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This is an internal report to summarise and discuss findings related to the Manila Bay coastal
defence, based on two missions (of two weeks each) carried out by the author.
A first mission was carried out in the period 23/9 – 4/10 2019 with the objective to consider the
present state of coastal protection along the Manila Bay shoreline and to provide preliminary
recommendations for protection against flooding and erosion in the future. During that mission
attention was focused mainly on the North coast (say roughly the Pampanga and Bulacan area)
and to some extent on the North-East coast (say roughly the Metro Manila area).
A second mission was carried out in the period 11/11 – 22/11 2019. During this mission attention
focussed mainly on the South-East coast (say roughly the Cavite area).

In this report the combined main preliminary findings and considerations of both abovementioned coastal protection missions are summarised. This report is a preliminary and
unreviewed document, and for internal communication and discussion only.
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1 Scope of the missions
Two two-week missions have been carried out with the objective to consider the present state
of coastal protection along the Manila Bay shoreline and to provide preliminary
recommendations for protection against flooding and erosion in the future (on a conceptual
level).
Along the main part of the considered coast flooding of low-lying areas is the main problem.
Flooding may be caused by:
1. Overtopping of waves over the sea defence during storm conditions;
2. Overflow of the sea defence during high water levels;
3. Fluvial flooding during high river discharges;
4. Insufficient drainage during rainfall (or after flooding events).
The missions focussed on the causes 1 (wave overtopping) and 2 (overflow of sea defence),
though in practice a clear distinction is difficult to make since in large areas all four abovementioned causes play a role, and at many locations it is not yet possible to separate their
effects.
All considerations in this document are on a conceptual level and based on readily available
data and insights. Before planning or implementing any measures, detailed studies will be
required to support decisions and to define, design and optimise measures in terms of
effectiveness and impact on the surrounding coastal zone.
This is an internal document in which considerations made during two two-week missions (in
the period 23/9 – 4/10 2019 and from 11/11 to 22/11 2019) are summarised, and it is meant for
information and discussion purposes within the project team only.
In this report the main preliminary findings and considerations on the above described missions
are summarised. This report is a preliminary and unreviewed document, and for internal
communication and discussion only.
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2 Description of the area and local conditions
2.1

Introduction
In this chapter the main characteristics of the area and the environmental conditions are briefly
presented.
In Section 2.2 the Manila Bay coastal area and the main problems are briefly described. For
this purpose the area is roughly divided into four zones, each with their own characteristics.
The most relevant local conditions are briefly described, based on a concise literature review.
In Section 2.3 data on subsidence are presented, in Section 2.4 data on water levels, and in
Section 2.5 available information on wave conditions is summarised. In Section 2.6 some brief
considerations on tsunamis in the area are presented.
It is noted that the descriptions of the areas and conditions in this chapter are not complete.
More data and insights may still be available in literature. All data presented in the Sections 2.3
to 2.6 are values found in literature which have not been checked on quality or consistency.
They should be interpreted as indicative values useful for masterplanning purposes, but should
not be relied upon for design purposes.

2.2
2.2.1

Description of the area
Introduction
In this study the Manila Bay area is divided into four areas (presented in the order of priority
given to these areas during the missions), as indicated in Figure 2.1:
· North coast of Manila Bay (say roughly the Pampanga and Bulacan area),
· North-East coast of Manila Bay (say roughly the Metro Manila area),
· South-East coast of Manila Bay (say roughly the Cavite area),
· West coast of Manila Bay (say roughly the Bataan area).
Each area has its own characteristics, which are briefly described in the next sub-sections.
The bathymetry of the area is indicated in Figure 2.2. The figure shows that the overall slope
of the North and North-East coast is gentle. The slope of the South-East coast is steeper,
whereas the West coast has a rather gentle slope at the northern end and a very steep slope
at the southern end.
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Figure 2.1 Areas defined in this study (area transitions are indicative)

Figure 2.2 Bathymetry of Manila Bay
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During the first mission most attention was given to the North coast, which is briefly described
in Section 2.2.2. A field trip to this area has been carried out on 1/10/2019.
During the first mission also the situation at Roxas Boulevard was inspected (on 29/9/2019).
The seawall of Roxas Boulevard is located in the North-East section, which is described in
Section 2.2.3.
During the second mission most attention was given to the South-East coast. This area was
inspected on 15/11/2019. A brief description of this area is presented in Section 2.2.4.
During the missions only little attention has been given to the West coast of the bay (this area
has not been inspected and only little information on this area can be found in literature). Some
general considerations on this area are presented in Section 2.2.5.
2.2.2

North coast of Manila Bay (say roughly the Pampanga and Bulacan area)
The North coast of Manila Bay is largely influenced by the Pampanga river Delta (see Figure
2.1 and Figure 2.3). In the past this area consisted of mangroves, which now for the main part
have been replaced by fishponds. Many of the settlements and villages in this area suffer from
frequent flooding.

Figure 2.3 Overview of Northern coast Manila Bay

Flooding in this area is considered to be the result of a combination of the following factors:
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Subsidence. Subsidence rates in the area are large - in the order of several cm/yr - and
are mainly caused by groundwater extraction (see Section 2.3).
Sea level rise. As a result of climate change, the sea level is rising with a rate of some
mm/yr (see Section 2.4).
High river discharges. During periods with heavy rainfall high river discharges affect the
water levels in the area.
Storm surge. During storm events water levels in the area are affected by storm surge
(which is a rise in water level caused by wind and low-pressure systems).
Wave overtopping. During storm events high waves - combined with storm surge – may
overtop low lying areas or coastal defences.
Precipitation. Inevitably, during rainfall water enters the considered areas directly.
Poor drainage. In areas with poor local drainage, water entering the area due to abovementioned phenomena may remain in the area for a considerable time. Roads and
levees may form obstacles for the run-off of water, drainage facilities may be absent or
they may be clogged.

The above combination of factors illustrates the complexity of the flooding problem in this area.
The relative contributions of above factors and their distribution over the area are not wellknown.
Other complicating factors are:
· Over the last century mangroves have been replaced by fishponds. Mangroves tend to
hold the soil in the area on which they grow and may be able to trap part of the sediment
transported along the coast or the river sediment yield. Moreover, mangroves tend to
reduce the heights of waves travelling towards the shore. In this way, in the past
mangroves formed part of the protection of the mainland. The fishponds (which have
replaced the mangroves) contribute to this protection to a much lesser extent.
· The elimination of the mangroves may have induced some (local) erosion of the area
since they are no longer capable of stabilising the bed. If erosion occurs, this reinforces
the lowering of the bed (already lowering due to subsidence).
· It is noted that fishponds may to some extent also mitigate erosion but part of the
fishponds have been destroyed and have not been reconstructed again. Moreover,
during construction of the fishpond levees, the bed may have been lowered (to obtain
materials for construction of the levees). Thus, the presence/construction of fishponds
- particularly after they have been destroyed - may also contribute to lowering of the
bed.
· It has been reported that deposition of considerable volumes of volcanic debris in the
system plays a role, by adversely interfering with the discharge of water by the rivers
debouching in this area.
2.2.3

North-East coast of Manila Bay (approximately Metro Manila area)
The North-East coast (see Figure 2.1 and Figure 2.4) is the densely populated area of
(approximately) Metro Manila (boundaries of the defined North-East coast do not exactly
coincide with boundaries of Metro Manila). In this area the shoreline is protected by seawalls.
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Figure 2.4 Overview of North-East coast of Manila Bay

In this area occasional overtopping of the seawall at Roxas Boulevard (approximately once per
year) may occur. Extensive overtopping occurred during typhoon Pedring, see Figure 2.5. It is
reported that also at the higher reclaimed area located south of Roxas Boulevard occasionally
overtopping occurs, but this does not lead to problems due to the presence of a proper drainage
system behind the seawall.
Flooding in this area is considered to be mainly the result of a combination of the following
factors:
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Subsidence of the area. As a result of subsidence the crest levels of the seawalls are
lowering relative to the water level. Moreover, due to lowering of the foreshore in front
of the walls water depths at the toes of the seawalls increase, as a result of which higher
waves can reach the walls without breaking;
Sea level rise. The effects of sea level rise on the relative water level (relative to the
crests of the seawalls) and waves are similar as discussed above for subsidence (but
at a lower rate, since rate of sea level rise is smaller than subsidence rate);
High waves combined with storm surge during extreme events, causing overflow and
overtopping;
Locally poor drainage of rain water or overtopped water may cause problems during
rainfall or keep overtopped water in the area longer than necessary. (Note: discussion
of the drainage system is not included in the scope of work of this mission, see Chapter
1).

Figure 2.5 Overtopping of Roxas Blvd during typhoon Pedring in 2011

Information on the crest level of the seawall at Roxas Boulevard is presented in AMH (2018),
see Table 2.1 (row 2 in the table and blue line in the figure). Please note that the reference
level in the table is MTL (Mean Tidal Level) which is assumed to be equal to MSL (Mean Sea
Level). The table indicates that the level of the seawall varies between approximately MSL +2.0
m (northern end) and MSL +2.5 m (southern end).
Note: all other information presented in the table and figure should be ignored, since to our
knowledge the plans presented in AMH (2018) will not be implemented. It is not clear if
presently plans for improvement of the Roxas Boulevard seawall are under consideration by
the authorities. During a meeting with DPWH it was suggested that there are presently no
proposals for improvement of the Roxas Boulevard sea defence.
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Table 2.1

Seawall crest elevation at Roxas Blvd, indicated in 2nd row of the table and the blue line in the figure

(Source: AMH, 2018)

2.2.4

South-East coast of Manila Bay (approximately the Cavite area)
The coastal protection of the South-East coast (see Figure 2.1 and Figure 2.6) consists mainly
of low and narrow sandy beaches. Along short stretches low seawalls are present. Given an
expected increase of the population in this area in the future (expansion of urbanisation from
Metro Manila to the south), it is recommended to give ample attention to the present and future
state of the coastal protection in this area.
Until now no large scale flooding in this area is reported. However, during an inspection of this
part of the coast on 15/11/2019 several small scale flooding events in the coastal zone were
reported by local inhabitants. In areas where the beaches erode, the frequency and extent of
flooding may increase in the future. At some locations coastal erosion has resulted in the
absence of a beach between some houses and the LW line (implying that during HW water will
reach these houses). At other locations accretion of the coast was reported. These
observations of a dynamic coast (with eroding and accreting sections) are confirmed by satellite
images, as will be discussed further below.
Along the main part of the South-East coast the beaches form the protection against flooding.
At several locations groynes (shore-normal structures) are present, some of which in a
deteriorated state, and some detached from the shore (which is an indication that severe
erosion has occurred and that the groynes are no longer functional). During the site inspection
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(which was carried out around LW) it was estimated that during HW the water level will be close
to the crests of the beaches and walls, and that any additional elevations due to storm surge
will result in some overwash or flooding. During the site inspection also some flooding
phenomena were reported to have occurred immediately after a recent earthquake. This is
likely to be a due to a (light) tsunami effect caused by the quake. The overall conclusion based
on the site inspection is that the present state of the beaches as a coastal defence is weak.
Since the beaches are the main line of defence in this area, it is essential to maintain a minimum
beach volume and crest height at all locations in order to avoid local breaching, and this
minimum volume is estimated not to be present at many locations in the present situation.

Figure 2.6 Overview of South-East coast of Manila Bay

Moreover, the coastline is dynamic and therefore at some locations the situation is expected to
deteriorate further in the future. The main causes of the dynamic behaviour of this part of the
coast are considered to be:
· Natural gradients in the longshore sediment transport
· Man-induced gradients in the longshore sediment transport
· Sea level rise
· Reduction of sand supply to the coast by rivers (dams, sand mining in river)
These causes are briefly described below.
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Along this part of the coast a net northward directed longshore sediment transport is generated
by obliquely incoming waves. Though from satellite images it can be derived that there are
considerable periods with a southward transport (this can be concluded on the basis of several
satellite images showing temporary sand accumulation north of coastal structures) the overall
annual net effect is that sand tends to be transported in a northward direction (most images
show sand accumulation south of coastal structures, and morphological features such as sand
spit formations indicate a net northward transport. Moreover, the main wave energy is
estimated to approach from south-westerly to westerly directions). Temporary transport
reversals to the south can be attributed to seasonal effects and storm events.
The net longshore transport rate depends mainly on the height and direction of the nearshore
waves relative to the coastline, as well as the sediment characteristics. Since these parameters
are not uniform along the coast, also net longshore transports along the coast are not uniform,
resulting in transport gradients. Gradients in the net transport result in erosion (if the net
transport increases along the coast) or accretion (if the transport decreases along the coast).
Such gradients are expected to play a role in the observed dynamics of the beaches along the
North-East coast, but detailed insight into nearshore wave climates and transport modelling
would be required to identify such gradients.
Another contribution to the dynamics of the beaches is the interruption of the above described
net longshore transport by groyne structures (and other structures extending into the sea). Such
structures result in accumulation of sand updrift of the structures, which leads to a sand deficit
downdrift of the structure. This deficit results in so-called “leeside erosion”. A considerable
number of groynes has been constructed along the beaches of the North-East coast, and their
effect (saw-tooth-shaped coastlines) can be observed at many locations. These man-made
structures therefore also contribute to the dynamics of the shoreline.
Due to the effect of sea level rise the beaches in this area will become narrower in the future.
This is partly due to the rising of the water and partly due to some reshaping of the cross-shore
coastal profile (sand from the dry beach will be transported by the waves to the area seaward
of the waterline). For a rate of sea level rise of several mm/yr the horizontal shoreline retreat of
the beaches may be in the order of several dm/yr (for a more quantitative estimate more
information is required on the coastal profile slopes, the local wave heights and the sediment
characteristics). The above effect will further deteriorate the state of the beaches at critical
locations.
It is noted that if subsidence would occur in this area, this would have a similar effect as sea
level rise. However, according to considerations presented in Section 2.3.2 overall in this area
the ground may be lifted up rather than subsiding. However, Figure 2.11 seems to indicate that
locally still some subsidence may occur. Moreover, for the future situation with a growing
population in this area there is a risk that groundwater extraction would increase which could
affect the subsidence-uplift balance. So the aspect of subsidence forms a considerable
uncertainty along the South-East coast.
The behaviour of the beaches is also determined by the supply of sediment from the rivers.
Especially for coastal sections located close to river mouths, the position of the coastline is the
result of a balance between above-mentioned factors and the river sediment supply. If this
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supply is reduced (for example due to construction of dams or sand mining in the river) the
sediment balance of this coastal area near the mouth becomes negative and the coastline will
retreat. On the long term (decades) the reduction of sediment supply from the rivers may also
affect locations at considerable distances from the river (the length of affected coastline
gradually increases with time).
The coastal dynamics caused by above described processes on a large scale can be derived
from the shoreline monitor, which indicates shoreline change rates based on an analysis of
satellite images (reference is made to http://shorelinemonitor.deltares.nl). The main erosive
areas indicated by the shoreline monitor are presented in Figure 2.7. For more detailed
information on the shoreline change rates in the erosion areas reference is made to Annex B.
It is noted that the observed historic trends may not just be extrapolated to the future. Since
several factors contribute to the coastal dynamics, a prediction of future changes of this coastal
defence requires detailed studies.

Figure 2.7 Erosive beach areas along the South-East coast (Red and orange bars indicate erosion. For more
information reference is made to Annex B).

An additional uncertainty for this area is a possible change of storm conditions due to climate
change. This may result in increased erosion of the beach during a storm and in more
alongshore redistribution of sand during such conditions, which may locally result in erosion
(for example downdrift of structures or headlands).
Based on the above considerations it is expected that the state of the beaches at many
locations will deteriorate in the future. If the beaches become too narrow, additional erosion
mechanisms may become active, which will then further speed up the rate of erosion. For
example, the rate of erosion will increase if during storm events waves reach hard infrastructure
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(houses, roads) and reflect against these. Also if severe overwash (waves overtopping the
beach) or overflow of beaches occurs, this will introduce additional erosion mechanisms (on
top of the already active mechanisms described above) and it increases the risk of local
breaching of the beach.
Given the present state of the coast it is expected that in the near future at many locations the
state of the beaches will reduce below a critical level in terms of crest levels and beach volumes.
Note:
The analysis presented in Annex B indicates very large erosion rates in the southern part of
the South-East coast, indicated as Erosive area 3 in Figure 2.7. Evidence of severe erosion in
this area was also found during the inspection of the coast. Undermined (fallen) trees on the
beach and groynes located considerably seaward of the present LW-line confirm that significant
erosion has occurred in this area. The graphs in Annex B indicate that this erosion is already
going on since 1988 (and possibly longer, but data for the period prior than 1988 are lacking)
and that it does not seem to be slowing down. It is therefore very likely that rapid beach erosion
will continue in the future.
The indicated erosion rates in the order of 10 m/yr are very large. In general, such large erosion
rates are an indication that a significant large scale disturbance of the sediment balance has
occurred prior to 1988. It is not clear what has caused this disturbance, but it may be due to a
reduced sediment supply by the Maragondon river, which debouches just south of this coastal
stretch. According to DPWH sand mining is taking place in most of the rivers, but volumes are
not known (and probably illegal sand mining is also carried out). Large scale sand mining in the
rivers may disturb the sediment balance at the coast (less sand is supplied to the coast than in
the period prior to sand mining) and as a result the coast will respond.
On the long term the erosion of this part of the coast may affect coastal sections further north
along the coast, since this area is a feeder for these coastal sections. On the long term the
sediment supply of this part of the coast to the northern sections may reduce if this section
continues to erode (and orientate more perpendicular to the coast, resulting in smaller
transports, thus also less supply to the downdrift coast). For the long term behaviour of all
beaches along the South-East coast insight into the future sand supply from this beach to the
north is considered relevant.
2.2.5

West coast of Manila Bay (approximately the Bataan area)
The West coast of Manila Bay (see Figure 2.1 and Figure 2.8). Going from north to south along
this coast the cross-shore profile changes from gentle to very steep, see Figure 2.2.
The information on this area is limited and it was not inspected during this mission.
Observations described below are based mainly on satellite images (from Google Earth).
In the northern part the coast is fringed by fish ponds with locally narrow strips of mangroves.
Most villages along this part of the coast are protected by seawalls, but at some villages no
clear protection is visible on the available images. Further to the south the area tends to become
more industrial, with a power plant, refineries and a shipyard, which are protected by seawalls.
However, in this area also considerable stretches consisting of narrow beaches are present.
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Figure 2.8 Overview of West coast of Manila Bay

The shoreline monitor (http://shorelinemonitor.deltares.nl) indicates one area with significant
shoreline retreat in this area, viz. just south of Balanga, as indicated in Figure 2.9. Closer
inspection of the situation shows that this is a fishpond area and that the shoreline is not actually
retreating, but that the shoreline monitor seems to have a problem with defining the shoreline
in this area. Sometimes it defines the outer edge of the fishponds as the shoreline and
sometimes the mainland shoreline, resulting in stepwise or scattered shoreline change graphs
(see blue lines in the figure). Figure 2.9 further shows no clear areas of shoreline retreat along
the West coast.
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Figure 2.9 Area of shoreline retreat along West coast (Red bars indicate retreat)

No information on subsidence in this area is available. From information presented in the Manila
Bay Area Environmental Atlas (2007) it can be derived that in the coastal zone groundwater is
extracted (shallow and deep well extraction), so there may be a potential for subsidence but no
evidence is available.
Wave energy along this coast is probably somewhat lower than for the other coastal zones,
since the exposure of waves entering the bay from the South China Sea is less and the fetches
for locally generated waves (by wind) inside Manila Bay are limited.
Insight into flooding events along this part of the coast is lacking at this moment. During a
meeting with DPWH it was mentioned that clogging of river mouths with sediment and waste is
a typical problem for this part of the coast. This then results in flooding since the river discharge
is hampered by the shoal at the mouth. The significance and cause(s) of clogging of the river
mouths are not clear at this stage. In general, clogging of river mouths may occur if periods of
low river discharge coincide with large longshore sediment transport along the coast. However,
there may be other causes. It is recommended to obtain more insight into the relevance of river
clogging for flooding and – if relevant – into the cause(s) of clogging.
There may be other causes for flooding, for example overwash of too low beaches, overtopping
of seawalls, poor drainage, but insight into this is lacking at this stage. Since information on this
part of the Manila Bay coast is scarce it is recommended to collect (or generate) more data.
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2.3

Subsidence (and uplift)

2.3.1

Relevance of subsidence
Particularly along the northern coast one of the most dominant phenomena in the area to be
taken into consideration for coastal protection measures is the subsidence, which is generally
attributed mainly to groundwater extraction. Subsidence has the following effects relevant for
coastal protection:
· Due to subsidence, in the future low-lying areas will flood more frequently during high
tides;
· Lowering of the foreshore/mudflat areas results in less wave breaking, thus potentially
higher waves can reach the shoreline and coastal defence;
· The crests of existing seawalls and beaches will lower, making them more sensitive to
wave overtopping and overflow.

2.3.2

Present rate of subsidence
In Raucoules et al. (2013) measurements of vertical ground motion are presented for part of
the Manilla Bay coast, see Figure 2.10. The figure roughly indicates subsidence along the
North-coast and parts of the North-East coast. Along parts of the North-East coast and the
northern part of the South-East coast uplift is measured.
Also in ARRC (2014) subsidence is reported along the North coast and uplift in the South-East
coast. The rising can possibly be explained by the motion of the West Valley Fault (tectonic
activity). It is noted that spatially large variations in the ground movement may occur. It is
therefore possible that also south of the line indicated in the figure locally some subsidence
may occur (for example in areas where substantial volumes of groundwater are extracted).
This can for example be observed in Figure 2.11, which shows a more scattered pattern, with
also an area of subsidence in South-East cost (see the blue coloured area in the Cavite area
near Rosario).
The subsidence in the northern part of the Manila Bay coast is presented in more detail in Eco
(2011) - are presented in Figure 2.12. The subsidence is attributed mainly to massive extraction
of groundwater. Presented subsidence rates are in the order of several cm/yr and spatially not
uniformly spread.
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Figure 2.10 Ground motion (+ = subsidence, - = uplift) for the period 1993-1998 (Source: Raucoules et al. (2013))
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Figure 2.11 Ground motion (- = subsidence, + = uplift) (Source: Eco, N. (….))
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Figure 2.12 Subsidence rates in the northern part of the area (Source: Eco (2011))

2.3.3

Future rate of subsidence
There is considerable uncertainty related to future subsidence rates. On one hand it is reported
that in some areas ground water extraction has been regulated. On the other hand, due to a
growing population groundwater extraction may increase in the future and/or extraction may
expand to larger coastal zones.
For this evaluation we assumed that future subsidence rates will be similar to present rates.
For the main part of the North- and North-East coast (see Figure 2.12) an average rate of
approximately 5 cm/yr is assumed, ignoring spatial variations. Figure 2.10 and Figure 2.9 seem
to indicate that along part of the North-East coast and along the South-East coast there may
be some uplift instead of subsidence. However, locally also some subsidence can be observed
in this area. Moreover, in the future effects of increased ground water extraction (caused by
increased population of these areas) may overrule uplift and turn it into a net subsidence. Future
subsidence (or uplift) in this area (particularly the South-East area) is therefore considered very
uncertain.
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2.4
2.4.1

Water levels
Present water levels
Manila Bay has a prevailing diurnal tide. In ARRC (2014) for a location near Metro Manila a
value of HAT (Highest Astronomical Tide) of MSL +0.97 m is presented and for LAT (Lowest
Astronomical Tide) a value of MSL -0.83 m.
According to Van ‘t Veld (2015) the maximum level at Manila South harbour is MSL +1.09 m.
The tidal amplitude can be raised by 80% at the north side of the bay during the SW monsoon
(Van ‘t Veld, 2015).
In NAMRIA (2013,2014) extreme water levels as presented in Table 2.2 are measured at Manila
South Harbour.

Table 2.2

Maximum monthly water levels (m MSL) based on measurements in period 2008-2013 at Manila South

Harbour (NAMRIA, 2013, 2014)

In Van ‘t Veld (2015) it is estimated that during typhoon Pedring (which occurred in the period
26-30 Sept, 2011, this was the most severe typhoon in the last few decades) the maximum
water level near Hagonoy (located along the North coast) was about MSL +1.8 m, see Figure
2.13.

Figure 2.13 Estimated water levels at the Hagonoy coastline during the typhoon Pedring in 2011 (source: Van ‘t
Veld, 2015)

According to AMH (2018) in the last decades water levels near Roxas Boulevard have reached
a value of about MSL +2.36 m, see Table 2.3. The table shows that this level was reached
during a tidal level of about MSL +1.13 m combined with a storm surge of about 1.23 m in 2014
(typhoon Rammasun).
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It is noted that according to Table 2.3 higher storm surges may occur, as is shown for typhoon
Xangsane in 2006, for which the storm surge reached a value of about 1.61 m. The maximum
water level during that event remained lower than in 2014, since in 2006 the maximum surge
coincided with a lower astronomical tide. It is not clear why Pedring is not included in the table.

Table 2.3 Highest storm levels according to AMH (2018)

In Luma-ang (2019) the storm surge is determined as a residual by considering the difference
between measured water levels at Manila South Harbour Tide Station and the predicted
water level. The tide station is located in an area sheltered from waves and is able to
measure still water. Wave run-up and set-up were already eliminated from the recorded data.
The results are presented in Table 2.4. The table shows relatively small storm surges, in the
order of some dm’s only, which seems to be in discrepancy with the values presented in
Table 2.3.
It was not possible to explain observed discrepancies between storm surges in the scope of
this brief assessment, but at this stage it is recommended to anticipate (for the present
situation) Storm Tide Levels as indicated in Table 2.3, which seem to be approximately in line
with observations of flooding at Roxas Boulevard (given the crest levels presented in Table
2.1).
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Table 2.4

Storm surge (indicated as “Highest Residual”) in cm, as presented in Luma-ang (2019)

It should be noted that the main part of the available data are based on measurements near
Metro Manila. It should however be realised that these are not representative for the entire
Manila Bay coast. There are considerable spatial differences along the coast, as can be
observed clearly in the plots of computed water level elevations presented in ARRC (2014),
see Figure 2.14. This figure illustrates that under given wind conditions (in this case 15 m/s
from directions NE, SE and SW) there are considerable spatial differences in computed water
level elevation along the coast. For example, during wind from SW-directions wind-induced
water level elevations are considerably larger along the North coast than along the SouthEast coast.
(Note: the computed wind-induced elevations are not discussed here in a quantitative sense,
since the computed values contribute only form part of the actually occurring water level
elevations during extreme conditions).
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Figure 2.14 Water surface elevation for wind speed of 15 m/s from directions NE, SE and SW (Source: ARRC,
2014) (Note: quality of figures is poor since they are photos made from hard copy)

Title

Manila Bay
Attribute

Pages

37

2.4.2

Future water levels
In the future water levels (average and extreme) will be higher than indicated in Section 2.4.1
due to sea level rise and more intense storm events (which are expected to result in higher
storm surges).
There is considerable uncertainty on the future rate of sea level rise, but according to IPCC
(2019) an overall rise of about 1.1 m is expected in 2100. This implies a rate of sea level rise
in the order of more than 1 cm/yr. In our considerations we will assume a rate of 1 cm/yr.
At this stage it is not possible to make a quantitative estimate a possible increase of storm
surge heights caused by an increasing storm intensity.

2.5
2.5.1

Wave conditions
Present wave conditions
Wave action inside the bay is partly determined by waves entering the bay entrance from the
South China Sea and partly by waves generated inside the bay by the wind. Typical wind
conditions are:
- October to January: NE winds with average speeds of about 5 m/s;
- February to May:
SE winds with speeds ranging from 3 to 6 m/s;
- June to September: SW winds with speeds ranging from 5 to 7 m/s.
The contribution of the sources of waves (entering from the South China Sea versus locally
generated inside the bay) depends on the location of the considered coastal section within the
bay.
In Van ‘t Veld (2015) it is reported that in the northern part of Manila Bay wind waves with
heights exceeding 3 m can be generated.
In AMH (2018) offshore significant wave heights (Hs) during typhoons as shown in Table 2.5
are presented. It is not clear at which (“offshore”) location these values are assumed to occur.

Table 2.5

Wave heights (offshore) at time of highest SWL during typhoons (Source: AMH (2018))

In Lopaz et al. computed nearshore wave conditions and wave setup (“water displacement”)
near Roxas Boulevard for various wind speeds (from low to high) are presented, see Table 2.6.
These values for the wave heights are smaller than those presented in the above-mentioned
data sources, which is due to the fact that Table 2.6 shows (computed) nearshore wave heights
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occurring at limited water depths. These values are based on uncalibrated computations, and
therefore it is recommended to use these results with caution (reliable measurements are to be
preferred at this stage, or a detailed wave study based on reliable wave propagation
computations).
Based on the above sources it is concluded that deep water significant wave heights (Hs) in
the bay during typhoons may be approximately 3 to 4.5 m, with wave periods of about 10 to 13
s. Near coastal protection works wave heights will in most cases probably be depth-limited,
resulting in lower wave heights. The degree of wave height reduction strongly depends on the
foreshore and thus it will vary strongly along the coast.

Table 2.6

Computed nearshore wave conditions and wave setup near Roxas Boulevard (Lopez et. al)

It should be noted that the main part of the available data are based on measurements near
Metro Manila. It should however be realised that these are not representative for the entire
Manila Bay coast. There are considerable spatial differences along the coast, as can be
observed clearly in the plots of computed wave heights presented in ARRC (2014), see
Figure 2.15 to Figure 2.17. This figure illustrates that under given wind conditions (in this case
15 m/s from directions NE, SE and SW) there are considerable spatial differences in
significant wave heights along the coast.
The above mentioned figures show computational results for wind-induced wave heights (left
boxes in the figures) and of combinations of these wind-induced wave heights with the energy
of swell waves generated outside Manila Bay in the South China Sea (right boxes in the
figures). The applied swell wave directions assumed to occur in the South China Sea for the
numerical simulations are presented in Table 2.7.
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Wind direction
NE
SE
SW

Swell Hs (m)
2.97
3.19
5.87

Swell Tp (s)
6.93
7.27
12.11

Swell Dir (°N)
37
155
236

Table 2.7 Characteristics of offshore swell conditions applied in modelling in ARRC (2014) – valid for location at
South China Sea (outside Manila Bay)

Figure 2.15 shows the locally generated wind waves inside Manila Bay during (extreme) wind
of 15 m/s from the NE (left box). For this wind direction the wave growth inside the bay from
north-east to south-west can clearly be observed. The effect of wave conditions generated
outside the bay for the assumed swell conditions in Table 2.7 is negligible (compare right box
in figure with left box), which can be explained by the assumed swell direction of 37 °N. From
waves travelling in the South China Sea with this direction hardly any wave energy can enter
the bay. For the considered (extreme) NE conditions the highest waves occur near the southern
end of the West coast. In this area computed significant wave heights Hs are about 1.8 to 2.0
m.

Figure 2.15 Computed significant wave height Hs for 15 m/s wind from NE – left: without swell, right: with swell
(Source: ARRC, 2014) (Note: quality of figures is poor since they are photos made from hard copy)

Figure 2.16 shows the results for (extreme) wind of 15 m/s from the SE (left box). Also for this
case the assumed swell conditions in the South China Sea (presented in Table 2.7) do not
significantly affect the wave heights inside Manila Bay (compare left and right box in the figure).
For the considered extreme wind speed (15 m/s) from a SE direction, maximum significant
wave heights occur along parts of the North and the West coast, and computed values reach
values up to 1.6 - 1.8 m.
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Figure 2.16 Computed significant wave height Hs for 15 m/s wind from SE – left: without swell, right: with swell
(Source: ARRC, 2014) (Note: quality of figures is poor since they are photos made from hard copy)

Figure 2.17 shows results for (extreme) wind with a speed of 15 m/s coming from SW. The left
box again presents the results of local wind growth only, whereas the right box includes the
effect of swell waves entering the bay from the South China Sea (for swell characteristics
reference is made to Table 2.7). The results show that along some parts of the coast the wave
energy entering the bay from the South China Sea has a large effect on the nearshore wave
heights. This is particularly the case for the South-East coastal area (located close to the bay
entrance, under direct wave attack of the swell waves entering the bay), the North-East area
and part of the North coast. Computed extreme nearshore significant wave heights may locally
reach values close to 3 m.
It is noted that the pattern in the right box of Figure 2.17 is valid for the specific swell conditions
presented in Table 2.7, with a direction of 236°N. For different swell directions the wave patterns
inside the bay will differ from the computed pattern. It is further noted that the assumed wave
height of the swell for above direction is rather large (Hs > 5 m) and may be considerably lower
during significant part of the time.

Title

Manila Bay
Attribute

Pages

37

Figure 2.17 Computed significant wave height Hs for 15 m/s wind from SW – left: without swell, right: with swell
(Source: ARRC, 2014) (Note: quality of figures is poor since they are photos made from hard copy)

2.5.2

Future wave conditions
A possible effect of climate change is an increase of storm intensity. Moreover, due to
subsidence of the nearshore region and sea level rise water depths at the toes of structures
increase, so higher waves may reach the shoreline (since the wave energy loss due to wave
breaking will be smaller if the water depths at the foreshore increase, and less wave refraction
occurs). Quantitative estimates of these effects cannot be made at this stage, but an indicative
example of this effect is given in Section 3.2.

2.6

Tsunamis
The Philippines is frequently hit by tsunamis. On the internet site of Phivolcs
(https://www.phivolcs.dost.gov.ph/index.php/tsunami/historical-tsunamis) some destructive
tsunami events in the Philippines are presented for the period 1828-1994. In that period two
severe tsunamis affecting Manila Bay are reported, as presented in Table 2.8. Areas
susceptible to tsunamis of various heights are presented in Figure 2.18.
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Table 2.8

Tsunami event which have affected Manila Bay (Source:

https://www.phivolcs.dost.gov.ph/index.php/tsunami/historical-tsunamis)

Figure 2.18 Areas susceptible to tsunamis (source:)
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3 Considerations on coastal protection measures
3.1

Introduction
In this chapter considerations on coastal protection strategies and possible measures are
presented.
Along the Manila Bay coast there is considerable uncertainty on many factors such as relative
sea level rise (relative to the land, which is locally subsiding) and future storm intensity. In
Section 3.2 some brief general considerations on climate adaptation of coastal structures given such uncertainty - are presented.
The four areas distinguished in Figure 2.1 have different characteristics, and thus also
recommendations for protection are different. In Section 3.3 some general considerations and
assumptions are presented, followed by more specific considerations for the North coast
(Section 3.4), the North-East coast (Section 3.5), the South-East coast (Section 3.6) and the
West coast (Section 3.7).

3.2

General considerations on climate adaptation of coastal structures
Sea level rise leads to increased water levels that need to be taken into account in the design
of coastal structures, but possibly also to increased wave loading on the structures. This is
particularly the case for structures exposed to depth-limited conditions (which is often the case
during extreme events and is expected also to occur along parts of the Manila Bay coast).
In Van Gent (2019) an example of the above is presented for an increase of water depth of 1.0
m in front of a structure, which may result in an increase of wave height at the structure of about
0.5 m (since due to the larger water depth at the toe of the structure less wave breaking occurs,
so larger waves may reach the structure). Such an increase of wave height causes an increase
of wave run-up levels which may be in the order of 1.5 m (about 3x the wave height for relatively
smooth impermeable slope protections). The above example shows that for 1 m sea level rise
the design crest levels of coastal structures may have to be lifted with about 2.5 m (viz. 1 m to
account for the sea level rise and about 1.5 m for increased wave run-up). So the required crest
level elevation of a coastal defence structure to account for effects of sea level rise may be a
factor larger (in the example a factor 2.5) than the sea level rise itself.
In Van Gent (2019) it is discussed how the design of coastal structures for the worst-case of
sea level rise projections are likely to be unnecessarily costly. Instead it is recommended to
consider the combined effect of various possible future adaptation measures which can
sequentially be implemented in the future (during the lifetime of the structure), depending on
the actually occurring sea level rise. This provides the possibility of adapting the coastal
protection to the actual sea level rise effects in the future. Since each of the measures has its
limitations, an effective sequence of implementation of the measures, the effect of each
separate measure and the combined effect of all measures should be taken into consideration
in the design stage.
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Such a phased combination of measures could for example be applied for the North-East coast
(say the Metro Manila area). Reference is made to Section 3.5 where various measures are
discussed, which may be applied sequentially in the future.
3.3

General considerations on measures for Manila Bay coast
In this section some assumptions are presented which will be applied to make first estimates
of orders of magnitudes of required crest/elevation levels of coastal defence works. All
estimates presented in this document are very indicative. These values should not be used for
design purposes and they should be assessed and optimised by means of detailed studies at
a later stage for selected options. Moreover, these values are likely to vary considerably along
the coast, depending on the local foreshore and wave conditions (which are not uniform along
the coast).
·

·
·
·
·

·
·

A period of 20 years (say till 2040) and of 50 years is considered. Evaluation of periods
longer than 50 years is considered unrealistic, given the large uncertainties in future
conditions. Particularly for the important factor of subsidence there is considerable
uncertainty, since the assumed rates may be strongly affected by human interference.
Along the northern coasts of Manila Bay the assumption for future subsidence is
presented in Section 2.3.3, viz. 0.05 m/yr. This implies 1.0 m subsidence in a period of
20 years and 2.5 m subsidence for 50 years, see Table 3.1.
The assumption for sea level rise is presented in Section 2.4.2, viz. 0.01 m/yr. This
implies 0.2 m sea level rise in a period of 20 years and 0.5 m for 50 years, see Table
3.1.
Given the uncertainty in future changes of storm intensity, this has not been accounted
for (so storm intensity is assumed to be the same as in past decades).
Given considerable uncertainty in the future changes of the environmental conditions
(for example the rate of subsidence) flexible measures are strongly preferred above
hard measures. Flexible measures are often ‘soft’ measures, based on sediments and
vegetation (rather than rock and concrete). Such measures can be monitored and tuned
to changing conditions if developments are different than predicted.
As discussed in Section 3.2, given the uncertainty in future conditions, a sequential
implementation of different measures may be preferred over a fixed design accounting
for the worst-case of sea level rise projections.
Assumption: The recommended protected areas indicated in Figure 3.1 should not be
significantly affected, or effects should be very small.

Period
(yrs)
20
50
Table 3.1

Subsidence
(m)
1.0
2.5

SLR
(m)
0.2
0.5

Subs+SLR
(m)
1.2
3.0

Assumed subsidence and sea level rise (for Northern coasts on Manila Bay)
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Figure 3.1 Recommended strict protection zones (source: Manila Bay Situation Atlas, 2018)

3.4

North coast
Based on the present situation and the expected future changes, areas which are considered
suitable for long-term measures will be discussed, as well as areas where a strategy of
managed retreat combined with short term measures is considered more suitable.
A strategy should preferably be based on a cost-benefit analysis. At this stage there is no clear
insight into costs and benefits of measures.
For the North coast (see Figure 2.1) the high rate of subsidence is a dominant factor, making
that any measures designed for the present may become dysfunctional within decades, as will
be discussed further below.
Long term measures
·

For areas which are presently already frequently flooded, it is likely that on the long
term these cannot be properly protected, particularly if it is taken into consideration that
in the future the situation in these areas will deteriorate further due to subsidence and
sea level rise (see considerations further below).
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·
·

·

·

·

·
·

·

This implies that for areas presently located below approx. MSL +1.5 m (see water
levels presented in Table 2.2) long term protection will probably not be
sustainable/feasible, so attention for long term measures should focus on the area
above approx. MSL +1.5 m (Note: this is an indicative value, which may be required to
be fine-tuned at a later stage).
However, existing urban areas that do not fulfil above criterion but are attached to the
mainland should preferably also be protected.
Based on above criteria a line can be defined which can likely be (to some extent)
effectively protected on the long term. A very indicative first estimate of such a line is
presented in Figure 3.2. This line is very indicative and should be fine-tuned at a later
stage.
In the above considerations the MSL +1.5 m line is referred to, but this should not be
considered as a firm recommendation for placing the line of protection. There may be
some considerations which may lead to a position of the line more landward or more
seaward. In Annex A some general guidelines are described which can provide
guidance for the definition of this line of protection. (Note: this annex was written in cooperation with Bregje van Wesenbeeck of Deltares).
Measures should be defined to protect the area landward of this line against high water
levels and waves, also during storm conditions (with a reasonable return period). This
implies that at many locations higher ground or structure levels will have to be created
(by means of coastal protection structures or elevation of areas/infrastructure), since
storm water levels are higher than the above-mentioned level of MSL +1.5 m (see Table
2.3, with storm levels up to about MSL +2.4 m). So without further measures areas
landward of the defined defence line would not be protected against storms.
The required minimum level of protection measures against high water levels - taking
into account future subsidence and sea level rise - can be roughly estimated as follows.
The required minimum level of protection measures in the present situation is MSL +3
m. This is somewhat higher than the crest levels of the occasionally overtopping Roxas
Blvd sea wall, see Table 2.1. It is expected that for this level still some overtopping will
occur during severe storms, but that overtopping discharges are manageable. Taking
into account the values for subsidence and SLR as presented in Table 3.1, this implies
a crest level of new structures at approx. MSL +4.2 m (= MSL +3 m + 1.2 m) to
accommodate protection for the next 20 years and approx. MSL +6 m (= MSL +3 m +
3 m) for the next 50 years. These values are considered to be minimum levels, since
they only account for the direct effect of sea level rise and not for the effect of increased
wave run-up which may be the result of higher waves reaching the structures due to
increased water depths. As discussed in Section 3.2, depending on the local conditions
this may lead to higher crest levels of structures.
Above values are therefore to be considered as (minimum) very indicative and they are
based mainly on information available along the North-East coast and some
simplifications. Detailed studies are required to assess these values more accurately.
The above philosophy focuses on flooding from the sea side. The effect of high river
discharges should also be considered, and any measure defined to protect the coast
should not adversely affect flooding caused by the river (in the area itself and other
areas).
New developments seaward of the line of defence should be prevented and it may be
considered to facilitate retreat. The situation in these areas will deteriorate due to
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·

·
·

·

subsidence and sea level rise (and some other aspects, discussed further below). So
it may be considered to apply a strategy of managed retreat for the existing villages
seaward of the line (compensation of owners, stimulation of moving to other places,
prevent new developments). Plans for a resilience fund do already exist.
Restore tidal flats and mangroves to re-create natural habitat and reduce wave
exposure of the shoreline. Possibly elevate subsided mudflat area and restore
mangroves to trap sediment. First restoration plans have already been sketched by
Wetlands Int, see Figure 3.3.
Monitor to which extent restored mangroves/mudflats can compensate the subsidence
and sea level rise by trapping sediment (supplied by the rivers).
The presence of mangroves may to some extent reduce wave overtopping at the line
of defence, and thus the presence of mangroves may lead to somewhat lower
protection levels (of structures or elevation of infrastructure). However, if this mangrove
effect is taken into account in the design, there should be a high level of confidence
that mangrove restoration will be successful.
Given the above described large effect of subsidence, it is strongly recommended to
replace groundwater extraction in the coastal zone by other water resources as soon
as possible. The present subsidence rates largely affect the required robustness of
coastal protection measures, and measures may be considerably “lighter” if the effect
of subsidence can be eliminated.

Mangroves do not significantly affect the large scale water levels in the area, and they therefore
do not protect areas located below MSL +1.5 m against flooding. The main effect of mangroves
as a coastal protection is wave height reduction, thus it can reduce wave overtopping of
protected areas.
The effect of mangroves on wave heights depends largely on the extent and details of the
mangrove field. Some indicative general guidelines (not specifically for this area, but based on
world-wide experience) on the potential effectiveness of mangroves as part of a coastal
protection are presented by Spalding et al. (2014). They estimate that the width of a mangrove
field (in seaward direction) needs to be hundreds of meters to significantly reduce waves (the
wave height is reduced by 13-66% per 100 m of mangroves). The tree density also plays a role:
dense aerial root systems and branches help to attenuate the waves.
In Spalding et al (2014) it is also mentioned that to some extent storm surge levels may be
reduced. However, to have a noticeable effect a mangrove field should have a considerable
width. As a guideline a storm surge height reduction of 5 to 50 cm per km mangrove width is
given.
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Figure 3.2 Indicative estimate of possible line of defence (white line)

Figure 3.3 Indicative line of defence combined with possible measures to restore mudflat and mangrove
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In Van ‘t Veld (2015) some measures for mitigation of local flooding along the North coast are
briefly discussed (reference is made to Annex D of the referred report), among which some
proposed plans (by other parties) for measures at Hagonoy, which is located along the line of
defense sketched in Figure 3.3. It is noted that the measures discussed in that annex are
relatively small scale and as a coastal defense they seem to be focusing more on the normal
conditions (protection against the tide) than against storm conditions. Though some interesting
considerations are presented in the above-mentioned reference, it is advised to consider
potential measures on a larger scale, to ensure that water does not enter the ‘protected’ areas
in other (unforeseen) ways, thus making the (local) measure ineffective.
Moreover, any locally taken measure should not have (unforeseen) adverse effects at other
locations. So not only the effectiveness of measures should be considered, but also their effects
on the system as a whole (in terms of flooding of other areas, ecological impacts, coastal
impacts, etc.).
Short term measures for areas seaward of the line of defence
For villages and settlements located seaward of the defence line (see Figure 3.4) it is
considered not feasible/sustainable to protect these on the long term. For these areas the
following considerations apply:
· Short term measures may be considered here, to protect the local settlements (possibly
also the access roads, unless it is accepted that all transportation occurs by boats) to
some extent by means of small “emergency” levees. The levees should be sufficiently
high to mitigate frequent flooding, in order to allow a controlled retreat over a reasonable
period of time.
· It may also be considered to elevate parts of these areas.
· Apply as a basis for the functional design of such short term measures frequently
occurring wave and water level conditions (say with a return period of about 1 year, or
maybe 5 years if feasible). This implies that such measures will not be sufficiently high
to protect against severe storm events and have no additional margin to account for
future subsidence and SLR (so regular flooding and wave overtopping should still be
anticipated).
· However, care should be taken that these measures will remain stable during such
more extreme events, since sudden collapse during an extreme event should be
prevented. So for the constructional design (related to the stability of the structure)
stricter design criteria (with larger return periods) should be applied.
As discussed above, the long-term protection of these areas is expected not to be
sustainable/feasible. In order to further support this, the following summary is made of the
consequences of efforts to protect these areas on the long term:
· In the present situation these areas are already relatively exposed. Due to subsidence
of the surrounding tidal flat (subsidence) they will become even more sensitive.
· Furthermore, due to subsidence of the tidal flat these areas will become exposed to
increasing wave exposure with time (higher waves will reach the areas).
· In order to prevent regular flooding of these areas a structure would have to be
constructed around them. In order to guarantee the stability of these increasingly wave-
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·
·

·
·
·

exposed structures, after some decades a robust dike with a proper armour layer
(grass, rock) is likely to be required.
The foundation of such large structures at these locations is questionable.
The protected parts will become increasingly isolated and disturbing elements in the
area, since the bed levels around them will lower. As a result, on the long term (after
subsidence of the surrounding area), the protected roads and settlements will affect the
large-scale flow and sediment transport patterns, and thus affect the sediment
transports on the mudflat. The obstruction of the flow may lead to large-scale sour of
the bed in some areas and to local scour caused by wave reflection. Both effects will
locally accelerate the already fast lowering of the surrounding mudflat,
This will make protection technically challenging and the costs for future-proof
protection of these relatively small areas will be very large, and on the long term it is
expected to be not sustainable,
If the protection breaches (or overflows with a large rate), the consequence for the
villagers may be considerable,
Based on above considerations it is expected that on the longer term retreat from these
areas is inevitable, in which case all investments put in measures will be lost.

Figure 3.4 Locations of settlements (blue lines) located seaward of the indicative line of defence (white line) –
Note: access roads to the settlements are not indicated in the figure

3.5

North-East coast
The North-East coastline is protected by seawalls. At Roxas Boulevard overtopping of the
seawall occurs occasionally (on average in the order of once per year, during typhoon
conditions). For the other parts of this area no significant problems have been reported, so
attention is focussed on the Roxas Boulevard seawall. In the following some possible measures
to mitigate wave overtopping at this location are briefly described.
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It is not clear if at this moment plans are being developed for improvement of the sea defence
at Roxas Boulevard. According to DPWH there are presently no plans for improvement.
However, it is recommended to obtain more insight into whether plans for Roxas Boulevard are
under consideration (rumours about the design of a transparent wall are circulating, but no
details are known).
Given the uncertainty in the future conditions (sea level rise, subsidence, storm intensity) it may
be considered to apply account for uncertainties in future climate change by considering the
combined effect of the measures discussed below and a phased approach in their
implementation, as discussed in Section 3.2. In this way the coastal defence may most
optimally be stepwise adapted to the effects of climate change, if required.
Elevation of crest level of seawall
Elevate crest of seawall or build a crown wall on top of it. Based on assumptions summarised
in Section 3.3 it is roughly estimated that the crest level should at least be about MSL +4.2 m
to accommodate for the next 20 yrs, and approximately MSL +6 m for a period of 50 yrs. These
values should be interpreted as low estimates, since they do not include the effect of possible
increased storm intensity, and also don’t account for the effect that due to the sea level rise
higher waves can reach the seawalls (as discussed in Section 3.2). This will then result in
higher wave run-up.
Construction of a berm seaward of the wall
A somewhat lower seawall crest level (lower than above mentioned levels) may be achieved
by optimising the shape and roughness of the seawall, for example by constructing a wide and
high berm in front of the seawall. Waves will (partly) break on this berm before they reach the
wall, resulting in less overtopping.
The effect of this on the required seawall elevation is expected to be rather small, since such
modifications mainly reduce wave runup against the wall and do not affect the future lowering
of the seawall crest due to subsidence and sea level rise, which form the main part of the
requirement for seawall elevation.
Theoretically also a wave-damping beach may be considered in front of the seawall instead of
a berm. This has a similar effect as a berm (viz. the reduction of wave loads on the structure).
However, it is expected that a beach in front of the seawall would require considerable
maintenance, and it is therefore not considered to be a promising option at this stage.
Construct shore parallel breakwaters to break the waves
Another way to reduce wave attack on the existing seawall is by constructing shore-parallel
breakwaters at some distance seaward of the seawall. In this way wave overtopping can be
reduced to some extent, so the wall elevation can be somewhat smaller than the above
mentioned levels.
A series of separate breakwaters with relatively small gaps between them will probably be more
efficient than one long breakwater, since ponding should be prevented (ponding is trapping of
water between the breakwater and the seawall, which could result in higher water levels in that
area).
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Note: Above measures do not mitigate flooding caused by poor drainage, which seems to
cause problems more frequently than wave overtopping (considerations on drainage are not in
the scope of this study, see Chapter 1).
3.6

South-East coast
Given an expected increase of urban land use in this area in the future, it is recommended to
make detailed predictions of the future behaviour of the dynamic sandy coastal defence
(beaches). Measures should be based on such predictions of the future beach states (which
will differ from the present state). Some general considerations on possible measures are
presented below.
The design of measures along sandy coasts should always be based on insight into the causes
of erosion. Based on considerations presented in Section 2.2.4 the beaches along this coast
are expected to locally erode and at other locations accrete in the future, due to:
· Natural causes, such as wave-induced gradients in the net longshore sediment
transport and climate change (sea level rise and increased storm intensity);
· Man-induced causes, such as interruption of the longshore sediment transport by
structures and reduced sand supply to the coast (probably caused by mining activities
in and/or along the rivers are the construction of river dams). Possibly in the future
there may also be subsidence caused by ground water extraction contributing to sinkig
of the beaches.
The relative importance of the above contributions differs for the various beaches and beach
sections along the coast, and therefore the applied optimal measure may also vary along the
coast.
Given the present state of the coast it is expected that in the near future at many locations the
state of the beaches will reduce below a critical level in terms of crest levels and beach volumes.
Actually, at several locations the state of the beach is considered to be already below a critical
level. This seems to be confirmed by reports of local inhabitants of flooding events in the coastal
areas.
Given the “soft” nature of the main part of the sea defence along the South-East coast
(beaches) it is strongly recommended to apply soft measures if improvement of the defence is
required, viz. beach nourishment by adding sand from an external source. Given the longshore
sand transport along this coast, any hard structure that will be built along the coast (groynes,
detached breakwaters, but also revetments or seawalls) will create leeside erosion. This implies
that hard measures will shift problems further (downdrift) along the coast, and therefore such
measures should be avoided if possible.
Beach nourishment can prevent further local deterioration of beaches at critical spots. However,
since the present situation is already considered (close to) critical at many spots it may be
considered to take the measures one step further and to carry out beach rehabilitation, making
the existing beaches wider and higher on a larger scale. The latter (lifting of the beach crest)
will be required anyway.
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Since the waves will redistribute nourished sand along the coast it should be anticipated that
weak spots will occur again (unless the cause(s) of the erosion is (are) eliminated, which will
not be completely possible, since the natural causes mentioned above cannot be affected).
This implies that for soft measures regular beach nourishment is likely to be required, so a
maintenance plan should be made. It may also be considered to apply a combination of soft
and hard measures, but as stated before, the use of structures should be done with caution
and their effectiveness and impacts on other areas should be predicted (and considered
acceptable) before approval of such schemes.
The presence of longshore sand transport implies that all coastal sections are interconnected
and that any measure taken locally will also affect other sections of the coast. Initially the
sections immediately adjacent to measures will be affected, but with time the affected area
grows and on the long term large areas may be affected (depending on the extent of the
measure). Measures should therefore be taken in an integral way and the impacts of measures
on other areas should be predicted beforehand. Hard measures usually affect the downdrift
coast in an adverse manner (leeside erosion), whereas soft measures usually have a positive
effect on the downdrift coast (they supply sediment to the downdrift coast).
The feasibility of beach rehabilitation and beach maintenance (regular nourishment) depends
largely on the availability of good quality sand close to the site. In ARRC (2014) it is reported
that a potential sediment source for beach nourishment is present close to the area, viz. the
San Nicolas Shoal which is attached to this part of the coast. It is estimated that a sediment
volume of about 300 million m 3 is present in this area. From the description of the sediment
characteristics of the upper layers in this area it is expected that significant volumes medium to
coarse sand may be found in this area. The presence of this sediment source makes it likely
that beach restoration and maintenance can be made feasible.
It is noted that if the San Nicolas Shoal would be used as a sediment source for beach
nourishment, dredging of part of the shoal can affect wave propagation towards the coast. It is
therefore likely to have an impact on the coastline. Therefore, no sand should be taken from
this source without the performance of an impact assessment in which adverse coastal (and
other) effects are predicted and - if relevant - recommendations for mitigation of such effects
are formulated.
According to present information (see Section 2.3) along the South-East coast no subsidence
but even some small uplift may be occurring (though no firm data are available for the entire
area). This uplift may be reversed to subsidence if massive groundwater extraction would be
developed in this area in order to satisfy the demand of an expected growing population in this
area. As part of the urban development of the Cavite area it is strongly recommended to look
for other water resources than groundwater extraction, in order to prevent that in the future this
area will experience problems as presently experienced along the North-coast (Pampanga
area). Once subsidence starts, deterioration of beaches in the area will accelerate and beach
nourishment requirements (beach maintenance) will increase accordingly.
At many of the identified erosive spots presented in Annex B the erosion is presently still
ongoing, and it may increase in the future, for example due to the construction of new structures
(leeside erosion), climate change (accelerating sea level rise and increased storm intensity)
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and possibly also local subsidence in areas where considerable volumes of groundwater is
extracted (in the future). It is therefore recommended to make predictions (based on numerical
modelling) and monitor the coastline and to take measures if required. A rough monitoring can
be carried out with the http://shorelinemonitor.deltares.nl , which was also used to carry out
the analysis presented in Annex B. However, in problem areas more detailed monitoring
may be advised.
Coastal structures constructed in the past have a clear impact on the coastline position. Due to
interruption of the longshore sand transport leeside erosion occurs north-east of structures on
the long term, but temporarily also south-west of structures leeside erosion may occur
(seasonal effects). It is therefore strongly recommended to evaluate the impact of any proposed
new coastal structures before providing permits for construction.
3.7

West coast
So far in the study only little attention has been given to this part of the study.
Insight into flooding events along this part of the coast is lacking at this moment. During a
meeting with DPWH it was mentioned that river mouths along this part of the coast regularly
get clogged by sediment and waste. This then results in flooding since the river discharge is
hampered by the shoal at the mouth.
However, at this stage the extent of flooding problems is not clear, nor to which extent river
mouth clogging contributes to it. Without proper insight into the extent and main causes of
flooding, no measures can be defined. It is recommended to obtain more insight into the above.
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A

Considerations on alignment of line of defence
This annex was written in co-operation with Bregje van Wesenbeeck (Deltares).

Massive construction of coastal and river protection infrastructure is happening throughout the
Philippines. This is probably largely initiated by the “build, build, build” program and also is a
response to recent typhoons, storm surges and other flood events. This ongoing construction
includes river revetments, tidal embankments, and seawalls. Sometimes this goes hand in hand
with reclamation of land seawards or with claiming floodplains in the rivers. In the Philippines there
is a design manual for revetments and levees in rivers, but there is no manual for design of coastal
protection infrastructure. Also, natural dynamics of erosion, meandering and the flood extent are
only limitedly included in these manuals. So, although there is a general conception that design
levels are based on a 1 in 25 or 1 in 50 year return period, no clear guidance on the exact
positioning of infrastructure is yet found. However, placement of infrastructure is most vital when
using it for risk reduction.
There is no clear consensus on where coastal or riverine infrastructure should be best placed.
Multiple factors come in play that are partly generic but partly also very site specific. From a
generic viewpoint it can be stated that if the structure is placed closer to the source (in this case
the water from the sea or the river) it will be exposed to higher loads during extremes and it will
be exposed to low and intermediate loads more often. Therefore, the structure needs to be more
robust and resilient, hence it needs better construction, better materials and a higher design
standard. Right now, mostly the highwater line is taken for delineation of protective infrastructure
along the coast. In rivers, generally, natural embankments are followed for hard infrastructure
construction. However, both the highwater line and the river embankment will be regularly
exceeded by higher water levels, implying that infrastructure at this location will experience
frequent loads. Also, the closer the levee is situated to the water the higher loads it will have to
cope with. Placing a levee near the average highwater line implies that it will have to sustain loads
under average conditions almost daily. Similar, putting river embankments and revetments along
the natural river banks implies that the structures will be impacted several times a year. In the case
of large exposure, in terms of people, roads and government buildings straight behind the
highwater line, placing a levee or seawall close to the water may be the only solution, but in areas
where exposure is situated more landward, it is recommended to consider placement of
infrastructure more landward as well.
Instead of delineating coastal and riverine protection structures along the highwater line and along
embankments, focusing trajectories on the presence of settlements and vital infrastructure can
result in enhanced safety, lower costs and maintenance of valuable natural systems. Instead of
disconnecting floodplains from the river and cutting of mangroves and beaches from sediment
supplies from the sea, infrastructure can be placed landward of natural systems. This way natural
systems can still function properly, but more importantly, complement grey infrastructure by
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reducing loads on this infrastructure. This may result in lighter structures with lower crest levels.
Basic principles for determining the trajectory of hard infrastructure can be summarized as:
1. Focus flood protection infrastructure on areas with high exposure (many people and/or
assets),
2. Place infrastructure close to exposed assets and focus on protecting people,
3. If possible keep a natural buffer between infrastructure and the hazard,
4. Flood protection infrastructure needs to be closed, which often results in enclosed dike
rings or units,
5. Always include a maintenance budget,
6. Plan infrastructure in an integral manner, in order to avoid that measures at one location
have adverse effects on other areas (in terms of increased risks or other undesirable
effects),
7. Execute a multiple hazards assessment and make sure that the alignment of the
protection is favorable for all causes contributing to risk. For example, in areas where
flooding has both coastal, fluvial and pluvial causes, measures designed to reduce coastal
flooding should not result in an increase of fluvial and pluvial risks.
Working with the natural system and aligning infrastructure in such a way that natural systems are
still connected to fluxes of water and sand has tons of benefits. Mangrove systems thrive with
open connections to the river and the sea. Both fresh water and the tides bring in sediment and
nutrients and allow species to migrate in and out of the forest. In addition, good connectivity
allows for formation of drainage channels as water logging will have detrimental effects on
mangroves. These core values need to be respected when constructing infrastructure in the
vicinity of mangroves. If the mangroves are kept healthy, besides providing tons of services for
fisheries they can also complement hard infrastructure by dampening waves and grow with sea
level rise by trapping and fixating sediment. However, processes of erosion and growth are natural
for mangrove areas and enough space should be available to allow for these natural dynamics.
Similar principles apply for beaches and beach forests. Under mild conditions waves transport sand
towards the beach. Beaches erode under storms with extreme water levels and waves. Hard
infrastructure construction on beach should be dealt with wisely as they may amplify waves and
currents and although they can result in accretion in one place, they may lead to erosion in
another.
Placing infrastructure more landwards instead of on the highwater line or on the river
embankment results in several advantages:
1. No exposure to loads under average conditions
2. Under extreme conditions loads will be smaller
3. Required dimensions of structures and robustness can be smaller
4. Construction and maintenance costs are lower. More adaptive for climate change and external
changes in storm frequency
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6. Conservation of natural values
7. Provides more room for natural build-up of landscapes by sand and mud
8. Less impact on adjacent (unprotected) sections.

Title

Manila Bay
Attribute

Pages

37

B Analysis of beach shoreline movement South-East coast
A significant part of the shoreline of the South-East coast consists of sandy beaches. With the
Deltares shoreline monitor (http://shorelinemonitor.deltares.nl) erosive areas along this part
of the coast have been detected based on shoreline images over (approximately) the period
1987-2017. Moreover, in the erosive areas also the rates of shoreline change have been
derived from the shoreline monitor. Results are presented in this annex. Figure B-1 shows the
areas where the coastline is mainly or entirely erosive (Erosive areas 1 to 3).

Figure B-1 Overview of erosive areas (red/orange bars indicate erosion, green/yellow bars indicate accretion

Figure B-2 shows in more detail the shoreline change trend-lines for Erosive Area 1. Closer
inspection of the graphs shows that at Location A no clear erosion is observed (the dots in the
graph show the actual shoreline positions, the line is a fitted trend-line automatically drawn by
the shoreline monitor. However for Location A this line is considered not realistic, and should
be almost horizontal). At Location B the dots in the graph seem to indicate an erosive shoreline
trend. Erosion in this area (Area 1 in Figure B-1) could be the result of interruption of the net
northward sediment transport by the inlet and breakwater structure located south of this area
(leeside erosion). The inlet and breakwater structure are more clearly presented in Figure B-3.
The erosion can also be clearly observed in this figure which shows a comparison of shorelines
derived from Google Earth in 2002 and 2019 (white line based on coastline in 2002, satellite
image shows the 2019 situation).
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Figure B-2 Erosion graphs for Erosive Area 1 (Locations A and B)

Figure B-3 Difference between the 2002 coastline (white line) and present situation (satellite image) (Courtesy:
Google Earth)
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Figures B4 to B9 show details for the (partially) Erosive Area 2. In this area there are several
coastal structures interfering with the longshore transport, which may cause alternating patterns
of erosion and accretion (depending on lengths of structures and year of construction, which
probably differs for each structure). Though at some locations in Area 2 some accretion can be
observed, it is roughly estimated that the overall sediment balance of the area is negative
(erosion). This may be explained by the formation of a sand spit just south (so updrift) of Area
2 near the river debouching in this area, see Figure B.8. Part of the net northward transport is
trapped in this spit, which has resulted in a reduction of sand supply to the northern coast
(Erosive Area 2). So the overall erosion observed in Area 2 may be a leeside effect of abovedescribed sandspit-formation. However, it should be noted that this is a complex coastal area
with many discontinuities and man-made structures and for a proper understanding and
verification of above hypothesis a more in-depth study would be required.

Figure B-4 Erosion graphs for Erosive Area 2 (Locations C to E)
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Figure B-5 Erosion graphs for Erosive Area 2 (Locations F to H)

Figure B-6 Difference between the 2002/2005 coastline (white line) and present situation (satellite image)
(Courtesy: Google Earth)
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Figure B-7 Erosion graphs for Erosive Area 2 (Locations I to K)

Figure B-8 Erosion graphs for Erosive Area 2 (Locations M to O)
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Figure B-9 Development of sand spit just south of (partially) Erosive Area 2 (right)

Figures B-10 to B-13 show the details of the observed erosion in Erosive Area 3 (see Figure B1 for the location of this area). Particularly at the locations P to S the shoreline retreat is very
large according to the shoreline monitor trend graphs. A comparison of coastlines in 2010 and
2019 (derived from Google Earth) confirms the large shoreline retreat in this area, see Figures
B-11 and B-12.
The observed erosion in the sub-area between the locations T to X (see Figure B-13) can be
explained by an absence of sand supply from updrift beaches, since this area is more or less
the southern end of the coastal cell. Further south there are some more or less isolated beaches
which do not supply significant volumes of sand to the considered area between locations T
and X.
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Figure B-10 Erosion graphs for Erosive Area 3 (Locations P to S)

Figure B-11 Difference between the 2010 coastline (white line) and present situation (satellite image)
(Courtesy: Google Earth)
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Figure B-12 Situation in 2012, the first year (since 2010) in which a considerable erosion is observed northeast of a groyne structure (which was not yet present in 2010)

Figure B-13 Erosion graphs for Erosive Area 3 (Locations T to X)

