map, and sharing option; measurement tool and additional tools can also be added.
Layer on and off functionality is available in this map service. It also provides functionality of
exploring, analyzing, querying, and sharing maps. It also provides metadata descriptions of each
layer and attributes information of individual layer can be viewed as per user requirement.

« - C 0 ® www.arcgis.com/home/webmap/viewer.html?url=http%3A%2F%2F202.16 B e« @ % | Q serch v INn@D =
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Figure 4.26: Sample Viéw of Web-based GIS interface

The analytical layers: khasra and sub-khasra, square, musavee, khewat, khetuni, land types based
on ownership, gair mumkin and possessions, ZTBL borrowed loan and lines’ dimensions of each
side of individual khasra can be accessed and visualized through this GIS-based web interface.
This GI1S-based web interface offers a more efficient and sophisticated way to access land record
information and visualization of different land record layers. It may be benefited to land record
authorities in managing land records as compared to traditional manual methods. This proposed
system is a pilot proposal for land record management authorities as learned from my experience
with land record authorities. The land record authorities may develop this kind of proposed system
on a provincial or regional level.
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5. DISCUSSIONS

During the research work, a participatory approach was used. Many meetings were conducted with
major stakeholders like BOR, PLRA and The Urban Unit regarding the availability of data,
feedback, and resources. Technical input was also discussed for the betterment of land records in
detail. The researcher also consulted workflow and methodology with colleagues, friends and
professionals and critical reviews were taken. This research work was appreciated by departments
as well as my colleagues, friends and professionals. They proposed that land record authorities
may develop this kind of proposed SLRMIS on a provincial or regional level.

The research questions of this study were discussed in detail as given below;

5.1 Preservation of Dimensions of Land Parcels and Boundaries

First research question “How well will the dimensions and boundaries of land parcels be preserved
in a digital cadastre?” was based on main objective of my research and mainly discussed
methodology of development of boundaries and preservation of dimensions of sides of land
parcels. Parcel fabrication method was adopted for preservation of lines’ dimensions of khasras
and sub-khasras. The Urban Unit officials said that cadastral maps were scanned through manual
scanner to preserve maps with high resolution (300 DPI) and to achieve better accuracy of
resemblance of features on musavies with ground reality. It was also discussed that roller scanners
were not used due to bad condition of musavies. The departments’ officials were satisfied with
quality scanning of musavies and ensured that all features were prominent and readable on scanned
musavies. All steps of methodology flow chart were followed and appreciated by concerned
departments’ officials.

My research objective was to preserve the lines’ dimensions of individual land parcels, updating
and integration of records from registered data and development of web-based GIS interface for
accessing and visualization of land record information.

There is not any efficient and unique computerization system available for land records
management till now. The existing research did not cover the whole part of land record
computerization as proposed in my research, which is the requirement of 21st century to convert
manual land records into digital cadastre. There was no solution available in former studies,
conducted within Pakistan as discussed in section 4.1.2 of chapter 2, to preserve lines’ dimensions
of land parcels because every researcher had different objectives and scope of study. They did not
suggest the preservation of lines’ dimensions of land parcels. M.S Ahsan 2016 proposed the usage
of a fishnet tool in ArcGIS to convert cadastral maps into digital maps. The methodology used in
his research was helpful only for square land parcels and my study area mainly consisted of
irregular shapes of land parcels along with regular land parcels and lacked detailed process of
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preservation of lines’ dimensions of land parcels. Therefore, lines’ dimensions of land parcels were
recorded through parcel fabrication model.

It was also observed in previous research that existing maps were prepared manually and did not
prepare on a standard scale. The area estimated in GIS format is considered more authentic and
provides the proper standards for scale measurements. The parcel fabrication model provides the
sharing lines’ dimension concept along two adjacent land parcels and performed desired results
based on musavee, square, khewat and khetuni, etc. This concept is very useful for land
administration departments and other stakeholders. The boundaries; square, musavee, khewat and
khetuni were also preserved from khasra and sub-khasra land parcels.

The preservation of lines’ dimensions of land parcels proposed in this study will be very helpful
for land revenue management and may reduce area and dimensions measurement issues coming
from manual land records management. This will create a positive impact for the management of
land records to ascertain transparency and to provide service delivery in an efficient way.

5.2 Updating and Preservation of New Records

The 2" research question “How should land records, be updated and new records be treated? What
are the proposed routines?” was discussed regarding updating of land records from information
available on registers and preservation of new records and audit of records. There was no
mechanism available for updating manual maps in the revenue department and concerned revenue
officer updates on Latha as per requirements. The former studies did not cover the answer to this
question and missed the concept of updating land records and integration of attribute information
geographically.

This question consists of two parts; first is updating of existing digital khasras and sub-khasras
using parcel fabrication method with help of field book information. The merging and splitting of
land parcels in parcel fabrication model was a unique method. It will be a very beneficial and
important part of future Tatima cutting (a further division of land) for land record administration.
Multiple discussion was carried out with departments and resulted in an increase in khasras and
sub-khasras land parcels due to changes in ownership of land records during sale and purchase.

In second part of research question, new record was preserved through parcel fabrication model as
archive data, which is an advantage of parcel fabrication model. The merging and splitting of land
parcels, and archive history of parent land parcels, were also maintained. The information of
individual khasra and sub-khasra was captured from Register Hagdaran Zameen (RHZ) and
integrated for audit and analysis purposes as covered in section 4.2 of chapter 2.
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This proposed concept of digital data updating, and new record preservation was valued by
departments’ officials during numerous discussions and suggested that this will be beneficial for
land record management authorities for Tatima cutting during the process of new registration.

5.3. Integration of Attribute data in Digital Cadastre

The 3" research question “How should attribute data be integrated into digital cadastre? What are
the proposed practices?” was focused on integration of attribute data from land records’ registers
into digital cadastre. Integration of data was very important for delineation of khewat and khetuni
boundaries. The information: khewat, khetuni, gair mumkin land type and ownership information
was recorded from RHZ and integrated with khasras and sub-khasras as discussed in section 4.3
of chapter 4. The ownership, cultivation and land type information were attached to these
boundaries and audited with digital records. There were multiple discrepancies that were found
after summarizing statistics, which was an extremely difficult task for land record authorities from
manual land records. The khewat and khetuni wise idea was also not covered in previous research
and land record authorities also did not perform such type of analysis.

This idea also gave a unique perception to land records management departments and stakeholders
to attain real-time analysis from digital cadastre. Furthermore, digital cadastre may be also useful
for crop inspection, estimation and digital girdawri.

5.4 Accessing Digital Cadastre through Web-based GIS Interface

The last research question “How could the digital cadastre be available and accessible in a Web-
based GIS Interface?” was concentrated to access and visualize digital cadastre in a web-based
GIS interface. This question was one of the important outputs of research work. This interface
provides access to visualize the data & metadata and analysis; musavee, khewet, khetuni, land type
based on ownership, possession land type and ZTBL loan information can be extracted in a quick
way, which was not possible via manual record. Searching for information on individual land
parcels via manual record is a difficult task and takes a lot of time.

This concept did not cover in former studies such as Mr. Adeel 2010, observed that an extensive
management information system was not part of existing studies. In PLRA web portal, khewat
information is available but did not provide information of individual khasra land parcels. There
is no information available for lines’ dimensions of land parcel.

This discrepancy was addressed in this research by integrating land records information from

registers geographically. This digital data is published as discussed in section 4.4 of chapter 4 and
can be visualized and analyzed through a user-friendly web-based GIS interface.
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The analytical layers: khasra and sub-khasra, square, musavee, khewat, khetuni, land types based
on ownership, gair mumkin and possessions, ZTBL borrowed loan and lines’ dimensions of each
side of each khasra can be accessed and visualized through this interface. This system provides
information related to land records in a quick & efficient way and will be helpful for the land
recording authorities.

Therefore, it is noted that this kind of visualization of land record data in a GIS environment is
more beneficial and sophisticated than the old conventional method of management of land
records. | hope that the land record authorities may develop this kind of proposed system on a
provincial or regional level.

5.5 Recommendations

This pilot research is a concept to develop a Spatial Land Records Information System for land
record authorities and aligned stakeholders. It is recommended that Govt of Punjab must
implement digitalization of existing land record system by use of geospatial technology and
integrate manual records into digital format to develop a SLRIS as suggested in my research to
provide service delivery in a transparent, quick and efficient way.

| hope the land record authorities can perform different kinds of analysis from similar systems of
digital cadastre. The real challenge of land record organizations is to develop a girdawari from the
manual land record, but after the development of the digital cadastre, digital girdawari can be
performed easily and traceable with less time as compared to manual record. The consolidation of
land records, legal implications and urban shift for blockchain association is also recommended
for future development.

5.6 Future Work
The research had a narrow scope, and the following are the future suggestions for the land records.

e There should be Machine Learning and Artificial Intelligence (Al) systems developed for
management of land records, to monitor and analyze the information in real time.

e Big Data analytics development is necessary for the better management of land records.

e There should be judicial analytics adopted in the future to resolve land disputes at the
national level.

e Hybrid solutions will be required for distributable land records management
departments/stakeholders from provincial level and centralized at federal level.
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6. CONCLUSIONS

The development of “Spatial Land Record System (SLRS) using geospatial technology of a Mid-
sized Village in Pakistan” is a very different and unique system through which digital cadastre was
developed and resulted in solutions; preservation of lines’ dimensions of land parcels, updating of
new records by using parcel fabrication model and integration of registers data with digital
cadastre. All the objectives were achieved fruitfully as proposed in this study. General objective
was to develop a cost-effective methodology for perseveration of lines” dimensions of individual
land parcels, updating new records in digital cadastre and audit the manual land records. Geospatial
technology was used to achieve the objectives and found answers to all the research questions as
discussed in Chapter 5. The modeling suggested by Kalantari 2005 was adopted to develop SLRS.
The analysis: khetuni and khewat, ownership, land type, cultivation land type, possession and
ZTBL loan analysis easily performed from digital cadastre. Web-based GIS interface is a new
development to access and visualize the information of revenue records as compared to manual
records. This technology provided the state of art SLRS for the management of land records from
digital cadastre as compared to old conventional and outdated manual systems.

The study area is focused to mid-sized village “Chak No.311/WB” and scanned musavees maps
were processed to form a mosaic map as discussed in detail methodology section 3.3. Study area
mosaic map was processed using MATLAB algorithms and extracted study area map in ArcGIS
desktop software. It was georeferenced by using high-resolution satellite imagery and GCPs
collected from field to achieve better accuracy as per ground reality and extracted final study area.
Land parcels data was digitized in ArcGIS software and Parcel Fabric tool was introduced for
preservation of lines” dimensions of individual land parcels in digital cadastre. Qualitative data is
necessary for parcel fabrication model, that was ensured by applying the topological rules and
integrated land record registers with digitized land parcels to develop digital cadastre. It resulted
that a 0.11% increase in area of khasras and sub-khasras was found in digital cadastre as compared
to notified area and 0.048% increase in lines’ length as compared to notified lines dimensions.
The advantage of digital cadastre is to perform analysis quickly and efficiently that was not
possible from manual land records. This digital cadastre has not only preserved archive history of
land records but also provides timely and accurate measurements of area and lines dimensions of
land parcels.

Area analysis based on musavee and square boundary were performed in the research work. The
dimensions’ information of individual line of land parcel was preserved and resulted that 1,525
land parcels had shared lines’ dimensions of all four sides, while three sides of 156 lines of land
parcels had shared lines” dimensions. The biggest advantage of parcel fabrication models is that
lines of adjacent land parcels can be easily identified and has importance for land parcels for
measurement purposes in land administration.
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Land parcels and lines data were updated with registered data through parcel fabrication model
and offered concept of splitting and merging land parcels. It was identified that nine land parcels
were merged, and 71 land parcels were divided into sub-parcels. It resulted in that khasras and
sub-khasras land parcels being increased from 1,605 land parcels to 1,681 after updating of
information from RHZ. Notified total land parcels were 1,682 and concluded that 76 land parcels
increased due to the change of ownership of land records in the mutation process. It was detected
that five land parcels were present in RHZ but were not available on cadastral maps. Three land
parcels were present on musavies but were not found in RHZ and one land parcel was available in
RHH, which was not divided on cadastral map. It was assumed that such discrepancies were due
to manual record management and supposed that revenue officers may have destroyed the record
by his willpower to attain pecuniary benefits. This is a big question for land record administration
in a service delivery mechanism. This study has proposed an idea to produce digital musavee from
digital cadastre as shown in figure 4.9 and may be proposed to officials of land record authorities
at provincial and regional levels for transparent service delivery.

The registered data was integrated with digital cadastre and performed analysis related to
information; khewat, khetuni, land types based on ownership, gair mumkin and possessions, ZTBL
borrowed loan and lines’ dimensions of each side of individual khasra were integrated
geographically and audited as discussed in section 4.3. Khewat and Khetuni boundaries were
delineated and discrepancies in area, number of land parcels and sub-land parcels, ownership
records, khewat and khetuni, gair mumkin land type and ZTBL loan records were also identified
as discussed in section 4.3.6. It was assumed that those discrepancies were due to manual record
management and is a big question for the land management authorities for handling records
manually in provision of transparent service delivery.

Web-based GIS interface “SLRS” of study area was developed to view and access digital cadastre
as discussed in section 4.4. Digital data developed in this research work was published and
developed a web-based GIS interface, through which land records information can be accessed,
viewed and performed analysis like khewat, khetuni, land type, possession, ownership and ZTBL
information by exploring the suggested SLRS. This kind of visualization of land record data in a
GIS environment is more beneficial and sophisticated than manual old and outdated method. In
SLRS, real-time analysis like; size of individual land parcels and lengths of their sides and analysis
of khasra & sub-khasra, square and musavee, khewat and khetuni can be performed in an efficient
and quick way. It can be extended in future into editing like Tatima cutting, real-time integration
of field data and report generation. This digital data can be further used for estimation of different
types of crops and digital girdawri can also be analyzed in a better way as compared to manually.
It was observed that tracking of required information from manual land records was a very difficult
task, and errors were present in manual land records. These issues had been resolved via proposed
Spatial Land Record System (SLRS) and changed the idea to manage land records and performed
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analysis. Now digital musavee can be generated from digital cadastre as suggested in this research
study and may be beneficial for revenue departments as compared to hand-made maps.

It is suggested that this system may be helpful for land record management authorities; BOR,
PLRA, PULSE and other administrative zones. PLRA preserves registered attribute information
and has developed the MIS system and there is no integration geographically. It was also
investigated that there was no integrated system available, where digital musavee can be generated
and real-time girdawri can be produced. My research work may play a catalyst to make such kind
of fruitful system for land record management and may be a solution for creation of digital
musavee and digital girdawari.

This research was a pilot and limited to only mid-sized village (one mauza) and may be extended
to province level by the land record authorities. It is a proposed solution for the land record
management authorities to develop such SLRS for provincial and regional level. Machine
Learning, Big Data analytics and Artificial Intelligence (Al) are future solutions for management
of land records to provide better service delivery to the public.

Now BOR and Survey of Pakistan (SOP), Ministry of Defense are planning to convert all the
manual land records into a digital format using the parcel fabrication model, which is a big success
of my research work. The acknowledgement letter from the PULSE department for my research is
given in Appendix I.
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APPENDICES

Appendix A: Administrative History, Administrative Hierarchy, Manual Archives,
Records with Purpose, Cadastral Terminology and Land Measurement Units

1. Administrative History of Land Records in Sub-Continent

The land record history in the sub-continent shows that the land record system was established by
Sher Shah Soori in 1540, land record improvements were done by King Akbar in 1566, the land
revenue department was established in 1863 by the British Rule and the first land law was
introduced in 1876. The first land revenue act of Pakistan was introduced in 1967, and the land
revenue rule of Pakistan was developed in 1968 (Kamran, 2016). The first major effort to
redistribute agrarian reform was carried out in 1959 by Ayub Khan's military regime and in 1972
and 1977 agrarian reform was followed by Zulfikar ali Bhutto (Gazdar, 2009). The land record
history in the sub-continent is shown in Figure Al in Appendix A.

Land Record History in Sub-continent

B

L s | Firnt Land Law

Bebvish Rule

nprave e g

King Akbar

Sher Shak Sosd

Figure Al: Land Record History in Sub-Continent (Kamran, 2016)
2. Administrative Hierarchy

The administrative hierarchy, which was developed during the British tenure is given in Figure
A2.

Qanungo

Country Province Division District Tehsil
Halga

Patwar Circle MauzalVillage

Figure A2: Administrative Hierarchy established by British (Raza, 2005)
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At the province level, the administrative hierarchy starts in descending order from BOR to Patwari.
The senior member is the head of BOR at the province level and empowers the commissioner as
head of revenue administration at the divisional level, Deputy Commissioner is the head at the
district level and Assistant Commissioner is the head at the Tehsil level. A Tehsildar is the head
of the tehsil and further looks at the matters of sub-officer; Qanungo or Girdawri and Patwari
(Furgan, 2019) as shown in Figure A3.

Board of
Rewanue [BLCFR

Comimi ssiooner

Che: ety
Comimi ssicoer

Ass stant
Comimi ssiooner

Tehsildar

ha o g o

Patwwrari

Figure Al: Revenue Administration Hierarchy in Pakistan (Furgan, 2019)
3. Manual Archives

Currently, the land record is being maintained manually by the patwari and cadastral maps are
being prepared on handmade paper and pieces of cloth (Latha or Kapra) manually at the tehsil
office. During this process, many irregularities and the absence of standards are found (Ali, 2012).
The handmade maps are not up to the scale and are damaged during disasters like flood and
earthquakes (Dale et al, 1999). Figure 2.4 demonstrates the miserable state of the manual archives.
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Figure A4: Manual Records Management.

4. PLRA Achievements

The LRA achievements as discussed in section 2.3.1 are given as.

a. 24/7 Online Availability of Revenue Record Information

PLRA has developed a system to access and view the attribute information of land records online
in URDU and English based on ownership and cultivator. The land information can be searched
from PLRA’s URL by query necessary information such as district, tehsil, Mahal (Mauza) from
the dropdown options; Chewa or Name or CNIC as per user requirement. This service is available
24/7 to access the revenue record information.

b. Digital-PLRA Android Application

PLRA has launched the Android application “Digital-PLRA”, can be downloaded from Google
Play Store. The user can get the desired information from Digital PLRA. This application can
browse the information and save it for offline access. The main features of the Android application
are Land Records Search, Registration Search, Calculator, Fee Schedule, Registration Process and
Online Complaint logging.

PLRA system is the only web-based information system in Punjab, which shows the attribute
information of the land property but is not linked with the land parcel and geographical analysis
cannot be performed.
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The land record registers and cadastral maps of 18 districts were scanned in 2011 under the project
“Scanning and Preservation of Punjab Revenue Record”. There are 36 districts in the Punjab and
khasra level mapping of three districts; Lahore, Hafizabad and Lodhran under project “Services
for GIS Development and Digitization of Maps (Districts: Lahore, Hafizabad & Lodhran)” were
completed in 2015. There was no fiscal data (Registers Information) attached to above spatial data.

Table Al: Records with Purpose

Sr.No. Name of Record Purpose
1. Shajra Parcha Village Map
2. Shajra Nasab Land Holder Genealogical History
3. Khasra Numbers Index Numbers of Land Parcel
4. Radeef Waar Malikaan Alphabetical Index of Landholders
5. Register Hagdaran e Zameen Land tenure description of owners
6. Hagoog-e-Chahaat-wa-Nul Chahaat  List of rights holders of water wells
7. Wajibul Arz Statements of Community Customs
8. Field book Survey Notebook
9. Register Girdawari Harvest Inspection Register
10. Register Tagrarut Kaasht History of changes in Crop cultivation
11. Register of Dakhil Kharij mutation statement of Land Parcel
12. Dhal Baacha Government Dues’ Demand
13. Roznamcha Wageaati Registering of Daily events of land records
14. Roznamcha Hidayaati Official’s instructions List
15. Roznamcha Partaal Register for Cross verification
16. Laal Kitaab Statistics Book
17. Roznamcha Kaarguzari Workbook

Table A2: Cadastral Terminology

Expression Explanation

Mauza It is a revenue estate and represents a specific part of the land boundary and includes
multiple land parcels within one mauza of which the Patwari maintain the complete
record.

Mujmili Map The complete map of a tehsil which includes mauza boundaries, the scale is; one inch =

one mile.
Shajra Parcha (Latha or
Kapra)

pencil.

It is the mosaicked reflection map of all musavies maps of one mauza on a big cotton
cloth, prepared by the Patwari and incorporated temporal changes of land parcels by red
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Musavee

Patwari
Khasra Number
Square Number

Khewat Number
Khatuni Number

Bandobust
Field Book
Shajra Tatima

Jamabandi/Register
Haqgdaran Zamin

Karam

Jraib
Girdawri

Gair Mumkin Land
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It is a large-scale cadastral map of a mauza, showing parcel id (khasra number.) with
dimensions, extent and square number. The scale of mausavi is 1 inch: 40 karam or
1:2500, while 1 karam is equal to 5.5 feet.

It is the revenue officer appointed by the Government for maintaining the record of one
Mauza or Village in the land revenue administration hierarchy.

A khasra is the specific part of a land, represented by the unique number or survey number
within a square number (Killa number) label on the musavies or latha.

A square number is also called killa number, represented by the unique number label on
the Musavee map which includes multiple Khasras

Khewat refers to the ownership id (Owner ID) or Khata number of a particular land.

It refers to a unique number given by the Patwari based on the cultivator (farmer) of the
part of the land.

The process for recording land ownership rights and land area is called bandobust or land
settlement.

It is an alphanumeric illustration of musavies where attribute information related to every
land parcel (khasra) is incorporated.

It is an annexure map created by Patwari, when any change or partition happens in a khasra
(land parcel) due to land mutation.

It is the register that contains the ownership records and includes the Complete detail of
each land parcel. It is prepared by Patwari at the time of settlement. It is rationalized after
every 5 years.

Karam is the basic unit in land measurement, the scale is; 1 karam = 5.5 feet (1.68 Meter).

It is a local measuring tool used for land settlement purposes. The scale of a jraib is 1
Jraib=10 Karam

The crop inspection of every season (kharif Crops in October and Rabi Crops in March)
by the Patwari for agricultural taxation purposes.

It is the land that includes settlement (Abadi), water channels (khal), road (rasta), water
storage (Borr), other agglomeration of settlement (Tibba), school, graveyard, masjid, etc.

Table A3: Land Measurement Units

Unit Equivalent Unit SI Unit

1 Karam 5.5 feet 1.68 Meter

1 Inch 0.01515 Karam 0.0254 Meter

1 Marla 9 Square karam 2.81 Sg. Meter

1 Kanal 20 Marla 505.857 Sq. Meter

1 Bigha 4 Kanal 2023.428 Sq. Meter

1 Acre 8 Kanal 4046.856 Sq. Meter

1 Square (Muraba) 25 Acres 101171.4 Sq. Meter

1 Square Kilometer 247.1 Acres 999978.118 Sqg. Meter

In Pakistan, SI unit is not used for land measurement.
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5. Parcel Fabric Geo-Database Structure

The Parcel fabric geo-database structure includes elements; lines, points, polygons, control points,
plans, parcel fabric jobs, accuracies and adjustments as shown in table A5. In the parcel fabric
model, a parcel is continuously linked with one plan and is comprised of point, line and polygon
features. The parcel polygon is a combination of individual lines, which form a closed round to
describe a polygon. Each line has from and to points that are also corner points of a parcel. The
Points are common between adjacent parcels and linking lines. The points of a parcel can be
allocated as control points and line points (ArcGIS, 2020). The parcel fabric data model is shown

in figure A5.

Table A4: Parcel Fabric Elements

Parcel Fabric Element

Explanation

Parcel Lines

Parcel Points

Parcel Polygons

Line Points

Control points

Plans (Table)

Parcel fabric jobs (Table)
Accuracies (Table)

Adjustment vectors (Table)

Dimensions of line boundaries are preserved and stored

Point coordinates (X, y, z), consequent from an adjustment of least-square
is stored

Generated from lines of the related parcel
These are corner points of the parcel
Physical location accurate coordinates
Preserve the survey record information
Parcel fabric edits’ track

Adjustment of least square parcels’ weights

Preserve the displacement sets of vectors from the adjustment of least
square

(ArcGIS, 2018)
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Figure A5: Parcel Fabric Data Model

6. Parcel History in a Parcel Fabric

The ways; Archive, Periodical and Transactional, on which parcel history can be tracked as
discussed in section 2.5.2
e Archive

Historical information is tracked. It is a picture of the intact geo-database at a flash in time.
It is preferred that annually periodic taxation and fiscal role must be archived.

e Periodical

Historical information is tracked and documented periodically concerning some
recognized points which are in time and contain changes.
e Transactional

This keeps a record of transactions and monitors all historical information in parcel
databases and parcel plans.
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Appendix B: Data Sources & Metadata, Spectral Characteristics of World
View-2 satellite

Table B1: Data Sources & Metadata

Dataset Description Spatial Format Coordinate  Sources
Extent System
High World View-2 Image  According  Raster PCS: UTM  The Urban
Resolution Acquired on 19 to the ECW (Zone 42N)  Unit
Satellite Image  January 2017 Village Datum:
Resolution=0.46 m  Boundary WGS1984
Cloud cover =0
Off nadir=5.11
Sun elevation = 36.80
Color Band = RGB
Population Non-Spatial N/A PBS
Census 1998 & (Attribute Information):
2017 Microsoft Excel Table
Administrative ~ Boundaries of Pakistan Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: Provinces of Pakistan  Provinces (Polygon) (Zone 42N)  Unit
Provinces Boundary Datum:
WGS1984
Administrative ~ Boundaries of Punjab Vector: Shapefile (.shp)  Datum: The Urban
Boundaries: Divisions of Punjab Province (Polygon) WGS1984  Unit
Divisions Province Boundary Datum:
WGS1984
Administrative ~ Boundaries of Multan Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: districts of Multan Division (Polygon) (Zone 42N)  Unit
Districts Divisions Boundary Datum:
WGS1984
Administrative ~ Boundaries of tehsils ~ Multan Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: of Multan districts District (Polygon) (Zone 42N)  Unit
Tehsils Boundary Datum:
WGS1984
Administrative  Boundaries of Dunyapur ~ Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: Qanungoies of Tehsil (Polygon) (Zone 42N)  Unit
Qanungoies Dunyapur Tehsil Boundary Datum:
WGS1984
Administrative  Boundaries of Patwar Dunyapur  Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: Circles of Dunyapur ~ Qanungoies (Polygon) (Zone 42N)  Unit
Patwar Circles  Qanungoies Boundary Datum:
WGS1984
Administrative ~ Boundaries of 12-L Vector: Shapefile (shp)  PCS: UTM  The Urban
Boundaries: Mauzas of 12-L Patwar (Polygon) (Zone 42N)  Unit
Mauzas Patwar Circle Circle Datum:
Boundary WGS1984
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Square
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My Self

Developed
My Self

Developed
My Self

Developed
My Self

BOR

Self-
Collected

The spectral characteristics of World View-2 satellite is given as in table B2.

Table B2: Spectral Characteristics of World View-2 Satellite

Sr. No. Band Name Spectral Range
1 Coastal Blue 400 nm-450 nm
2 Blue 450 nm-510 nm
5 Red 630 nm-690 nm
6 Red Edge 705 nm-745 nm
7 NIR1 770 nm-895 nm
8 NIR2 860 nm-1040 nm
9 Panchromatic 450 nm-800 nm

(earth.esa.int, 2018)
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Table B3: Technical Specification of GPS 60TM

Receiver WAAS (Wide Area Augmentation System) enabled, 12 parallel channels
Acquisition Time Warm: Approximately 15 seconds
Cold: Approximately 45 seconds
AutoLocateTM: Approximately 2 minutes
Update Rate Once per second, continuous
GPS Accuracy Position: <15 meters, 95% typical
Velocity: 0.05 meter/sec steady state
DGPS Accuracy Position: 3-5 meters, 95% typical
Velocity: 0.05 meter/sec steady state
Dynamics Performs to specifications to 6 g’s
DGPS Interfaces NMEA 0183 version 3.01, RTCM SC-104 (for corrections) and RS-232
and USB for PC
Data Storage Life Indefinite: no memory battery required
POI Storage Internal: Approximately 1 MB

(GPS 60 Navigator, 2022)
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Appendix C: Description of Land Record Registers

The description of Land Record Registers is given as;

Field Book

The field book is the unique register, where the land revenue officer records the information
on unique land parcels at the time of land settlement. The original field book was prepared
in 1963-64 as shown in Figure Cla). The other field book “Tatima Field Book™ is also
recorded as shown in Figure C1b). The original field book was not in good shape and
textual information was distorted. The Tatima field book was missing the khatuni
information.

The following attribute information was recorded.

Unique Land Parcel Number (Survey Number ) Previous
Unique Land Parcel Number (Survey Number ) Current
Khatuni No.

Dimensions of Land Parcel

Area of Land Parcel

Type of Land

0O O O O O O

C1: a) Field Book — Form No.44 Bey C1: b) Tatima Field Book

Figure C1: Field Book Register
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Register Hagdaran Zameen

Register Hagdaran Zameen (RHZ) is the unique register, where the land revenue officer
records the information about ownership, tenants, litigation, sale, loan and detail of tax
against unique land parcels at the time of Jamabandi. It is updated every 4 years. The RHZ
book was updated in 2010-2011.

The Register Hagdaran Zameen has included the following information;

Shajra Nasib of Owners

Index Numbers Khasras (Survey Numbers)

Register Hagdaran Zameen

Qanungo (Revenue Officer) Babat Part Tasdeeq (Misal Meeadi)
Note for Change of Type of Land

Akheer Tasdeeq Register Hagdaran Zameen

0O O O O O O

Figure C2: a) Shajra Nasib of Owners Part-Alaf

Figure C2: b) Shajra Nasib of Owners Part — Bey
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Explanation

o Shajra Nasib of Owners

Appendix - C

It consists of Shajra Nasib, part Alaf and part Bey. It provides information about the
inheritance of the land of owners from the grandfather to their grandchildren. The
symbols related to Numberdar, children, wife, grandfather/father/husband (alive), and
daughter are recorded in the Shajra Nasib of Owners as shown in Figure C2a. Shajra
Nasib Part-Bey consists of the information about direction, cost, and relationship

blocks, Khewat Number and possession as shown in Figure C2b.

o Index Numbers Khasras (Survey Numbers)

It is the index and also called Patwari form no. V. The unique land parcel numbers
(khasra numbers or survey numbers) and Khatuni numbers were recorded. The text
written in red represents the square number (Killa number).

The index numbers for khasras is shown in Figure C3.
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Figure C3: Index Numbers of Khasras (Survey_Numbers)

o Qanungo (Revenue Officer) Babat Part Tasdeeq (Misal Meeadi)

It is a detailed document and consists of ten columns. It is also called Patwari form no.
XXXIVA, on that the land revenue officer records the following information;
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= Number Khewat (Owner)

= Number Khatuni (Farmer)

= Name of Owner with Father Name/Husband Name & Residence
= National Identity Card Number (NICN)

= Nature of Rights of Owner/Lessee, etc.

= Specific Part in the combined record

= Specific Area as per specific part

= Agriculture Passbook Number

= Name of Farmer with the situation

= Number Khasra with name (If any)

= Area, Type of Land and total Khatuni (Farmer) & Khewat (Owner)
= Resource with Name Chah/Rajbah etc

= Lagan (Tax) who the farmer pays, Ratio and demand

= Demand with detail of land value and answer

= Remarks (Numberdar if any)/Ratio of Land Value

The snapshot of Register Hagdaran Zameen (Misal Miadi) is shown in Figure C4.
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Figure C4: Register Hagdaran Zameen (Missal Miadi)
o Qanungo (Revenue Officer) Babat Part Tasdeeq (Misal Meeadi)
It is the document where the land revenue officer (Qanungo) verifies the
information recorded by Patwari and prepares a report about the quality of the

record. He mentions the errors/omission in his report. It is also called patwari form
no.XVI-A as shown in Figure C5 and includes the following columns;
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= Date

= Name with the designation of Record verifier
= Note for Check and balance

= Remarks

Figure C5: Qanungo (Revenue Officer) Babat Part Tasdeeq

o Note for Change of Type of Land

It is the document where information regarding changes in the type of land is
recorded as shown in Figure C6. It is also called Patwari form no.VII and records
the following information;

= Recorded information as per previous Register Hagdaran Zameen
= Recorded information as per current Register Hagdaran Zameen
= Tazadat (Errors)

e Beshi (Increased)

e Kami (Decreased)
= Area (in acres) and types of land (Mazroa)

e Chahi

e Nabhri

e Nul chahi

e Chahi Nahri

e Bageecha etc

e Total
= Area (in acres) and types of land (Mazroa)

e Banjer Kham
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e Banjer Jadeed
e Banjer Qadeem
e Impossible

e Total

e Grand Total

Figure C6: Note for Change of Land Type

o Akheer Tasdeeq Register Hagdaran Zameen

It is a document on the verification information recorded by the verifier land revenue
officer and consists of 9 columns as shown in Figure C7. It is also called Patwari form
no.XVI and records the following information;

= Date of verification

= Location of verification

= Records that were verified

= Verification of orders Dakhil/Kharij

= Records that were compared with records in previous Register Hagdaran
Zameen

= Records that were compared with records in the current Register Haqdaran
Zameen

= Total Land Parcels (Khasras) that were verified with Musavee

= Dakhil/Kharij that were recorded before 30" June and not verified.
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A

Figure C7: Akheer Tasdeeq Register Hagdaran

e Mutation

The mutation is the unique register, where the land revenue officer records the information
about the transfer of ownership against a unique land parcel.

The Mutation register consists of the following information;

o Register Dakhil/Kharij
o Tatima Field Book & Tatima Shajra Nasib
o Certificate of Release of Charge

Explanation
o Register Dakhil/Kharij

Register Dakhjl/Kharij records the information of individual land parcels whose
ownership has been transferred. It is also called Patwari form no. XXXV and
consists of 14 columns as shown in Figure C8.

The following information is recorded;

= Serial No.
» Andraj Register Hagdaran Zameen or Last Register Dakhil/Kharij whom
change is necessary
e Number Khata Register Hagqdaran Zameen
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e Name of Owner with detail
e Name of Farmer with detail
e Survey Khasra Numbers with names (if any)
e Area, Land Type
= New Andraj Jawab (that will Manage)
e Number Khata that will be recorded in the new Register Hagdaran
Zameen
e Number Khata Register Hagdaran Zameen
e Name of Owner with detail
e Name of Farmer with detail
e Survey Khasra Numbers with names (if any)
e Area, Land Type
Type and date of Dakhil/Kharij with Bey, Rehn etc
Malia (Fee) Dakhil/Kharij
Report (Order), Signatures with Thumb Signs

Figure C8: Register Dakhil Kharij

o Tatima Field Book & Tatima Shajra Nasib
It consists of two parts that are shown in Figure C9.

e Part-Alaf Tatima Field Book

82



Appendix - C

This part includes the information on land parcels whose ownership has
been transferred and consists of the following columns;

e Unique Land Parcel Number (Survey Number) Previous
e Unique Land Parcel Number (Survey Number) Current
¢ Khatuni No.

e Dimensions of Land Parcel (East, West, North, South)

e Area of Land Parcel

e Type of Land

e Remarks

e Part-Bey Tatima Shajra Nasib

This part included the manual map of land parcels whose division has been
confirmed from ownership records as shown in Figure C9.

Figure C9: Tatima Field Book & Tatima Shajra Nasib

o Certificate of Release of Charge

This document includes the ownership information of land parcels against the payment
borrowed by the landowner. Figure C10 shows the certificate of release of charge that
has been issued by the Zarai Taragiati Bank Limited (ZTBL) against agricultural land.
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Figure C10: Certificate of Release of Charge

Register Tagayrat Possession, Cultivation, Tax

This register records the information on land parcels whose possession concerning
cultivation has been changed and tax information. It is also called Patwari form no.XXIV
and consist of 9 individual columns shown in Figure C11.

The following information is recorded;

Crop Name

Date of Girdawri

Number Khasras with area (Change of Tagayer)
Andraj Previous

Andraj Current

Signature Patwari with date

Tasdeeq from Girdawri, Qanungo with the date
Tasdeeq from the Revenue officer with the date
Remarks

0O O 0O 0O 0O 0O o0 O ©O
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Figure C11: Register Tagayrat Possession, Cultivation Tax
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Appendix D: Scanning of Cadastral Maps and Land Records, Parcel Fabric
Dataset and Quality Checks of Final data

1. Scanning of Cadastral Maps

Initially, the digital copy of handmade cadastral maps locally called “Musavies”, were collected
from the Urban Unit. As discussed by the Urban Unit officials, 8 maps were scanned through a
roller scanner and a specifically designed scanner (manual scanner) with a high resolution (300
DPI (Dots per Inch)) camera (18 Mega Pixel) to maintain better scanning output. The camera was
mounted on an iron stand and two lights were installed on the left and right edges of the iron frame
to support the light effects as shown in figure D1. The purpose of this manual scanner was to scan
the dusty, bad condition and torn musavies to ascertain the better resolution of maps.

.....

Figure D1: Sample of Manual Scanner

2. Scanning of Land Record Registers
The revenue registers data was scanned by using a Bookeye scanner as shown in figure D2. The

purpose of this scanner is to scan such documents which are in the form of book and cannot scan
each page individually.
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Lo 4 -

Figure B2: Bookeye Scanner

3. Parcel Fabric Dataset

The features: control, line points, points, lines and parcels were generated during parcel fabrication

model as shown in figure D3, but lines and parcel features are used for research work. The
description of feature classes is given in table A4 of Appendix A.
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4. Quality Checks for final Land Parcels and Lines data

e Attribute data is entered correctly according to Musavee.

e There must be no line without dimension entry.

e The dimension to-geometric length ratio is under an acceptable limit.
e No feature must have zero length or area.

e Must have khasra number

e Must have Muraba number (not applicable in non-muraba mauzas)

e Must have a valid mauza name as per the BOR list

e Check Khasra number continuity.

e Check Square Number (muraba number) continuity.
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Appendix E: Topological Rules

The following eight topological rules were applied in Parcel Fabric Model for line features of
khasra and sub-khasra land parcels;

“Must Not Overlap”

e “Must Not Intersect”

e “Must Not Have Dangles”

e “Must Not Have Pseudo Nodes”

e “Must Not Self-Intersect”

e “Must Not Self-Overlap”

e “Must be Single Part”

e “Must Not Intersect or Touch Interior”

The following six topological rules were applied for development of new khasra polygon and
khasra line feature class in the parcel fabrication;

“Must Not Self-Overlap”

e “Must Not Self-Intersect”

e  “Must be Single Part”

e “Must Not Intersect or Touch Interior”

e “Must be covered by Boundary of New Khasra parcels”
e “Boundary Must be Covered by Khasra Lines”
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Appendix F: Results

Table F1: Area Summary of Musavies before Updating

Appendix - F

Total No.
Total No. Total No.
Musavee No. of of Sub- Total Area  Total Area
Name Musavee of Square of Land Land in Acres* in Kanals*
Boxes Parcels
Parcels
Alaf-1 1 10 164 22 142.27 1138.14
Alaf-2 1 15 418 53 375.17 3001.38
Alaf-3 1 11 297 33 275.58 2204.65
Alaf-4 1 4 78 8 75.29 602.35
Bey-1 1 4 37 4 33.67 269.30
Bey-2 1 12 331 47 287.47 2299.73
Bey-3 1 5 130 20 113.14 905.15
Bey-4 1 6 150 12 138.33 1106.63
Total 8 67 1605 199 1440.92 11527.33
*One acre = 4046.856 Square meters, and one Kanal = 2023.428 Square meters
Table F2: Area Summary of Musavies after Updating
Total No.
Total No. of Total No.
Musavee No. of otal No. o otal No of Sub- Total Area  Total Area
Square of Land : - .
Name Musavee Land in Acres in Kanals
Boxes Parcels
Parcels
Alaf-1 1 10 161 18 146.33 1170.61
Alaf-2 1 15 437 93 375.17 3001.38
Alaf-3 1 11 313 62 275.58 2204.65
Alaf-4 1 90 27 75.29 602.35
Bey-1 1 4 41 12 33.67 269.30
Bey-2 1 12 343 66 287.47 2299.73
Bey-3 1 5 144 45 113.14 905.15
Bey-4 1 6 152 14 138.33 1106.63
Total 8 67 1681 337 1440.92 11527.33

*One acre = 4046.856 Square meters, and one Kanal = 2023.428 Square meters
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Table F3: Area Summary of Squares

Total No.  Total No. Total No.
Total No. of Sub- of Land of Sub-
Square of Land Land Parcels Land Total Area Total Area
Number  Parcels an ar Parcels in Acres*  in Kanals*
(Musavies) IVIIDarce!s éFleLd (Field
(Musavies) 00k) Book)

1 1 1 0.22 1.78

2 2 2 1 0.35 2.79

3 7 7 5.32 42.55
4 18 5 15 11.73 93.83
5 25 2 25 2 21.12 168.95
6 28 3 28 4 25.00 200.03
7 27 4 29 8 24.86 198.85
8 27 2 27 2 24.95 199.60
9 28 4 27 2 22.99 183.89
10 19 20 2 16.37 130.95
11 13 2 16 8 10.40 83.17
12 5 2 5 2 2.84 22.71
13 27 4 28 6 24.88 199.05
14 28 2 28 2 25.14 201.12
15 29 4 29 4 25.23 201.81
16 32 8 31 7 25.06 200.49
17 36 16 34 14 25.24 201.89
18 30 10 30 10 25.27 202.17
19 30 6 29 5 25.19 201.53
20 28 3 28 3 24.96 199.67
21 25 25 25.23 201.85
22 26 26 25.30 202.40
23 27 2 28 4 24.94 199.49
24 28 2 30 6 25.00 199.97
25 28 2 28 2 25.06 200.51
26 26 2 27 4 24.98 199.81
27 26 2 26 2 24.93 199.45
28 27 2 27 2 25.00 200.00
29 28 2 38 20 24.89 199.12
30 27 2 27 2 24.70 197.57
31 26 26 25.14 201.15
32 25 32 14 24.93 199.46
33 26 27 2 25.18 201.44
34 26 2 38 24 24.69 197.56
35 27 2 27 2 24.83 198.68
36 27 2 29 6 24.51 196.05
37 41 23 39 16 24.86 198.87
38 28 2 28 2 24.74 197.94

91



Appendix - F

Total No.  Total No. Total No.
Total No. of Sub- of Land of Sub-
Square of Land Land Total Area Total Area
Number Parcels Land Par_cels Parcels in Acres in Kanals
. Parcels (Field :
(Musavies) (Musavies) Book) (Field
Book)

39 15 15 12.76 102.09
40 15 15 12.61 100.88
41 31 10 34 16 25.08 200.64
42 17 17 24.88 199.02
43 27 2 27 2 25.12 200.96
44 27 3 29 7 25.00 199.97
45 26 2 32 12 25.26 202.06
46 29 4 29 4 25.13 201.01
47 29 4 29 4 25.07 200.55
48 30 6 32 10 25.05 200.41
49 27 2 28 2 24.99 199.91
50 28 2 32 9 24.69 197.54
51 30 6 34 14 24.92 199.37
52 28 6 28 6 25.23 201.86
53 28 2 28 2 25.17 201.39
54 28 2 28 2 25.12 200.92
55 27 2 35 17 25.41 203.31
56 28 2 28 2 25.53 204.25
57 26 2 26 2 24.75 197.96
58 24 2 25 4 22.17 177.36
59 27 4 38 21 24.83 198.67
60 27 2 29 4 25.00 200.03
61 15 15 12.58 100.65
62 26 2 26 2 25.03 200.25
63 28 4 28 4 25.33 202.66
64 26 2 26 2 24.85 198.79
65 1 1 3.54 28.36
66 1 1 9.79 78.34

C;figf' 1605 199 1681 337 1440.92 11527.33

*One acre = 4046.856 Square meters, and one Kanal = 2023.428 Square meters

It is noted that square numbers; 1, 2 and 66 consist of only one khasra and belong to two musavies
Alaf-1 & Bey-1. Square number 1 has the least area of 0.22 acres (1.78 kanal), but square no. 56
has a maximum land area of 25.53 acres (204.25 Kanal). Square number 41 consists of 41 khasras
as per musavies (before updating) and 37 as per the field book (after updating). The 44 squares

have the approximately same area, and 12 squares have different area information.
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Table F4: Musavee wise summary statistics of khasra and sub-khasra before and after field book
Updating

Total No. Total No. Total No. Total No.

of Land of Land O[::é)' or_:#g'
Musavee Parcels Parcels Change in Parcels Parcels Change in
Name (Field (Musavies) Khasra (Field (Musavies) Sub-Khasra
Book) after before
Updating Updating Book) a_1fter befofe
Updating Updating
Alaf-1 161 164 -3 18 22 -4
Alaf-2 437 418 19 93 53 40
Alaf-3 313 297 16 62 33 29
Alaf-4 90 78 12 27 8 19
Bey-1 41 37 4 12 4 8
Bey-2 343 331 12 66 47 19
Bey-3 144 130 14 45 20 25
Bey-4 152 150 2 14 12 2
Total 1681 1605 76 337 199 138
Table F5: Summary of Squares before and after field book Updating
Total No.
Total No.  Total No. of Sub- ToftaSI IB'O'
of Land of Land Land oLarl]J d ) Chanae in
Square Parcels Parcels Change in Parcels Parcels Su%-
Number (Field (Musavies) Khasra (Field -
(Musavies) Khasra
Book) after before Book) before
Updating Updating after Undatin
Updating P g
1 1 1 0
2 1 2 -1 2 -2
3 7 7 0
4 15 18 -3 5 -5
5 25 25 0 2 2 0
6 28 28 0 4 3 1
7 29 27 2 8 4 4
8 27 27 2 2 0
9 27 28 -1 2 4 -2
10 20 19 1 2 2
11 16 13 3 8 2 6
12 5 5 0 2 2 0
13 28 27 1 6 4 2
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Total No.  Total No. Toftal No. Toftal No.
of Land of Land of Sub- of Sub- :
i Land Land Change in
Square Parcels Parcels Change in Parcels Parcels Sub-
Number (Field (Musavies) Khasra . .
(Field (Musavies) Khasra
Book) gfter before Book) after before
Updating Updating Updating Updating

14 28 28 0 2 2 0
15 29 29 0 4 4 0
16 31 32 -1 7 8 -1
17 34 36 -2 14 16 -2
18 30 30 0 10 10 0
19 29 30 -1 5 6 -1
20 28 28 0 3 3 0
21 25 25 0

22 26 26 0

23 28 27 1 4 2 2
24 30 28 2 6 2 4
25 28 28 0 2 2 0
26 27 26 1 4 2 2
27 26 26 0 2 2 0
28 27 27 0 2 2 0
29 38 28 10 20 2 18
30 27 27 0 2 2 0
31 26 26 0

32 32 25 7 14 14
33 27 26 1 2 2
34 38 26 12 24 2 22
35 27 27 0 2 2 0
36 29 27 2 6 2 4
37 39 41 -2 16 23 -7
38 28 28 0 2 2 0
39 15 15 0

40 15 15 0

41 34 31 3 16 10 6
42 17 17 0

43 27 27 0 2 2 0
44 29 27 2 7 3 4
45 32 26 6 12 2 10
46 29 29 0 4 4 0
47 29 29 0 4 4 0
48 32 30 2 10 6 4
49 28 27 1 2 2 0
50 32 28 4 9 2 7
51 34 30 4 14 6 8
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Total No. Total No
Total No.  Total No. of Sub- '
of Sub-
of Land of Land Land .
. Land Change in
Square Parcels Parcels Change in Parcels
. . : Parcels Sub-
Number (Field (Musavies) Khasra (Field :
(Musavies) Khasra
Book) after before Book)
. . before
Updating Updating after Undatin
Updating P g
52 28 28 0 6 6 0
53 28 28 0 2 2 0
54 28 28 0 2 2 0
55 35 27 8 17 2 15
56 28 28 0 2 2 0
57 26 26 0 2 2 0
58 25 24 1 4 2 2
59 38 27 11 21 4 17
60 29 27 2 4 2 2
61 15 15 0
62 26 26 0 2 2 0
63 28 28 0 4 4 0
64 26 26 0 2 2 0
65 1 1 0
66 1 1 0
Grand 1681 1605 76 337 199 138
Total

Khasras and sub-khasras records were summarized for estimation of information based on square
numbers. It was observed that there was no change in khasras and sub-khasra count of 24 squares
numbers, but khasras & sub-khasra count decreased by seven square numbers, which was the result
of merged parcels based on change of ownership in field book record. The khasras count decreased
from 27 to 26 of square number 13 but there was no change in sub-khasra count, but sub-khasra
count were increased from 3 to 4 and no change in khasra count. It was also observed that 23
squares have different scenarios regarding increased khasras & sub khasras count, square number
34 had a maximum increase in khasras information from 26 to 38 and sub-khasras count from 2 to
24,
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Table F6: Summary of Khewat as per Register Hagdaran Zameen
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Total

Total Total . Total
Total : Banjer . Total
No. of Total Total Nahri Gair Banjer
. . ahri . Jadeed Benaam
Land Areain Areain . Mumkin Qadeem )
Khewat No. Areain . Area . Areain
Parcels Kanals* Kanals* Area in . Area in
. Kanals* in Kanal*
(Field (GIS) (RHZ) Kanals* ~ Kanal*
Book) (RHZ) (RHZ) Kanal (RHZ) (RHZ)
(RHZ)
1/1 199 1456.02  1460.35 1420.4 37.95 0 2 0
2/2 42 262.51 261 256.05 4.95 0 0 0
3/3 56 366.88 365 353.4 11.6 0 0 0
44 7 51.75 51 445 6.5 0 0 0
5/5 15 101.11 100 97.2 2.8 0 0 0
6/6 13 99.79 102.45 96.45 6 0 0 0
717 13 95.96 98.2 96.95 1.25 0 0 0
8/8 14 100.65 100 90.95 9.05 0 0 0
9/9 14 101.41 100 93.95 6.05 0 0 0
10/10 14 99.10 100 94.8 5.2 0 0 0
11/11 1 8.01 8 7.75 0.25 0 0 0
12/12 14 100.83 100 93.7 6.3 0 0 0
13/13 2 6.08 10 10 0 0 0 0
14/14 8 52.94 54 53.75 0.25 0 0 0
16/15, 73 6 16.24 16 16 0 0 0 0
17/16 13 99.62 99.75 97.75 2 0 0 0
18/17 7 50.89 53 50.5 25 0 0 0
19/18 14 100.70 100 95.8 4.2 0 0 0
20/20 13 100.58 100 96 4 0 0 0
21/21 13 97.52 98.8 97.8 1 0 0 0
22/22 2 7.93 8 8 0 0 0 0
23/42 13 97.75 100 100 0 0 0 0
24/23 13 99.12 100 97.5 25 0 0 0
25/24 3 20.27 20 20 0 0 0 0
26/25 11 80.42 80 77.75 2.25 0 0 0
27126 4 30.37 23.15 23.15 0 0 0 0
28/27 4 22.76 23.55 23.55 0 0 0 0
29/28 1 3.55 3.9 3.9 0 0 0 0
30/29 2 7.49 8 6.2 1.8 0 0 0
31/30 5 22.71 22.95 22.95 0 0 0 0
32/31 5 19.00 19.15 18.4 0.75 0 0 0
33/32 14 100.89 100.6 96.65 3.95 0 0 0
34/33 19 135.85 136 128.2 7.8 0 0 0
35/34 7 39.28 40 40 0 0 0 0
36/35 13 92.72 91.4 89.15 2.25 0 0 0
37/36 14 101.29 100 96.8 3.2 0 0 0
38/37 14 100.10 100 96.2 3.8 0 0 0
39/38 12 84.37 84 81.5 25 0 0 0
40/39 15 98.59 100 93.2 6.8 0 0 0
41/40 13 99.99 100 100 0 0 0 0
42/41 13 101.51 100 99 1 0 0 0
43/43 15 102.17 100 98.2 1.8 0 0 0
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Appendix - F

146/139 3 24.04 20 20 0 0 0 0
147/91 2 7.57 8 75 0.5 0 0 0
148/50 1 0.46 0.5 0.5 0 0 0 0

149/140 13 95.45 94.9 84.9 4 0 6 0

15/131 5 31.55 32 31 1 0 0 0

150/141 4 26.00 26 26 0 0 0 0

151/142 4 15.76 16 15 1 0 0 0

152/143 83 624.38 631.45 110.25 364.4 0 149.4 7.4

(No Khewat
no.) 3 7.42 7.8 0 7.8 0 0 0
Grand Total 1681 11527.33 11517.05 10596.25 748 2 163.4 7.4
*One Kanal = 2023.428 Square meters
Table F7: Discrepancies highlighted in Khewat
Total Total
ota Total Total Total ot_a
No. of . . Gair
Khewat Land Summarize  Area Nahri Mumkin area
Areain in Areain . ) Remarks
No. Parcels Areain difference
(Field Kanals Kanals Kanal Kanal
RHZ RHZ RHZ
Booky (RHZ)  (RHZ) (RHZ)  piy7)

33/32 14 100.6 100 96.65 3.95 0.6 Increase in Area w.r.t RHZ
Khasra No. 13 not have
sub-parcel in RHZ but
map have 2 sub-parcels

39/38 12 84 81.5 2.5 0 13/1,13/2

Khasra No. 63/27 not
identified on map but

93/93 14 99.4 100 97.9 15 0.6 increase in Area w.r.t RHZ

124/129 8 49.05 48.05 48.3 0.75 0.6 Increase in Area w.r.t RHZ
Khasra 40/9 have false

125/116 15 100 98.5 1.5 0 area in RHZ

128/119 21 144 144.6 138 6 0.6 Decrease in area w.r.t RHZ

129/120 16 120.6 100 115.3 5.3 0.6 Increase in Area w.r.t RHZ
Decrease in Area w.r.t

138/131 24 150.25 150.25 141.3 8.95 0 RHZ

145/138 14 100.6 100 99.4 1.2 0.6 Increase in Area w.r.t RHZ

*One Kanal = 2023.428 Square meters
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Table F8: Summary of Khetuni

Appendix - F

Total Total Totgl Tot_al Tot_al Total
~ No. of Tota_l Tota_l Nahri Gair Banjer  Banjer Benaam
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Area in Areain Areain Areain Area in
. Kanal Kanal
(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)
Book) (RHZ) (RHZ) (RHZ)
0 3 7.42 7.8 0 7.8 0 0 0
1 5 21.12 20.8 18.8 0 0 2 0
2 25 201.85 200 199 1 0 0 0
3 25 199.59 197 193.35 3.65 0 0 0
4 19 143.49 143.4 139.4 4 0 0 0
5 6 46.33 46.8 45.4 1.4 0 0 0
6 1 8.22 8 8 0 0 0 0
7 3 21.99 22.2 18.55 3.65 0 0 0
8 91 651.40 660.65 654.4 6.25 0 0 0
9 10 79.91 80 79.5 0.5 0 0 0
10 4 32.13 32 32 0 0 0 0
11 4 31.87 32 32 0 0 0 0
12 6 18.12 17.5 0 17.5 0 0 0
13 38 247.73 245.9 245.65 0.25 0 0 0
14 1 7.31 7.4 7.4 0 0 0 0
15 1 4.85 5 3 2 0 0 0
16 2 2.61 2.7 0 2.7 0 0 0
17 17 102.56 101.9 101.9 0 0 0 0
18 3 23.35 23.4 23.4 0 0 0 0
19 1 7.59 7.4 7.4 0 0 0 0
20 4 31.88 32 32 0 0 0 0
21 5 32.48 32 32 0 0 0 0
22 6 37.04 36 34 2 0 0 0
23 7 53.65 54 53.75 0.25 0 0 0
24 1 8.12 8 4 4 0 0 0
25 4 27.80 26.4 26.15 0.25 0 0 0
26 3 23.17 23.4 23.4 0 0 0 0
27 1 7.19 7.4 7.4 0 0 0 0
28 1 7.23 8 8 0 0 0 0
29 3 4.84 5.1 0 5.1 0 0 0
30 7 51.75 51 445 6.5 0 0 0
31 14 99.41 98.2 97.2 1 0 0 0
32 1 1.70 1.8 0 1.8 0 0 0
33 13 99.79 102.45 96.45 6 0 0 0
34 5 37.18 39.4 38.15 1.25 0 0 0
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Total

Total

Total

Total

No.of  Total Total Ill-g:\arli Gair Banjer  Banjer B-(Ie-r?;zlm
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Areain Areain Areain Areain Areain
. Kanal Kanal

(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)

Book) (RHZ) (RHZ) (RH2)
294 7 54.24 54.8 54.55 0.25 0 0 0
295 1 7.50 7.4 7.4 0 0 0 0
296 4 28.16 28 26 2 0 0 0
297 1 1.76 1.8 0 1.8 0 0 0
298 1 8.34 8 8 0 0 0 0
299 1 8.26 8 8 0 0 0 0
300 11 83.72 82.8 82.8 0 0 0 0
301 1 1.21 1.2 0 1.2 0 0 0
302 9 66.58 66.8 65.8 1 0 0 0
303 4 30.92 31.4 31.4 0 0 0 0
304 9 45.74 49.75 48.85 0.9 0 0 0
305 2 16.31 16 15 1 0 0 0
306 1 8.20 8 8 0 0 0 0
307 1 3.96 4 4 0 0 0 0
308 1 3.73 4 4 0 0 0 0
309 1 3.96 4 4 0 0 0 0
310 2 4.13 4 0 4 0 0 0
311 1 7.54 8 8 0 0 0 0
312 1 7.89 8 8 0 0 0 0
313 1 7.99 8 7 1 0 0 0
314 1 8.36 8 8 0 0 0 0
315 1 7.83 8 7.75 0.25 0 0 0
316 1 8.10 8 8 0 0 0 0
317 1 7.86 8 8 0 0 0 0
318 1 7.66 8 8 0 0 0 0
319 2 16.33 16 15 1 0 0 0
320 2 16.04 16 16 0 0 0 0
321 2 7.91 8 8 0 0 0 0
322 13 98.35 98.2 95.2 3 0 0 0
323 1 1.96 1.8 0 1.8 0 0 0
324 1 3.73 4 4 0 0 0 0
325 2 16.35 16 16 0 0 0 0
326 1 4.02 4 3.75 0.25 0 0 0
327 5 39.78 40 39.5 0.5 0 0 0
328 5 40.74 40 39 1 0 0 0
329 1 7.39 7.4 7.4 0 0 0 0
330 1 0.73 0.5 0 0.5 0 0 0
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Total Total Total Total

No.of  Total Total Ill-g:\arli Gair Banjer  Banjer B-(Ie-r?;zlm
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Areain Areain Areain Areain Areain
. Kanal Kanal

(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)

Book) (RHZ) (RHZ) (RH2)
331 1 7.95 8 7.5 0.5 0 0 0
332 1 7.88 8 8 0 0 0 0
333 1 8.03 8 8 0 0 0 0
334 2 14.89 15.25 15 0.25 0 0 0
335 1 3.95 4 4 0 0 0 0
336 2 5.69 5.8 5.8 0 0 0 0
337 3 23.97 24 23.5 0.5 0 0 0
338 2 15.88 16 15.5 0.5 0 0 0
339 9 53.04 52 51.5 0.5 0 0 0
340 1 7.99 8 8 0 0 0 0
341 3 16.35 16 15.5 0.5 0 0 0
342 11 77.73 76 68 8 0 0 0
343 4 31.32 32 32 0 0 0 0
344 1 7.93 8 8 0 0 0 0
345 4 26.76 26.2 26.2 0 0 0 0
346 4 32.79 32 30 2 0 0 0
347 1 3.68 1.8 0 1.8 0 0 0
348 8 62.71 62.8 60.05 2.75 0 0 0
349 1 7.48 7.4 7.4 0 0 0 0
350 3 23.36 24 23.75 0.25 0 0 0
351 2 15.95 16 16 0 0 0 0
352 2 16.77 15.4 15.4 0 0 0 0
353 2 15.34 15.4 15.4 0 0 0 0
354 3 3.61 3 0 3 0 0 0
355 5 39.52 39.4 36.4 3 0 0 0
356 4 31.91 32 32 0 0 0 0
357 6 48.03 47.4 46.9 0.5 0 0 0
358 1 2.00 1.8 0 1.8 0 0 0
359 1 4.54 3.35 2.35 1 0 0 0
360 11 68.49 68.15 67.15 1 0 0 0
361 5 28.00 30 26.5 3.5 0 0 0
362 1 7.57 7.4 7.4 0 0 0 0
363 4 32.02 32 31.75 0.25 0 0 0
364 1 7.71 8 8 0 0 0 0
365 1 7.80 8 8 0 0 0 0
366 1 7.96 8 8 0 0 0 0
367 1 7.64 8 7.75 0.25 0 0 0
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Total

Total

Total

Total

No.of  Total Total Ill-g:\arli Gair Banjer  Banjer B-(Ie-r?;zlm
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Areain Areain Areain Areain Areain
. Kanal Kanal

(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)

Book) (RHZ) (RHZ) (RH2)
368 5 37.31 37.2 36.7 0.5 0 0 0
369 2 16.08 16 14 2 0 0 0
370 3 18.10 18.2 16.2 2 0 0 0
371 1 7.47 7.4 7.4 0 0 0 0
372 2 1.41 1.2 0 1.2 0 0 0
373 2 7.53 7.6 7.6 0 0 0 0
374 1 0.32 0.5 0 0.5 0 0 0
375 5 17.72 18 18 0 0 0 0
376 13 97.85 98.2 96.7 1.5 0 0 0
377 1 2.15 1.8 0 1.8 0 0 0
378 13 96.69 98.8 97.3 1.5 0 0 0
379 1 3.98 4 3.75 0.25 0 0 0
380 13 101.15 100 96 4 0 0 0
381 8 57.74 52 47.65 4.35 0 0 0
382 2 7.88 8 7.5 0.5 0 0 0
383 8 50.52 50.25 46.75 3.5 0 0 0

383.1 1 7.79 8 8 0 0 0 0

384 1 7.95 8 8 0 0 0 0
385 3 24.11 23.4 23.4 0 0 0 0
386 1 0.68 0.6 0 0.6 0 0 0
387 1 7.44 7.4 4.4 3 0 0 0
388 1 8.99 8 8 0 0 0 0
389 1 7.56 8 4 4 0 0 0
390 1 7.22 7.4 7.4 0 0 0 0
391 18 141.24 144 138 6 0 0 0
392 10 77.51 78.8 78.3 0.5 0 0 0
393 1 2.96 2.4 0 2.4 0 0 0
394 2 15.52 16 16 0 0 0 0
395 2 15.06 16 16 0 0 0 0
396 1 7.81 8 7 1 0 0 0
397 1 8.16 8 8 0 0 0 0
398 1 8.11 8 8 0 0 0 0
399 1 8.20 8 6.5 1.5 0 0 0
400 1 7.98 8 8 0 0 0 0
401 2 16.01 16 16 0 0 0 0
402 1 8.11 8 8 0 0 0 0
403 1 4.15 4 4 0 0 0 0
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Total Total Total Total

No.of  Total Total Ill-g:\arli Gair Banjer  Banjer B-(Ie-r?;zlm
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Areain Areain Areain Areain Areain
. Kanal Kanal

(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)

Book) (RHZ) (RHZ) (RH2)
404 1 4.03 4 4 0 0 0 0
405 1 7.52 7.4 7.4 0 0 0 0
406 1 1.41 0.6 0 0.6 0 0 0
407 10 79.62 80 80 0 0 0 0
408 13 98.72 100 98 2 0 0 0
409 3 20.45 20 20 0 0 0 0
410 1 7.31 8 8 0 0 0 0
411 1 7.49 7.4 7.4 0 0 0 0
412 1 8.23 8 8 0 0 0 0
413 1 7.84 8 8 0 0 0 0
414 2 16.08 16 16 0 0 0 0
415 1 8.01 8 8 0 0 0 0
416 1 7.87 8 8 0 0 0 0
417 2 11.47 12 12 0 0 0 0
418 2 16.63 16 16 0 0 0 0
419 1 7.96 8 8 0 0 0 0
420 1 2.68 1.2 0 1.2 0 0 0
421 3 24.04 20 20 0 0 0 0
422 2 7.57 8 7.5 0.5 0 0 0
423 1 0.46 0.5 0.5 0 0 0 0
424 1 8.08 8 0 2 0 6 0
425 12 87.37 86.9 84.9 2 0 0 0
426 4 26.00 26 26 0 0 0 0
427 4 15.76 16 15 1 0 0 0
428 3 12.62 13.7 13.7 0 0 0 0
429 1 1.36 0.6 0 0.6 0 0 0
430 8 56.58 57.15 55.15 2 0 0 0
431 2 11.11 114 0 0 0 4 7.4
432 1 7.33 7.4 7.4 0 0 0 0
433 6 32.03 32.6 0 1 0 31.6 0
434 1 8.09 8 0 2 0 6 0
435 1 3.91 4 0 4 0 0 0
436 1 8.04 8 0 2 0 6 0
437 1 4.11 4 0 1 0 3 0
438 1 7.50 8 2 6 0 0 0
439 1 4.06 4 0 4 0 0 0
440 1 7.64 8 2 1 0 5 0
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Total Total Total Total

No.of  Total Total Ill-g:\arli Gair Banjer  Banjer B-(Ie-r?;zlm
Khetuni Land  Areain Areain : Mumkin Jadeed Qadeem )
No. Parcels Kanals Kanals Areain Areain Areain Areain Areain
. Kanal Kanal

(Field (GIS) (RHZ) (RHZ) Kanal Kanal Kanal (RHZ)

Book) (RHZ) (RHZ) (RH2)
441 1 3.91 4 0 4 0 0 0
442 1 7.81 8 0 2 0 6 0
443 1 7.64 8 0 1 0 7 0
444 1 7.63 8 0 5 0 3 0
445 2 7.08 7.2 0 7.2 0 0 0
446 1 1.93 2 0 2 0 0 0
447 1 1.01 1 0 1 0 0 0
448 1 1.98 2 0 2 0 0 0
449 1 4.22 4 0 1.5 0 2.5 0
450 1 8.10 8 0 2 0 6 0
451 1 3.95 4 0 3.5 0 0.5 0
452 1 7.71 8 2 6 0 0 0
453 1 7.83 8 2 6 0 0 0
454 1 7.89 8 0 0 0 8 0
455 1 3.95 4 0 2 0 2 0
456 1 7.87 8 0 0 0 8 0
457 1 7.95 8 2 1 0 5 0
458 1 7.42 7.4 0 5 0 2.4 0
459 2 11.45 11.4 0 4.5 0 6.9 0
460 1 4.19 4 0 1 0 3 0
461 1 7.22 7.4 0 6.4 0 1 0
462 1 7.80 8 4 0 0 4 0
463 1 3.99 4 0 2 0 2 0
464 1 7.82 8 0 0 0 8 0
465 1 3.92 4 4 0 0 0 0
466 3 7.59 7.5 0 0 0 7.5 0
467 1 4.22 4 0 1 0 3 0
468 3 7.85 5.6 0 5.6 0 0 0
469 1 8.15 8 0 8 0 0 0
470 1 28.36 28 8 20 0 0 0
471 6 39.63 40 0 32 0 8 0
472 1 8.03 8 8 0 0 0 0
473 1 99.89 100 0 100 0 0 0
474 3 15.71 16 0 16 0 0 0
475 1 78.34 81 0 81 0 0 0
476 5 6.49 8.35 0 8.35 0 0 0
477 2 3.48 3.75 0 3.75 0 0 0

111



Appendix - F

Grand

Total 1681 11527.33  11517.05 10596.25 748 2 163.4 7.4

*One Kanal = 2023.428 Square meters

Table F9: Summary of Gair Mumkin Land Type
Total Total Total

Gair Total Total_ Banjer  Banjer Total
. . Nahri Benaam
Land Type Khasra  Mumkin — Areain .5, Jadeed Qadeem ..,
Count  Areain  Kanals Areain Areain
Kanal Kanal
Kanal (RHZ) (RHZ) Kanal Kanal (RHZ)
(RHZ) (RHZ) (RHZ)
Abadi 149 370.25 1134 690.95 0 72.8 0
Abadi & Khal 3 7.25 23.4 16.15 0 0 0
Abadi & Rasta 7 16 47.4 28.9 0 25 0
Abadi, Rasta, Talab 1 6.4 7.4 0 0 1 0
Abadi, Road 1 1 8 7 0 0 0
Abadi, Tibba 1 2 8 6 0 0 0
Abadi,Graveyard 1 8 8 0 0 0 0
Boor 6 1.85 40.6 38.75 0 0 0
Ghad Machin 1 0.25 4 3.75 0 0 0
Girl Primary School 1 1 4 0 0 3 0
Graveyard 6 52 60 8 0 0 0
Khal 107 125.5 369.1 243.6 0 0 0
khal, rasta 2 0.75 12 11.25 0 0 0
Lajbah 1 81 81 0 0 0 0
Masjid 2 0.75 15.4 14.65 0 0 0
Nahri Land 1282 18.2 8885.5 8773.8 2 84.1 7.4
Rasta 79 32.1 580.95 548.85 0 0 0
Road 21 13.15 156.8 143.65 0 0 0
Tibba 10 10.55 715 60.95 0 0 0
Grand Total 1681 748 11517.05 10596.25 2 163.4 7.4

*One Kanal = 2023.428 Square meters
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Table F10: Summary Khasra Count based on Land

Appendix - F

. Banjer Banjer Gair
Nahri . Benaam ran
RHZ Land Type a Qadeem  Jadeed  Mumkin enaa Grand
Land Land Total
Land Land Land
Benaam 1 1
Banjer Qadeem 14 14
Banjer_Qadeem & Gair 19 19 19
Mumkin
Banjer Qadeem & Banjer
1 1 1
Jadeed
Gair Mumkin 101 101
Nehtri Land 1258 1258
Nehtri _Land & Gair 284 284 284
Mumkin
Nehtri Land & Banjer 1 1 1
Qadeem
Nehtri Land, Banjer
Qadeem & Gair Mumkin 2 2 2 2
Grand Total 1545 37 1 406 1 1681
Table F11: Summary based of Ownership Land Type
Total Tot_al TOtf"‘I TOtf”lI Total
Total . Gair Banjer  Banjer
Land . Nabhri . Benaam
. Khasra  Areain . Mumkin Jadeed Qadeem .
Ownership Areain . : : Area in
Count Kanals Areain Areain Areain
Type Kanal Kanal
(RHZ) (RHZ) Kanal Kanal Kanal (RHZ)
(RHZ) (RHZ) (RHZ)
Owner 1586 10897.9 10494.00 387.90 2 14 0
Provincial
Government 65 354.35 94.25 111.30 0 141.4 74
No Information 27 257 8.00 241.00 0 8 0
No record found
in RHZ 3 7.8 0.00 7.80 0 0 0
Grand Total 1681 11517.05 10596.25 748.00 2 163.4 7.4

*One Kanal = 2023.428 Square meters
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Table F12: Summary based on Cultivation Possession Land Type

Total Total Total

Total ) . . Total
_— Total otal Gair Banjer  Banjer ota
Cultivation . Nahri . Benaam
POSsession Khasra Areain Area in Mumk_ln Jadee_d Qadee_m Areain
Count Kanals Areain Areain Areain
Type Kanal Kanal
(RHZ) (RHZ) Kanal Kanal Kanal (RHZ)
(RHZ) (RHZ) (RHZ)
Self 441 2922.2 2825.85 90.35 0 6 0
Not-Self 1122 7820.95 7531.65 287.3 0 2 0
Both 23 154.75 136.5 10.25 2 6 0
Cooperative
Societies 15 90.25 76.25 2.6 0 4 7.4
Scheme 3 16 0 16 0 0 0
Majwaza Chiraga 47 248.1 18 92.7 0 137.4 0
Magboza Abpashi 17 124.25 0 124.25 0 0 0
Magboza
Irrigation 1 81 0 81 0 0 0
Magboza Ahle
Alhinud 1 8 8 0 0 0 0
Magboza Ahle
Islam 6 40 0 32 0 8 0
Magboza sharih
AAM(Road) 2 3.75 0 3.75 0 0 0
Not record found
in RHZ 3 7.8 0 7.8 0 0 0
Grand Total 1681 11517.05 10596.25 748.0 2 163.4 7.4
*One Kanal = 2023.428 Square meters
Table F13: Summary of Landowners borrowed Loan from ZTBL
ZTBL Khewat Khewat Total Hissa
Certificate Borrower Name No. (Bank No. (RHZ) Khetuni Ragba  Malkiat Hissa Loan
No. Certificate) ' (K-M)*  (K-M)*
42/115-
347 M Bilal 114 77176 100-0 12-0  240/2000 16640
545660 M Essa 73 74/73 26-0 26-0 97920
68/192-
375 Sattar 193 58/57 100-0 100-0 139840
168 Malik M 68 46/46 67-0 67-0 469000
545868 M Rafique 46 119 21-18 21-18  438/1500 98000
245878 M Saleem 44 44/44 112,113 29-4 29-4 192000
290 to
545856 M Aslam 117 126/117 289 92-0 23-10  470/1840 144000

*K means kanal and M means marla, and one Kanal = 2023.428 Square meters
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Appendix I: Acknowledgment from PULSE, department of Board of Revenue

I have presented my research work to the PULSE department, and officials of PULSE has
appreciated research work methodology. PULSE is digitizing cadastral data of whole Punjab as
per proposed methodology.

The acknowledgement letter from PULSE is attached.

Figure A: Acknowledgement Letter from PULSE
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e COMPETITI

Figure B: Presentation to PULSE officials
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Rickard Hansen: Daily mobility in Grenoble Metropolitan Region, France.
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(2010).
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Svajunas Plunge: Advanced decision support methods for solving diffuse
water pollution problems (2011).

Jonathan Higgins: Monitoring urban growth in greater Lagos: A case study
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Marten Karlberg: Mobile Map Client API: Design and Implementation for
Android (2011).

Jeanette McBride: Mapping Chicago area urban tree canopy using color
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GIS analysis within the Greater London Authority area (2014).

Brynja Gudmundsdattir: Detection of potential arable land with remote sensing
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Oleksandr Nekrasov: Processing of MODIS Vegetation Indices for analysis of
agricultural droughts in the southern Ukraine between the years 2000-2012
(2014).

Sarah Tressel: Recommendations for a polar Earth science portal in the
context of Arctic Spatial Data Infrastructure (2014).

Caroline Gevaert: Combining Hyperspectral UAV and Multispectral
Formosat-2 Imagery for Precision Agriculture Applications (2014).
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(2015).
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(2016).
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70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Raghdaa Eissa: Developing a GIS Model for the Assessment of Outdoor
Recreational Facilities in New Cities Case Study: Tenth of Ramadan City,
Egypt (2017).

Zahra Khais Shahid: Biofuel plantations and isoprene emissions in Svea and
Gotaland (2017).

Mirza Amir Liaquat Baig: Using geographical information systems in
epidemiology: Mapping and analyzing occurrence of diarrhea in urban -
residential area of Islamabad, Pakistan (2017).

Joakim Jorwall: Quantitative model of Present and Future well-being in the
EU-28: A spatial Multi-Criteria Evaluation of socioeconomic and climatic
comfort factors (2017).

Elin Haettner: Energy Poverty in the Dublin Region: Modelling Geographies
of Risk (2017).

Harry Eriksson: Geochemistry of stream plants and its statistical relations to
soil- and bedrock geology, slope directions and till geochemistry. A GIS-
analysis of small catchments in northern Sweden (2017).

Daniel Gardevarn: PPGIS and Public meetings — An evaluation of public
participation methods for urban planning (2017).

Kim Friberg: Sensitivity Analysis and Calibration of Multi Energy Balance
Land Surface Model Parameters (2017).

Viktor Svanerud: Taking the bus to the park? A study of accessibility to green
areas in Gothenburg through different modes of transport (2017).

Lisa-Gaye Greene: Deadly Designs: The Impact of Road Design on Road
Crash Patterns along Jamaica’s North Coast Highway (2017).

Katarina Jemec Parker: Spatial and temporal analysis of fecal indicator
bacteria concentrations in beach water in San Diego, California (2017).
Angela Kabiru: An Exploratory Study of Middle Stone Age and Later Stone
Age Site Locations in Kenya’s Central Rift Valley Using Landscape Analysis:
A GIS Approach (2017).

Kristean Bjorkmann: Subjective Well-Being and Environment: A GIS-Based
Analysis (2018).

Williams Erhunmonmen Ojo: Measuring spatial accessibility to healthcare for
people living with HIV-AIDS in southern Nigeria (2018).

Daniel Assefa: Developing Data Extraction and Dynamic Data Visualization
(Styling) Modules for Web GIS Risk Assessment System (WGRAS). (2018).
Adela Nistora: Inundation scenarios in a changing climate: assessing potential
impacts of sea-level rise on the coast of South-East England (2018).

Marc Seliger: Thirsty landscapes - Investigating growing irrigation water
consumption and potential conservation measures within Utah’s largest
master-planned community: Daybreak (2018).
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88.

89.
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92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

Luka Jovici¢: Spatial Data Harmonisation in Regional Context in Accordance
with INSPIRE Implementing Rules (2018).

Christina Kourdounouli: Analysis of Urban Ecosystem Condition Indicators
for the Large Urban Zones and City Cores in EU (2018).

Jeremy Azzopardi: Effect of distance measures and feature representations on
distance-based accessibility measures (2018).

Patrick Kabatha: An open source web GIS tool for analysis and visualization
of elephant GPS telemetry data, alongside environmental and anthropogenic
variables (2018).

Richard Alphonce Giliba: Effects of Climate Change on Potential
Geographical Distribution of Prunus africana (African cherry) in the Eastern
Arc Mountain Forests of Tanzania (2018).

Eidur Kristinn Eidsson: Transformation and linking of authoritative multi-
scale geodata for the Semantic Web: A case study of Swedish national building
data sets (2018).

Niamh Harty: HOP!: a PGIS and citizen science approach to monitoring the
condition of upland paths (2018).

José Estuardo Jara Alvear: Solar photovoltaic potential to complement
hydropower in Ecuador: A GIS-based framework of analysis (2018).

Brendan O’Neill: Multicriteria Site Suitability for Algal Biofuel Production
Facilities (2018).

Roman Spataru: Spatial-temporal GIS analysis in public health — a case study
of polio disease (2018).

Alicja Miodonska: Assessing evolution of ice caps in Sudurland, Iceland, in
years 1986 - 2014, using multispectral satellite imagery (2019).

Dennis Lindell Schettini: A Spatial Analysis of Homicide Crime’s Distribution
and Association with Deprivation in Stockholm Between 2010-2017 (2019).
Damiano Vesentini: The Po Delta Biosphere Reserve: Management challenges
and priorities deriving from anthropogenic pressure and sea level rise (2019).
Emilie Arnesten: Impacts of future sea level rise and high water on roads,
railways and environmental objects: a GIS analysis of the potential effects of
increasing sea levels and highest projected high water in Scania, Sweden
(2019).

Syed Muhammad Amir Raza: Comparison of geospatial support in RDF stores:
Evaluation for ICOS Carbon Portal metadata (2019).

Hemin Tofiqg: Investigating the accuracy of Digital Elevation Models from
UAYV images in areas with low contrast: A sandy beach as a case study (2019).
Evangelos Vafeiadis: Exploring the distribution of accessibility by public
transport using spatial analysis. A case study for retail concentrations and
public hospitals in Athens (2019).
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113.

114.

115.

116.

117.

118.

119.

120.

Milan Sekulic: Multi-Criteria GIS modelling for optimal alignment of roadway
by-passes in the Tlokweng Planning Area, Botswana (2019).

Ingrid Piirisaar: A multi-criteria GIS analysis for siting of utility-scale
photovoltaic solar plants in county Kilkenny, Ireland (2019).

Nigel Fox: Plant phenology and climate change: possible effect on the onset of
various wild plant species’ first flowering day in the UK (2019).

Gunnar Hesch: Linking conflict events and cropland development in
Afghanistan, 2001 to 2011, using MODIS land cover data and Uppsala
Conflict Data Programme (2019).

Elijah Njoku: Analysis of spatial-temporal pattern of Land Surface
Temperature (LST) due to NDVI and elevation in llorin, Nigeria (2019).
Katalin Bunyevécz: Development of a GIS methodology to evaluate informal
urban green areas for inclusion in a community governance program (2019).
Paul dos Santos: Automating synthetic trip data generation for an agent-based
simulation of urban mobility (2019).

Robert O’ Dwyer: Land cover changes in Southern Sweden from the mid-
Holocene to present day: Insights for ecosystem service assessments (2019).
Daniel Klingmyr: Global scale patterns and trends in tropospheric NO2
concentrations (2019).

Marwa Farouk Elkabbany: Sea Level Rise Vulnerability Assessment for Abu
Dhabi, United Arab Emirates (2019).

Jip Jan van Zoonen: Aspects of Error Quantification and Evaluation in Digital
Elevation Models for Glacier Surfaces (2020).

Georgios Efthymiou: The use of bicycles in a mid-sized city — benefits and
obstacles identified using a questionnaire and GIS (2020).

Haruna Olayiwola Jimoh: Assessment of Urban Sprawl in MOWE/IBAFO
Axis of Ogun State using GIS Capabilities (2020).

Nikolaos Barmpas Zachariadis: Development of an i0S, Augmented Reality
for disaster management (2020).

Ida Storm: ICOS Atmospheric Stations: Spatial Characterization of CO2
Footprint Areas and Evaluating the Uncertainties of Modelled CO2
Concentrations (2020).

Alon Zuta: Evaluation of water stress mapping methods in vineyards using
airborne thermal imaging (2020).

Marcus Eriksson: Evaluating structural landscape development in the
municipality Upplands-Bro, using landscape metrics indices (2020).

Ane Rahbek Vierg: Connectivity for Cyclists? A Network Analysis of
Copenhagen’s Bike Lanes (2020).

Cecilia Baggini: Changes in habitat suitability for three declining Anatidae
species in saltmarshes on the Mersey estuary, North-West England (2020).
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131.

132.

133.

134.

135.
136.

137.

138.

139.

Bakrad Balabanian: Transportation and Its Effect on Student Performance
(2020).

Ali Al Farid: Knowledge and Data Driven Approaches for Hydrocarbon
Microseepage Characterizations: An Application of Satellite Remote Sensing
(2020).

Bartlomiej Kolodziejczyk: Distribution Modelling of Gene Drive-Modified
Mosquitoes and Their Effects on Wild Populations (2020).

Alexis Cazorla: Decreasing organic nitrogen concentrations in European water
bodies - links to organic carbon trends and land cover (2020).

Kharid Mwakoba: Remote sensing analysis of land cover/use conditions of
community-based wildlife conservation areas in Tanzania (2021).

Chinatsu Endo: Remote Sensing Based Pre-Season Yellow Rust Early
Warning in Oromia, Ethiopia (2021).

Berit Mohr: Using remote sensing and land abandonment as a proxy for long-
term human out-migration. A Case Study: Al-Hassakeh Governorate, Syria
(2021).

Kanchana Nirmali Bandaranayake: Considering future precipitation in
delineation locations for water storage systems - Case study Sri Lanka (2021).
Emma Bylund: Dynamics of net primary production and food availability in
the aftermath of the 2004 and 2007 desert locust outbreaks in Niger and
Yemen (2021).

Shawn Pace: Urban infrastructure inundation risk from permanent sea-level
rise scenarios in London (UK), Bangkok (Thailand) and Mumbai (India): A
comparative analysis (2021).

Oskar Evert Johansson: The hydrodynamic impacts of Estuarine Oyster reefs,
and the application of drone technology to this study (2021).

Pritam Kumarsingh: A Case Study to develop and test GIS/SDSS methods to
assess the production capacity of a Cocoa Site in Trinidad and Tobago (2021).
Muhammad Imran Khan: Property Tax Mapping and Assessment using GIS
(2021).

Domna Kanari: Mining geosocial data from Flickr to explore tourism patterns:
The case study of Athens (2021).

Mona Tykesson Klubien: Livestock-MRSA in Danish pig farms (2021).

Ove Njgten: Comparing radar satellites. Use of Sentinel-1 leads to an increase
in oil spill alerts in Norwegian waters (2021).

Panagiotis Patrinos: Change of heating fuel consumption patterns produced
by the economic crisis in Greece (2021).

Lukasz Langowski: Assessing the suitability of using Sentinel-1A SAR multi-
temporal imagery to detect fallow periods between rice crops (2021).

Jonas Tillman: Perception accuracy and user acceptance of legend designs for
opacity data mapping in GIS (2022).
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144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

Gabriela Olekszyk: ALS (Airborne LIDAR) accuracy: Can potential low data
quality of ground points be modelled/detected? Case study of 2016 LIDAR
capture over Auckland, New Zealand (2022).

Luke Aspland: Weights of Evidence Predictive Modelling in Archaeology
(2022).

Luis Fareleira Gomes: The influence of climate, population density, tree
species and land cover on fire pattern in mainland Portugal (2022).

Andreas Eriksson: Mapping Fire Salamander (Salamandra salamandra)
Habitat Suitability in Baden-Wirttemberg with Multi-Temporal Sentinel-1 and
Sentinel-2 Imagery (2022).

Lisbet Hougaard Baklid: Geographical expansion rate of a brown bear
population in Fennoscandia and the factors explaining the directional
variations (2022).

Victoria Persson: Mussels in deep water with climate change: Spatial
distribution of mussel (Mytilus galloprovincialis) growth offshore in the
French Mediterranean with respect to climate change scenario RCP 8.5 Long
Term and Integrated Multi-Trophic Aquaculture (IMTA) using Dynamic
Energy Budget (DEB) modelling (2022).

Benjamin Bernard Fabien Gérard Borgeais: Implementing a multi-criteria
GIS analysis and predictive modelling to locate Upper Palaeolithic decorated
caves in the Périgord noir, France (2022).

Bernat Dorado-Guerrero: Assessing the impact of post-fire restoration
interventions using spectral vegetation indices: A case study in El Bruc, Spain
(2022).

Ignatius Gabriel Aloysius Maria Perera: The Influence of Natural Radon
Occurrence on the Severity of the COVID-19 Pandemic in Germany: A
Spatial Analysis (2022).

Mark Overton: An Analysis of Spatially-enabled Mobile Decision Support
Systems in a Collaborative Decision-Making Environment (2022).

Viggo Lunde: Analysing methods for visualizing time-series datasets in open-
source web mapping (2022).

Johan Viscarra Hansson: Distribution Analysis of Impatiens glandulifera in
Kronoberg County and a Pest Risk Map for Alvesta Municipality (2022).
Vincenzo Poppiti: GIS and Tourism: Developing strategies for new touristic
flows after the Covid-19 pandemic (2022).

Henrik Hagelin: Wildfire growth modelling in Sweden - A suitability
assessment of available data (2023).

Gabriel Romeo Ferriols Pavico: Where there is road, there is fire (influence):
An exploratory study on the influence of roads in the spatial patterns of
Swedish wildfires of 2018 (2023).
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163.
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167.

168.

169.

170.

171.

172.

Colin Robert Potter: Using a GIS to enable an economic, land use and energy
output comparison between small wind powered turbines and large-scale wind
farms: the case of Oslo, Norway (2023).

Krystyna Muszel: Impact of Sea Surface Temperature and Salinity on
Phytoplankton blooms phenology in the North Sea (2023).

Tobias Rydlinge: Urban tree canopy mapping - an open source deep learning
approach (2023).

Albert Wellendorf: Multi-scale Bark Beetle Predictions Using Machine
Learning (2023).

Manolis Papadakis: Use of Satellite Remote Sensing for Detecting
Archaeological Features: An Example from Ancient Corinth, Greece (2023).
Konstantinos Sourlamtas: Developing a Geographical Information System for
a water and sewer network, for monitoring, identification and leak repair -
Case study: Municipal Water Company of Naoussa, Greece (2023).

Xiaoming Wang: Identification of restoration hotspots in landscape-scale green
infrastructure planning based on model-predicted connectivity forest (2023).
Sarah Sienaert: Usability of Sentinel-1 C-band VV and VH SAR data for the
detection of flooded oil palm (2023).

Katarina Ekeroot: Uncovering the spatial relationships between Covid-19
vaccine coverage and local politics in Sweden (2023).

Nikolaos Kouskoulis: Exploring patterns in risk factors for bark beetle attack
during outbreaks triggered by drought stress with harvester data on attacked
trees: A case study in Southeastern Sweden (2023).

Jonas Almén: Geographic polarization and clustering of partisan voting: A
local-level analysis of Stockholm Municipality (2023).

Sara Sharon Jones: Tree species impact on Forest Fire Spread Susceptibility
in Sweden (2023).

Takura Matswetu: Towards a Geographic Information Systems and Data-
Driven Integration Management. Studying holistic integration through spatial
accessibility of services in Tampere, Finland. (2023).

Duncan Jones: Investigating the influence of the tidal regime on harbour
porpoise Phocoena phocoena distribution in Mount’s Bay, Cornwall (2023).
Jason Craig Joubert: A comparison of remote sensed semi-arid grassland
vegetation anomalies detected using MODIS and Sentinel-3, with anomalies in
ground-based eddy covariance flux measurements (2023).

Anastasia Sarelli: Land cover classification using machine-learning techniques
applied to fused multi-modal satellite imagery and time series data (2024).
Athanasios Senteles: Integrating Local Knowledge into the Spatial Analysis of
Wind Power: The case study of Northern Tzoumerka, Greece (2024).

Rebecca Borg: Using GIS and satellite data to assess access of green area for
children living in growing cities (2024).
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179.
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182.

183.
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185.

186.
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188.

Panagiotis—Dimitrios Tsachageas: Multicriteria Evaluation in Real Estate
Land-use Suitability Analysis: The case of VVolos, Greece (2024).

Hugo Nilsson: Inferring lane-level topology of signalised intersections from
aerial imagery and OpenStreetMap using deep learning (2024).

Pavlos Alexantonakis: Estimating lake water volume fluctuations using
Sentinel-2 and ICESat-2 remote sensing data (2024).

Karl-Martin Wigen: Physical barriers and where to find them (2024).

Martin Storsnes: Temporal RX-algorithm performance on Sentinel-2 images
(2024).

Saulé Gabrielé Petraityté: The Relation Between Covid-19 Vaccination and
Voting Trends in Lithuania: A Spatial Analysis (2024).

Pedro Martinez Duran: Olive yield forecasting from remote sensing and
climate datasets in the Jaen province (Spain) (2024).

Josefine Kynde Hamberg: Proximity to Urban Green Spaces for Older Adults
in Specific Housings - a Case Study of Malmg, Sweden (2024).

Max Bengtsson: A Site Selection of An Energy Island in the North Sea:
Optimal Location in an Ecological and an Economic Scenario Using a
Multicriteria Decision Analysis (MCDA) (2024).

Anna Bormann: Assessing Great Britain as a relocation site for the threatened
Iberian Lynx in a changing climate (2024).

Josephine Roosli: Flood Risk Assessment for the Kéavlinge River for Present
and Future Climate Scenarios using HEC-RAS Rain-on-Grid (2024).

Sean Flanagan: Spatiotemporal dynamics of E-scooter sharing ridership and
their associations with the built environment: A Swedish comparative study
(2024).

Wouter Vorsters: Assessing the Impact of Combined Sewer Overflow on the
Habitat of Lampetra planeri: A Case Study in Flanders, Belgium (2025).
Kathleen Macdonald: Cetacean strandings on the Scottish coast: coastal
accessibility factors lead to underreporting (2025).

Athanasios Emmanouil Mourampetzis: Navigating the Shadows: A
Comparative Analysis of SAR and Optical Imagery for Detecting (Dark)
Vessels (2025).

Nizam-ud-Din: Spatial Land Records System using Geospatial Techniques: a
case study of a Mid-Sized Village in Pakistan (2025).
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