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Abstract 
The migration of individuals from rural regions to urban areas leads to a growing need for 
housing, infrastructure, and services, which drives social, economic, and environmental 
changes. This study uses Landsat Data to generate LULC maps across multiple timeframes. 
Utilizing satellite images acquired from the United States Geological Survey (USGS), the 
research employs various techniques, including image processing, classification and accura-
cy testing to analyze dynamic shifts in five land classes. The study’s methodology involves 
using a Quantum Geographic Information System (QGIS) for LULC classification, vector 
layer intersection for refining results, and change detection through pivot tables and zonal 
statistics. The findings provide insights into spatial patterns and temporal trends within the 
district. The data indicates that forest areas consistently occupy most of the land, although 
gradual decline is observed, particularly between 2020 and 2023. Agricultural and barren 
lands show fluctuating trends, with agricultural land experiencing a notable decrease in 
specific years due to urbanization pressures. Built-up areas (BUA) have seen continuous 
growth, reflecting the district’s shifts towards urban development, which can be linked 
to its proximity to the Central Business District (CBD), which leads to land conversion. 
The data underscores the need for sustainable land management practicing balance amidst 
pressures from rapid urban growth. 
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INTRODUCTION

Land use change is a shared global phenome-
non driven by anthropogenic activities altering 
landscapes (Subedi et al. 2021). Accelerated 
urbanization creates significant global societal, 

economic, cultural, and environmental changes. 
It continues to become a threat in rural and ur-
ban communities globally. It is driven by rapid 
economic growth (Wang et al. 2023), intensifies 
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the evolution of the regional land-use structure 
(Chen et al. 2021), and significant changes in 
land use patterns (Vaddiraju & Reshma 2022) 
and dramatically changed land cover globally 
(Zhou et al. 2021). LULC allows us to moni-
tor and understand human-induced alterations 
and requires spatio-temporal evaluation in-
volving analysis of historical satellite images 
(Velastegui-Montoya et al. 2023). Cities are 
engines of economic growth and development. 
The urban environment continues to expand at 
an unprecedented rate to meet the demands of 
increasing population and economic develop-
ment (Nath et al. 2021). Data shows that >55% 
of the population lives in urban areas, and this 
is expected to grow to 68% by 2050 (Zhang et 
al. 2023), creating immense pressures on ex-
isting urban lands and resulting in numerous 
adverse impacts on the physical and social en-
vironment and end up with fast development 
of sprawl (Ghosh & Das 2018). Urbanization 
varies from country to country, causing sig-
nificant environmental threats (Chatterjee & 
Majumdar 2021), altered landscape patterns 
and ecological functions (Zhou et al. 2018), 
and the provision of ecosystem services from 
multifunctional landscapes have contributed to 
human well-being (Zhang et al. 2017). Most 
studies focus on specific timeframes and often 
lack comprehensive analysis over an extended 
period. Moreover, analyzing LULC in multi-
ple time frames with high-resolution data can 
provide a detailed understanding of the dy-
namics and drivers of LULC changes, which 
is essential for transitioning sustainable urban 
development. The objective of the study is (i) to 
determine the land use and land cover changes 
in the Third Congressional District of Davao 
City (TCDDC) from 2018-2023 and (ii) to an-
alyze the trend of the land use and land cover 
changes of Davao City from 2018-2023.

MATERIAL AND METHODS

This study utilized a descriptive, quantitative, 
non -experimental design. The quantitative re-
search approach analyzes geospatial data and 
derives changes, patterns and trends of urban 
dynamics (Seto & Kaufmann 2016). It also in-
tends to describe and analyze urban dynamics 
concentrate on land use and land cover changes 
associated with built-up expansion (Grimmond 
& Oke 1999). One of the most advanced tech-
niques for describing the sensory characteristics 
of products is quantitative descriptive analysis, 
which thoroughly explains key sensory charac-
teristics (Cardoso & Bolini 2008). This study 
utilized various processes and techniques to as-
sess the LULC changes and BUA from 2018-
2023 in the TCDDC (Fig. 1). This includes data 
acquisition of satellite images, image process-
ing, image reclassification, and change analy-
sis. Satellite data of the TCDDC from the year 
2018-2023 were obtained from ESRI Sentinel 
2-Land Cover Explorer. 
After extracting and accurately projecting the 
study area within QGIS, a detailed classifica-
tion of the LULC data is conducted. This in-
volved a systematic analysis of the study areas’ 
geographic and environmental features, allow-
ing for the identification and categorization of 
the data into five distinct LULC types. Each 
category was carefully defined to reflect the 
specific characteristics and patterns observed 
within the study area, ensuring a comprehen-
sive understanding of the landscape dynamics. 
To estimate spatiotemporal changes and to 
compute land cover across from 2018 to 2023, 
a Semi-Automatic Classification Plugin (SCP) 
within QGIS developed by (Congedo 2024) has 
been utilized. The validation of the classified 
images is achieved through a critical accura-
cy assessment. Ground truth data collection 
is conducted, enabling a rigorous comparison 
between the classified results and actual land 
cover conditions. Statistical metrics, includ-
ing overall accuracy and kappa coefficient, are 
employed for a robust evaluation of precision 
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(Rwanga & Ndambuki 2017). This post-pro-
cessing tool generated five land cover change 
maps, each reflecting the variations over the 
specified time periods. Lastly, change detection 

compares the classified images from different 
years to identify change areas, such as increases 
and decreases, trends, and patterns. 

Figure 1. Map showing the location of the Third Congressional District of Davao City.

Spatio-temporal analysis of built-up (BUA): the case of Metropolitan Davao’s Third Congressional District
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RESULTS AND DISCUSSION

Presented in the Table 1 is the data on land use 
and land cover change (LULC) of the TCDDC 
(Fig. 2). From 2018, the forest is the highest 
total number of ha within the TCDDC, with 
116,379.72 ha comprising 79.66% of the to-
tal land area, followed by agricultural with 
11,168.71 ha or 7.64%, barren land with 
10,302.40 or 7.05%, built-up with 7,275.09 
or 4.98% and the least is water bodies with 
.76% or 974.77 ha of the total land area. This 
indicates that forest and other green vegetation 
cover most of the land area. The location of 

the TCDDC is on the way out from the Central 
Business District (CBD), which is located with-
in the suburban periphery, primarily engaging 
in the agriculture sector. According to Salvati 
et al. (2021), forests and green in surrounding 
cities have been considered vital components in 
urban ecosystems providing varied ecosystem 
services and increasing urban livability along 
megacities globally, and the understanding of 
the patterns of the natural forest expansion in 
rural regions under the influences of urbaniza-
tion process, the so-called suburban country-
side, and is crucial for integrated spatial plan-
ning (Barbati et al. 2012).

Table 1. Land use and land cover changes of the TCDDC 2018-2020.

LULC 
Classes 

Year
2018 2019 2020

Area (ha) % %  
(-/+) Area (ha) % %  

(-/+) Area (ha) % %  
(-/+)

Water Bodies 974.77 .67 - 945.45 .65 -3.01 880.33 .60 -6.89

Forest 116379.72 79.66 - 117444.79 80.39 +.92 113946.83 77.99 -2.98

Barren 10302.40 7.05 - 9151.23 6.26 -11.17 10906.27 7.46 +19.18

Built-Up 7275.09 4.98 - 8112.71 5.55 +11.51 8681.81 5.94 +7.01

Agricultural 11168.71 7.64 - 10446.51 7.15 -6.47 11685.45 8.00 11.86

Total 146100.70 100 - 146100.70 100 146100.70 100

Figure 2. Map of land use and land cover change of the TCDDC 2018-2020.
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Moreover, in 2019, the forests area had the 
highest number of hectares among the other 
land classes, covering 80.39% or 117,444.79 
ha with an increase of .92% or 1,065.07 ha of 
the total land area, followed by agricultural 
with 7.15% or 10446.51 ha with a reduction 
of -6.47% or 722.20 ha, barren areas with 
9,151.23 or 6.26% with a change of -11.17% 
or 1,151.71 ha, built-up with 8,112.71 or 5.5% 
with an increase of +.11.51% or 837.62 ha, and 
water bodies with .65% or 94.5.45 ha of the 
total land area with a reduction of -3.01% or 
29.32 ha of the total land area. Although forest 
growth is increasing, BUA is also increasing, 
which can be associated with a significant in-
crease in urban development expansion with-
in the sub-urban district, which accounts for 
some of the land conversion within agricultural 
areas. For 2020, forest area is still dominant, 
accounting for 77.99% or 113,946.83 ha, with 

an observed decrease in cover of -2.98% or a 
total of 3,497.96, followed by agricultural land, 
which covers 8% or 11,685.45 ha, indicating an 
increase of 11.86% or 1,238.94 ha, barren with 
7.46% with the observed increase of +19.18% 
or 1,755.04 ha, built-up with 5.94% or 8,681.81 
ha with recorded increase rate of +7.01% or 
549.10 ha and the least is water bodies with 
.60% or 880.33 ha with an observed decrease 
rate of -6.89% which comprises 65.12 ha of the 
total land area. The decline in forest cover can 
be attributed to the increasing demand for agri-
cultural land, where a notable increase in agri-
culture was recorded aside from the continued 
built-up expansion. This was supported by the 
results from the study of Quan et al. (2015) that 
built-up expansion is increasing at the expense 
of thecultivated land, woodland, and grassland, 
resulting in patches and irregular shapes. 

Table 2. Land use and land cover changes of the TCDDC 2021-2023.

LULC  
Classes 

Year
2021 2022 2023

Area (ha) % %  
(-/+) Area (ha) % %  

(-/+) Area (ha) % %  
(-/+)

Water Bodies 919.69 .63 4.47 1016.92 .65 +10.57 1038.01 .60 +2.07

Forest 116052.84 79.43 1.85 117077.65 80.39 +.88 115876.24 77.99 -1.03

Barren 8358.55 5.72 -23.36 8271.32 6.26 +.15 8581.96 7.46 +2.52

Built-Up 9629.48 6.59 +10.92 9746.30 5.55 +1.21 10726.09 5.94 +10.05

Agricultural 11140.13 7.62 -4.67 8888.50 7.17 -20.21 9878.39 8.00 +11.14

Total 146100.70 100 146100.70 100 146100.70 100

Table 2 shows the data on LULC of the TCDDC 
from 2021 to 2023 (Fig. 3). For 2021, forest 
area remains the dominant land class, compris-
ing 79.43% or 116,052.84 ha with an observed 
increase rate of +1.85% from the latter year, 
equivalent to 2,106.01 ha of the total land area. 
On the other hand, agriculture comprises 7.62% 
or 11,140.13 ha with a notable decrease rate 
of -4.67%, equivalent to 545.32 ha, followed 

by built-up areas with 6.59% or 9,629.48 ha 
with an increase rate of +10.92% equivalent to 
947.67 ha, barren lands with 5.72% or 8358.55 
ha with reduction rate -23.36% or 603.87 ha, 
and the least is water bodies with 4.47% or 
919.69 ha of the total land area with change 
rate of +4.47% comprises of about 39.36 ha. 
The decline in the barren lands and agricultural 
lands can be attributed to the substantial growth 
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in BUA, leading to land conversion as urban 
development expands to agricultural areas, and 
the conversion of barren lands into develop-
ment areas boosts economic potential within 
the district. Van Vliet et al. (2015) cited that 
agricultural land is constantly changing and as-
sociated with varied development trajectories 
and societal demands. 
For 2022, forests comprise the largest land 
class share with 80.39% of the total land area 
with 117,077.65 ha with an increased rate of 
+.88%, equivalent to 1,024.81 ha, followed by 
agricultural with 7.15% or 8888.50 has with a 
decrease rate of -20.21% amounting to 2,251.63 
ha, barren lands with 6.26% or 8371.32 ha sig-
nifies increase rate of +.15% or 12.77 ha, built-
up with 5.55% or 9,746.30 ha with change rate 
of +1.21% or 116.82 ha, and the least is water 
bodies which comprises the .65% of the total 
land area with 1,016.92 ha with increase rate 
of +10.57% or 97.23 ha. The highest observed 
decrease rate was in agriculture, which can be 
linked to the little to significant increase in wa-
ter bodies, forests, and barren and built-up ar-
eas. However, the BUA remains the main threat 
of agricultural decline associated with intensi-
fied and continued urban expansion going to the 
suburban districts to accommodate demands for 
housing, infrastructure, and other economic and 
social services. It was supported by the results 
from the study of Frimpong and Molhenthin 

(2021) that urban expansion was significantly 
towards the periphery of the sub-metropolitan 
zones, and the increasing built-up expansion 
has resulted in the conversion of croplands to 
accommodate the increasing demand for settle-
ments and development associated to growing 
populations globally (Ke et al. 2018).
In 2023, although forest areas remain the most 
dominant class, which accounts for 77.89% of 
the total area of 115,876.24 ha, it recorded a 
decline rate of -1.03%, equivalent to 1,201.41 
ha, followed by agricultural lands with 8% or 
9,978.39 ha with an indication of the change 
rate of +11.14% equivalent to 989.89 ha, bar-
ren lands with 7.46% or 8,581.96 ha with the 
recorded change rate of +2.52% or 210.64 ha, 
built-up areas with 5.94% or 10,726.09 ha 
signifying increase rate of 10.05% or 979.79 
ha, and the least is water bodies with .60% 
or 1,038.01 ha with change rate of +2.07 or 
21.09 ha. It was observed that the decline in 
forest areas can be attributed to the increase in 
BUA and agricultural areas, which leads to the 
conversion of forest areas into production land 
for commercial and industrial use. Moreover, 
the study of Kindu et al. (2015) has confirmed 
that population growth, expansion of cultivat-
ed lands and settlements, livestock ranching, 
cutting of woody species for fuelwood, and 
charcoal-making are factors that drive LULC 
changes. 

Figure 3. Map of land use and land cover change of the TCDDC from 2021-2023.
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Presented in Table 3 is the data of the percent 
changes per year among various land classes 
and the graph of the trends of LULC change 
rates shown in Figure 4. 
Results have revealed a decrease in agricultural, 
water bodies, and barren lands, but a significant 
increase in forest and BUA has been observed. 
Also, in 2020, water bodies and forests are ex-
periencing declining rates, but an increased rate 
in barren, built-up, and agricultural lands was 
observed. In 2021, agriculture and barren land 
were experiencing a decline, but an increase in 
water bodies, forests, and BUA was observed. 
2022 observed a notable increase in areas of 
water bodies, forests, barren, and BUA, but a 
significant decline in agricultural lands was ob-
served. For 2023, forests decline while water 
bodies, barren, agriculture, and BUA continue 
to increase. This is evident in the trend that the 
changes in all land classes are dynamic with 
respect to time, but it is notable that among the 
land classes in the TCDDC, only BUA doesn’t 
experience a decline based on the data ana-
lyzed. The study of Munthali et al. (2019) cited 
that most agricultural lands, forest lands, and 
water bodies were intensively converted into 

built-up areas to give way for development in-
tended for commercial, academic, and business 
purposes. This only signifies that the changes 
in other land classes can be attributed to the 
increasing BUA expansion that resulted in 
converting agricultural, water bodies, and for-
est areas within the congressional district into 
urban settlements and other urban uses. This 
means that the BUA expansion is happening 
within the study area, posing threats to other 
land classes. Although this area is in the sub-ur-
ban periphery, it has now become the new hub 
for development as CBD becomes congested 
and the pattern of urbanization is transitioning 
to the CBD going to the sub-urban peripheries, 
which were ideal for development considering 
less traffic and potentially less pollution as com-
pared to those of present in the metropolitan 
central. From the study of Tuffour-Mills et al. 
(2020) have identified human activities drive 
considerable changes in LULC in forest areas, 
which caused significant implications for the 
long-term sustainability of urban and sub-ur-
ban forests, therefore recommends government 
intervention. 

Table 3. Trends of land use and land cover changes in TCDDC 2019-2023.

LULC 
Classification

Percent Change in (hectares per year)

2019 2020 2021 2022 2023

Water Bodies -3.01 -6.89 4.47 10.57 2.07

Forest 0.92 -2.98 1.85 0.88 -1.03

Barren -11.17 19.18 -23.36 0.15 2.52

Built-Up 11.51 7.01 10.92 1.21 10.05

Agriculture -6.47 11.86 -4.67 -20.21 11.14

Spatio-temporal analysis of built-up (BUA): the case of Metropolitan Davao’s Third Congressional District
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Figure 4. Graph showing the percent change of land use and land cover classification of the 
TCDDC.

Table 4. Area-Based Error Matrix and Accuracy Testing of LULC changes in TCDDC in 2018.

Area-Based Error Matrix 

> Reference

Classified 1 2 4 5 7 8 10 11 Area Wi
1 0.0085 0 0 0 0.0016 0 0 0 149100 0.0101
2 0.0025 0.815 0 0 0.0135 0.0025 0 0.001 12302400 0.8345
4 0 0 0 0 0 0 0 0 600 0
5 0.004 0 0 0.0113 0.0065 0 0 0.0019 349700 0.0237
7 0.0003 0 0 0 0.0915 0 0 0 1353400 0.0918
8 0 0 0 0 0 0.002 0 0 29300 0.002
10 0 0.0002 0 0 0 0 0 0 3600 0.0002
11 0 0.017 0 0 0.0088 0.0011 0 0.0107 553900 0.0376

Total 0.0153 0.8323 0 0.0113 0.122 0.0056 0 0.0135 14742000 1
Estimated 

area 226000 12269100 0 165900 1798900 82400 0 199700 14742000

SE 0.0002 0.0004 0 0.0002 0.0004 0.0002 0 0.0003

SE area 3322.95 6470.38 0 2953.32 6247.06 2292.2 0 3909.66
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Area-Based Error Matrix 

> Reference

Classified 1 2 4 5 7 8 10 11 Area Wi
95% CI 

area 6512.98 12681.95 0 5788.5 12244.24 4492.7 0 7662.94

PA [%] 55.3097 97.9232 nan 100 74.9903 35.5583 nan 78.7181

UA [%] 83.8364 97.6582 0 47.4407 99.6749 100 0 28.3806

Overall accuracy [%] = 93.88

Area unit = metre^2
SE = standard error

CI = confidence interval
PA = producer’s accuracy
UA = user’s accuracy

Table 5. Area-Based Error Matrix and Accuracy Testing of LULC Changes in TCDDC in 2023.

Area-Based Error Matrix

> Reference

V_Classified 1 2 4 5 7 10 11 Area Wi
1 0.0175 0 0 0 0 0 0 63500 0.0175
2 0.0002 0.5356 0 0 0 0.0029 0.004 1971900 0.5427
4 0.0002 0 0 0 0 0 0 600 0.0002
5 0 0 0 0.0457 0.0245 0 0.0017 261200 0.0719
7 0 0 0 0 0.3567 0 0 1296000 0.3567
10 0 0 0 0 0 0.001 0 3500 0.001
11 0 0 0 0 0 0 0.0102 36900 0.0102

Total 0.0178 0.5356 0 0.0457 0.3812 0.0039 0.0158 3633600 1
Estimated 

area 64800 1946200 0 165900 1385200 14000 57500 3633600

SE 0.0001 0.0004 0 0.0007 0.0007 0.0003 0.0004

SE area 264.53 1592.68 0 2460.74 2424.06 1021.99 1426.67

95% CI area 518.49 3121.66 0 4823.06 4751.16 2003.1 2796.28

PA [%] 97.9938 100 nan 100 93.5605 25 64.1739

UA [%] 100 98.6967 0 63.5145 100 100 100

Overall accuracy [%] = 96.65
Area unit = metre^2
SE = standard error

CI = confidence interval
PA = producer’s accuracy
UA = user’s accuracy

Spatio-temporal analysis of built-up (BUA): the case of Metropolitan Davao’s Third Congressional District
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Table 4 and Table 5 are the computed area- 
based error matrix and accuracy testing of 
LULC changes in year 2018 and 2023 in 
TCDDC. The computed overall accuracy is 
93.88% and 96.65% for 2018 and 2023 re-
spectively. The acceptable accuracy level of 
remotely sensed data is within 85%. The com-
puted accuracy of land change in TCDDC is 
considered good. This indicates that the LULC 
changes of the total area analyzed are correctly 
classified and mapped. Moreover, this means 
that a higher accuracy percentage implies the 
representation of real-world land use and cover 
types within the TCDDC. 

CONCLUSIONS

The land use and land cover (LULC) analysis 
in TCDDC from 2018-2023 has revealed dy-
namic changes over time highlighting shifts and 
changes in various land classes from 2018-2023 
which can be attributed to various landscape 
transformations like urban development, agri-
cultural expansion, deforestation and natural 
processes. Although forest areas consistently 
remained the largest land class, they experi-
enced a gradual decline, especially in 2020 and 
2023. The agricultural lands and barren areas 
also fluctuated, with notable reductions in ag-
ricultural lands in 2022, which can be linked 
to the continued expansion of built-up areas 
(BUA). Trends have shown that BUA consis-
tently grew over the years, signifying ongoing 
urbanization and converting other land classes 
into urban settlements, including forests and ag-
ricultural lands. This expansion highlights the 
district’s transition from a sub-urban periphery 
to a new hub for development, driven by the 
congestion in the Central Business District 
(CBD) and the demand for space in less con-
gested, less polluted areas. The dynamic chang-
es in LULC underscore the growing pressures 
on natural and agricultural land due to urban 
expansion, posing the district’s challenges for 
sustainable land management.
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