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Abstract: Population density is a critical planning indicator that influences infrastructure provision, public service delivery, 

and resource allocation. This study analyzed the spatiotemporal patterns of population density in the Municipality of 

Carmen, Davao del Norte, Philippines, from 2015 to 2024 and examined their implications for local planning and 

development. A descriptive-quantitative approach integrated with spatial and temporal analyses was employed using 

barangay-level population and land area data. Results showed that the municipal average population density increased from 

441.71 persons/km² in 2015 to 505.26 persons/km² in 2024, representing a 14.38% increase over the study period. Barangays 

Ising, Sto. Niño and Tubod consistently recorded the highest population density, while Minda, Salvacion, and San Isidro 

remained the least densely populated. Seventeen of the twenty barangays exhibited increasing density trends. Spatial analysis 

revealed a high degree of persistence in the municipality’s settlement structure, with population growth occurring primarily 

through the intensification of existing population centers rather than the emergence of new centers. The findings indicate 

that population density patterns in Carmen remain unevenly distributed across barangays and highlight the importance of 

incorporating population density analysis into local planning processes to support evidence-based development decisions 

and sustainable resource allocation. 
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I. INTRODUCTION 

 

Population density is a fundamental demographic 

indicator that defines the concentration of people within a 

certain geographic area and provides essential information for 

planning and decision-making in development (Angel et al., 

2021). Apart from determining the number of people in a 

given space, population density also indicates patterns of 

human settlement, land use, and development intensity that 

influence the demand for infrastructure, public services, and 

community facilities (Yang et al., 2020). Urbanization and 

population growth are changing the spatial distribution of 

human settlements worldwide. Knowledge of population 

distribution has become an important concern for 

governments and planners seeking to improve sustainable 

development and efficient resource allocation (Haase et al., 

2018). Population density information is also a key input for 

assessing development needs, prioritizing investments, and 

supporting evidence-based planning initiatives at different 

geographic scales (Leyk et al., 2019). 

 

Rapid population concentration in specific areas can 

increase pressure on housing, transportation systems, public 

utilities, and social services, whereas in sparsely populated 

areas, infrastructure and service delivery may be inefficient 

(Arfanuzzaman & Dahiya, 2019). Urban growth and 

economic development may also lead to unequal distribution 

of infrastructure and public investments, resulting in 

disparities of access to essential services among communities 

(Pandey et al., 2025). Providing public facilities and services 

in low-density areas is typically more costly per capita, 

further complicating the challenges faced by local 

governments and planners (Miyauchi & Setoguchi, 2023). 

The conditions highlight the importance of understanding 

population density patterns as a foundation for informed 

planning and sustainable development interventions 

(McDonald et al., 2023). 
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According to the Philippine Statistics Authority (2022), 

around 58.93 million Filipinos, or 54.0 percent of the 

country’s total population, resided in urban barangays in 

2020. This increasing population concentration within urban 

and developing communities places additional demands on 

infrastructure, public services, housing, and economic 

opportunities (Fragkais et al., 2013). As noted by Reyes et al. 

(2022), local planning and budgeting depend on the 

availability of localized demographic information that 

accurately reflects community conditions and development 

needs. In the same vein, Monorom et al. (2020) highlighted 

the importance of small-area population data for planning 

public facilities, infrastructure development, resource 

allocation, and service delivery. Also, Zander et al. (2018) 

demonstrated that population density is highly correlated with 

environmental and socio-economic conditions, underscoring 

its relevance to planning and development processes. 

 

According to the Philippine Statistics Authority (2025), 

the population of the Davao Region has increased from 

5,243,536 in 2020 to 5,389,422 in 2024. This shows that the 

region is experiencing continued demographic growth. Such 

growth is generally accompanied by rising demands for 

infrastructure, public services, and development interventions 

at the local level (Saniel & Salapa, 2024). These demographic 

changes also affect Carmen, a municipality of 20 barangays 

with diverse demographics. However, population growth is 

rarely uniform across communities (Damgo et al., 2023). This 

creates variation in population density and distinct 

development needs for barangays, meaning local planning 

tools must account for unique localized drivers rather than 

uniform projections (Chaves et al., 2022). Therefore, these 

differences are significant in understanding and supporting 

infrastructure planning, public service provision, resource 

allocation, and future development initiatives within the 

municipality through integrated geospatial data (Tabiongan, 

2024; Monorom et al., 2020). 

 

Despite the recognized importance of demographic 

information, local governments frequently face challenges in 

obtaining detailed evidence of population concentration 

changes within their jurisdictions. While population counts 

generated through census activities provide information on 

the number of residents, they often offer limited insights into 

the spatial distribution of populations and the varying levels 

of concentration across communities (Wardrop et al., 2018). 

Understanding where population concentrations are 

increasing, decreasing, or remaining stable is essential 

because such patterns influence infrastructure requirements, 

public service delivery, land-use decisions, and development 

priorities (Li et al., 2018). Wang and Zhou (2021) further 

noted that spatial patterns of population distribution play a 

critical role in regional planning and development decision-

making. Consequently, population density information 

represents an important planning tool that extends beyond 

simple population counts by providing a clearer 

understanding of how people are distributed across space 

(Leyk et al., 2019). 

 

Although numerous studies have examined population 

growth, urbanization, and demographic change at national, 

regional, and metropolitan scales, comparatively fewer 

studies have investigated population density dynamics within 

smaller administrative units such as barangays. Existing 

research has largely focused on broader demographic trends, 

while localized evidence describing how population density 

patterns evolve across communities remains limited 

(Wardrop et al., 2018). Furthermore, studies conducted in 

Mindanao have demonstrated the value of localized spatial 

assessments for planning and decision-making, yet similar 

investigations focusing specifically on barangay-level 

population density patterns remain limited in municipalities 

such as Carmen, Davao del Norte (Damgo et al., 2023). This 

gap constrains the availability of localized demographic 

information needed to support evidence-based planning, 

resource allocation, and development interventions. 

Therefore, the population density patterns and trends of 

barangays in the Municipality of Carmen from 2015 to 2024 

were analyzed for their spatial and temporal characteristics, 

and the implications of population density dynamics for local 

planning and urban development were discussed. 

 

 Objectives 

The general objective of this study is to analyze the 

spatiotemporal patterns of population density in the 

Municipality of Carmen, Davao del Norte, from 2015 to 2024 

and examine their implications for local planning and 

development. Specifically, this study aims: 

 

 To determine the population density levels of the 

barangays in the Municipality of Carmen from 2015 to 

2024. 

 To analyze the spatial and temporal patterns of population 

density across barangays within the Municipality of 

Carmen from 2015 to 2024. 

 To discuss the planning and development implications of 

the observed population density patterns in the 

Municipality of Carmen. 

 

 Theoretical Framework 

The main theoretical basis of this study is the Central 

Place Theory (Christaller 1933), which explains the 

distribution of population and settlements based on the 

availability of goods, services, and economic functions. 

According to the theory, centers of commerce, administration, 

and public services attract larger populations, resulting in 

higher population densities than in surrounding areas. The 

theory is used to explain the variations of population density 

of barangays and the concentration of population in areas of 

greater accessibility and service functions in the context of 

the 

 

The study is also supported by the Growth Pole Theory 

suggested by Perroux (1955) and discussed by Parr (1999), 

which suggests that development is concentrated around 

specific growth centers where economic activities and 

investments are clustered. These growth centers attract people 

and spur growth in their adjacent areas, impacting settlement 

patterns over time. This perspective adds to the understanding 

of the temporal changes in population density and the 

increase in population concentration in some barangays of 

Carmen from 2015 to 2024. Together, these theories offer a 
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framework for understanding spatial and temporal patterns of 

population density and their implications for local planning 

and development. 

 

 Conceptual Framework 

The study adopted the Input–Process–Output (IPO) 

model as its conceptual framework to illustrate the systematic 

flow of data and analytical procedures used in examining 

population density patterns in the Municipality of Carmen, 

Davao del Norte, from 2015 to 2024. 

 

The Input component consists of the population data of 

the twenty barangays of the Municipality of Carmen covering 

the period from 2015 to 2024. These data served as the 

primary source for determining population density and 

identifying demographic changes over time. 

 

The Process component involves calculating population 

density, conducting spatial analysis, performing temporal 

analysis, and assessing patterns. Population density was 

computed by relating the population count to the 

corresponding land area of each barangay. Spatial analysis 

was conducted to examine population density across 

barangays, while temporal analysis was used to determine 

changes in population density over the 10-year study period. 

Pattern assessment was subsequently undertaken to identify 

areas exhibiting increasing, decreasing, or fluctuating 

population density trends. 

 

The Output component comprises the population 

density levels, spatiotemporal population density patterns, 

and their corresponding planning and development 

implications. The findings provide insights into the 

distribution and dynamics of population concentration within 

the municipality, which may serve as a basis for infrastructure 

planning, public service provision, resource allocation, and 

evidence-based local development planning. 

 

Overall, the conceptual framework demonstrates how 

population data are transformed through analytical 

procedures into meaningful information that supports 

planning and development decision-making in the 

Municipality of Carmen. 

 

 
Fig 1 Conceptual Framework of the Study 

 

II. MATERIALS AND METHODS 

 

 Design and Procedure 

This study utilized secondary population and spatial 

data to analyze the spatiotemporal patterns of population 

density in the Municipality of Carmen, Davao del Norte, from 

2015 to 2024. Population data were obtained from the 

Philippine Statistics Authority (PSA) and relevant municipal 

records, while barangay land area data were acquired from 

official geographic and planning datasets. These data served 

as the basis for determining population density levels and 

examining changes in population distribution across the 

municipality. 

 

Population density was computed for each barangay 

using the standard population density formula: 

 

Population Density = Population ÷ Land Area 

 

Where population density is expressed in persons per 

square kilometer (persons/km²), population refers to the total 

number of inhabitants within a barangay, and land area refers 

to the total area of the barangay in square kilometers. The 

computed density values were generated annually from 

2015–2024 to facilitate the assessment of temporal changes 

in population concentration. 

 

After computing population density, spatial analysis was 

conducted to examine its geographic distribution across the 

20 barangays of Carmen. Population density maps were 

generated using Geographic Information System (GIS) 

techniques to visualize areas with relatively high and low 

population concentration. A spatial comparison among 

barangays was conducted to identify patterns of population 

clustering and distribution within the municipality. 

 

Temporal analysis was subsequently undertaken to 

evaluate changes in population density over the ten-year 

study period. Annual density values were compared to 

determine trends, increases, decreases, and fluctuations in 

population concentration among barangays. The analysis 

enabled the identification of areas experiencing sustained 

population growth as well as barangays exhibiting relatively 

stable or declining density levels. 

 

The resulting population density values and spatial 

outputs were analyzed using descriptive statistics, including 

minimum, maximum, and mean density values. Trends 

observed in the spatial and temporal analyses were interpreted 

https://doi.org/10.38124/ijisrt/26jun1517
http://www.ijisrt.com/


Volume 11, Issue 6, June – 2026                                 International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                  https://doi.org/10.38124/ijisrt/26jun1517 

 

 

IJISRT26JUN1517                                                               www.ijisrt.com                   3378 

in relation to local planning and development concerns, 

particularly those related to infrastructure provision, public 

service delivery, land-use management, and resource 

allocation. The integrated analysis provided a comprehensive 

understanding of the spatiotemporal dynamics of population 

density in the Municipality of Carmen and their implications 

for future planning initiatives. 

 

 Study Area 

The study was conducted in the Municipality of 

Carmen, Davao del Norte, Philippines. Carmen is a first-class 

municipality strategically located within the Davao Region 

and serves as an important agricultural, commercial, and 

transportation hub in the province. The municipality is 

composed of twenty (20) barangays with varying levels of 

development, accessibility, and settlement concentration, 

making it a suitable area for examining differences in 

population density across local communities. 

 

Carmen was selected as the study area because it has 

experienced continuous population growth and increasing 

development activities over the years. Its strategic location 

along major transportation corridors, proximity to urban 

centers, and expanding economic functions have contributed 

to changing settlement patterns and population distribution 

within the municipality. These changes create varying 

demands for infrastructure, public facilities, housing, 

transportation services, and other development interventions, 

all of which are directly influenced by population 

concentration. 

 

 
Fig 2 Location of the Study 

 

III. RESULTS AND DISCUSSIONS 

 

 Population Density Levels of Barangays in the Municipality of Carmen (2015–2024) 

Table 1 presents the population density levels of the 20 barangays in the Municipality of Carmen, Davao del Norte, for 2015, 

2020, and 2024. Population density, measured as the number of persons per square kilometer, was used to assess population 

concentration within each barangay. 

 

Table 1 Summary of Population Density Levels and Trends of Barangays in the Municipality of Carmen,  

Davao del Norte (2015–2024) 

Barangay 
Population Density 

(Person per km²) 

Change 

(%) 

Pattern 

 2015 2024   

Alejal 525.86 539.93 2.68 Increasing 

Anibongan 337.64 390.67 15.71 Increasing 

Asuncion 397.55 539.98 35.83 Increasing 

Cebulano 357.83 521.27 45.67 Increasing 
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Guadalupe 216.61 295.67 36.50 Increasing 

Ising 1198.04 1398.88 16.76 Increasing 

La Paz 670.06 511.18 -23.71 Decreasing 

Mabaus 236.57 255.48 7.99 Increasing 

Mabuhay 815.07 456.45 -43.99 Decreasing 

Magsaysay 282.35 302.76 7.23 Increasing 

Mangalcal 703.62 860.99 22.37 Increasing 

Minda 107.08 127.67 19.23 Increasing 

New Camiling 347.47 592.88 70.63 Increasing 

Salvacion 156.58 168.20 7.42 Increasing 

San Isidro 148.77 171.19 15.07 Increasing 

Sto. Niño 1038.72 1140.72 9.82 Increasing 

Taba 301.00 303.35 0.78 Fluctuating 

Tibulao 418.85 460.01 9.83 Increasing 

Tubod 870.61 1093.61 26.61 Increasing 

Tuganay 355.74 440.57 23.85 Increasing 

Average 441.71 505.26 14.38 Increasing 

 

The results indicate an overall increase in the 

Municipality of Carmen's population density during the study 

period. The average municipal population density was 441.71 

persons/km2 in 2015, 485.12 persons/km2 in 2020, and 

505.26 persons/km2 in 2024. This represents a growth of 

around 14.38 percent over the ten years, showing a trend of 

increasing population concentration within the municipality. 

Increased population density is often associated with 

demographic growth and changing settlement patterns, which 

influence the spatial distribution of population within local 

communities (Leyk et al., 2019). 

 

The results showed great variations in population 

density from barangay to barangay. Barangay Ising had the 

highest population density in 2024 at 1,398.88 persons/km2, 

followed by Sto. Niño (1,140.72 persons/km2) and Tubod 

(1,093.61 persons/km2). These barangays consistently had 

density levels well above the municipal average throughout 

the study period, indicating higher population density than in 

other areas of the municipality. Also, in 2024, Mangalcal 

(860.99 persons/km²) and Alejal (539.93 persons/km²) had 

the highest population densities. Similar patterns of 

population concentration have been found in other locations 

where demographic growth tends to be clustered rather than 

evenly spread across space (Wardrop et al., 2018). 

 

On the other hand, the lowest population density in 2024 

was recorded in Barangays Minda (127.67 persons/km²), 

Salvacion (168.20 persons/km²), and San Isidro (171.19 

persons/km²). These barangays consistently had lower 

population density throughout the study period, indicating a 

more dispersed population distribution. The disparity 

between barangays with the highest and lowest densities was 

considerable. In 2024, Ising’s population density was nearly 

eleven times that of Minda’s. Such differences indicate the 

uneven distribution of population within the municipality and 

suggest varying levels of settlement concentration among the 

barangays. 

 

Analysis of the density pattern showed that, in most 

barangays, population growth was generally accompanied by 

increasing density. The remaining 17 barangays exhibit 

increasing population density from 2015 to 2024, indicating 

a general population concentration trend in the municipality. 

Significant increases were recorded in Tubod, Sto. Niño, 

Mangalcal, New, and Asuncion, all of which had large 

increases in density during the period of study. On the other 

hand, La Paz and Mabuhay showed declining densities, while 

Taba showed slight fluctuations. Results indicate that 

population density generally increased in Carmen, but the 

magnitude and direction of change varied across barangays. 

Yang et al. (2020) indicated that population growth and 

changes in density often occur unevenly across space due to 

differences in local development conditions, accessibility, 

and settlement dynamics. 

 

Overall, findings indicated that population density in the 

Municipality of Carmen shows high variation among 

barangays, with a few areas having high population 

concentrations and others relatively sparsely populated. The 

observed differences in density levels are an important basis 

for understanding the distribution of population within the 

municipality and a foundation for the analysis of spatial and 

temporal patterns of population density that follows. 

 

 Spatial and Temporal Patterns of Population Density in 

the Municipality of Carmen (2015–2024) 

The spatial distribution of the population density in the 

Municipality of Carmen in 2015, 2020, and 2024 is shown in 

Figure 1. The results suggest a high spatial persistence during 

the study period. Barangays with relatively high population 

density levels in 2015, especially Ising, Sto. Niño, Tubod, and 

Mangalcal generally remained in the higher density 

categories in 2020 and 2024. Similarly, the barangays with 

low population density, such as Minda, Salvacion, and San 

Isidro, are in the lower-density classes across all three 

periods. The patterns indicate that the overall hierarchy of 

population concentration within the municipality remained 

relatively stable despite continued population growth. 
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Fig 3 Population Density Pattern of the Municipality of Carmen, Davao del Norte 

 

Temporal changes in population density were 

characterized largely by intensification rather than spatial 

reorganization. The spatial distribution of density classes has 

changed only slightly over time, while the municipality's total 

population density has increased. Population growth was 

more likely to reinforce existing centers of concentration than 

to create new ones. This is observed in barangays like Ising 

and Sto. Niño, which remained consistently in the highest-

density categories throughout the study period. Similar 

observations have been reported in studies showing that 

demographic growth often strengthens established settlement 

structures and existing areas of concentration rather than 

leading to substantial changes in population distribution 

(Haase et al., 2018; Angel et al., 2021). 

 

The maps further indicate the emergence of several 

barangays with increasing demographic significance. 

Barangays such as New, Cebulano, Guadalupe, and Tuganay 

exhibited upward shifts in density classifications between 

2015 and 2024, suggesting gradual increases in population 

concentration. However, these changes occurred within the 

broader context of an already established settlement 

hierarchy, indicating that demographic growth expanded 

around existing population centers rather than replacing them. 

Such patterns are consistent with spatiotemporal studies that 

describe population growth as a process of density 

intensification within established settlements (Rith et al., 

2020). 

 

The results of the spatiotemporal analysis, in general, 

showed the persistence, selective intensification, and stability 

of the settlement structure, characterized by an increase in 

population density in the Municipality of Carmen. Overall, 

the municipality's density has increased, but the relative 

positions of the barangays in the hierarchy of population 

density remain relatively stable over the ten-year period. 

 

 Planning and Development Implications of Population 

Density Patterns 

The observed patterns of population density have 

important implications for local planning and development in 

the Municipality of Carmen. The municipality's increasing 

population density and ongoing growth in several barangays 

indicate a need for infrastructure, public facilities, and basic 

services. Barangays with consistently high-density levels, 

especially Ising, Sto. Niño, Tubod, and Mangalcal are likely 

to face greater pressure on existing infrastructure and 

community facilities due to population concentration. Local 

governments should ensure that the provision of essential 

services is responsive to changing demographic conditions 

(Arfanuzzaman & Dahiya, 2019). 
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The spatiotemporal analysis also showed that 

population growth was mainly due to the intensification of 

existing population centers, rather than the emergence of new 

settlement areas. This pattern suggests that future 

development pressures are likely to be concentrated in 

already populated areas. Hence, land-use planning strategies 

should aim to manage growth in such areas to support the 

efficient use of land resources, ensure adequate service 

provision, and avoid congestion associated with increasing 

population density. Population density data can be useful for 

local development planning and help decision-makers 

determine where to invest in future infrastructure and service 

expansions. 

 

At the same time, the persistence of low-density 

conditions in some barangays underscores the need for 

balanced territorial development. “Higher density barangays 

will require more infrastructure capacity, while lower density 

areas can benefit from improved accessibility, strategic 

service delivery and development projects that address local 

development opportunities. This approach can contribute to a 

more equitable distribution of public resources and to 

reducing differences in access to basic services throughout 

the municipality. Research on sustainable urban development 

indicates that population distribution patterns are critical for 

guiding resource allocation, service provision, and long-term 

development planning (McDonald et al., 2023). 

 

In general, the findings suggest that population density 

can be a valuable planning indicator in understanding 

settlement dynamics and planning for future development 

needs. The incorporation of population density analysis into 

local planning processes may support evidence-based 

decision-making and contribute to more efficient, sustainable 

development strategies within the Municipality of Carmen. 

 

IV. CONCLUSION AND RECOMMENDATION 

 

 Conclusion 

The study analyzed the population density patterns of 

the Municipality of Carmen, Davao del Norte, from 2015 to 

2024 and their implications for local planning and 

development. The results showed an increase in the 

municipality's population density, from 441.71 persons/km² 

in 2015 to 505.26 persons/km² in 2024, indicating continued 

population growth and greater settlement concentration. 

However, the population density levels varied greatly 

between the barangays, with Ising, Sto. Niño and Tubod 

consistently had the highest density levels, while Minda, 

Salvacion, and San Isidro had the lowest during the study 

period. 

 

The spatiotemporal analysis showed that population 

growth was mainly expressed through the intensification of 

existing population centers rather than the emergence of new 

population concentration areas. The barangays with relatively 

high population density in 2015 were generally found to be in 

the same positions in the municipal density hierarchy in 2024, 

indicating a high degree of spatial persistence and stability of 

settlement patterns. Although most barangays have higher 

population density, population distribution was uneven 

throughout the municipality. 

 

The observed density patterns underscore the 

importance of population density as a planning indicator for 

understanding settlement dynamics and supporting evidence-

based decision-making. The findings suggest that future 

planning efforts should consider varying degrees of 

population concentration across barangays to ensure that 

infrastructure provision, public service delivery, and 

development interventions are responsive to evolving 

demographic conditions. In general, the study contributes to 

spatial and temporal understanding of population distribution, 

which can support more informed local planning and 

sustainable development initiatives in the Municipality of 

Carmen. 

 

 Recommendations 

The results of the study suggest that the Municipality of 

Carmen should consider population density analysis in its 

local planning and development process to support evidence-

based decision-making. Regular monitoring of population 

density trends at the barangay level can help planners identify 

areas with increasing population density and anticipate future 

infrastructure and service requirements. 

 

Barangays with consistently high population density, 

namely Ising, Sto Niño, Tubod, and Mangalcal, should be 

prioritized in assessing infrastructure capacity and public 

service provision to ensure that existing facilities are 

sufficient for current and future population demands. Also, 

development strategies for lower-density barangays should be 

focused on improving access and service coverage to promote 

balanced territorial development in the municipality. 

 

Future research may incorporate additional 

demographic, socio-economic, and land-use variables to 

investigate further factors that influence population density 

patterns and settlement dynamics. The expansion of temporal 

coverage and comparison with neighboring municipalities 

can also contribute to a broader understanding of population 

distribution trends in the province and the region. 

 

REFERENCES 

 

[1]. Angel, S., Lamson-Hall, P., & Gonzalez Blanco, Z. 

(2021). Anatomy of density: Measurable factors that 

constitute urban density. Buildings and Cities, 2(1), 

264–282. https://doi.org/10.5334/bc.91 

[2]. Arfanuzzaman, M., & Dahiya, B. (2019). Sustainable 

urbanization in Southeast Asia and beyond: 

Challenges of population growth, land use change and 

environmental health. Growth and Change, 50(2), 

725–744. https://doi.org/10.1111/grow.12297 

[3]. Chaves, C. M., Eustaquio, J., & da Costa Marcall, A. 

C. (2022). Modeling the development of settlements 

in the Philippines. Transactions of the National 

Academy of Science and Technology, 43. 

https://doi.org/10.57043/transnastphl.2021.1130 

https://doi.org/10.38124/ijisrt/26jun1517
http://www.ijisrt.com/
https://doi.org/10.5334/bc.91
https://doi.org/10.1111/grow.12297
https://doi.org/10.57043/transnastphl.2021.1130


Volume 11, Issue 6, June – 2026                                 International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                  https://doi.org/10.38124/ijisrt/26jun1517 

 

 

IJISRT26JUN1517                                                               www.ijisrt.com                   3382 

[4]. Christaller, W. (1966). Central places in southern 

Germany (C. W. Baskin, Trans.). Prentice-Hall. 

(Original work published in 1933) 

[5]. Damgo, M., Bacus, M. G., Bernido, J. D. A., 

Evangelio, S. A., Ligue, K. D. B., Estaña, L. M. B., de 

la Torre, V. C. P., Murao, L. A. E., & Alviola IV, P. A. 

(2023). Vulnerability assessment of emerging 

infectious diseases in Davao City, Southern 

Philippines: Utilizing global predictors to develop 

localized interventions. Philippine Journal of Science, 

152(5), 1555–1577. 

[6]. Fenz, K., Mitterling, T., Martinez, A. M., Bulan, J. A. 

N. M., Durante, R. L. S., Martillan, M. A., Addawe, 

M. B., & Roitner-Fransecky, I. (2024). Compiling 

granular population data using geospatial information. 

Asian Development Review, 41(1), 263–300. 

https://doi.org/10.1142/S0116110524500021 

[7]. Fragkias, M., Güneralp, B., Seto, K. C., & Goodness, 

J. (2013). A synthesis of global urbanization 

projections. In T. Elmqvist, X. Bai, N. Frantzeskaki, 

D. Maddox, T. McPhearson, P. Romero-Lankao, R. 

Simon, & C. Watkins (Eds.), Urbanization, 

biodiversity and ecosystem services: Challenges and 

opportunities (pp. 409–435). Springer. 

https://doi.org/10.1007/978-94-007-7088-1_21 

[8]. Guo, W., Li, J., Wang, H., & Li, X. (2023). 

Spatiotemporal dynamics of population density in 

China based on gridded population data. International 

Journal of Digital Earth, 16(2), 4972–4992. 

https://doi.org/10.1080/17538947.2023.2233493 

[9]. Haase, D., Güneralp, B., Dahiya, B., Bai, X., & 

Elmqvist, T. (2018). Global urbanization perspectives 

and trends. In T. Elmqvist, X. Bai, N. Frantzeskaki, D. 

Maddox, T. McPhearson, P. Romero-Lankao, R. 

Simon, & C. Watkins (Eds.), Urban planet: 

Knowledge towards sustainable cities (pp. 19–44). 

Cambridge University Press. 

https://doi.org/10.1017/9781316647554.003 

[10]. Jiang, S., Zhang, Z., Ren, H., Wei, G., Xu, M., & Liu, 

B. (2021). Spatiotemporal characteristics of urban 

land expansion and population growth in Africa from 

2001 to 2019: Evidence from population density data. 

ISPRS International Journal of Geo-Information, 

10(9), Article 584. 

https://doi.org/10.3390/ijgi10090584 

[11]. Leyk, S., Gaughan, A. E., Adamo, S. B., de Sherbinin, 

A., Balk, D., Freire, S., Rose, A., Stevens, F. R., 

Blankespoor, B., Frye, C., Comenetz, J., Sorichetta, 

A., MacManus, K., Pistolesi, L., Levy, M., Tatem, A. 

J., & Pesaresi, M. (2019). The spatial allocation of 

population: A review of large-scale gridded population 

data products and their fitness for use. Earth System 

Science Data, 11(3), 1385–1409. 

https://doi.org/10.5194/essd-11-1385-2019 

[12]. Li, M., Zhou, W., Ouyang, Z., & Xu, W. (2018). 

Mapping urban population density at a fine scale using 

spatial data. Landscape and Urban Planning, 178, 

122–132. 

https://doi.org/10.1016/j.landurbplan.2018.05.023 

[13]. McDonald, R. I., Aronson, M. F. J., Beatley, T., Beller, 

E., Bazo, M., Grossinger, R., Jessup, K., Mansur, A. 

V., Oliveira, J. A. P., Panlasigui, S., Burg, J., Pevzner, 

N., Shanahan, D., Stoneburner, L., Rudd, A., & 

Spotswood, E. (2023). Denser and greener cities: 

Green interventions to achieve both urban density and 

nature. People and Nature, 5(1), 84–102. 

https://doi.org/10.1002/pan3.10423 

[14]. Miyauchi, T., & Setoguchi, T. (2023). Does low urban 

density increase municipal expenditure? Population 

density as a performance target for compact city 

planning in Japan. Journal of Urban Management, 

12(4), 375–384. 

https://doi.org/10.1016/j.jum.2023.08.003 

[15]. Pandey, B., Brelsford, C., & Seto, K. C. (2025). Rising 

infrastructure inequalities accompany urbanization 

and economic development. Nature Communications, 

16, Article 1193. https://doi.org/10.1038/s41467-025-

56539-w 

[16]. Parr, J. B. (1999). Growth-pole strategies in regional 

economic planning: A retrospective view. Part 1. 

Origins and advocacy. Urban Studies, 36(7), 1195–

1215. https://doi.org/10.1080/0042098993187 

[17]. Perroux, F. (1955). Note sur la notion de pôle de 

croissance. Économie Appliquée, 8(1–2), 307–320. 

https://doi.org/10.3406/ecoap.1955.2522 

[18]. Philippine Statistics Authority. (2022). Urban 

population in the Philippines (2020 Census of 

Population and Housing). Philippine Statistics 

Authority. 

[19]. Philippine Statistics Authority. (2025). 2024 Census of 

Population: Region XI (Davao Region). Philippine 

Statistics Authority. 

[20]. Polinesi, G., Egidi, G., Borrelli, P., & Salvati, L. 

(2020). Population trends and urbanization: 

Simulating density effects on land-use changes. ISPRS 

International Journal of Geo-Information, 9(7), 

Article 454. https://doi.org/10.3390/ijgi9070454 

[21]. Reyes, C. M., Vargas, A. R. P., & Arboneda, A. A. 

(2022). Evidence-based local planning and budgeting 

using the CBMS. Philippine Journal of Development, 

49(1), 1–25. 

[22]. Rith, M., Soliman, J. L., Lopez, N. S. A., Fillone, A. 

M., & Biona, J. B. M. (2020). Development of small 

area population estimation models for a developing, 

densely populated metropolitan area and its 

applications: A case study of Metro Manila. 

Engineering and Applied Science Research, 47(2), 

206–215. https://doi.org/10.14456/easr.2020.23 

[23]. Saniel, J. R., & Salapa, C. C. (2024). Assessing the 

urbanization-driven challenges of transportation 

scarcity and commuter accessibility in Davao City: A 

systematic review. Cognizance Journal of 

Multidisciplinary Studies, 4(12), 491–501. 

https://doi.org/10.47760/cognizance.2024.v04i12.044 

[24]. Slach, O., Bosák, V., Krtička, L., Nováček, A., & 

Rumpel, P. (2019). Urban shrinkage and 

sustainability: Assessing the nexus between 

population density, urban structures and urban 

sustainability. Sustainability, 11(15), Article 4142. 

https://doi.org/10.3390/su11154142 

[25]. Tabiongan, R. C. (2024). 3D simulation of 

comprehensive land-use plan maps using GIS and data 

https://doi.org/10.38124/ijisrt/26jun1517
http://www.ijisrt.com/
https://doi.org/10.1142/S0116110524500021
https://doi.org/10.1007/978-94-007-7088-1_21
https://doi.org/10.1080/17538947.2023.2233493
https://doi.org/10.1017/9781316647554.003
https://doi.org/10.3390/ijgi10090584
https://doi.org/10.5194/essd-11-1385-2019
https://doi.org/10.1016/j.landurbplan.2018.05.023
https://doi.org/10.1002/pan3.10423
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1016%2Fj.jum.2023.08.003
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41467-025-56539-w
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1038%2Fs41467-025-56539-w
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1080%2F0042098993187
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.3406%2Fecoap.1955.2522
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.3390%2Fijgi9070454
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.14456%2Feasr.2020.23
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.47760%2Fcognizance.2024.v04i12.044
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.3390%2Fsu11154142


Volume 11, Issue 6, June – 2026                                 International Journal of Innovative Science and Research Technology 

ISSN No:-2456-2165                                                                                                                  https://doi.org/10.38124/ijisrt/26jun1517 

 

 

IJISRT26JUN1517                                                               www.ijisrt.com                   3383 

analytics to promote sustainable development. NRCP 

Research Journal. 

[26]. Wang, Y., & Zhou, Y. (2021). Spatial pattern mismatch 

between population density and public service 

facilities in rapidly urbanizing areas. Journal of Urban 

Planning and Development, 147(3), Article 04021022. 

https://doi.org/10.1061/(ASCE)UP.1943-

5444.0000711 

[27]. Wardrop, N. A., Jochem, W. C., Bird, T. J., 

Chamberlain, H. R., Clarke, D., Kerr, D., Bengtsson, 

L., Juran, S., Seaman, V., & Tatem, A. J. (2018). 

Spatially disaggregated population estimates in the 

absence of national population and housing census 

data. Proceedings of the National Academy of 

Sciences, 115(14), 3529–3537. 

https://doi.org/10.1073/pnas.1715305115 

[28]. Yang, J., Shi, Y., Yu, C., & Cao, S.-J. (2020). 

Challenges of using mobile phone signaling data to 

estimate urban population density: Towards smart 

cities and sustainable urban development. Indoor and 

Built Environment, 29(2), 147–150. 

https://doi.org/10.1177/1420326X19893145 

[29]. Yang, X., Liu, Y., Li, Y., Du, G., & He, J. (2020). 

Spatiotemporal evolution of population distribution 

and its influencing factors. Sustainability, 12(24), 

Article 10650. https://doi.org/10.3390/su122410650 

[30]. Zander, K. K., Cadag, J. R., Escarcha, J., & Garnett, S. 

T. (2018). Perceived heat stress increases with 

population density in urban Philippines. 

Environmental Research Letters, 13(8), Article 

084009. https://doi.org/10.1088/1748-9326/aad2e5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.38124/ijisrt/26jun1517
http://www.ijisrt.com/
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1061%2F%28ASCE%29UP.1943-5444.0000711
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1061%2F%28ASCE%29UP.1943-5444.0000711
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1073%2Fpnas.1715305115
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1177%2F1420326X19893145
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.3390%2Fsu122410650
https://www.google.com/search?q=https%3A%2F%2Fdoi.org%2F10.1088%2F1748-9326%2Faad2e5

