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1Q3 Street floods in Metro Manila and possible solutions
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17Urban floods from thunderstorms cause severe problems in Metro Manila due to road
18traffic. Using Light Detection and Ranging (LiDAR)-derived topography, flood simulations
19and anecdotal reports, the root of surface flood problems in Metro Manila is identified.
20Majority of flood-prone areas are along the intersection of creeks and streets located in
21topographic lows. When creeks overflow or when rapidly accumulated street flood does not
22drain fast enough to the nearest stream channel, the intersecting road also gets flooded.
23Possible solutions include the elevation of roads or construction of well-designed drainage
24structures leading to the creeks. Proposed solutions to the flood problem ofMetro Manilamay
25avoid paralyzing traffic problems due to short-lived rain events, which according to Japan
26International Cooperation Agency (JICA) cost the Philippine economy 2.4 billion pesos/day Q5.
27© 2017 The Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences.
28Published by Elsevier B.V.
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3839 Introduction

40 Metro Manila is located on an isthmus between the Manila
41 Bay and Laguna de Bay. The entire region is composed of one
42 major catchment called the Marikina River Basin, which
43 covers 535 km2, and eight smaller, river sub-basins, which
44 cover 683 km2 that drain directly into Manila Bay and Laguna
45 de Bay. The Marikina, Pasig, San Juan and Tullahan rivers
46 serve as the main outlets for a network of tributaries of the
47 Marikina River Basin and smaller catchments of Metro Manila
48 (Fig. 1). Highly urbanized and populated by almost 12 million
49 residents (Cox, 2011), the metropolis lies on one of the widest
50 floodplains in the Philippines.
51 Apart fromdevastating floods like those spawned by Tropical
52 Storm Ondoy in 2009 (Lagmay et al., 2010) and the typhoon-
53 enhanced southwestmonsoon rains in 2012, 2013 (Lagmay et al.,
54 2014) and 2014, more frequent floods caused by short-lived

55thunderstorms are also a problem. Once parts of the road
56network are blocked by floods, traffic develops and paralyzes the
57entire city. According to JICA, traffic jams due to thunderstorm-
58related flashfloods costs PhP 2.4 billion a day from wasted
59gasoline and lost economic productivity (Rodis, 2014).
60Flashfloods are traditionally blamed on the loss of infiltra-
61tion due to urban concrete, a century-old drainage system,
62and clogged streams. This study analyses nuisance floods
63caused by brief, heavy downpours. It identifies other factors to
64find relatively inexpensive solutions to flood-generated traffic
65problems.

66671. Methods

68The Metro Manila Development Authority (MMDA) released
69a list of flood-prone areas in the National Capital Region
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70 (Table 1), verified by accounts collected from photographs
71 posted in social media.
72 Crowd-sourced data (Fig. 2a) were overlaid on a 100-year
73 rain return flood-hazard map (Fig. 2b, NOAHQ6 , 2013).
74 LiDAR-derived topography was used to create profiles of the
75 main roads in these areas, aswell as profiles of the road sides. A
76 Roces Street and CP Garcia Avenue in the University of the
77 Philippines (UP) were also examined. Field work was also
78 conducted to check the drainage crossing the streets in those
79 areas.
80 Floodswere simulated in FLO-2DGDSPROusing theSt. Venant
81 equations for continuity and momentum (Eqs. (1) and (2)) and
82 the finite-difference scheme to compute flood velocities:

∂ Vhð Þ
∂ xð Þ þ ∂ hð Þ

∂ tð Þ ¼ i ð1Þ

8384

S ¼ S−
∂ hð Þ
∂ xð Þ −

V
g
∂ Vð Þ
∂ xð Þ −

1
g
∂ Vð Þ
∂ tð Þ ¼ 0 ð2Þ

8586 where V is the average velocity in m/s, h is the flow depth in
87 meters, and i is the excess rainfall intensity in mm/24 hr. Other
88 variables are slope (S), acceleration due to gravity (g), pressure
89 gradient ∂ðhÞ

∂ðxÞ , and the local ð∂ðVÞ∂ðtÞ Þ and convective ðV ∂ðVÞ
∂ðtÞ Þ

Fig. 1 – Metro Manila natural drainage A) location of Metro Manila, B) administrative boundaries of component cities and
C) watersheds and tributaries.

Table 1 t1:1–Metro Manila Development Authority list of
t1:2flood-prone places in Metro Manila.
t1:3
t1:4Street name City

t1:51. Espana–Antipolo–Maceda Manila
t1:62. P. Burgos (City Hall) Manila
t1:73. R. Papa, Rizal Avenue Manila
t1:84. Buendia Extension–Macapagal Avenue Manila
t1:95. Buendia–South Superhighway (northbound) Manila
t1:106. Buendia–South Superhighway (southbound) Manila
t1:117. Osmeña–Skyway (northbound Q1) Makati
t1:128. Makati Q2Makati
t1:139. Don Bosco Makati
t1:1410. EDSA Pasong Tamo, Magallanes Makati
t1:1511. West Service Road, Merville Paranaque
t1:1612. East Service Road–Sales street Muntinlupa
t1:1713. McKinley Road Taguig
t1:1814. C-5 Bayani Road Taguig
t1:1915. C-5–BCDA Taguig
t1:2016. C-5 Bagong Ilog Pasig
t1:2117. EDSA–SM Megamall Mandaluyong
t1:2218. EDSA–Camp Aguinaldo Gate 3 Quezon
t1:2319. Quezon Ave.–Victory Ave./Biak na Bato Quezon
t1:2420. NLEX–Balintawak Cloverleaf Quezon
t1:2521. North Avenue fronting Trinoma Mall Quezon
t1:2622. EDSA–North Avenue Quezon
t1:2723. Philcoa area Quezon
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