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Abstract 
The impacts of disasters impede developments toward advancing the nation’s economic, 

environmental and social conditions. Organizations are challenged to rethink business operations 

due the increasing repercussions of disasters. To reduce risks in the business community requires 

better understanding of the vulnerability of supply chains to disasters. The Philippines encounter 

the reality of natural hazards year-on-year. In such context it is critical to further understand the 

susceptibility of Metro Manila, the economic center of the country, to disasters. Limited study 

has been conducted on the overall health of the Metro Manila’s supply chains in relation to 

climate change risks. 

Academic literature on supply chain management has conventionally been conducted on the 

perspective of a business entity. The context of the proposed research looks at the supply chain 

not from the viewpoint of a single company alone; but rather on a perspective of an urban society, 

specifically Metro Manila. The metropolis is indirectly affected by the vulnerability of other areas 

on which they depend on for inputs or outputs, as well as of transport routes connecting those 

areas. This study traces the metropolis’ upstream and downstream chains on critical needs: on (1) 

energy, (2) water, (3) food vis-à-vis rice supply and (4) waste disposal. 

Through an initial study of Metro Manila’s critical chains the paper proposes a conceptual model 

of assessing supply chains with the climate change vulnerability lens. The model takes into 

account climate change stressors as direct and indirect vulnerability factors impacting the 

reliability of the supply chains. The outlook of the study is to develop an integrated model that 

will have the capability to assess the ‘weak links’ of Metro Manila’s critical supply network in 

the context of climate change. 

 

Introduction 

A special issue in the Asian Economic Journal in 2012 on ‘Natural Disasters and  Asia’ 

highlighted the need to rethink business operations due to the increasing global repercussions of 

disasters. Lessons from the 2011 flooding in Thailand and the 2011 great earthquake in Eastern 

Japan emphasize the importance of the robustness of  production chains; resiliency of supply 

chains contributes significantly to the health of national economies (Abe & Thangavelu, 2012; 

Ando & Kimura, 2012). The Philippines encounter the reality of natural hazards year-on-year. In 

such context it is critical to further understand the susceptibility of Metro Manila, the economic 

center of the Philippines, to disasters. The context of the proposed research looks at supply chains 

not from the viewpoint of a single company alone; but rather on a perspective of an urban society, 

specifically Metro Manila. 

The study of supply chains conventionally means examining the integrated systems of business; 

looking into the intricate network of business entities (suppliers, manufacturers, distributors, 

retailers, etc.) working together to convert acquired raw materials to valuable finished products 
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delivered to customers (Beamon, 1998; Min & Zhou, 2002). There is  limited literature in 

integrating supply chain analysis with a disaster risk assessment model – particularly to climate 

change risks. Through the study of Metro Manila’s supply chains this, paper proposes a 

perspective of adapting a climate change vulnerability assessment lens in supply chain analysis. 

“Vulnerability” in this paper is understood in the climate change context as defined by the 

Intergovernmental Panel on Climate Change (IPCC). Vulnerability is “the degree to which a 

system is susceptible to, and unable to cope with, adverse effects of climate change, including 

climate variability and extremes” (Intergovernmental Panel On Climate Change, 2006) 

The objective of the paper is to present a conceptual model that integrates the climate change 

vulnerability assessment in the analysis of supply chains. The paper first provides a brief 

overview of the literature of supply chain management in the context of disasters. The paper then 

explores and traces the supply networks of critical needs of Metro Manila; where critical needs 

is defined “as those products and supplies that are essential to human health and life.” (Qiang 

& Nagurney, 2012). Through the context of the critical networks of Metro Manila the paper then 

discusses the value of adapting the climate change vulnerability assessment lens. 

 

Supply Chains and Disruptions 

There is limited but increasing interest in the literature on supply chain management  in response 

to catastrophic risks (Salehi Sadghiani, Torabi, & Sahebjamnia, 2015; Snyder, Scaparra, Daskin, 

& Church, 2006) such as that caused by climate change. Most literature approach to disasters is 

through the application of risk management tools from the perspective of the business (Such as 

in: Giunipero & Eltantawy, 2004; Jüttner, 2005; Nourbakhshian, Hooman, Rajabinasr, & 

Darougheha, 2013). Recently more suppliers are seen to willingly share climate change 

vulnerability related information (Jira & Toffel, 2013); but this reporting trend has not been 

utilized as an integrated approach in assessing supply chains. 

Vital understanding of the supply chain requires knowledge of the configuration of  the supply 

chain; that is to know the members of the supply chain, the structural dimensions and the linkages 

(Lambert, Cooper, & Pagh, 1998). This study centers on Metro Manila, tracing the supply chain 

of critical needs: [1] energy, [2] water, [3] food vis-à-vis rice and [4] waste disposal. Supply chains 

are exposed to risks and potential costs to the extent that the supply activities can be adversely 

affected by physical changes related to climate change(Jira & Toffel, 2013; Van Bergen, 

Soonawal, & Wälzholz, 2008). The metropolis is indirectly affected by the vulnerability of other 

areas on which they depend on for inputs or outputs, as well as of transport routes connecting those 

areas. 

Supply chain risk management, though focusing primarily on a business supply chain may be 

adapted for communities at risk to climate change and variability. Academic literature on supply 

chain management has conventionally been conducted on the perspective of a business entity. 

The study of supply chains comes “from a picture on how organizations are linked together as 

viewed from a particular company” (Jacobs, Chase, & Aquilano, 2009). It looks into the network 

of supplies and the chain of activities of a business; from the procurement of materials and 

services, to the transformation into products until the delivery  to end consumers. However, 

supply chain management is not limited to the context of business analysis alone. It can be taken 

to a societal level perspective (Vachon & Mao, 2008); where the concern of supply chain analysis 

is on activities that ensures that societies’ provide for the needs of its constituent members (Oral, 

2009). 
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Metro Manila as Urban Area at Risk 

Manila is considered a highly vulnerable city. Given the mounting pressures within the urban 

center from increasing populations and demands for space and resources, Metro Manila is far 

from being self-sufficient in terms of basic necessities. It relies on surrounding areas for food, 

water and energy, and also for landfills to support its waste generation. Thus, tracing the chains 

of inputs and outputs and assessing the vulnerability of these chains contributes to building a 

more holistic picture of the risk and vulnerability of Metro Manila as an urban center that is itself 

exposed to environmental and climate stressors. This paper traces the supply chain of critical 

needs and highlights the dependency of Metro Manila on other areas that are also vulnerable to 

climate change. 

Through secondary data, interviews and ocular visits we summarize the state of the critical chains. 

Each section on energy, water, rice and waste disposal displays a diagram that highlights what 

portions of the supply chain occurs within and outside the metropolis. In each section we discuss 

scenarios how the vulnerabilities outside the metropolis indirectly affects the vulnerability of 

Metro Manila itself. 

 

Energy 

As of 2013, the source of Metro Manila’s power mainly comes from eight major power plants; 

locations are geographically divided by boundaries as north and south of Metro Manila. Southern 

generators accounts approximately 76% of the entire metropolis’ supply. Both northern and 

southern transmission corridors are composed of a main 500kV transmission backbone supported 

by other paths with underlying 230kV transmission lines. Points of entry from transmission is 

through eight 230 kV substations spread around the perimeters of the metropolis. Electric supply 

is normally served using an overhead system. Assets used in the energy supply chain are designed 

to withhold weather pressures, where power lines can withstand winds up to 200kph. However, 

these power lines are still susceptible to interferences associated with strong winds such as 

uprooted trees and other debris. 

In July 2014, Category-4 Typhoon Rammasun, locally known as ‘Glenda’, ravaged through the 

Philippines. The typhoon path traversed south of Metro Manila (see Figure 1); through an area 

where generation and transmission occurs for 76% of Metro Manila’s power sources. Several 

power plants from the south were offline: Ilijan, Quezon, Pagbilao, Sta. Rita and San Lorenzo 

which approximately contributes to 68% of Metro Manila’s power source. Moreover, heavy 

winds brought destroyed several transmission lines in the south; the  typhoon caused 86% of the 

distribution franchise to be without electricity (Locsin, 2014; Rappler,   2014).   The   disaster   

event   highlighted   the   vulnerability   of   Metro   Manila. 

Transmission assets although designed to withstand high wind speed and wind shear is still prone 

to disruption caused by extreme weather events. The weakness of the metropolis power supply is 

that it relies heavily on the south; the vulnerability of the southern region affects the overall 

resiliency of Metro Manila energy system. 

During typhoons, as experienced during typhoon Rammasun in 2014, problems come mainly 

from the generation and transmission portion of the supply chain. Disruption in generation and 

transmission, which occurs mostly outside the geographical boundaries of Metro Manila (see 

Figure 2), highly affects the downstream operations in electricity distribution to the end users of 

Metro Manila. “Energy systems can be vulnerable to climate change” (Schaeffer et al., 2012). It 

is important to understand the energy systems and incorporate the results of vulnerability 

assessments into better energy plans and policies. 
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Water 

In the Philippine context, it has long been recognized that    climate change affects the water cycle 

and thus the freshwater supply. Warming temperatures pose adverse risks to the water situation; 

already with increasing population growth projections and ecosystem degradation, climate change 

risks can complicate the delicate balance of water supply and demand (Jose & Cruz, 1999). 
97% of the Metro Manila’s water resource comes from Angat Dam located approximately 60km 

north of the capital; while 3% of supply comes from ground water pumped within the metropolis. 

Water from Angat Dam passes through a settling basin before travelling via 5 aqueducts into 

Metro Manila’s reservoirs and treatment facilities for distribution to the end consumers (See 

Figure 3).The number one threat to Metro Manila’s water supply chain is the lack of redundancy 

of the system. Particularly the fact that there is only one source for Metro Manila’s water supply, 

the Angat Dam (Asian Development Bank, 2008). Lack of redundancy is evident in the entire 

system: there is also only 1 settling basin,  4 treatment facilities and limited capacity of reservoir 

per zone. Lack of redundancy can  cause a stop in supply when water service infrastructure is 

disrupted during severe storms due to damage or contamination. Other climate phenomenon such 

as El Nino can also put constraint in the water supply (Feliciano, 2015). 

It is also important to acknowledge that water supply is related to food and energy production 

and thus a more holistic assessment must include these relationships (Burian, Walsh, Kalyanapu, 

& Larsen, 2013; Connor, Schwabe, King, & Knapp, 2012). The vulnerability of water supply in 

the face of climate change is a crucial issue for sustainability. A more holistic understanding of 

how climate change can impact water supplies, located outside the metropolis, will lead to more 

rational adaptive mechanisms; which in turn has a great potential to reduce an area’s vulnerability 

to fluctuating water supplies (Farley, Tague, & Grant, 2011). 

 

Rice 

The magnitude of crop losses in agricultural areas outside Metro Manila affects the 

supply to the city. The agricultural sector is particularly climate sensitive since crop yield is highly 

dependent on the temperature and precipitation available during the growing season and the length 

of the growing season. Specifically, decreases in yield are associated with increases in night-time 

temperatures and increases in growing season minimum temperatures during the dry season (Peng 

et al., 2004; Welch et al., 2010). Rice production in low-lying or coastal areas will also be affected 

by sea level rise and saltwater intrusion. Rice prices are forecasted to increase between 32 and 

37% due to climate change (Nelson et al., 2009). The increase in demand from growing 

populations coupled with this potential decrease in supply makes the analysis of the agri-food 

supply chain crucial. 
A large portion of the downstream supply chain of rice occurs outside Metro Manila (See Figure 

4) Based on literature (Such as in Briones & Dela Peña, 2015; Dela Peña, 2012, 2014) and 

interviews, the basic supply chain of rice starts with the farmers selling paddy (rice in husk) 

mostly to traders, and then to agents, cooperatives and the NFA. This rice is then brought to major 

milling stations before distribution to wholesalers and retailers in Metro Manila. Some paddy 

may also go directly from farmers to millers and then wholesalers/retailers (Dela Peña, 2012). 

Climate change risks induce crop losses in agricultural areas; such as Typhoon Nari of 2013 

(locally known as Santi) left Central Luzon, the rice basket of the Philippines, with 2.9- billion 

peso worth of damages (Flora, 2013). Other examples include: millions of pesos of damages by 

Typhoon Kalmaegi of 2014 and Typhoon Goni of 2015 (locally known a Luis and Ineng 

respectively) (Rivera, 2014; Romero, 2015). 

Moreover, weak transport routes also add to the susceptibility of rice supply to Metro Manila. In 
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general, the stocks and flows within the commercial rice sector is unsystematic; retailers 

interviewed on the ground, are unaware of the exact sources of their rice and the proportions of 

rice from those sources. Although majority of rice milling occurs in the nearby province of 

Bulacan, supplies received come from the different agricultural areas (seeTable 1), majority of 

which comes from provinces north of the metropolis. Multiple transport routes coming from 

varied and diffused sources emphasizes the indirect vulnerability of Metro Manila. Climate 

variability such as extreme rainfall events can cause flooding that hampers the delivery of rice to 

the metropolis. For example: the Northern Luzon Expressway (NLEX), the main thoroughfare 

linking Manila to the provinces in that supply rice, can be susceptible to flooding (The Philippine 

Star, 2015) that causes delays in delivery. 

 

Waste Disposal 

Metro Manila’s waste generation is disproportionate to its size and population, relative to the 

entire country. Its daily waste generation is already 25% of the total Philippine solid waste. Given 

its limited land area, not all of Metro Manila’s solid waste can be accommodated or disposed of 

in landfills that are located within its political boundaries. Thus, solid waste management is a 

critical issue that must be investigated to determine how this may be affected by climate change 

and what this will now mean for Metro Manila’s vulnerability. 

Most studies related to solid waste management systems and climate change focus on how waste 

generation, collection, and disposal impacts contribute to the greenhouse gas inventory. Very 

little literature on how solid waste management activities will be specifically affected by climate 

change exists and to date there is very little known about the climate change risks of solid waste 

management (Butt, Lockley, & Oduyemi, 2008). Climate change events such as floods, storms, 

and landslides have been identified as causes of disruption for solid waste services (Keim, 2008). 

Table 2 below presents some predicted impacts of climate variability on solid waste management 

activities. 

See Figure 5 for the waste disposal chain of Metro Manila. The collection, transfer, transport, and 

disposal of non-recyclable, non-biodegradable waste is the responsibility of the local government 

unit (LGU) while the collection and treatment of recyclables, reusables, and biodegradables are 

the responsibility of the barangay. For residential areas, door to door collection is conducted. For 

bigger establishments such as markets or shopping malls, a temporary storage facility – referred 

to as a collection station - is used to hold the wastes generated during the day. The 

haulers/contractors then collect the waste from  these  collection stations. 

Of the seventeen municipalities of Metro Manila, eleven LGUs rely on private contractors to 

collect the waste. For instance, Quezon City relies on a private contractor to collect and dispose 

of the city’s municipal solid waste. There are three sanitary landfill (SLF) that serves the 

metropolis. Table 3 below summarizes the disposal sites for Metro Manila. 

The nearest disposal site to central Metro Manila is the Quezon City Sanitary Landfill. The only 

other sanitary landfill within Metro Manila’s boundaries is the Navotas SLF, which is only 

accessible by sea. The Rizal Provincial SLF, located outside the metropolis, services 13 out of 

the 17 municipalities of Metro Manila. The transportation routes are mainly by land for the 

Quezon City SLF and the Rizal Provincial SLF. The route to the Navotas Sanitary Landfill is 

more complicated. First, the solid waste is transported by land to Pier 18 (transfer station) and is 

transferred to a barge. This barge is then brought by sea to the east coast of Navotas, where the 

Navotas SLF is located. 

Climate change events such as floods and landslides can cause disruptions to land transport routes 
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to Quezon City SLF and Rizal Provincial SLF. Storm surges and strong winds may also impede 

the delivery route via sea to Navotas SLF. Moreover, although Rizal Provincial SLF is the only 

disposal sites located outside the metropolis, the metro disposal chain has a large dependency on 

it. Such that the vulnerability of the SLF in provincial Rizal indirectly puts the sanitary situation 

of 13 municipalities of the metropolis at risk. In case the provincial SLF becomes unusable it 

impacts a large majority of the urban metropolitan area. The elements of the solid waste 

management system have also been identified as having various degrees of vulnerability to 

climate change (Bogner et al., 2007). 

The supply chain of critical needs of energy, water, rice and waste disposal of Metro Manila has 

high reliance on other regions and the health of their connectivity to the metropolis. As key 

examples: [1] for energy, high dependency on southern generation and its transmission corridor; 

[2] for water, the criticality of a single source Angat Dam puts Metro Manila at risk; [3] for rice, 

the multiple routes from varied sources from northern provinces; and [4] for waste, a dependency 

on provincial sanitary landfill. Each community is affected by the vulnerability of other areas on 

which they depend for critical needs, as well as of transport networks connecting those areas 

(Pelling, 2003). Supply chain analysis must be enhanced to articulate the risks of the 

interdependency and to present a holistic picture that takes into account climate change risks. 

 

Adapting the Climate Change Vulnerability Lens 

A climate change vulnerability assessment (CCVA) is a key step both in determining appropriate 

mitigation and adaptation actions, and in monitoring and evaluating the efficacy of these actions 

in ensuring the sustainability of a community in the face of climate change and other stressors. 

“Vulnerability” is a concept used to describe the extent to which a community is susceptible to 

or unable to cope with the climatic hazards in the form of variability, extremes or more long-term 

change. The state of being vulnerable or at risk  versus being resilient is a complex product of 

biophysical, socio-economic, cultural and political conditions. Because it is an intangible but 

complex concept, vulnerability assessments are typically operationalized through the selection 

and combination of key indicators of [1] physical exposure to the climate hazard (e.g. population 

exposed to increases extreme temperatures or rainfall), [2] sensitivity (e.g. health, income) and 

[3] adaptive capacity (e.g. training, technology). These indicators are defined within or given a 

value to correspond with the bounds of the community being studied. 

In applying the vulnerability assessment paradigm to supply chain analysis the physical exposure 

aspect can correspond to the physical and spatial analysis of the supply chain nodes (e.g. sources 

and destinations) in conjunction to climate change projections and climate variability maps (e.g. 

extreme rainfall and flooding maps). Climate change projections can be overlaid with the rice, 

water, energy and waste supply chain maps to determine physical exposure and to identify stages 

in the supply chain that might be impacted by climate change. Sensitivity analysis on the other 

hand could study the socio-economic, policy and logistical factors affecting the robustness of the 

supply chains. Adaptive capacity could take into account the receptiveness of chains to 

disruptions; such as having redundancy in the chain and contingent storage strategies if certain 

services are disrupted. 

The conceptual framework (Figure 6) recognizes the intersection of supply chain management 

with the critical needs of the metropolis. It further posits that while the city’s direct vulnerability 

comes from its own exposure to climate change stressors, it is also indirectly affected by the 

vulnerability of the supply chains of critical needs of energy, water, rice and waste disposal. 

Therefore, there is a need to characterize the magnitude and impacts of this indirect vulnerability 
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as input into long-term sustainability planning. A traditional direct vulnerability assessment of 

the Metro Manila and the supply chain-based indirect vulnerability assessment can be 

complementary to each other. On the one hand, the supply chain-based indirect vulnerability 

assessment will provide a more holistic picture of the climate change impacts on a specific 

community. On the other hand, the direct vulnerability assessment of communities which are 

nodes in a supply chain, if available, can be used as input to the overall supply chain assessment. 

This model can further be developed. In the analysis of individual chains, each chain can be 

“ranked” according to specific indicators, to develop an overall index of the vulnerability of the 

chain, and to compare across chains of the same product/service. For example, in considering the 

rice supply for Metro Manila, Philippines, the stock from the province of Isabela in Northern 

Luzon could be analyzed separately from the stock coming from Nueva Ecija in Central Luzon. 

Adaptive capacity could then similarly consider availability and access to stocks/storage and 

alternate delivery options (e.g. routes, transport vehicles). Each “link” in the supply chain could 

be analyzed and indexed in more detail, applying the vulnerability assessment paradigm to that 

specific area. This will help entities identify crucial chains in the network and prioritize which 

chains need strengthening. 

This conceptual framework can be developed into an integrated tool for supply chain analysis in 

assessing vulnerabilities of chains to the effects of climate change. There are still many challenges 

that needs to be addressed with developing such tool. First is the methodological challenge: 

questions on the selection of supply chains for analysis, the indicators to be used, and the 

weighting used for an indexing system. As with current vulnerability assessments, vulnerability 

is highly context-specific; there is no uniform or standardized set of indicators. The concerns on 

methodology might be best explored within specific contexts, rather than imposing a standardized 

approach. Another is a practical challenge, which is data availability and accessibility given the 

coverage of the assessments extends beyond the immediate boundaries of cities. However, this 

challenge also represents an opportunity – the opportunity to re-evaluate monitoring and data-

gathering systems to ensure that mechanisms are put in place to track and access key indicators 

that may extend beyond a city’s immediate geographical boundaries. 

 

Concluding Remarks 

Despite the aforementioned challenges, further development of the model is beneficial for analysis 

of the sustainability of urban settlements; especially in the context of Metro Manila. The tracing 

the chains of inputs and outputs and assessing the vulnerability of these chains contributes to 

building a more holistic picture of the risk and vulnerability of urban centers that is itself exposed 

to environmental and climate stressors, but that is also highly dependent on other areas that are 

also vulnerable. The paper has traced the supply chains of critical needs of Metro Manila and has 

provided an overview of the metropolis’ reliance on the resiliency to other provinces and 

robustness of the links that connect to and from Metro Manila. In this context, paper presented a 

conceptual model that integrates the climate change vulnerability assessment lens in the analysis 

of supply chains. 

The increasing interdependencies between communities, cities and countries for provision of 

basic needs and commodities further contributes to what is already a complex web of 

vulnerability. Thus, for adaptation and development planning to be comprehensive, it becomes 

necessary to broaden our scope to consider the indirect vulnerability arising from  our reliance 

on other areas to supply our needs. Integrating vulnerability assessments into supply chain 

analysis will hopefully motivate collaborative and coordinated approaches that will be crucial to 
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developing resilient and sustainable cities. 
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Tables 

Table 1. Provinces Supplying Rice to Metro Manila  

 Major Suppliers Minor Suppliers 

Provinces North of Metro 

Manila 

Bulacan  

Cagayan  

Isabela  

Nueva Ecija 

Pangasinan 

Pampanga 

Bataan 

Ilocos Norte and Ilocos 

Sur Kalinga 

Kalinga 

Apayao 

LaUnion  

Nueva Vizcaya 

Quirino 

Tarlac 

Zambales 

Provinces South of Metro 

Manila 

Occidental Mindoro 

Oriental Mindoro 

Batangas 

Lucena 

 

Table 2. Summary of climate change impacts on solid waste management (Adapted  from 

Enete, 2010) 

Variation Impact 

Temperature  May affect biological processes (decomposition) within a 

landfill 

 May affect worker health 

Precipitation  May disrupt transport operations 

 May affect biological processes within the landfill 

 May affect slope stability of landfill structures 
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Table 3. Landfill disposal sites for Metro Manila 

 

Landfill 

Metro Manila Municipalities 

Served 

Years in 

Operation 

Monthly ave 

waste 

volume (m
3
) 

Quezon City SLF 
Brgy. Payatas, Quezon 

City 

Quezon City 4 183,858.50 

Navotas SLF 
PHILECO, Tanza, 

Navotas 

Manila, Malabon, Navotas 4 251,425.66 

Rizal Provincial SLF 

Brgy. San Isidro, 

Rodriguez, Rizal 

Caloocan, Makati, Mandaluyong, 

Paranaque, Pasay, Pasig, Pateros, San 

Juan, Marikina, Muntinlupa, 

Valenzuela, Las Pinas, Taguig 

3 379,228.27 

 

Figures 

Figure 1. Track of Typhoon Rammasun a.k.a. Glenda (The Official Gazette, 2014) 
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Figure 2. Energy Supply Chain to Metro Manila 

 

Figure 3. Water Supply Chain to Metro Manila 
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Figure 4. Rice Supply Chain to Metro Manila 
 

Figure 5 Metro Manila Waste Disposal Chain 
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Figure 6 Conceptualizing Climate Change Vulnerability to Supply Chains 

  


