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Abstract: The Earth's surface and atmosphere have been substantially modified by the growth of anthropogenic activities
and urbanization. Changes in the composition and operation of the urban ecological system will affect the health of city
dwellers by increasing the risk of heat exposure, increasing the risk of violence, illness, and mortality, and reducing labor
productivity. Davao City is currently undergoing rapid urbanization, and no comprehensive study has examined the effects
of the changes on vegetation indices, urban expansion, traffic density, and land surface temperature, which are likely to
affect the area. This study analyzes the spatio-temporal change in vegetation indices, built-up expansion, traffic density,
and land surface temperature from 2018 to 2022 using Landsat 8 imagery and GIS tools, particularly QGIS. The results
show a moderate negative relationship between NDBI and NDVI (r = —0.4313), a strong positive relationship between
NDBI and LST (r = 0.6216), and a weak negative relationship between NDVI and LST (r =—0.2495). Results highlight the
interconnected influence of urbanization, vegetation dynamics, and thermal conditions within the study area, underscoring
the need to integrate green infrastructure, particularly along major road networks, to mitigate rising land surface
temperatures.
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I INTRODUCTION

The Earth's surface and atmosphere have been
substantially modified by growing anthropogenic activities
and urbanization (Yao et al., 2017). Urbanization is a large-
scale shift of population from rural to urban areas (Kuddus
et al., 2020). Concurrently, the expansion rate of global
urban land is double that of population growth (Angel et al.,
2011). That number is expected to rise to more than 65%
(United Nations, 2014), while less developed areas will hold
90% of this urban expansion (Fenta et al., 2017). However,
the expanding population puts tremendous pressure on land
expansion (Ray, 2011), and changes in land use alter the
physical properties of land (Lai et al., 2016).

Among these effects is the urban heat island (UHI)
(Peng et al., 2014), which is characterized by a temperature
difference between urban and rural areas (Zhou et al., 2015)
that resulted in a decrease in latent heat flux and the increase
in sensible heat flux in urban areas (Imhoff et al., 2010).
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This issue of human-induced gravely impedes the numerous
functions and services provided (Gessesse et al., 2015) as it
threatens both the quality of air and water (Grimm et al.,
2008), vegetation growth (Zhao et al., 2016), rainfall
patterns (Chen et al., 2018) and climate (IPCC, 2014) which
resulted in the increased demand for energy consumption
(Cui et al., 2017), and decreasing net production (Chen et
al., 2017) which can influence human life (Zhao et al.,
2015).

The changes to the composition and operation of the
urban ecological system will have an impact on the health of
city dwellers (Fu et al., 2014) by raising the possibility of
heat exposure that poses a health risk (Zhao et al., 2015)
raising the chance of violence, illness, and mortality (Gong
et al., 2012), and reduced labor productivity (Tong et al.,
2021). It is anticipated that these effects will worsen due to
global climate change (McCarthy et al, 2010). As
urbanization continues (Yang et al., 2016), the sensitivity
and level of exposure of individuals and communities
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determine the type and extent of health concerns (Tong et
al., 2021).

Traffic and urbanization are inextricably linked
globally due to the growth and population of urban areas
(Bertinelli & Black, 2004; Abbas, Selvanathan, &
Selvanathan, 2023). Although traffic congestion has always
been an important part of urban planning, the growing
number of vehicles and demand for transportation have made
it a significant problem that must be addressed (Gallivan &
Heydecker, 1988), particularly with the growth of delivery
and ridesharing services (Afrin & Yodo, 2020).
Additionally, vehicles and cars are a contributing factor to
urban heat emissions (Loiuza et al., 2015), which fuel urban
smog and global warming (Wang et al., 2004; Watkins et
al., 2007; Younger et al., 2008).

The expansion of transportation and industry increases
the amount of greenhouse gases in the atmosphere, which in
turn absorbs long-wavelength solar radiation from the earth
and raises city temperatures (Grover & Singh, 2015), and
the continuous constructions of buildings and roads (IPCC,
2019), pushing ecosystems and populations beyond their
capacity to adapt increases with the severity of heat waves
(Haines et al., 2019). Cities become warmer than their
hinterlands and surroundings when there is a significant
change in the land use/cover (LULC), which alters the
energy balance (Grover & Singh, 2015) by replacing natural
vegetation areas with impermeable surfaces like concrete,
asphalt, and metal (Kuang et al., 2014) which seem to be the
main factors causing the air to warm (Al Rakib et al., 2020).

The main factors contributing to heat intensification
are surface parameters arising from manmade surfaces
replacing wetlands, water surfaces, and vegetation cover,
which lowers evapotranspiration and evaporation (Renard et
al., 2019) and is further exacerbated by heat from air
conditioners, factories, and cars, which warm the
surrounding air (Liu & Zhang, 2011). An area's
socioeconomic and natural resource conditions, as well as
how they are used across time and location, are reflected in
the state of its land use and land cover (Rawat & Kumar,
2015) and the reduction in the quantity of land covers or
green spaces is the outcome of the increased in land usage
(Ursu et al., 2019) due to the growing urban population
(Ramachandra et al., 2018) which can be seen as
metropolitan areas appear to have greater temperatures than
the adjacent rural ones (Lieu et al., 2016).

Land cover and vegetation can effectively lower air
temperatures (Kophim, 2013), thereby reducing fluxes and
the amount of heat radiation emitted by structures, leading
to variations in atmospheric temperature after dusk (Perini et
al., 2014). Land cover change refers to changes in
continuous land characteristics, such as vegetation type, soil
conditions, and other factors (Patel et al., 2019). The
geographic and temporal conditions of land use or land
cover in a given region are crucial for understanding how
human activities interact with the environment. (Etefa et al.,
2018).
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Rapid urbanization affects the structure and function
of ecosystems. (Sun & Caldwell, 2015) The alteration of
land cover is a significant problem (Akpoti et al., 2016), and
this transformation is primarily the result of human activities
(Tewabe, 2020). The degree and kinds of disturbances to
land use and land cover have a significant impact (Caldwell
et al., 2012), including the conversion of marshes into farms,
grasslands into cities, and crops into orchards (Awotwi et
al., 2015), and agricultural land and forestland (Kurowska et
al., 2020) has been replaced with residential land use (Ng et
al., 2015), causing cropland and rangeland production to fall
on a global scale drastically (D'Odorico et al, 2012).

Determining the extent of human influence on the
environment is made easier by evaluating changes in land
use and cover (Chowdhury, 2020). The vegetation index is
analyzed and examined to determine the degree of LULC
change (Grover & Singh, 2015). A Geographic Information
System (GIS), a type of digital technology, integrates
hardware and software to analyze, store, and map
geographical data (Chao et al., 2018) using a database of
spatial properties (Kebur, 2021). By integrating together
seemingly unrelated data, it can help individuals and
organizations better understand spatial patterns and
relationships (National Geographic, 2022) such as how
urban growth is structured in relation to the pattern of land
use (Handayani et al., 2018) as well as the urban thermal
conditions may be detected and inverted which has made it
possible to measure urban geothermal temperatures using
remote sensing bands (Mao et al., 2016). The flexible
framework offered by GIS enables the collection, storage,
display, and analysis of the digital data required for change
detection (Wu et al., 2006).

A megadiverse region has been defined as the
Philippines based on its tropical forests and biodiverse
ecosystems (Domingo & Manejar, 2018) however, like the
rest of the world, the Philippines is rapidly becoming more
urbanized and has a higher population density (World Bank,
2017) while majority are concentrated in the Metro Manila
region (Purio et al., 2022). Davao City is one of the largest
cities in Asia, with a total land area of 2443.61 km2
(Cabrera & Lee, 2022). Approximately 41% of the city's
land area is designated as alienable and disposable, while
nearly half is designated as forestland with established
timberland. (Acioly et al, 2005) However, it is also
classified as a highly urbanized city in the southern
Philippines (Dumdumaya & Cabrera, 2023). In addition,
there are several cultural, environmental, and economic
challenges associated with the ongoing modification of
natural habitat for industrial, agricultural, and urban
development goals. (Hearne & Gamboa, 2008).

Davao City is currently rapidly urbanizing, and several
changes in vegetation indices, urban expansion, traffic
density, and land surface temperature are possible, affecting
the area. Moreover, there is limited empirical evidence
examining the statistical relationships among NDVI, NDBI,
traffic density, and land surface temperature. Over multiple
years to better understand how urbanization and
transportation activities collectively influence the city’s
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thermal environment. Therefore, it is necessary to carry out
this study. The research objective is to analyze the spatio-
temporal relationships among vegetation cover, urban
expansion, traffic density, and land surface temperature in
Davao City from 2018-2022 using Geographic Information
System (GIS) specifically this study aims to (i) analyze the
spatio-temporal changes of the Davao City land cover from
2018 to 2022 using Normalized Difference Vegetation Index
(NDVI); (ii) determine the urban expansion in Davao City
from 2018-2022 through Normalized Difference Built-up
Index (NDBI); (iii) assess the spatial and temporal
distribution of land surface temperature (LST) from 2018-
2022 and lastly, (iv) analyze the relationship between NDVI,
NDBI, and AADT with land surface temperature (LST) in
Davao City using Pearson-r correlation analysis.

The conceptual basis of this study is from the study
(Rashid et al., 2022) Impact of Land Use Change and
Urbanization on Urban Heat Island Effect in Narayanganj
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City, Bangladesh: A Remote Sensing-based Estimation.
They study the impacts of urbanization on the trend of
temperature rise and the degradation of the ecological
environment over eight years before and after the
establishment of Narayanganj City by using the Geographic
Information System to estimate spatiotemporal changes of
NDVI, NDBI, and LST to compute the changes in transition
between the research intervals (2011-2019) using the Semi-
Automatic Plugin tool. LST has been calculated using a
land-use change map, vegetation coverage computed from
the Normalized Difference Vegetation Index (NDVI),
building coverage assessed using the Normalized Difference
Built-up Index (NDBI), and the Urban Thermal Field
Variance Index (UTFVI) for evaluating the ecological index.
When classifying an unknown pixel, the MLC quantitatively
evaluates the variance and covariance of the category
spectral response patterns. Based on statistical parameters, it
is considered one of the most accurate classifiers (Shalaby &
Tateishi, 2007).

MDAV
[Wegetation Cover)

MDEI
{Uran Expansion}

Land Surface Temperature

Fig 1 Conceptual Framework of the Study

1. MATERIALS AND METHODS

This chapter presents the materials and methods used
to conduct the study, including the procedures for generating
maps of vegetation dynamics, urban expansion, traffic
density, and land surface temperature within the study area.
It also described the statistical tool used for data analysis.

» Research Design and Procedure

The research design employed in the study were
descriptive and quantitative non-experimental. A methodical
process used to gather, examine, and present information
regarding actual occurrences in order to characterize them in
their natural setting (Stewart, 2024) which can examine one
or more parameters using a variety of research techniques
(McCombes, 2019). This involves the use of measurement
tools and statistically represented data analysis (Mehrad et
al., 2015) applied in natural sciences this approach employs
mathematical, computational, and statistical methods to
obtain and analyze complex data and numerical information
(Surbhi, 2018). A research approach that involved assessing
the region's physical attributes and examining analytical
techniques using the Quantum Geographic Information
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System (QGIS). Landsat 8 satellite images from 2017, 2018,
2019, 2020, 2021 and 2022, with 10% cloud cover, were
obtained from the United States Geological Survey (USGS)
website. These datasets were standardized to a 30-meter cell
size and unified to a common projection to facilitate spatial
analysis. Pre-processing was conducted on all the satellite
images, and QGIS will be utilized to carry out tasks related
to changes in Normalized Difference Vegetation Index,
Normalized Difference Built-up Index, and Land Surface
Temperature (LST) computation.

> Supervised Classification

The Maximum Likelihood Classification method was
used for image classification to quantitatively evaluate the
variance and covariance of spectral response patterns across
different categories when identifying an unknown pixel.
Land cover change will be categorized into five distinct
classes: Built-Up, including buildings, roads, construction
sites, and industries. Dense Vegetation consisting of forest
and mature tree cover. Moderate Vegetation encompasses
all agricultural areas; Sparse vegetation includes arid lands,
representing sands and exposed soils; and no vegetation,
consisting of water bodies, covering waterlogged areas,
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ponds, rivers, and lakes. This classification approach
ensures accurate differentiation of land cover types based on
their spectral characteristics.

» Calculation of NDVI and NDBI

After Landsat images will be classified, the
Normalized Difference Vegetation Index (NDVI) is
calculated based on the difference in reflectance between the
near infrared (NIR) band and the red (RED) band of satellite
imagery. The equation used for calculating NDVI is as
follows:

SWIR (Band 6)— NIR (Band 5)
SWIR (Band 6) + NIR (Band 5)

NDBI =

Where: NDVI values range from -1.0 to +1.0, where
positive values represent areas with dense vegetation, while
negative values indicate non-vegetated regions. In addition,
for the Normalized Difference Built-up Index (NDBI) is used
method for quantifying built-up land in urban areas. Built-up
areas and bare soil are characterized by their reflectance in
the Short-Wave InfraRed (SWIR) spectrum. The NDBI is
calculated using the SWIR and Near-InfraRed (NIR) bands
with this equation:

» Calculation of LST and UTFVI

In this study, several processes need to be followed
due to the fact that the land surface temperature can only be
obtained after the processes by applying all these steps in the
raster calculator. First, is to calculate the top of
Atmospheric (spectral radiance) to ensures the accurate
measurement of radiant energy reaching the sensor, which
reflects the surface's thermal properties with the following
formula:

Where:

Calculation (Top of Atmospheric) spectral radiance.

TOA (L) = ML * Qcal + AL

ML = represents the band-specific multiplicative rescaling
factor,
Qcal=is the Band 10 image,
AL = is the band-specific additive rescaling factor
Where:

Brightness Temperature BT:

BT=(K2/(In (K1/L) + 1)) —273.15
K1 and K2= represent the thermal conversion

constants specific to each band given in the satellite
metadata (MTL.Text)
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-273.15= the calculated temperature (in Kelvin) is
adjusted by subtracting absolute zero

NDVI = NIR (Band 6)- R (Band 5) / NIR (Band 6) + R
(Band 5)

Note: the calculation of the NDVI is important
because, subsequently, the proportion of vegetation (Pv),
which is highly related to the NDVI, and emissivity (),
which is related to the Pv, must be calculated.

Where:
NIR=represents the near-infrared band (Band 6) R=
represents the red band (Band5)
Pv = ((NDVI—NDVImin) / (NDVImax — NDVImin))

Note: the value of the NDVI depends on the calculated
NDVI from the previous steps: PV= Proportion of
Vegetation, NDVImin and NDVImax= can be obtain
from the calculated NDVI from the previous steps

£=0.004 * Pv + 0.986
Where:

¢ = Emissivity 0.004=constant Pv=Proportion of Vegetation
0.986= corresponds to a correction value of the equation

LST = (BT / (1 + (A * BT /c2) * Ln(e))

Finally apply the LST equation to obtain the surface
temperature map.

Where:

BT: represents the brightness temperature A: wavelength of
emitted radiance

14388: constant

€: emissivity
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Fig 2 Methodological Framework of the Study

» Study Area

The study area, Davao City, located in the southeastern
portion of Mindanao, lies within the coordinates of 7.1907°
N latitude and 125.4553° E longitude (NAMRIA, 2023).
Geographically, this region includes coastal plains, while
other parts rise into mountains. The area is considered
highly urbanized, with a population of 1,949,000 as of 2022
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(PSA, 2022). Like many other cities, Davao City faces
issues associated with urban heat islands, driven by factors
such as the urban environment, a lack of vegetation, and
poor planning (DCPO, 2022). Given this, it is crucial to
study this region today due to the ongoing expansion of
urban areas, the ongoing conversion of land cover to meet
human needs, and the growing number of vehicles.
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Fig 3 Map Showing the Location of the Study
. RESULTS AND DISCUSSION
» Vegetation Index in Davao City from 2018-2022
Table 1 Vegetation Index of Davao City from 2018-2022
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Table 1 and Figures 4 and 5 show the vegetation
dynamics of Davao City from 2018 to 2022. The results
show that notable variations were observed in the
distribution of vegetation classes, reflecting changes in
vegetation distribution. The lowest class, which
corresponds to non-vegetated areas such as exposed soil and
water bodies, accounted 0.08% (2,044.53 ha) of the total area
in 2018, and increased marginally to 0.11% (2,884.12 ha) in
2019, increased in water bodies was largely driven by
human activities, particularly the development of aquaculture
ponds and water resource management (Jiang et al., 20024)
which gradually decreased to 1, 964.26 ha (0.08%) by 2021,
indicating that the non-vegetated class occupied only a small
proportion of the area of study.

The built-up class similarly exhibited modest
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fluctuations, from 46,288.32 ha (1.84%) in 2018 to
73,804.41 ha (2.46%) in 2020, and increased slightly to
66,322.65 ha (2.63%) in 2021. Accelerating urbanization is a
major driver of vegetation loss (Seto et al., 2012), reduction
of areas essential for conserving biodiversity (Aronson et
al., 2017), and More substantial variations were evident in the
vegetation classes: sparse, moderate, and dense. For sparse
vegetation, which expanded considerably from 166,834.06
ha (6.62%) in 2018 to 959,445.89 ha (38.07%) in 2019, and
then decreased sharply to 225,764.12 ha (8.96%) in 2020,
before increasing again in 2021. A similar decrease was also
observed in the moderate vegetation class, which initially
covered 1,641,822.67 ha (65.14%) in 2018 and dropped
substantially to 242,273. 50 ha (9.61%) in 2019, which
increased a year later to 1,670,192.97 ha (66.26%) in 2020
and further increased in 2021.
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Fig 4 Graph Showing the Vegetation Index of Davao City from 2018-2022

Lastly, for the dense vegetation class represents
healthy vegetation such as forest and mature tree cover
expanded from 663, 301, 88 ha (26.32%) in 2018 to 1, 241,
833.54 ha (49. 27%) in 2019, but subsequently declined to
560, 283.42 ha (22.23%) in 2020 and 457, 674. 01 ha
(18.16%) in 2021, this change in vegetation cover
influenced vegetation phenology and environmental

NISRT26JUL851

variability, as indicated by the values (Tucker, 1779; Jensen,
2015) and seasonal vegetation responses, as well as
agricultural cycles (Pettorelli et al., 2005; Weng, 2012). This
reduction in vegetation restricts ecosystem services such as
carbon sequestration and flood control (Tzoulas et al.,
2007), leading to flooding (Gunawaderna et al., 2017) and
increased urban temperatures (Bowler et al., 2010).
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» Built-up Expansion Index of Davao City from 2018-2022

Table 2 and Figures 6 and 7 present the built-up
expansion results for Davao City during the 2018-2022
study period. The analysis shows noticeable variations in the
spatial distribution of the identified land cover classes.
Built-up and dense vegetation classes consistently occupied
relatively small proportions of the study area cand exhibited
considerable annual fluctuations, with built-up ranging from

Fig 5 Spatio-Temporal Change in Vegetation Dynamics of Davao City from 2018-2022

8,009.92 ha (0.32%), which sharply decreased to 2, 135.94
ha (0.08%); however, it considerably increases by 7.941.21
ha (0.32%) In 2020, but declined to 5, 376.47 ha (0.07%) in
2021, and up to 2022. The relatively limited extent of built-
up area suggested that urban expansion accounted for only a
small proportion of urban surfaces (zha et al., 2003; Weng,
2012).

Table 2 Built-up Index in Davao City from 2018-2022
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Moderate vegetation remained the predominant class,
comprising 2,046,419.69 ha (81.20%) of the total area in
2018, decreased to 1,629,795.75 ha (64.66%) in 2020, and
subsequently increased to 1,858,093.01 ha (73.72%). In
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contrast, sparse vegetation expanded from 316,523.51 ha
(12.56%) in 2018 to 669,415.58 ha (26.56%) in 2020, then
suddenly decreased to 552,219.20 ha (21.91%) in 2022,
suggesting a change in vegetation density over time.
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Fig 6 Graph Showing the Urban Expansion of Davao City from 2018-2022

Likewise, mixed areas increased from 87,568.22 ha
(3.47%) in 2018 to 191,636.16 ha (7.60%) in 2020, before
declining to 101,996.87 ha in 2022. The limited human
activities during COVID-19 create temporary opportunities
for ecosystem recovery and improved environmental quality

(Bates et al., 2020) across terrestrial ecosystems
(Diffenbaugh et al., 2020), such as lower pollution levels
(Rume & Islam, 2020; Bates et al., 2020), restrictions on
vehicles used, and industrial operations (Corlett et al., 2020)
and anthropogenic pressures (Bashir et al., 2020).
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» Land Surface Temperature of Davao City from 2018 to
2022

Table 5 and Figures 10 and 11 present the analysis of

land surface temperatures in Davao City from 2018 to 2022.

The data show considerable temporal variation in the

thermal characteristics of the study area from 2018 to 2022,

from very low to very high temperatures. In 2018, the study

IJISRT26JUL851

area exhibited very high temperatures of 28.70°C and very
low temperatures of 5.40°C, indicating relatively cooler
surface conditions that may be attributed to the abundance of
vegetation and water bodies that mitigate surface heating by
providing shade and facilitating evapotranspiration (Weng et
al., 2004; Voogt & Oke, 2003).
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Table 5 Land Surface Temperature of Davao City from 2018 -2022

YEAR Land Surface Temperature (°C)
Very Low Very High
2018 5.4 28.7
2019 11.01 33.32
2020 4.79 36.66
2021 9.38 33.2
2022 6.54 32.71

In 2019, both the very low 11.01°C and very high
33.32°C temperatures increased, reflecting an increase in

characteristics (Amiri et al., 2009).

surface temperature which may be associated with annual
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Fig 8 Graph Showing the Land Surface Temperature of Davao City from 2018-2022

The highest temperature of 36.66°C was recorded in
2020, while the very low temperature decreased to 4.79°C;
the observed pattern is likely associated with the expansion
of impervious surfaces, reduced vegetation density, and
variations in annual meteorological conditions, collectively
contributing to higher land surface temperature (Weng,

temperature of 6.54°C.

2009; Li et al., 2013). However, in 2021, a sudden decrease
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climatic fluctuations and localized alterations in land cover

in the very high temperature was observed to 33. 20°C,
whereas the very low temperature was increased to 9.38°C,
this may indicate the combined influence of improved
vegetation conditions. (Rasul et al., 2017). By 2022, the very
high temperature further declined to 32.71°C with a very low
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Fig 9 Spatio-Temporal Change in Land Surface Temperature of Davao City from 2018-2022
» Correlation Analysis between NDVI, NDBI, and LST
Table 6 Correlation Analysis between NDVI, NDBI, LST, and AADT
NDBI NDVI LST
NDBI 1
NDVI -0.4313 1
LST 0.621584 -0.24949 1
1JISRT26JUL851 WWW.ijisrt.com 2124



https://doi.org/10.38124/ijisrt/26jul851

Volume 11, Issue 7, July — 2026
ISSN No:-2456-2165

Table 6 shows that the correlation between NDBI and
NDVI is moderate and negative (r = -0.4313), indicating that
as built-up areas increase, vegetation cover decreases. This is
expected in urbanizing environments where infrastructure
expansion often replaces vegetated surfaces. In contrast,
NDBI and LST showed a strong positive relationship (r =
0.621584), indicating that highly built-up areas tend to
experience higher surface temperatures. Built-up materials
such as concrete and asphalt absorb and retain heat,
contributing to the urban heat island effect. This suggests
that urban development significantly influences temperature
variation within the study area. Lastly, the relationship
between NDVI and LST showed a weak negative correlation
(r = -0.24949), indicating that areas with higher vegetation
cover generally experience lower temperatures. Vegetation
helps regulate temperature through shading and
evapotranspiration, although the weak relationship suggests
that other environmental and anthropogenic factors also
affect land surface temperature.

» Policy Implications

Based on the study's findings, policy implications
include strengthening transportation planning through
improved traffic signal systems, road widening projects,
alternate routes, and enhanced public transportation services
within major urban corridors. Implement roadside tree
planting programs, preserve urban green spaces, and protect
agricultural lands from unnecessary development. Promote
sustainable transportation systems, such as modernized
public utility wvehicles, bike lanes, pedestrian-friendly
infrastructure, and stricter wvehicle-emission monitoring
programs.

Integrate green infrastructure such as urban parks, rain
gardens, green roofs, and permeable pavements into city
planning and infrastructure development projects. Expand
urban forestry and watershed protection programs,
strengthen conservation initiatives in upland areas, and
encourage community-based tree planting and sustainable
landscape management.

V. CONCLUSIONS &
RECOMMENDATIONS

Thus, the study reveals that from 2018-2022; in terms
of the vegetation index the moderate vegetation holds the
highest area coverage from the aforementioned years this
signifies that in terms of vegetation agricultural areas holds
the highest coverage in the study area, there are times that the
total area fluctuates due to the fact that during the capture of
data in the landsat 8 coincides the date of pre or post-harvest
of the farmers, second the built up index also fluctuates from
2018-2022 this variations due to the changes in the land
cover types in where some changes may due to the effect of
pandemic which hinders the continues expansion and the
practices made by humans such a planting. Third, land
surface temperature increases in built-up areas as built-up
expansion occurs, whereas very low land surface
temperatures are observed in areas with thick, healthy
vegetation, which occupies a small land cover area. Fourth,
in terms of traffic density, the barangay of Matina and the
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Davao City International Airport have the highest annual
average traffic density across the five major roads. This
suggests that almost all people traveled from the south to the
north area. This is due to work-related reasons, schools,
hospitals, malls, and the Davao airport. The correlation
between NDBI and NDVI is negative, indicating that as
built-up areas increase, vegetation decreases due to the
conversion of vegetated areas to urban areas for
infrastructure expansion. Conversely, the NDBI and LST
presents a strong positive relationship which indicates that
highly built-up areas hold the highest land surface
temperature, Lastly, the NDVI and LST present a weak
negative correlation emphasizes that areas with highest
vegetation cover generally has the lowest land surface
temperature. Overall, the results highlight the interconnected
influence of urbanization, transportation activities,
vegetation dynamics, and thermal conditions within the
study area.

» Recommendations
Based on the findings of the study, it is recommended
that the following:

e To Local Planners and Policymakers: To strengthen the
integration of green infrastructure, particularly along
major road networks, to help mitigate increasing land
surface temperatures. The establishment of roadside tree
planting, urban green buffers, and expanded green spaces
is encouraged to reduce heat accumulation in areas with
high traffic volume. In addition, land-use planning
should be improved to better coordinate transportation
development with urban expansion, minimizing
fragmented landscapes and uncontrolled surface changes.
Regular monitoring using remote sensing indicators such
as NDVI, NDBI, and LST is also recommended to track
environmental changes and guide evidence-based
decision-making.

e Future Researchers: Should incorporate additional
factors such as air quality, population growth, and
seasonal climate variations to provide a more
comprehensive understanding of urban heat dynamics in
the city, and also better choose from the present years.
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