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Program (SAP) from the government. This study attempts to assess the effect of SAP distribution

in highly populated cities in Metro Manila in the situation of possible increase of COVID-19

contagion. The geospatial analysis showed a significant association between the SAP distribution Lean COVID-19

and high population density being vulnerable during the COVID-19 pandemic outbreak. The cities Social Ameloration Program
of Manila, Caloocan, and Quezon City pose the highest risk for individuals defined by the ratio of Geospatial Analysis
correct predictions to the overall occurrence of the predicted COVID-19 cases.

The 2019 coronavirus disease (COVID-19) is a global pandemic that exponentially spread worldwide (Chinazzi et al.,
2020). As the virus spread to all continents, countries, and territories, the World Bank (W.B.) warned about the pressure
the pandemic would bring to the health system of developed countries (Legido-Quigley et al., 2020) and especially among
developing countries (Loayza & Pennings, 2020) including the Philippines. Most states adopted several measures to slow
down the rapid spread of the virus (WHO, 2020).

In response to the imminent public health crisis, last March 23, 2020, the Philippines Senate enacted the Republic Act
no. 11469, otherwise known as the Bayanihan to Heal as One Act granting the President additional powers to fight the
COVID-19 pandemic (GARCIA). Previously, the Executive Branch issued Executive Order No. 168, creating the
Interagency Task Force on Emerging Infectious Disease (IATF-EID), with the primary purpose of assessing, containing,
controlling, monitoring, and preventing any potential epidemic in the country. Consequently, the IATF created the
National Task Force to manage the operational command efficiently. As the policy-making body of operation, the IATF
recommends actions to President (Estadilla, 2020).

One of the significant recommendations of the IATF was to place the entire National Capital Region (NCR), composed
of 16 cities, under the Enhanced Community Quarantine (ECQ), limiting the movement of people and strictly
implementing the social distancing rule. However, cities in the NCR have the highest population density in the country,
and authorities find it challenging to implement quarantine measures. Most of the COVID-19 cases in the Philippines
came from the cities in the NCR (Quimbo, Latinazo, & Peabody, 2020).

In addition to social distancing, the government required a temporary stoppage of business operations (San Juan),
suspension of classes, and advised people to stay home. Until an effective vaccine is discovered, public health experts
believe that delaying the movement temporarily and eliminating social interaction among people is the only way to curb
the spread of the virus (Antonio, Deldacan, Ogena, & Noche, 2020). Early data show that a combination of massive public
information on protecting one from contracting and transmitting COVID-19 through social and physical distancing is
effective (Sjodin, Wilder-Smith, Osman, Farooq, & Rockldv, 2020). Nonetheless, for the Philippines, where many people
earn a daily wage, asking them to refrain from going out is very difficult.

Local government-issued passes control people's movement (Kabiling, 2020) and arrest people violating quarantine
rules and curfews (Loblen, 2020). Thus, people thought the lockdowns and community quarantine, which started on
March 17, 2020, lasted for weeks and were extended to more than two months until May 31, 2020 (Lim, 2020).
Community quarantine was extended thrice because the IATF did not observe the "flattening of the curve" (Beyond
numbers, 2020). It is a data analytics indicator that the aggressive program of the government to control the rapid increase
of the virus was taking effect (Thunstrom, Newbold, Finnoff, Ashworth, & Shogren, 2020). However, for many residents
of informal settlements in NCR, these are unrealistic, and they cannot cope with such requirements.

To convince individuals to stay at home, the National Government subsidized low-income families' income through
the Social Amelioration Program (SAP) (Gentilini, Almenfi, Orton, & Dale, 2020). More than 1.7 million individuals in
the NCR were identified as recipients of P12.46 billion (Luci-Atienza, 2020). Unfortunately, during the scheduled
distribution, beneficiaries have mass-gathered in different community halls to claim the cash (Santos, 2020).

During the pandemic, geospatial modeling techniques helped in pattern detection (Fatima, O'Keefe, Wei, Arshad &
Gruebner, 2021). This study intended to present a model which finds the association between the initial SAP distribution
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and the increase of COVID-19 in highly dense populated communities in the NCR. Specifically, the study seeks to explore
the relationship between data elements associated with location and process geospatial analysis of the data to depict
insight. By evaluating both spatial and nonspatial data, overall data accuracy is enhanced and presents a more profound
understanding of the initial SAP distribution, the spread of COVID-19, and communities with high population density.
Identifying the variable associated closely with the increasing number of virus cases is the primordial importance. The
present study identified that the NCR cities' vital profile has a geospatial association with the number of COVID-19 cases.

The research used the standard demographic profile of the 16 cities (Caloocan, Malabon, Valenzuela, Navotas, Las
Pinas, Makati, Mandaluyong, Manila, Marikina, Muntinlupa, Paranaque, Pasay, Pasig, Quezon City, San Juan, and
Taguig) in NCR, such as the population density, amount of SAP distributed, and the number of barangay published on
the official websites of the cities. The number of confirmed COVID-19 cases was obtained from the Department of Health
database published by the University of the Philippines. Next, the research laid the coordinates on the number of COVID-
19 cases from the 16 cities to proceed to the geospatial analysis applying the association rules that assisted in uncovering
insightful correlation between the COVID-19 cases, SAP distribution, and population density. The data of confirmed
COVID-19 cases covered the period from January 30 to May 12, 2022, marking the country's 100 days of COVID-19.
During the period, both the local and national governments initially mounted a multi-sectoral response to contain the
spread of the virus and mitigate the socioeconomic impact of the community quarantine (WHO, 2020). During this phase,
the emerging experience created lessons for government to adapt models and initiate operations to control the pandemic
and soften its impact through the SAP distribution (Vallejo Jr, & Ong, 2020). For the duration until May 12, 2022, SAP
beneficiaries from these cities were most vulnerable to the increased spread of the virus. This study examined how the
initial SAP distribution contributed to the increase in COVID-19 cases among the cities in NCR.

Through the geospatial modeling technique, this study applied the association rule that helped uncover insightful
associations among the spatial and nonspatial attributes, such as the COVID-19 cases, SAP, and population densities
during the initial SAP distribution. The spatial, temporal prediction was used to fit linear models for the measurement
taken over the NCR, allowing the researchers to predict vulnerable areas easily and how these areas contributed to the
contagion.

Last May 12, 2020, there were 11,350 confirmed COVID-19 cases in the Philippines, 6,080 of these cases were in the
16 cities in the NCR. Reflected in Table 1 is the distribution of COVID-19 cases in the NCR. The highest number of
registered cases were from Quezon City, 1,601 (26%), followed by Manila, 863 (14%), and the least number of cases
came from Navotas, 48 (1%).

Confirmed COVID-19 cases in NCR cities as of May 12, 2020

NCR Cities f Percentage
City of Caloocan 261 4%
City of Malabon 64 1%
City of Valenzuela 122 2%
City of Navotas 48 1%
City of Las Pinas 207 3%
City of Makati 497 8%
City of Mandaluyong 450 7%
City of Manila 863 14%
City of Marikina 141 2%
City of Muntinlupa 186 3%
City of Paranaque 529 9%
City of Pasay 241 4%
City of Pasig 325 5%
Quezon City 1601 26%
City of San Juan 247 4%
City of Taguig 298 5%

Total 6080 100%




Table 2 shows the barangays in the NCR that have the most concentrated cases of COVID-19. The Local Government
authorities decided to impose a hard lockdown in these barangays for several days, even weeks, to require residents to
stay home. While health personnel conduct extensive viral testing to sort out possible COVID-19-positive residents,
notably, these barangays are in the City of Manila (BREAKING, 2020) and Quezon City (Hallare, 2020).

Barangays in NCR required a hard lockdown by the Local Government for COVID-19 cases in NCR cities, on

May 12, 2020
City Barangay COVID-19 Cases Percentage
Quezon City Silangan 12 2%
Culiat 37 7%
Batasan Hills 29 6%
Bahay Toro 21 4%
Sauyo 19 4%
Tatalon 17 3%
City of Caloocan 156 25 5%
City of Manila Sampaloc 111 22%
Tondo Dist.1 109 21%
City of Mandaluyong Mamay 71 14%
Addition Hills 59 12%
Total 510 100%

Table 3 below presents the NCR cities' profiles. The cities of Manila and Caloocan have the most number of barangay.
Furthermore, the two cities have one of the highest population densities, while Quezon City has the highest SAP

subsidy.
Confirmed COVID-19 cases in NCR cities as of May 12, 2020.
NCR Cities Number of barangay SAP Budget Population Density
City of Caloocan 188 1726 29,701.44
City of Malabon 21 335.05 23,000.0
City of Valenzuela 33 661.66 13,194.85
City of Navotas 18 223.82 23,162.77
City of Las Pinas 20 541.9 18,014.5
City of Makati 33 558.3 23,347.0
City of Mandaluyong 27 368.37 34,925.5
City of Manila 896 1485 41,511.19
City of Marikina 16 449.88 20,945.21
City of Muntinlupa 9 430.68 12,692.05
City of Paranaque 16 621.39 13,961.46
City of Pasay 201 370.28 29,815.46
City of Pasig 30 750.93 15,589.27
Quezon City 142 3020 17,665.46
City of San Juan 21 130.47 20,534.45
City of Taguig 28 789.77 16,811.09

Depicted in Table 4 is the result of the rule table confidence. The confidence has 100 per cent correct rule prediction.
Regarding the rule, 6.25 per cent of the case indicates that the rule is valid. The lift is about 16, which measures the
degree the rule improves prediction compared to random chance. It is the overall occurrence of the predicted value
expressed as the correct prediction ratio at 16. Thus the predicted value occurs 16% of the time. The condition support is
6.25. Lastly, deployability is zero, which implies a zero per cent of incorrect prediction when the conditions are true.
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Table 4. Rule Table Confidence

Rule Condition Prediction Sorted By Other Evaluation Statistics
Rank .
ID Confidence — - —
(%) Condition Rule Lift Deployability
Support | Support (%)
(%) (%)
1 1 Close to no. of covid = 100 6.25 6.25 16 0
Barangay > 452.500 Manila
2 2 Close to no. of covid = 100 6.25 6.25 16 0
Barangay > 452.500 Manila
Close to SAP <
1575.235
3 3 Close to no. of covid = 100 6.25 6.25 16 0
Barangay> 452.500 Manila
Close to Density >
27101.622
4 4 Close to SAP > covid = 100 6.25 6.25 16 0
1575.235 Quezon City
Close to Density <
27101.622
5 5 Close to SAP > covid = 100 6.25 6.25 16 0
1575.235 Caloocan
Close to Density >
27191.622

A heat map exhibiting the NCR with the number of HElIs in the city and the current geographic COVID-19 case
volume is shown in Figure 1. The highest-risk cities for individuals are defined by the ratio of correct predictions to the
overall occurrence of the predicted COVID-19 cases which are Manila, Caloocan, and Quezon City (Table 4). Precisely,
the number of COVID-19 patients in Manila is indicated to be close to the number of barangay and HEIs. In the case of
Manila, Caloocan, and Quezon City, the number of COVID-19 cases is predicted to be close to the amount of SAP
distribution and population density areas based on patterns are likely to change over time.
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Figure 1. Geographic distribution of SAP allocated budget and COVID-19 confirmed case numbers.
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The result of the study exhibits the association of SAP distribution during the COVID-19 pandemic. The geospatial
analysis illustrates the NCR cities with high COVID-19 cases proportions to the amount of SAP, focusing on the
barangays that are at increased risk of contracting or even unknowingly transmitting the virus to others. Similarly, there
is an association with population density during the COVID-19 pandemic (Rocklév & Sjédin, 2020). The geospatial
analysis depicts the NCR cities with high population density confirmed COVID-19 cases. The result highlights that cities
with high population densities are vulnerable during the COVID-19 pandemic (Desai, 2020).

Based on the findings, Manila, Quezon City, and Caloocan have the highest SAP allocation. Hence, SAP beneficiaries
and high population density in the NCR experience a higher degree of viral exposure. These cities are likely to be
vulnerable to a spike in COVID-19 cases after the distribution of the SAP subsidy attributed to the mass gathering (Nunan
& Brassey, 2020).

The rapid increase of COVID-19 cases in cities and the desperate effort of individuals to secure their SAP funds
during the community quarantine are alarming (Santos, 2020). It is common to observe the mass gathering of SAP
beneficiaries during the distribution of funds in which authorities find it challenging to implement social distancing
(McCloskey et al., 2020). Similarly, the inefficient allocation of the SAP subsidy left several individuals and families
with no source of sustenance, forcing them to venture outside to source their next meal. However, with systematic
precautions in strictly implementing social distancing during SAP funds distribution is possible to limit risk to
beneficiaries and help reduce potential transmission. Various system recommendations for SAP distribution during the
COVID-19 pandemic have suggested eliminating the mass gathering of recipients.

If the government had earlier implemented the national 1.D. system and migrated from cash to a digital transaction-
based society, the mass gathering of SAP recipients would be avoidable (Reganit, 2020). Some have cited the City of
Makati which distributed the city government assistance using the G-cash feature available in a mobile telecom company
(James, 2020).

The key is for the local and national government authorities involved in the SAP subsidy distribution to strike a
balance between delivering essential needs and implementing preventive procedures to protect recipients from
transmitting or contracting the COVID-19 virus. However, when the National Government officials set a deadline for
Local Government authorities to thoroughly distribute SAP subsidy by May 10 (Lalu, 2020), the desire to secure the
essential needs outweigh the preventive procedure (CNN Philippine Staff, 2020). However, the preventive procedure
preceded the crucial needs of the identified vulnerable individuals. Specifically, for the most susceptible SAP recipients,
the senior citizens, pregnant, and those with heart and respiratory conditions who can authorize relatives to claim on their
behalf, the SAP subsidy can reduce their risk of exposure.

Even though a prolonged Enhanced Community Quarantine (ECQ) can stop or slow down the rapid spread of COVID-
19, it is sensible for IATF to adopt a better preventive procedure to complement the distribution of essential needs. As
the rates of new cases started to decrease and IATF shifted to a Modified Enhanced Community Quarantine (MECQ),
which allowed the certain business to open, the country continued to exercise caution in their calibrated "return-to-work"
plan in the coming days (Aspinwall, 2020). The future distribution of the second tranche of SAP subsidy was anticipated
that with fewer beneficiaries of 5 million families (Report, 2020), the National and the Local Government authorities
finally had the chance to balance the essential needs and preventive procedures during the SAP subsidy distribution

Across the country, cities in the NCR reported a disproportionate number of COVID-19 cases, especially in Manila,
Caloocan, and Quezon City. Specifically, most barangays where local authorities require a hard lockdown are in the three
cities. In addition, these barangays have the highest number of SAP subsidy recipients. As the different cities move from
ECQ to MECQ, the National and Local Governments must evaluate how to balance the essential needs with the preventive
procedure during the second tranche distribution to avoid the second wave that might arise from these barangays.

Communities with a high-density population require alternative solutions during SAP distribution. These solutions
are needed to prevent the physical distribution of SAP during outbreaks, such as providing affordable access to technology
and the internet. Next, it is essential to consider the possibilities of redesigning these communities or repurposing their
environment to recover faster as a more resilient urban neighborhood with a more substantial social capital to deal with
future pandemics. For future studies, researchers may need to consider how the variants of COVID-19 affect the model
differently.

The NCR is a highly populated area in the country with a single national government response for physical SAP
distribution, which allowed the geospatial analysis as an epidemic surveillance technique. However, a precise estimation
for effective epidemic surveillance is considered too disingenuous. Admittedly, there are various unidentified variables
even among cities in the NCR to present an accurate modeler to precisely identify vulnerable areas
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