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Abstract: To address the critical challenges of manual land records and paper maps in Pakistan and similar
developing countries, this research introduces a novel web-based Digital Cadastral Land Information System
(DCLIS). Leveraging advanced GIS capabilities, including map georeferencing, data visualization, and
interactive queries, DCLIS provides a robust and accessible platform for efficient land data management. It
overcomes the limitations of traditional systems by eliminating time-consuming procedures, minimizing data
duplication, and ensuring data integrity through rigorous validation against field measurements (conducted
on 20% of cadastral plots) and cross-checking with existing records. By empowering decision-makers in
administration (improved land policy planning), land management (streamlined land ownership verification),
and agriculture (precision farming, resource optimization), DCLIS facilitates efficient land resource utilization
and promotes sustainable development practices. Moreover, its alignment with responsible land management
and renewable energy integration contributes to the global drive towards environmental sustainability. This
research bridges the digital divide in land record management and paves the way for more informed decision-
making, ultimately promoting the development of sustainable land practices in Pakistan and beyond.
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1. Introduction

and Information System (LIS) is a vital

process that encompasses the documentation,

maintenance, and dissemination of information
related to land administration, including its value,
usage, and associated resources . This system serves
as a powerful tool to enhance administrative, legal,
and decision-making processes. It leads to improved
economic circumstances, as well as facilitating
planning and development “*. The LIS procedure
comprises two essential phases. Initially, it involves the
gathering of all relevant data pertaining to a specific
property. This is followed by the processing, updating,
and effective dissemination of land-related information,
which is stored in a geographically referenced and
organized database . Central to the LIS is the
implementation of a uniform referencing system, which
forms the foundation for linking various types of data
and connecting diverse databases associated with land
information *”. Due to the voluminous nature of land-
related data, efficient processing becomes essential
for timely updates, manipulation, and analysis *”. In
response to the need for fair tax collection mechanisms,
governments have established Land Administration
Systems (LAS), encompassing surveying, registration
systems, and government-controlled databases to
manage land tenures, values, uses, and development (o,
In recent times, the significance of land administration
has grown significantly, with modern democracies
involving professionals from diverse disciplines to
address global challenges related to land security and

t "2 This article focuses on the need for

managemen
a transition from conventional cadastral systems to
digitized methods, promoting dynamic land markets,
effective land use management, and sustainable
development "', The concept of the ending of
cadastral systems evolving on its own has been
perceived ', To adapt to changing needs, the cadastral
system should be customized to foster a dynamic
land market and enhance the effectiveness of land use
management 'Y, Additionally, this customization is
believed to play a vital role in promoting sustainable
development, economic growth, and social cohesion
U1 To address modern challenges in Geographic
Information Systems (GIS) and Information
Technology (IT), the conventional system of cadaster

mapping must evolve into a multi-purpose approach.

This transformation allows the system to efficiently
meet the demands of modern GIS and IT applications,
enabling better utilization of land information for
various purposes. '\

Pakistan, covering an area of 796,095 sq. km and
with a population of 216.6 million, has about 62% of
its population residing in rural areas, where livelihoods

[19-21

primarily depend on agribusiness !'**"). In these regions,

the key challenges revolve around land accessibility

[22-25

and land rights | However, the cadaster and land

registry systems in Pakistan, like many other developing
countries, face challenges and require improvements .
Solidification of the systems is the main requirement
and an approach of development based on stimulating
procedure. The implementation of improved databases
offers enhanced administrative and planning capabilities,
clear delineation of land rights, increased potential
for economic development, and streamlined policy
actions. These systems provide simple and efficient
ways to implement changes, ensuring better overall
database control All these factors comprise various
data sources related to LIS, currently, operational LIS,
availability of attribute and spatial data, the structure of
the organization is up keeping and maintaining the land-

related records, etc 7%,

2. Digitizing Land Management in Pakistan

LIS is defined as a "tool for legal, administrative, and
economic decision-making support, as well as an aid
for planning and development, consisting of a database
containing spatially referenced land-related data for a
defined area, and also procedures and techniques for
the systematic collection, updating, processing, and
distribution." Individual land parcels of the published
region can be seen interactively with their associated
properties. The parcel ownerships, however, have been
obscured to protect the identities of the owners >,
As previously stated, Pakistan's LIS, which includes
land registers and other relevant documents, is built
on intricate, obsolete records that are incompatible
with current advances. The record is inefficient, with
several inconsistencies impeding further developments
in the land record system. In Pakistan, the land registry
system is administered by the provincial government,
and no province has its own data standards '**. These
are the units used in the measuring of land parcels, such
as the overall size of square feet or acre, and they are
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not equivalent in different provinces. There are also
differences in land or property measuring practices
between urban and rural areas. However, according
to the basic structure of land registry and cadastral
mapping, both these systems are closely associated and
interlinked. District, Division, Union Council, Village,
area under the village registrar, plot number, reference of
land feature, parcel land size, and an address for Parcel
Identification. Another component is the land registry
which includes: Parcel identification address, category
of land (private/public), mutation/registration number,
mutation/registration date, lease number, parcel area,
details of encumbrance, ownership detail, category
(commercial, residential, industrial, institutional,
agricultural, etc.), address and name of owner, land use
and so on. There are three types of land records that
are Map of Land Parcel (MLP), Field Book (FB), and
Ownership Record (OR). The map of the LP is the map
showing all the existing land parcels of a specific village.
Each parcel is assigned an ID called “Plot Number”
and plot dimensions. The second important part is the
FB which is a data register, established at the time of
land settlement. The information in the FB contains
the location of the parcel, its dimensions, and parcel ID
number establishing the relation of ID for the next parcel
record to be entered. This record also has the details
of land types in a particular piece of land. OR contains
not only the current owner information but the past
record of ownership as well. Additionally, the record
of farmers plugging on the fields is also available. All
three records are relatively compatible because they are
simultaneously developed. Despite the fact that records
are always changing due to changes in ownership,
timely updating of the record is essential. These records
are updated every four years in Pakistan. Land records,
as well as any related information, are updated and
maintained by a government office. A sheet of paper is
used to sketch the parcels with their position and size in
the traditional approach. The government official is in
charge of combining and dividing the parcels on that
piece of paper. Figure 1 shows an example of this sort
of parcel map. That government official is also in charge
of providing information on the various crop varieties
planted on every given piece of land. The collection of
crop information is scheduled every 6 months and keeps

[33-37

the record in a designated registry I This research

is an effort to address LIS challenges, and GIS is a

technology that can help solve these problems. GIS is a
system for collecting data, organizing it, and evaluating
its relationship with the geographical distribution.
Multiple phases are involved in the management of
the land record system. The LIS component of GIS
contains a set of GIS data with numerous qualitative
and quantitative aspects related to land resources. This
system encompasses land ownership, land management,
and land analysis. Traditional survey techniques,
the Global Positioning System (GPS), and a defined
system for satellite image gathering are all used in the
implementation of LIS. The mapping methodology
following ground survey or based on aerial survey is
used to conduct Cadastral Survey (CS). As all these
operations are completed, they provide digital maps
showing administrative boundaries. GPS is used for
data collection from the field with a portable backpack
for surveyors and handheld devices for ease of use. By
linking to satellites, GPS assists in detecting the actual
location of the surveyor or the area being surveyed.
This location is in the form of coordinates (x, y, z) by
just pressing the button of a handheld GPS receiver.
The location data is kept in the GPS device, which is
retrieved when the survey is completed and can be
used directly in the GIS database !"'***

The LIS in Pakistan has been passed down from
the British colonial era, including regulations and
protocols pertaining to the transaction, acquisition,
and utilization of land resources, primarily linked to
the gathering of land income data ', The existing
land legislation system in Pakistan, governed by the
West Pakistan Land Revenue Act of 1967 and 1908,
as well as the Registration Act, lacks a provision for
the acknowledgment of ownership certificates crucial
for establishing land title and ensuring public authority
protection. Despite the perception that all land records
and associated documents are accurate as per legal
provisions, court rulings indicate that entries related
to land revenue are contestable. It is noteworthy that
these revenue records do not explicitly indicate the
title of the document, making challenges to land title
permissible. The overall assessment reveals that no
government entity in the country maintains property
records based on title registration, leading to numerous
legal disputes that significantly burden the legal system
and impede investment processes *.

The transition from the traditional land records
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system to a computerized system is currently underway
in several provinces and regions across the nation.
The entire process is being meticulously managed
to establish an efficient Land Information System
(LIS) that will contribute to the improvement of the
land revenue system *’. The automation will also
help eliminate a culture centered around government
officials who lack access to computerized or authentic
records. This traditional system poses several problems
and concerns related to the LIS . The implementation
of Pakistan's land record system undermines the core
objectives of rights records. The current state of manual
recordkeeping has several issues and limitations. As per
the manual system, it is important to prepare and update
land records along with their corresponding field maps
to ensure the link between the records and any physical
changes. This activity involves intensive exercise,
including field surveys and the recording collective
assemblies by the officials of revenue. Lack of attention
from higher authorities of revenue, most areas have no
proper land records. Due to this, conventional records
are being used even with errors and forged entries, and
no effort is being made to correct the land records. The
computerization of land records started late in Pakistan
as compared to its bordering countries, so the haste in
implementing this system is the leading factor in errors
in land records and diversion from main objectives. In
1988, the automation of land records was launched in
India, and it took two decades to finalize the strategy
for implementing the computerized land record
system in several states based on different phases.
The digitized system of documentation will deliver
an accurate figure for a big landowner’s property. The
system will make the bureaucracy independent, which
will then make the overall cycle virtuous. The system
will make the common man able to rightfully make his
claims without any political influence. They can then
cast their vote according to their will, which results in
electing an honest and merit-based person into power.
In return, the elected person will work fully to ensure
the legislation of law and order and independence in
the system, which helps in building a well-defined and
strong system of accountability.

The Land Information System (LIS) in Pakistan is
paper-based, organized by a village registrar, periodical
crop inspection (Gerdawar), and the officer in charge of
revenues (Tehsildar) for village, agriculture, and tehsil-

[47

based records, respectively “”. The outdated paper-based
approach in the modern era necessitates computerization,
and GIS proves highly useful in this regard by enabling
the digitization of the entire system and the storage of
data in the form of maps and attributes **. Recently
in Pakistan, two projects have been done working to
make the system computerized one is Participatory
Information System (PIS) in Baluchistan and the other
one is Land Record Management Information System
(LRMISP) in Punjab *”. The above projects claim to
provide facilitation to the public to access and to make
transparent land records comprising two provinces in two
sites as a pilot project. The Planning and Development
Department (PDD) is responsible to oversee planning
related to development. A provisional information system
incorporating the GIS interface has been developed for
managing information in the pilot project covering Jhal
Magsi and Loralai districts, with the GIS interface serving
to present data to government officials and communities,
aiming to raise awareness of community strengths,
weaknesses, and potential development priorities. The
LRMIS is established to improve the land record delivery
system to reduce trial and long-lasting security tenure.
The phase of the pilot project covers the revenue unit
in the district of Lahore and was funded through the

provincial government, World Bank also shows interest in
[50]

reproducing it towards other province parts

Figure 1. Conventional paper map of Garhi Sikandar Khan,
Pakistan.

The project location is Garhi Sikandar Khan near

Ring Road in Peshawar District, and the goal is to
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make LIS computerized ', Given the existence of
17 books in Pakistan for maintaining a single parcel
record, posing a risk of redundancy and inaccuracies,
the initiative aims to enhance efficiency, effectiveness,
and accuracy in the system. To mitigate redundancy
and errors, GIS technology is being employed to

computerize the process 7.

3. Study area

The study area is located in south east of Peshawar
district, Pakistan. Peshawar district is the provincial
capital of Khyber Pakhtunkhwa, located on the right
side of Khyber Pass. The land of the district is a mostly

road with a population of 2467. It has a latitude of
71° 31' 50" and a longitude of 33° 58' 8" as shown in
Figure 2. The estimated terrain elevation above sea
level is 375 meters. Most of the area is covered by
settlements and a little area is covered by agriculture.
Garhi Sikandar Khan has the following (Table 1)
population which shows the number of Males, Females,
and the literacy ratio. On the north side of this area
is Riaz Shaheed colony, in the South, there is Landi
Akhon Ahmad, in the East Shaheed Abad and its west

side Manakrao village is located.

Table 1. Population of Garhi Sikandar Khan.

fertile plain. The part of southeast has a tiny hilly area Garhi sikandar khan
that belongs to the main range of Khattak. The center Both sexes Male Female | Literacy ratio
part of the Peshawar district contains deposits of fine 2467 1289 1178 70.8
alluvial. The original name of the study area is Garhi ~ Source: District Census Report, Peshawar; 2021
Sikandar Khan, which is a village situated on the ring
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Figure 2. Map showing absolute location of Garhi Sikandar Khan, Pakistan.

3.1 Material and method

The main goal of this research is to create a reliable
LIS using established procedures to ensure accuracy
and security in land parcel information and civil

rights associated with land parcels. The study seeks to
accomplish this objective by converting current land
records into a digital format. Our main goals involve
the digitization of revenue cadaster maps, linking
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attribute data to spatial data, and storing land records
in a geodatabase. A Web portal (http://mgo.ms/s/11ejl)
has been developed to provide convenient access. The
study makes use of Easy GPS, ArcGIS 10.5, MS Excel,
and the Mangomap server, as shown in Figure 3, which
outlines the methodology.

Flow chart

,----‘

FS
g
Vv

g e——

Field survey

Data collection

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

Dataanalysis

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

Y

Fuppary

| Datapresentation |

I ——

r
1l
i
!

Figure 3. Flowchart for data collection, analysis, and

presentation.

3.1.1 Benefits and outcomes:

Pakistan can experience a multitude of benefits in
land management by transitioning to a digital LIS.
These improvements result in increased accessibility,
more efficient processes, and improved accuracy of
data, which ultimately leads to greater efficiency and

transparency in land record keeping.
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® Quick Access: Efficient and swift retrieval of
specific records through a search facility.

® Cost and Space Savings: Reduction in costs and
physical space required for parcel and registers storage
by centralizing data on a single server.

® Expense Minimization: Minimizing expenses
associated with physical storage compared to the
manual system.

® Data Duplication Elimination: Prevention of
redundancies by entering information into a central
database, eliminating data duplication.

® Reduced Risk of Data Loss: Online server and
regular backups every 24 hours significantly reduce the
risk of data loss, even in the event of register damage
or theft.

® Precision with GPS and Remote Sensing:
Utilization of advanced technologies like GPS and
Remote Sensing for accurate measurements of land
parcel size and location.

3.2 Data collection

Revenue data: Data on revenue, including details on
land ownership, land use, and field area (Jamabandi)
for the year 2010-11 in Garhi Sikandar Khan, were
gathered from the revenue office (Muhafiz khana).
Furthermore, the revenue office provided traditional
paper maps (cadastral maps) of Garhi Sikandar
Khan.

Field survey:

A field study was carried out in the administrative
district of Garhi Sikandar Khan to gather control
points for GPS georeferencing of the administrative
district map. Figure 4, shows a total of 15 points that
were carefully selected from key locations like map
corners or road turnings, effectively covering the entire
administrative district.

(b)

Figure 4. Showing ground control points taken at the field survey and Mosaicked image of Garhi Sikandar Khan.
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3.3 Data analysis

3.3.1 Mosaicking and georeferencing

A mosaic is created by combining multiple images into
one, which is necessary when there are overlapping
areas in separate images that make digitization difficult.
The combined image is then utilized for georeferencing,
as shown in Figure 5a&b. Georeferencing requires
adjusting the image to align with a specific size and
position by scaling, rotating, translating, and deskewing
it. We collected and merged conventional paper maps

of the required administrative district into a single
image. We then used the UTM WGS84 Zone 42 North
projection system. Figure 5a illustrates the mosaicking
process. This paper highlights the importance of
digitizing traditional paper maps as a crucial step
towards improving data management efficiency. The
transformation of analog maps into a digital format
enhances accessibility and enables advanced spatial
analysis, leading to better decision-making processes,
as shown in Figure Sb.
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Figure 5. (a) Adding of coordinates to the image for Georeferencing, (b) Digitization of conventional paper map, (c) Cross

referencing of attributes with parcel, (d) Uploading of data to the Mangomap server.
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By cross-referencing attributes with parcels, a
more comprehensive data integration is achieved.
This integration enriches parcel information with
additional details, leading to improved analysis and
decision-making. This is demonstrated in Figure Sc.
By uploading data to the Mangomap server, the sharing
and visualization of geographic information becomes
more efficient. This promotes improved accessibility
and collaboration, as shown in Figure 5d.

3.3.2 Geodatabase creation and digitizing
A geodatabase is a useful tool for storing GIS information
in a single file. It can hold multiple layers, such as points,
polygons, and polylines, making it a comprehensive
solution. A File Geodatabase is created to consolidate all
layers of the area, including roads, streams, and parcels.
There are two forms of digitization, which
involves converting data from hard copy to a digital
format. One aspect involves converting paper maps

into digital format, while the other centers around
the Record of Rights (ROR)/Jamabandi of a village.
This record includes information like owners' names,
land acreage, ownership shares, and other rights. For
the digitization of conventional paper maps, each
parcel was digitized separately using the polygon
feature. A unique parcel ID was recorded for each
parcel, as shown in Figure 6.

ROR (Jamabandi) digitization requires capturing
attribute values for every parcel. The ROR contains
various details, including the record number (Khata
Number), the number of records for the former (Number
Khatoni Kashtkar), the name of the farmer (Kashtkar),
the area of the parcel in yards or acres format, the land
use of the parcel, and the irrigation source. The ROR
(Jamabandi) has been converted into a digital format
and is displayed in an Excel sheet, as depicted in
Figure 6 below.

% 0

Ua) il

i :{lr s 'L],rsz.
Matrd 31"y - A9

B C E F 3 H 1 J
Khasra_Mo/ Parcel_ID Khata_Mo Capitalized Owner Land_type Khatbast_Mo Area Jamabandi_years Irrigation
5-6 settlement,
16041 1 Total{576): Miamat Ullah 5/0 Safeer Ullah(13/2). + Shai 3-10 Agriculture 203 8-16 2010-11 Mehr Awal
134 2 Total Area(1300) Israru Din, Gul Din (221).+Insan Udin 0-8 settlerment 203 0-8 2010-11 Mehr Awal
5-11 settlement, 6-0
158 3 Toat| Area(2875) Agal Khan §/0 Hanif (2050).+ Alif Khar Agriculture 203 11-11 2010-11 MNehr Awal
0-2 settlement, 3-2
140 4 Miss. Gulbaro DO Said kMuhammad (60).+ Krim Ullah, Lagriculture 203 3-4 2010-11 Mehr Awal
160 S Total &rea (2880) Miss, Ruktana Widow (171), + Khaistz 4-1 Agriculture 203 4-1 2010-11 Mehr Awal
5-0 settlement, 5-15
117 6 Total Area (1935):Miss. Sultana Taus Khan (174) . + Bad Agriculture 203 10-15 2010-11 MNehr Awal
3-8 settlement, 2-8
148 7 Miss. Sultana Taus Khan (102) . + Badshagye D/O Taus kAgriculture 203 5-26 2010-11 MNehr Awal
4-4 agriculture, 2-17
135 8 Total(1263): Miss Farzena Widow (1.9).+Miss Sanaa, Si settlement 203 7-1 2010-11 MNehr Awal
3-0 agriculture, 2-12

Figure 6. (a) Shows Jamabandi (Record of Rights (ROR)) scanned, (b) shows the converted Jamabandi into digital form.

The scanned Jamabandi (Record of Rights) offers
a digital representation of land ownership and related

details, facilitating efficient record-keeping and
reference, as depicted in Figure 6a. The conversion
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of Jamabandi into digital form enhances data storage,
retrieval, and analysis, fostering streamlined land
record management and improved accessibility, as
illustrated in Figure 6b.

3.3.3 Attribute linking and data presentation

As illustrated in Figure Sc, the attribute data was
cross-referenced with the parcels using the unique field
known as Parcel ID (Khasra No).

3.3.4 Web-based land information system and Web-
Based Online Server

The Mangomap server is more than just a regular web
map viewer. It serves as a vital online portal for county
maps and public datasets. The platform offers the ability
to manage custom domains and includes a prepackaged
portal for public maps and data, making it easy to
integrate into existing websites. This platform provides a
wide range of functionalities designed to meet the specific
needs of researchers and users in the academic context.
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3.3.5 Mangomap take data input in the form of shapefile
As a result, start by converting the feature class to
a shapefile. The shapefile was then uploaded to the
Mangomap server, which interpreted and converted
it into a graphical interface that allowed us to
quickly inspect the specifics of each parcel. This also
has the potential to securely upload any maps to the
internet. This server allows users to password-secure
any map.

3.3.6 Steps for Uploading GIS Data to a Web-Based
Platform

Choose the “Upload Map Data” button on the layer
control button. Select “shp, dbf, prj, and shx” files
for uploading since data will not be uploaded if any
of these files are missing, as shown in Figure 7a and
Figure 7b. Provide the map with a title and description,
as shown in Figure 7c.
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Garhi Sikandar Khan

Land Information System made for Garhi Sikandar Khan
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Figure 7. (a) Shows uploading of data to the Mangomap server, (b) shows the files needed for adding data to the Mangomap

server, (c) Shows specifying the title and description for the layer/map, (d) Shows interface of web-based LIS.
with all the necessary information, which leads to the

4. Results and discussion

4.1 Digitalization of cadastral maps formation of a Geodatabase.

The primary objective of this study is to digitize cadaster
maps and store the revenue record in a digital format. The
process starts by scanning traditional cadaster maps in
the initial phase, then proceeds to georeferencing. After
being scanned and georeferenced, the maps are digitized
and stored as records in a shapefile. Next, you'll need to
include specific attribute information for each digitized
parcel. The attribute table of the shapefile is populated

4.2 Developing a web-based portal and its features
After digitizing all cadastral maps, the second objective
of this study is to develop a web portal for easy data
access. The online server has been successfully developed
and can be accessed via the provided link https://
mangomap.com/waqara430/maps/142079/garhi-sikandar-
khan?preview=true#. The visualization shown in Figure
7d provides details of interface of web-based LIS.
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Figure 8. (a) Basic Search tool in the Web-based Land Information System, (b) Print Facility in the Web Portal, (c) Advanced
Search tool in the Web-based Land Information System, (d) Lat-long locator tool, (¢) Map Scale tool.

4.3 Advanced search

This allows you to find the exact value in the specified
field if you want to find a record by parcel ID so put
that in the parcel ID field as shown in Figure 8c.

4.4 Latitude Longitude Locator
It has an active latitude and longitude locator as you

move the mouse over any point as shown in Figure 8d.

4.5 Advance scale bar
It has an advanced Scale Bar that shows you the exact
scale as you zoom in or zoom out the map as shown in

Figure 8e.

4.6 Security features

Protecting map data and controlling access are two
of the primary goals of the Web Interface’s security
procedures, which are detailed in this section. Three
security levels used in Web Interface.

Public: The map is accessible to anyone with or
without a link. It can also be found via search.

Hidden: This option allows the map to be hidden
and can be shown using the link it generates only.
Password: This option allows to password protect the
map. It can only be viewed when the correct password
is entered. More details on available features in the
online web interface are shown in Table 2.

Layer Settincs Click here

Add Layer Group

Add Layer
it - | (can be toggled on/off in legend)

Layer Group | Layer group wisible on map load Er

Garhi Sikandar Khan

il

Click here

Base Map: MapQuest Street

Table 2. Available features in the web interface.

Available features

It has the ability to zoom to a scale of]

Zoom to Maximum 1:420

Zoom to Minimum |Its minimum zoom is 13,800,000

It has the ability to print the desired

Print map of the area we want as shown in

Figure 8a

It can measure the distance by line in
Ruler :

feet or area by polygon in acres

It has two types of searches available.
Search One is a basic search and the other is

an advanced search

It searches the value in any field in the
attributes in any place and gives you
the results that it matches as shown in
Figure 8b

Basic Search

4.7 Updating of data and records
Mangomap allows users to easily update both attribute
and geographic data. To make edits to geographic data,
adhere to these steps: First, locate the ‘Layers’ option
and proceed to select it. Next, find the edit button,
which can be found in Figure 9a. Next, select ‘Open
Data Editor’ from the options, as illustrated in Figure
9b. By opening the interface, users can easily update
the data, as shown in Figure 9a.

Geometry and attributes can be edited by clicking on
the “Update Geometry” button shown in Figure 9¢ and
Figure 9d.

¢ Garhi Sikandar Khan Settings

General | Style | Labels | Popup | Formatting | DataEciting

Press the button below to edit the dataset for this layer. Any edits wil be applied to all maps using this dataset.

(b)
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Figure 9. (a) Interface for updating of layer, (b) Button to open the interface, (c) Updating the attributes, (d) Interface for

updating geometry.
4.8 Customization the Title, Description, Style, Label, Popup, and

The Mangomap server allows users, the facility of full ~ Formatting as shown in the figures below.
customization of online map view. Users can customize

<+ Garhi Sikandar Khan Settings

General Style \ Labels ‘ Popup Formatting Data Editing

«\; Layer Labels

Label Values parcel_id <

Font Properties Verdana < 12 B I

Fill Opacity 100% = Color [

Halo Opacity 100% < Color , Size 3

‘ % Cancel H B Save ‘

@

+ Garhi Sikandar Khan Settings

General Style Labels Formatting Data Ediung

@ 7 PoPup s dplayed when the user chicks on a feature on the map or in search results. The popup gives the user access
to the attribute dats for the selected feature

& Custom Popup o
Format textflayout and add values, links, images and video using an editor.

@ No Popup
No popup is displayed when a users click a feature.

% Cancel B Save

(b)
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+ GarhiSikandar Khan Settings

neral  Style  Labels  Popup

Formatung Data Edion

@ 7o emsure your stmbute data sppesrs correctly formatted in data popups and cakculacors, set your preferred formarting
here &g currency type, date format, decimal places, or measurement units

Disable All

Visible Column Name Label Formatting
B parcel_id parcel_id Auto Detect v
L4 khata_no khata_no Auto Detect v
v imigaton imgation Auto Detect v
L4 area area Auto Detect v
* jamabandi_ jamabandi_ Auto Detect v
L4 land_own_1 land_own_1 Auto Detect v
- land wna lanmd suna L T - %
Mark All As
(©)

¢ Garhi Sikandar Khan Settings

General Style Labels Popup Formatting Data Editing
LayerName: Garhi Sikandar Khan
Description:

Scale Range

Current Zoom Level: 15

Minimum Zoom: Zoom Level 5 - Scale 1:13,867,001

Maximum Zoom: Zoom Level 20 - Scale 1:423

OFF ) Display this layer in the map legend
% Cancel B Save

(d)

Figure 10. (a) Customization of title and description, (b) Customization of labels, (c) Customization of popup, (d) Customize

title and description.

Customizing the title and description enables users
to personalize and present geographic data in a clear
and relevant manner (Figure 10a). Customizing labels
enhances the clarity and user-friendliness of geographic
features on maps, resulting in improved readability
and understanding (Figure 10b). Customizing popups
improves user interaction with geographic data,
offering relevant information and enhancing the overall
user experience (Figure 10c). Customize the title and
description to meet specific requirements, creating
a brief yet informative summary of geographic data
(Figure 10d).

5. Conclusion

The LIS is the foundation of our study, representing a

comprehensive land surface data adjustment system.
In today’s world, the transition from traditional paper-
based data to a dynamic digital format, represented by
LIS, has become not just possible but necessary. This
transformation is driven by advanced technological
interventions, primarily utilizing the synergy of GIS
(geographical information system) and RS (remote
sensing) techniques.

The LIS framework is carefully designed with
advanced computer programming principles, reflecting
a strong focus on adaptability and reusability. Our
main goal is to transform existing land-record data
into a user-friendly computerized format using GIS
technology. This complex procedure entails scanning,
georeferencing, and digitally converting revenue maps,
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resulting in the seamless integration of attribute data
with geographical data. The culmination of this project
is the development of an advanced and efficiently
structured database system, a repository filled with
land-related geographical and attribute data.

Additionally, our secondary goal is to make this vast
amount of digital information accessible to everyone. In
order to achieve this, we have utilized the capabilities
of the Mangomap Server to create a web-based
interface that is easy to use, allowing for effortless
uploading and retrieval of digital data. This gateway
not only connects people across the digital divide but
also offers improved efficiency and collaboration.

The study is carefully organized, with multiple
sources and GIS working together seamlessly. It is
supported by a well-designed architecture that can
easily incorporate new data assimilation extensions.
The Digital Cadastral Land Information System
(DCLIS) is a powerful tool that serves as the backbone
for efficient and flexible land resource computations.

The DCLIS is a powerful tool for quickly updating
datasets and improving them, allowing for a wide
range of data integration strategies. The system excels
at combining various models of the land surface with
great precision, utilizing high-resolution remotely
sensed data, including inputs from NASA’s Earth
science sensors.

We are dedicated to constantly improving our work,
with a particular emphasis on fine-tuning the DCLIS
framework. It supports different running modes and
uses attributes to create smoothing and variation
techniques for a range of data assimilation methods.
The complete collection of data is readily available
for exploration and analysis via the user-friendly web-
based DCLIS interface. This platform provides a
panoramic view of land-related insights, accessible to
both the general public and governmental entities.

Future work aims to enhance the functionality and
usability of the LIS framework. By integrating cutting-
edge machine learning algorithms into the system, its
ability to generate valuable insights and predictions
could be significantly improved. In addition, by
incorporating real-time data streams and promoting
collaboration with meteorological and environmental
agencies, the LIS can enhance its ability to adapt to
evolving environmental conditions.

Moreover, considering the LIS as a platform for

community engagement and decision-making has
the potential to empower local stakeholders in land
management and planning. Integrating user-friendly
interfaces and tools for public participation can greatly
enhance the LIS, making it a valuable resource for
professionals and citizens alike.

As we explore new frontiers in technology and face
ever-changing environmental issues, the LIS continues
to be a symbol of innovation. The potential applications
are incredibly diverse, spanning across a wide range of
landscapes. This ongoing journey is not just about data;
it’s about revolutionizing the way we see, engage with,
and protect our valuable land resources.
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