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ABSTRACT: In the field of civil engineering, understanding land use and land cover (LULC) dynamics is essential for effective
planning and sustainable development. This study assessed the LULC changes in Bulacan Province, Philippines, from 2020 to 2025
using Geographic Information System (GIS) techniques. The research aimed to identify major LULC categories, quantify changes
in area and percentage, and analyze trends associated with urban development. Secondary spatial datasets obtained from the
Philippine Geoportal were utilized and processed through GIS-based change detection analysis, including data standardization,
spatial mapping, and comparative evaluation. The results showed that annual crops remained the dominant land cover despite a
slight decrease, indicating the continued importance of agriculture in the province. Built-up areas exhibited a notable increase,
reflecting ongoing urban expansion, while grassland showed the most significant decline. Closed forest demonstrated a slight
increase, although this may be influenced by classification variability. Other land cover types remained relatively stable during the
study period. Overall, the findings indicate gradual shifts in land use patterns driven by urbanization and development pressures,
providing baseline information for land use planning and environmental management.
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CHAPTERI
THE PROBLEM AND ITSSETTING
INTRODUCTION

Land use and land cover (LULC) change is one of the most
important indicators of environmental transformation driven
by both natural processes and human activities. It describes
how land surfaces such as forests, agricultural areas,
wetlands, and open spaces are converted or modified over
time due to development and environmental factors.
According to Ellis (2011), modern environmental change is
now largely influenced by human activity, making LULC
studies essential in understanding the interaction between
human systems and the natural environment.

Globally, rapid urbanization and land conversion have

significantly altered natural landscapes. Agricultural and
vegetated areas are continuously being replaced by built-up
structures such as roads, buildings, and industrial zones.
These transformations affect ecological processes including
water infiltration, surface runoff, biodiversity, and soil
stability. Prestele et al. (2016) emphasized that land-use
transitions create “hotspots of uncertainty,” where rapid
changes challenge environmental planning and policy
development. Furthermore, urban land expansion has been
identified as a major driver of habitat loss, carbon reduction,
and ecosystem disruption (Seto, Glineralp, & Hutyra, 2012).

In addition, land use changes can also contribute to
environmental risks such as flooding and erosion, especially
in areas where natural land cover is replaced by impervious

surfaces. Prashanth et al. (2023) explained that such changes
disrupt natural drainage systems and increase surface runoff,
which can intensify environmental hazards in vulnerable
regions.

In the Philippines, land use change is strongly influenced
by rapid population growth and urban expansion, particularly
in provinces near Metro Manila. Bulacan Province, located in
Central Luzon, serves as a transition zone between highly
urbanized areas and agricultural landscapes. Because of its
strategic location and accessibility, it has experienced
continuous land conversion from agricultural and natural
areas into residential, commercial, and industrial
developments. This makes Bulacan highly relevant for
studying spatial and temporal land use changes.

To address these changes, Geographic Information
Systems (GIS) and Remote Sensing have become essential
tools in monitoring and analyzing LULC dynamics. GIS
allows the integration of spatial data over time, enabling
accurate mapping and analysis of land transformations. Wagh
and Auti (2025) emphasized that GIS plays a crucial role in
land use planning by providing reliable spatial information
for decision-making. In addition, Wulder et al. (2018)
highlighted that satellite-based datasets allow systematic
monitoring of land cover changes, particularly in detecting
urban expansion and vegetation loss.
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Despite the availability of LULC studies, there is still a
need for updated and consistent provincial-scale assessments
using standardized GIS datasets. Many previous studies focus
on limited areas or use varying classification methods,
leading to inconsistencies in spatial interpretation. This
creates a research gap in terms of recent, comparative, and
systematic analysis of land use changes in Bulacan Province.

Therefore, this study focuses on the GIS-based assessment
of land use and land cover changes in Bulacan Province from
2020 to 2025. It aims to analyze spatial patterns and quantify
changes in major land cover categories using secondary GIS
datasets. The study provides a clearer understanding of how
land use has evolved over time in response to urbanization
and development pressures.

Overall, this research highlights the importance of
continuous monitoring of land use changes in rapidly
developing areas. Understanding these transformations is
essential for promoting sustainable land use planning and
environmental management, especially in  provinces
experiencing strong urban expansion such as Bulacan.

Statement of the Problem
Rapid urbanization and infrastructure expansion in
Bulacan may have altered existing land use and land cover
patterns over time. However, updated spatial assessments of
these changes remain limited.
Thus, this study aims to assess:
1. What major LULC categories were present in
Bulacan in 2020?
2. What major LULC categories are present in Bulacan
in 2025?
3. What changes in area and percentage occurred
between 2020 and 2025?
4. Which categories showed the greatest increase or
decrease?
5.  What possible factors, based on secondary literature,
may help explain the observed LULC changes?

Objectives of the Study
The main objective of this study is to assess land use and
land cover changes in Bulacan Province between 2020 and
2025 using GIS mapping.
Specifically, it aims to:
1. Identify LULC categories in 2020.
2. Identify LULC categories in 2025.
3. Quantify area and percentage changes.
4. Determine categories with greatest
increase/decrease.
5. Discuss possible factors that may help explain the
observed LULC changes based on related literature.

Significance of the Study

This study is significant as it offers a more comprehensive
understanding of the changes in land use and land

cover within the Province of Bulacan from 2020 to 2025.

Through the application of GIS mapping techniques, the

research provides reliable data and visual representations that

illustrate the location, extent, and progression of these
changes over time.

For the Provincial Government of Bulacan. The findings of
this study may serve as a reference for provincial planning
and policy formulation. The generated spatial data and maps
can support decisions related to land allocation, infrastructure
development, and environmental management. The results
may also help in identifying areas that require more careful
monitoring, especially in rapidly developing zones.
Municipal Planners. The study may assist municipal
planners in evaluating land use distribution within their
jurisdictions. The identified changes in land cover may
support zoning decisions, urban expansion control, and local
development planning. The spatial outputs can be used as a
guide in aligning municipal plans with actual land
conditions.

Environmental Agencies. The results may help
environmental agencies in monitoring changes in vegetation,
forest cover, and other natural land types. These findings may
support the development of strategies for environmental
protection, resource management, and risk reduction,
particularly in areas that may be vulnerable to flooding or
land degradation.

Engineers. The study may provide useful baseline
information for civil engineers in planning infrastructure
projects such as drainage systems, roads, and flood control
structures. Understanding land use patterns may help in
assessing potential impacts of development and in designing
more sustainable engineering solutions.

Students and Researchers. This study demonstrates the
application of GIS in analyzing land use and land cover
changes at a provincial scale. It may serve as a reference for
future studies, particularly in improving methodology,
ensuring data consistency, and applying more advanced
spatial analysis techniques.

Overall, the study offers spatial insights that may support
planning and decision-making. However, as emphasized in
the study limitations, the findings depend on the accuracy and
consistency of the available GIS data and should be used with
appropriate caution.

Scope and Limitations

This study focuses on assessing land use and land cover
(LULC) changes in the Province of Bulacan using
Geographic Information System (GIS) techniques. The
analysis covers the entire province and compares LULC
conditions for the years 2020 and 2025 only. The study
utilizes secondary spatial datasets obtained from the
Philippine Geoportal and other available GIS sources. These
datasets were treated as pre-classified LULC layers and were
processed and analyzed to determine the distribution and
changes in major land cover categories across the province.
The study aims to identify spatial patterns and trends in land
use and land cover over the specified period.

However, the study has several limitations. It relies solely
on secondary GIS data, and no field validation was conducted
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to verify the actual ground conditions. The accuracy of the
results depends on the quality and classification accuracy of
the source datasets. In addition, the study compares only two
time periods (2020 and 2025), which may not fully capture
intermediate or long-term trends. The analysis is limited to
identifying spatial patterns and changes in land use and land
cover and does not directly determine the causes of these
changes. Therefore, the study does not claim exact land
conversion from one category to another; it only reports
observed differences in mapped LULC area and percentage
between the two datasets. Any discussion of possible factors
influencing LULC change is based only on related literature
and not on direct measurement or primary data.

CONCEPTUAL FRAMEWORK

NPT | PROCESS | TrT

The Input—Process—Output (IPO) model is widely used in
research to organize the flow of data from collection to
results. Grounded in systems theory, it provides a structured
way to analyze complex processes through interconnected
components (Skyttner, 2005). In land use and land cover
(LULC) studies, IPO is applied by treating satellite imagery
and GIS data as inputs, spatial analysis and classification as
the process, and thematic maps and quantified land changes
as outputs.

GIS and remote sensing have become essential tools in
LULC analysis. High-resolution satellite imagery enables
researchers to monitor land cover changes, detect urban
expansion, and measure vegetation loss effectively (Wulder
et al., 2018). The IPO framework supports this by clearly
organizing the workflow from raw data to meaningful results.

Additionally, urbanization and population growth drive
LULC changes. A structured analytical approach is necessary
to understand these transformations, making IPO a suitable
framework for processing spatial data and presenting results
for planning and decision-making (Guneralp et al., 2017).

CHAPTER I
REVIEW OF RELATED LITERATURE
Land Use and Land Cover (LULC) Change Concepts
Rattanarat et al. (2024) describe land use and land-cover
(LULC) classification as a dynamic process influenced by
both natural factors and human activities. Changes in land
cover and land use are continuously shaped by environmental
conditions and human decisions.
Similarly, Seto, Guneralp, and Hutyra (2012) highlight that
urban land-cover change threatens biodiversity and reduces

ecosystem productivity due to habitat loss, decreased
biomass, and reduced carbon storage.

GIS and Remote Sensing in LULC Monitoring

Attri, Chaudhry, and Sharma (2015) emphasized that
Remote Sensing and GIS are essential tools for analyzing
land use and land cover (LULC) changes, enabling efficient
collection and interpretation of spatial data. Similarly,
Prakasam (2010) noted that these technologies support
effective analysis, planning, and modeling of land use issues.
Yildirim et al. (2002) further highlighted that multitemporal
GIS and remote sensing data are highly useful for detecting
LULC changes at the regional level, improving the reliability
of monitoring.

Urbanization and Agricultural Land Conversion

Urbanization is a major driver of land use and land cover
(LULC) change, as population growth increases demand for
housing and infrastructure, leading to the conversion of
agricultural and natural lands into built-up areas.

Ceccarelli et al. (2014) noted that high-quality lands are
increasingly threatened by mismanagement and inappropriate
land-use changes, particularly urban expansion and
unsustainable agriculture. Meanwhile, Araza et al. (2026)
highlighted that policies such as Republic Act 9700 aim to
protect prime agricultural lands, but there is still limited
comprehensive analysis on the extent of land conversion and
its policy implications.

Philippine and Local Context of LULC Studies

Janiola and Puno (2018) demonstrated the application of
remote sensing and GIS in monitoring and mapping land
cover changes in the Allah Valley landscape, producing
baseline maps that support local government and stakeholder
decision-making. Similarly, Mapili (1996) established that
GIS is an effective tool not only for mapping land use changes
but also for analyzing their relationships with environmental
conditions.

Several studies further emphasize the impacts of urban
expansion on land use. Soriano et al. (2019) reported a 117%
increase in built-up areas within the buffer zone of the Mount
Makiling Forest Reserve from 1992 to 2015, despite existing
land management policies, indicating growing pressure on
ecologically sensitive areas. In addition, Estoque and
Murayama (2017) identified a significant increase in
impervious surfaces and a corresponding decline in green
spaces in Baguio City between 1987 and 2015. Supporting
these findings, Macaspac, Valenzuela, and Ramos (2024)
observed that residential areas now occupy a substantial
portion of the city’s land area, contributing to urban
congestion and the encroachment of development into open
and forested lands.
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CHAPTER I11
METHODOLOGY
Research Design

This study employed a descriptive quantitative research
design using GIS-based change detection to assess land use
and land cover (LULC) changes in Bulacan Province from
2020 to 2025. Change detection refers to the process of
identifying differences in land conditions over time (Singh,
1989).

The analysis focuses on identifying, quantifying, and
comparing LULC patterns between the two periods. GIS was
utilized to support spatial visualization and quantitative
assessment of land transformations, providing a reliable
approach for analyzing temporal changes (Moisa et al., 2023).
By integrating multi-temporal datasets, the study also
examines the extent and rate of LULC conversion across
categories (Panuju et al., 2020).

Methodological Limitations

This study relies on secondary LULC datasets; thus, the
accuracy of the results depends on the quality and
classification accuracy of the source data. No field validation
or ground-truthing was conducted to verify actual land
conditions.

Minor differences in total computed area between the 2020
and 2025 datasets may be attributed to variations in source
resolution, boundary delineation, digitization, and
classification methods. Although consistent GIS processing
procedures were applied, such discrepancies are inherent in
secondary spatial data.

To ensure comparability, the analysis prioritizes
percentage-based distribution rather than absolute area
values. Hence, results should be interpreted as indicative of
general LULC trends rather than exact, ground-validated land
conversions.

Additionally, the study is limited to two time periods (2020
and 2025), which may not fully capture intermediate land use
changes.

Locale of the Study

The study focuses on Bulacan Province, located in Region
111 (Central Luzon), Philippines. It serves as a transition zone
between the highly urbanized National Capital Region and
the agricultural areas of Central Luzon, with a diverse
landscape that includes coastal areas, industrial zones, and
agricultural lands.

Bulacan was selected due to its proximity to the National
Capital Region and its ongoing urban and infrastructure
development, which significantly influence land use patterns.
The province has experienced rapid conversion of
agricultural lands into residential and industrial areas, making
it a suitable site for examining spatial and temporal land use
changes using GIS techniques.

BULACAN %
PROVINCE, @
PHILIPPINES

BERNRENARERNPANNNERERDD

Figure 2: Satellite View from QGIS of Bulacan, Region
3, Philippines

Data Analysis Procedures
The analysis was executed using QGIS to process,
interpret, and visualize spatial data. To address the
complexities of land transformation, the procedure followed
a structured, multi-stage workflow:
1. Data Preparation
The 2020 and 2025 LULC datasets were reprojected
to a common coordinate reference system and
clipped using the same Bulacan provincial boundary
shapefile to ensure spatial comparability.
2. Clipping and Standardization
Both datasets were clipped using a consistent
provincial boundary shapefile to maintain uniform
spatial extent. LULC classifications were
standardized across both datasets to ensure
comparability.
3. Spatial Analysis and Mapping
The spatial distribution of land cover types was
mapped for both years to visualize patterns and
identify dominant land use categories.
4. Change Detection Analysis
A comparative analysis was conducted to determine
changes in area and percentage of each LULC
category between 2020 and 2025. The analysis
focused on identifying increases, decreases, and
stable land cover types.
5. Quantitative Assessment
Area measurements were computed in hectares and
converted into percentage values to determine the
relative distribution of each category.

To quantify the distribution of land use and land cover
(LULC), the percentage of each category was computed using
the formula:

For percentage area:
Percentage Area = (Area of LULC Category / Total
LULC Area) x 100
For percentage change:
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Percentage Change = [(2025 Value — 2020 Value) /
2020 Value] x 100

These computations were used to identify increases and
decreases in each LULC category and to support the
comparative analysis of land use trends.

Data Sources

The study utilized secondary spatial datasets obtained from
the Philippine Geoportal and other relevant GIS repositories.
The primary datasets include LULC maps for the years 2020
and 2025, which were treated as pre-classified land use and
land cover layers. GIS-based change detection methods are
widely utilized to monitor these dynamics, providing a cost-
effective and repeatable means of territorial data collection
(Ngondo et al., 2021).

The LULC categories analyzed include closed forest, open
forest, annual crop, perennial crop, brush/shrub, built-up area,
grassland, inland water, open/barren land, mangrove forest,
marshland/swamp, and fishpond.

A provincial boundary shapefile of Bulacan was also used
to ensure spatial consistency during analysis.

Table 1.GIS Datasets Used

Dataset Source Type Year
LULC Philippine Polygon/ 2020
Map Geoportal Raster
LULC Philippine Polygon/ 2025
Map Geoportal Raster

Provincial | Geoportal/
Boundary | PSA

Shapefile Latest

Supporting | Journals/ Text Various
Literature | Reports

CHAPTER IV
RESULT AND DISCUSSION

The Results and Discussion section presents the findings
of the land use and land cover assessment of the Province of
Bulacan for the years 2020 and 2025 using GIS mapping
techniques. This section also interprets and discusses the data
analyzed.

Thematic Map

Land Use and Land
Cover Map

Figure 3: Land Use and Land Cover Map of Bulacan
Province, 2020

Figure 3 presents the land use and land cover (LULC) map
of Bulacan Province for 2020, showing the spatial
distribution of different land cover categories. The map
indicates that annual crops occupy the largest portion of the
province, while built-up areas are concentrated in developed
zones. This spatial pattern reflects the dominance of
agricultural land use alongside emerging urban areas,
particularly in locations influenced by proximity to
metropolitan regions (Glneralp et al., 2017).

Based on the 2020 LULC data, annual crops dominate the
landscape, covering approximately 67,520.37 hectares,
indicating that a large portion of Bulacan remains primarily
agricultural. This is consistent with studies showing that
agricultural land continues to be a major land use in
developing regions due to food production demands and land
suitability (Ceccarelli et al., 2014). The dominance of
agricultural land also suggests the continued reliance of the
province on farming activities for economic and food security
purposes.

Closed forest areas, covering about 47,306.81 hectares, are
mainly located in the eastern portion of the province. These
forested areas contribute to ecological stability, biodiversity
conservation, carbon storage, and watershed protection (Seto
et al., 2012). In addition, forest cover plays a crucial role in
regulating hydrological processes such as reducing surface
runoff and preventing soil erosion.

Brush/shrubs and built-up areas also occupy significant
portions of land. The presence of built-up areas reflects
ongoing urban development processes, which are commonly
observed in provinces near metropolitan regions (Gineralp et
al., 2017). This spatial distribution suggests that Bulacan is
undergoing gradual urban transition, particularly in areas
closer to transport networks and economic centers.

Fishpond areas are concentrated in coastal and low-lying
zones, highlighting the role of aquaculture in local
livelihoods. This distribution aligns with typical land use
patterns in the Philippines, where coastal areas are often
utilized for fish production (Briones, 2017).

9986 \ Ellaine S. Nepomuceno!, ETJ Volume 11 Issue 05 May 2026



“GIS-Based Assessment of Land Use and Land Cover Change in Bulacan Province, Philippines (2020-2025)”

Land Use and Land
Cover Map

Figure 4: Land Use and Land Cover Map of Bulacan
Province, 2025

Figure 4 presents the land use and land cover (LULC) map
of Bulacan Province for 2025, showing the spatial
distribution of different land cover categories. The map
indicates that annual crops remain the dominant land cover,
although built-up areas have expanded compared to 2020.
This reflects ongoing urban expansion, particularly in areas
influenced by transportation networks and proximity to
metropolitan regions (Glneralp et al., 2017).

For 2025, annual crops remain the dominant land cover,
although a slight decrease in area is observed. This trend may
suggest gradual land conversion or shifts in land utilization,
which is consistent with patterns of agricultural land
transformation reported in previous studies (Araza et al.,
2026). The reduction, although minimal, may reflect
increasing pressure from urban development and
infrastructure expansion.

Closed forest shows a slight increase in area; however, this
result should be interpreted cautiously, as variations may be
influenced by classification differences in GIS datasets rather
than actual forest expansion (Wulder et al., 2018).
Nonetheless, if the increase reflects real conditions, it may
indicate localized conservation efforts or natural vegetation
recovery.

Built-up areas increased to 36,581.18 hectares, which may
be consistent with urban expansion trends observed in rapidly
developing regions (Gineralp et al., 2017; Hegazy & Kaloop,
2015). This increase may have significant implications for
land surface characteristics, particularly increased
impervious surfaces that reduce infiltration, increase runoff,
and contribute to flooding risks, especially in low-lying areas
of the province.

Fishpond areas remain relatively stable, suggesting
continued aquaculture activity and established land use
patterns in coastal zones.

Table 2. Land use and land cover Area Distribution of
Bulacan Province for 2020

2020 Area Per Hectare
Annual crop 67,520.37
Brush/shrubs 37,603.91

Built up 31,915.14
Closed forest 47,306.81
Fishpond 22,683.20
Grassland 11,943.31
Inland water 5,994.35
Mangrove forest 806.10
Marshland/Swamp 168.94
Open forest 16,336.72
Open/barren 969.05
Perennial crop 14,361.79
Total 257,609.70

Table 2 presents the land use and land cover (LULC)
distribution of Bulacan Province for the year 2020, showing
the area of each category measured in hectares. The table
provides an overview of the spatial composition of the
province at the beginning of the study period and serves as a
baseline for comparison with subsequent years.

The dominance of annual crops in 2020 highlights the
importance of agriculture in Bulacan’s land use system. This
finding is consistent with studies indicating that agricultural
land remains a primary land use in regions with favorable
farming conditions (Ceccarelli et al., 2014). Such dominance
supports both local food production and rural economic
activity.

The presence of forested and semi-natural areas such as
closed forest and brush/shrubs supports ecological functions
including biodiversity conservation, carbon sequestration,
and climate regulation (Seto et al., 2012). These areas also
contribute to maintaining environmental balance within the
province.

Meanwhile, built-up areas reflect existing settlements and
infrastructure, which are typically associated with population
growth and economic development (Gineralp et al., 2017).
The spatial distribution of these areas may indicate zones of
higher economic activity and accessibility.
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Table 3. Land Use and Land Cover Area Distribution of
Bulacan Province for 2025

2025 Area Per Hectare
Annual crop 65,795.71
Brush/shrubs 36,161.32

Built up 36,581.18
Closed forest 48,444.65
Fishpond 22,798.46
Grassland 9,343.37
Inland water 6,085.16
Mangrove forest 768.40
Marshland/Swamp 305.82
Open forest 16,821.99
Open/barren 925.48
Perennial crop 13,577.34
Total 257,608.87

Table 3 presents the land use and land cover (LULC)
distribution of Bulacan Province for the year 2025. The table
illustrates the spatial extent of each category in hectares and
allows for comparison with the baseline data from 2020.

The 2025 data indicate that agriculture remains the
dominant land use, although with slight reductions. This may
suggest gradual land conversion, which has been observed in
other parts of the Philippines where agricultural land is
increasingly being transformed into built-up areas (Araza et
al., 2026). This trend reflects the growing demand for
residential and commercial space in developing provinces.

The increase in built-up areas is consistent with urban
expansion trends reported in both local and global studies
(Glneralp et al.,, 2017; Hegazy & Kaloop, 2015). This
expansion may have implications for land management,
including increased demand for infrastructure, transportation,
and drainage systems.

Fishpond areas remain substantial, which may suggest
continued aquaculture activities. However, without detailed
transition analysis, this study does not confirm whether these
areas have expanded or remained unchanged due to stable
land use practices.

Table 4. Percentage Distribution and Percentage Change
of LULC Categories in Bulacan Province from 2020 to
2025

Percentage 2020 | 2025 | Percentage Trend
Changes (%) (%) | changes (%)
per LULC
Annual Crop | 26.21 | 25.54 -2.56 Decrease (—)
Brush/Shrubs | 14.60 | 14.04 -3.84 Decrease (—)
Built-up 12.39 | 14.20 14.61 Increase (+)
Closed Forest | 18.36 | 18.81 2.45 Increase (+)
Fishpond 8.81 | 8.85 0.45 Increase (+)
Grassland 4.64 | 3.63 -21.77 Decrease (—)
Inland Water | 2.33 | 2.36 1.28 Increase (+)
Mangrove 0.31 0.30 -3.23 Decrease (—)
Forest
Marshland/ 0.07 0.12 71.43 Increase (+)
Swamp
Open Forest 6.34 | 6.53 3.00 Increase (+)
Open/Barren 0.38 | 0.36 -5.26 Decrease (—)
Perennial Crop | 5.58 5.27 -5.56 Decrease ()

The table presents the percentage distribution of land use
and land cover (LULC) for the years 2020 and 2025, showing
varying degrees of change across categories over the five-
year period.

The large percentage increase in marshland/swamp should
be interpreted with caution, as its base area in 2020 was very
small, which can exaggerate percentage change values.

Grassland showed a notable decrease from 4.64% in 2020
to 3.63% in 2025. This decline may suggest possible land
conversion to other uses or classification differences, which
are common limitations in GI1S-based studies (Wulder et al.,
2018). If the change reflects actual land transformation, it
may indicate increasing development or agricultural
expansion.

Built-up areas increased from 12.39% to 14.20%. This
increase is consistent with urbanization trends, where
expanding populations and economic activities drive land
development (Glneralp et al., 2017; Seto et al., 2012). The
expansion of built-up areas may contribute to environmental
challenges such as increased runoff, reduced infiltration, and
higher flood susceptibility, particularly in urbanizing regions.

Closed forest showed a slight increase (+2.43%), but this
should be interpreted cautiously, as such changes may reflect
classification variability rather than actual forest growth
(Wulder et al., 2018). Nevertheless, maintaining forest cover
remains important for ecological sustainability.

Annual crops slightly decreased but remained dominant,
suggesting that agriculture continues to play a major role
despite increasing development pressures. This balance
between agricultural retention and urban expansion reflects
the transitional nature of land use in Bulacan Province.
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Overall, the observed changes are consistent with broader
land use trends where urban expansion, agricultural
adjustment, and environmental variability interact to shape
land cover patterns over time (Seto et al., 2012; Giineralp et
al.,, 2017). These findings highlight the importance of
integrated land use planning to balance development and
environmental sustainability.

CHAPTER V

SUMMARY, CONCLUSION AND
RECOMMENDATIONS
Summary

This study utilized Geographic Information System (GIS)
techniques to systematically assess and map land use and land
cover (LULC) changes in the Province of Bulacan over a five-
year period from 2020 to 2025. Secondary spatial datasets
from the Philippine Geoportal were used to establish baseline
conditions for 2020 and compare them with 2025 data to
identify spatial patterns and changes over time.

The results indicate that Bulacan maintains a diverse land
use composition, with annual crops consistently serving as
the dominant land cover category despite a slight decrease in
area. The most notable relative increase was observed in
marshland/swamp areas, although they remain minimal in
total extent. Built-up areas also showed a significant increase,
indicating continued urban expansion, particularly in zones
influenced by proximity to Metro Manila. In contrast,
grassland exhibited the most notable decline among land
cover types, suggesting possible conversion to other land uses
or classification shifts in the dataset.

Closed forest also showed a slight increase, indicating that
forested areas remain an important component of the
provincial landscape. Overall, annual crop areas remained
dominant across both years despite gradual reduction.

Overall, the observed changes reflect gradual but clear
shifts in land use patterns driven by urban development,
agricultural transitions, and environmental dynamics. GIS-
based mapping effectively illustrated these trends by
providing spatial representations of their distribution and
extent.

CONCLUSION

The analysis of land use and land cover in Bulacan
Province from 2020 to 2025 reveals a landscape undergoing
gradual transformation that may be associated with
environmental and socio-economic factors discussed in
related literature. The province remains predominantly
agricultural, with annual crops occupying the largest share of
land use despite a slight decline in area.

The increase in built-up areas may be associated with
urban expansion and infrastructure development pressures,
particularly because of Bulacan’s proximity to Metro Manila.
Meanwhile, closed forest showed a slight increase in the
mapped dataset, suggesting relative stability in the Geoportal-
derived classification.

The observed decrease in grassland and annual crop areas
suggests potential shifts in land utilization, possibly
influenced by development pressures or changes in land
management practices. Additionally, the increase in
marshland/swamp  areas may indicate  localized
environmental changes in low-lying regions.

Overall, the study demonstrates that GIS and remote
sensing are effective tools for identifying general land use
trends and spatial patterns. However, due to the use of
secondary data, the findings should be interpreted as
indicative trends rather than exact land conversions. These
results can support planning and decision-making related to
sustainable land use and environmental management in
Bulacan Province.

RECOMMENDATIONS
Based on the results and conclusion of the study, the
following recommendations are suggested:

e Regular GIS-based monitoring of land use and land
cover in Bulacan Province should be conducted to
continuously track changes in urban expansion,
agricultural areas, and other land cover categories
over time.

e Local planners and government agencies should
consider the observed increase in built-up areas
when preparing land use, zoning, and infrastructure
development plans to support sustainable urban
growth.

e Agricultural lands and environmentally sensitive
areas should be continuously monitored and
protected to promote sustainable land management
and minimize potential environmental impacts
associated with land cover change.

e  Future studies should incorporate ground validation
and additional time periods to improve the accuracy,
consistency, and reliability of land use and land
cover (LULC) analysis.

e  Further research may also include analyses related
to flood risk, population growth, and urban
development to better understand the possible
factors influencing land cover changes in Bulacan
Province.
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