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Abstract

The destruction caused by Typhoon Haiyan in the coastal areas of central Philippines drew greater 
international attention to the vulnerability of coastal communities to extreme weather and climate events. 
Mangrove ecosystems enhance coastal resilience by acting as barriers against storms and its impacts. 
However, given the strength of and damage brought by Typhoon Haiyan, the extent to which mangroves and 
coastal vegetation can reduce the impacts of waves caused by storm surge has emerged as a salient issue. 
Drawing on the results of a survey of 870 households; focus group discussions with community members; 
and interviews with representatives from government agencies, nongovernment organizations, people’s 
organizations, and communities, the study examines local perceptions on whether or not mangroves played 
a role in reducing the impacts brought by Typhoon Haiyan in five affected municipalities and cities. It 
explores how peoples’ perception of the coastal protection function of mangroves differed according 
to the state of mangroves—in terms of area, width, and species richness—validated through vegetation 
surveys. It also identifies insights on how community participation may help improve coastal rehabilitation 
and management strategies.  In general, the respondents were aware of and appreciated the functions 
performed by the mangrove forests in protecting their lives and properties from Typhoon Haiyan. However, 
the participation involvement of local communities in mangrove rehabilitation and management remains 
low. Community awareness needs to be improved and residents must be encouraged to participate in 
mangrove rehabilitation and management. This study complements existing studies that show the ability of 
mangroves and coastal vegetation in attenuating storm surges, the factors that affect the level of protection, 
the limitations of this function, and the need for further studies that will look more closely into these 
crucial factors.
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Introduction

Ecosystems contribute to community resilience through 
their functions in provisioning of services and regulating 
the impacts of natural disasters (S. Das & Crépin, 2013; 
A. L. McIvor, Möller, Spencer, & Spalding, 2013; 
Saikia, Davis, & Ariyabandu, 2013; Zhang et al., 2012). 
Mangrove ecosystems provide coastal protection as 
well as diverse benefits that help enhance community 
resilience, including livelihood options such as tourism, 
transport, fishing, and other extractive uses (Alongi, 
2008; Spalding et al., 2014; Thiaw & Munang, 2013).

The resilience of coastal communities to hazards is 
therefore extensively dependent on the health of the 
coastal ecosystem. Any artificial loss or damage could 
diminish an ecosystem’s capacity to carry out its 
essential resilience-enhancing functions (Saikia et al., 
2013). The decline of protective and regulatory functions 
reduces the ecosystem’s capacity to reduce impacts of 
hazards. Disasters then consequently lead to further 
decline of ecosystems. The loss of resilience due to 
degraded ecosystems could, therefore, undermine local 
development and national economic growth (UNISDR, 
2013). Corollary to this, community resilience may be 
enhanced by the regenerating and absorptive capacity of 
coastal ecosystems (Adger, 2000).   

In the Philippines and around the world, mangrove 
ecosystems are threatened by human activities such as 
mismanaged aquaculture, forest extraction, and urban 
expansion (Primavera & Esteban, 2008). In addition, 
mangrove ecosystems are exposed to natural events such 
as typhoons, storm surges, and tsunamis. Pond culture 
is the major cause of mangrove losses in the Philippines 
(ASEAN Centre for Biodiversity, 2010). The country’s 
total mangrove area was estimated to be 500,000 ha in 
the 1900s (Brown and Fisher, 1920 as cited by Melana, 
Melana, & Mapalo, 2000). It went down to 210,497 
ha by 2008 (Department of Environment and Natural 
Resources, 2009). The total annual loss rate has been 
estimated at 0.52% between 1990 and 2010 (J. B. Long 
& Giri, 2011).

In November 2013, Typhoon Haiyan (locally known 
as Yolanda) wreaked havoc on the central part of the 
Philippines. Typhoon Haiyan is considered to be one 
of the most powerful typhoons to have made landfall in 
recorded history (David, Racoma, Gonzales, & Clutario, 
2013; Lagmay et al., 2014). Storm surges, strong winds, 
and heavy rainfall resulted in over 6,200 deaths, more 
than 1,000 missing, and almost PhP89.5 billion worth 
of damages (National Disaster Risk Reduction and 
Management Council [NDRRMC], 2014). 

In the aftermath of Typhoon Haiyan, plans to establish 
coastal greenbelts along the country’s coasts have been 
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put forward. The government launched a campaign for 
the rehabilitation of coastal areas. The case for coastal 
greenbelt establishment as a natural barrier against 
storm surge is supported by a number of studies (Badola 
& Hussain, 2005; Barbier et al., 2011; S. C. Das, Iimura, 
& Tanaka, 2011; S. Das & Vincent, 2009; A. L. McIvor 
et al., 2013; Zhang et al., 2012). Vegetation serves as an 
important source of friction to moving water, slowing 
down and reducing the size of waves brought by storms 
as they approach coastlines (Barbier et al., 2011; Liu, 
Hsu, & Wang, 2003). Others also studied the protection 
function of coastal vegetation against tsunamis (Bayas 
et al., 2011; Danielsen et al., 2005). The rule of thumb, 
according to Zhang et al. (2012), is that for every 
kilometer of dense mangrove, 0.5 meter is reduced in 
wave height (A. L. McIvor et al., 2013). Das and Crepin 
(2013) also established that mangroves can provide 
substantial protection to properties by attenuating 
impacts of strong cyclonic winds. However, the coastal 
protection function also depends on many other factors 
including the location, bathymetry, forest floor slope, 
and the properties of the storm itself (Engle, 2011; Koch 
et al., 2009; Tanaka, 2009).

There is growing understanding of the factors that 
affect the efficacy of the coastal protection function of 
mangroves. Improved understanding, based on empirical 
and scientific evidence, of its effectiveness and more 
importantly its limitations, will form part of a more 
holistic ecosystem rehabilitation and management 
(UNEP, 2014). Success of such initiatives will depend 
on how communities view or appreciate this function as 
well as the other services coastal ecosystems provide. 

This study examines local communities’ perception of 
the role of mangroves in reducing the impacts brought 
about by Typhoon Haiyan. It explores how the cause 
of damage, extent of housing damage, and the state of 
mangrove ecosystems played a role in the extent by 
which the mangroves were able to reduce the damages. It 
also identifies insights on community participation and 
how these may help inform coastal rehabilitation and 
management strategies. 

Materials and Methods

Study Sites

We conducted the study in the cities of Tacloban and 
Ormoc, the municipality of Palo in Leyte, and the 
municipalities of General MacArthur and Quinapondan 
in Eastern Samar (Figure 1). All of the study sites are 
within 50-km radius from the storm’s track. Leyte and 
Eastern Samar were among the provinces that suffered 
major losses and damages due to the impacts of storm 
surge and intense cyclonic winds.



Of the total area of the Philippines’ mangrove forests, 
Leyte is estimated to have 2.26% and Eastern Samar with 
2.18% (based on 256,185 ha total area estimate in 2000 
by Long et al., 2014). Table 1 shows the total land area 
and estimated mangrove area per municipality. Among 
all the study sites, Ormoc City and Quinapondan have 
the highest estimated area of mangroves. Most of the 
communities of General MacArthur and Quinapondan 
along the Matarinao Bay have mangroves along the 
coastlines. In Tacloban and Palo, only small patches of 
mangrove remain along the coastlines (Carlos, Delfino, 
Juanico, David, & Lasco, 2015). 

Table 1. General characteristics of the study sites.
General
Characteristics
Location 
details

Tacloban Palo Ormoc Gen.
Mac-

Arthur

Quina-
pondan

Total Land 
area (ha)a

20,172 22,127 61,360 8,324 11,729

Mangrove area 
(ha)b

     170      125   1,463 1,085      432

Percent
mangrove area

         0.84          0.56           2.38      13.03          3.68

No. of houses 
destroyedc,d

12,270 11,607 34,228 2,403 11,185

No. of houses 
partly
damagedc,d

46,553   3,741 14,983 1,857

aNational Statistics Coordination Board. Accessed last 14 Oct. 2014. b 
Estimated from Long et al., 2011 c National Disaster Risk Reduction 
and Management Council (2014) d Quinapondan and General 
MacArthur Post-disaster Needs Assessment

Tacloban and Ormoc are both highly populated coastal 
cities with 221,174 and 191,200 recorded inhabitants, 
respectively, while Palo has 62,727 (as of 2010). The 
population in Quinapondan and General Mac Arthur, 
on the other hand, are 13,841 and 12,214, respectively 
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Figure 1. Location map of the selected cities and municipalities as 
sampling sites of the study. 

(Table 2). Due to its geography and proximity to the eye 
of the storm, Tacloban City and Palo suffered the highest 
fatalities during Typhoon Haiyan, reporting 2,678 and 
902 deaths respectively, while Ormoc City reported 37 
deaths (Lagmay et al., 2014). 

Table 2. Population of the study sites and number of 
affected families by Typhoon Haiyan.
Study Site Populationa No. of Affected 

Familiesb
No. of

Casualties c

Tacloban 221,174 58,823 2,678

Palo   62.727 15,481     902

Ormoc 191,200 64,637       37

Quinapondan   13,841    3,723       10

Gen. MacArthur   12,214    3,858         0
aNational Statistics Office, 2010. bNDRRMC, 2014. cLagmay et al., 
2014

Interviews, Vegetation Survey and Analysis

Key informant interviews (KIIs), focus group discussions 
(FGDs), and household surveys were conducted to 
determine the perception of the people living along the 
coastlines about the presence of mangroves, extent of 
damage, and sense of security and well-being afforded 
by mangroves. 

Semi-structured interviews with key officials from local 
government units (LGUs), national government agencies 
(Department of Natural Resources and the Department 
of Agriculture’s Bureau of Fisheries and Aquatic 
Resources), and field offices (regional, provincial, 
and community level) were done to get an overview 
of the state of ecosystems as well as rehabilitation and 
management efforts in the study sites. A series of FGDs 
with local stakeholder groups i.e., LGUs at the municipal 
and village level (barangay, the smallest administrative 
unit in the Philippines), people’s organizations (farmers 
and fisher folks associations; women, youth and 
elderly groups), local basic service providers (coastal 
and security patrols/volunteers), and nongovernment 
organizations in selected villages for each municipality 
were done to collect community level information and 
perception on mangroves and coastal ecosystems. 

Semi-structured interviews were also done with residents 
of coastal communities. There were 26 villages selected in 
Tacloban, 6 in Palo, 31 in Ormoc, 5 in General MacArthur 
and 4 in Quinapondan with a 95% confidence level and 
different margins of error (Figure 2). These villages were 
chosen based on their coastal location, presence and/or 
absence of mangroves, the proximity of houses to water 
bodies and mangrove areas, and population exposed to 
hazards. Field enumerators selected households through 
a randomized field walk; assessing 1 household out of 
every 5 in the villages they were assigned. Households 
were assessed based on the criteria set until the target 
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sample size for the municipality had been reached. The 
total sample size of 870 individuals from 5 municipalities 
and selected villages (Table 3) were interviewed. The 
questionnaire’s themes revolved around the respondents’ 
awareness and perceptions prior, during, and after the 
typhoon. The respondents, most of whom are household 
heads and permanent residents, were asked about their 
socioeconomic profile, the perceived protection functions 
of mangroves/coastal vegetation, and the activities and 
strategies conducted by the community, government and 
other organizations. 

We tried to compare the extent of damage caused by 
Typhoon Haiyan in areas with and without mangrove 
forests. Firsthand information was collected by asking 
the respondents about the cause of damages and the 
extent of damage to their houses due to Typhoon 
Haiyan. 

Figure 2. Figure 2. Maps showing location map (top left); and 
sampled barangays, location of vegetation plots in each of the study 
sites: Tacloban (top right), Palo (middle left), Ormoc (middle right): 
General MacArthur (bottom left), and Quinapondan (bottom right). 

Table 3. Household samples per municipality.
City/
Municipality

Total # of 
Households

# of 
Selected 
Villages

# of 
Households 
in Selected 

Villages

# of 
Sample 

Households

Sampling 
Rate (%)

Tacloban 45,522 26 12,560 320 2.56

Palo 11,342  6   3,592 100 2.78

Ormoc 38,299 31 17,294 250 1.44

Gen. MacArthur 12,214   5      850 100 11.76

Quinapondan 13,841   4      545 100 18.35

Observations on the characteristics of the mangrove 
trees and seedlings were also considered. In addition, 
36 circular plots at 3-m radius were established on 
the selected Typhoon Haiyan-affected natural growth 
mangroves in Tacloban City and Ormoc City in Leyte, 
mangroves and beach forest in Palo, and General 
MacArthur and Quinapondan along the Matarinao Bay 
coastline in Eastern Samar (see Figure 2 above). The 
plots were distributed and selected to consider variations 
in inundation levels within the mangrove areas as well 
as its proximity to the settlements. At least 8 plots were 
selected per city/municipality. 

Data were analyzed using geographical information 
system software (ArcGIS) and Microsoft Access for 
cross-tabulating the results of the interviews with that 
of the vegetation survey. Awareness of the benefits and 
protection provided by mangroves as well as participation 
in rehabilitation and protection programs were measured 
categorically (yes/no) by asking respondents whether 
they think the mangroves can be beneficial, provided 
them a sense of security, and if they participated in the 
programs. The results were cross-tabulated with their 
characteristics: age, gender, resources taken, and level of 
housing damage due to Typhoon Haiyan. The percentage 
of surveyed residents that perceived that mangroves 
provided coastal protection were mapped and compared 
with the estimated mangrove area in hectares, estimated 
width of mangroves in meters and species richness in 
the study sites. The estimated mangrove area per hectare 
was based from Long et al. (2014). The estimated width 
and species richness were based from the on-the-ground 
vegetation surveys. 

Results and Discussion

Table 4 shows the characteristics of the respondents 
of each site: average age, average number of years of 
residence, sources of income, and type of housing 
structures. The average age of residents is generally 
concentrated between 40 to 50 years old. Majority of 
the respondents are either small business owners or 
employed.  Most lived in houses made of light materials, 
with only 14% living in permanent type of structures.
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Table 4. General characteristics of the respondents.
General
Characteristics

Tacloban Palo Ormoc Gen. 
MacArthur

Quinapondan

Demographic
characteristics
Ave age of
respondents
Ave # of years of 
residence

45.21

 25.79

42.77

27.73

 47.56

31.1

46.74

24.05

46.1

 30.51

Source of Income (n)
Business/
employemnt/others
Farming/livestock
Fishing
Multiple sources

 250

   15
   15
   32

70

  7
  4
18

193

    9
  26
    8

     38

     23
     23
       4

        39

        21
        25
        10

Type of house (n)
Light materials
Mixed materials
Permanent

 112
 164
   44

39
48
13

103
112
  35

     69
     23
       8

        61
        19
        15

Damage Attributed to Wind and Storm Surge 

Majority (85%) of households reported that wind was one 
of the main causes of housing damage, followedby storm 
surge (37%) and flooding (18%) (Figure 3). Ormoc has 
the highest number of respondents (95%) that reported 
wind as the major cause of damage. The citywas along 
the track of the eye of the storm. General MacArthur 
(69%) and Quinapondan (82%), both within the 50-km 
distance from the storm track, also recorded high rates 
of damage due to wind. Storm surge and flooding were 
seen at almost equal rates with wind as the major causes 
of damage in Palo and Tacloban where waves were 
recorded to be high. Houses along the typhoon track and 
within 25-50 km distance are usually exposed to winds 
at their maximum speed while such speed decreases by 
moving further from the storm track.

Other studies performed on the ground were consistent 
with the impacts and damages reported by the respondents. 
The high wind speed and storm surge of Typhoon Haiyan 
brought most of the damage to properties in most of the 
study sites. At the onset of the storm, the predicted storm 
tide for Typhoon Haiyan was 4.5 m for Tacloban, Leyte 
(along San Juanico Strait) and 5.3 m for Matarinao Bay, 

Figure 3. Major causes of housing damage as identified by the 
respondents.

Eastern Samar. The storm surge inundation levels (flood 
depths) that were observed in Tacloban reached 4-6 m 
and3-5 m in municipalities along the Matarinao Bay, 
including Quinapondan, General MacArthur, Hernani 
and Salcedo (Lagmay et al., 2014). In another study by 
Mori and team (2014), storm surge with estimated heights 
of 5-6 meters were observed in Tacloban City. Bricker, 
et al. (2014) also studied the site-specific mechanisms 
that caused the structural damages between Tacloban and 
Eastern Samar. 

Extent of Housing Damage

The household survey results comparing housing 
damage between sites with and without mangroves 
showed that coastal communities with mangroves 
suffered less damage compared to respondents living in 
areas without mangroves. This is particularly evident 
in Tacloban, where the number of respondents in areas 
without mangroves (n=81) that reported total damage is 
higher than those with mangroves (n=52) (Figure 4). In 
Ormoc, however, where most houses were made of light 
materials, damage was higher in areas where there are 
mangroves.

Figure 4. Comparison of the damages in housing to sites with and 
without mangroves in Leyte.
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While Das and Crépin (2013) showed that mangroves 
provide substantial protection from damage caused by 
cyclonic winds, the wind protection value of mangroves 
in reducing housing damage based on type of housing 
materials and exposure to winds was not considered in 
this study. 

State of Mangroves

Leyte and Eastern Samar used to have natural mangrove 
stands. During the last few decades, mangroves from 
these areas were destroyed or degraded due to the rising 
urban population and higher demand for fisheries. 
Consequently, coastal communities became more 
exposed to the relentless power of storms originating 
from the Pacific. Results of the household survey 
where respondents said that mangroves were thick and 
healthy or otherwise were confirmed by the results of the 
vegetation surveys. 

The mangroves of Tacloban are dominated by planted 
stands of Rhizophora along the seafront and natural 
stands of Sonneratia and Avicennia with sightings of 
Acanthus sp., Aegiceras sp., Exoecaria agallocha, 
and nipa plantations. The vegetation of Palo, Leyte is 
predominantly abundant with beach forest species rather 
than true mangrove species. Beach forest vegetation 
included Cocos nucifera (coconut), Thespesia populnea 
(banalo/portia tree), Talipariti tiliaceum (malubago/
beach hibiscus), and Ipomoea pes-caprae (bagasua), 
among others. Mangroves also occur but come in very 
small patches along the coast. Dead or damaged stands 
of Rhizophora and Sonneratia were observed during the 
survey while Avicennia stands showed signs of faster 
regeneration. Plantations of nipa account to the majority 
of mangrove species found in Palo, Leyte. 

The mangrove forests in Ormoc City cover a large expanse 
of about 726 ha but many portions of the mangroves had 
been converted to fish ponds. Sonneratia and Avicennia 
species dominate the mangroves with sightings of planted 

Rhizophora sp., Lumnitzera, Exoecaria, and other beach 
forest species. On nearby villages, plantations of Nypa 
fruticans are utilized by the local communities for forest 
products.

The Quinapondan mangroves had 20 mangrove 
species observed with Avicennia, Bruguiera, and 
Xylocarpus species being dominant from seaward to 
landward, respectively. Also sighted is the endangered 
Camptosthenom philippinense. In General MacArthur, 
there were also 20 sightings of mangrove species with 
natural stands of Rhizophora and Sonneratia species 
dominating the seafront with sandy soil substrate. 
Bruguiera and Xylocarpus species dominate the landward 
portion of the mangrove forest.

The mangroves in Quinapondan and General MacArthur 
in Eastern Samar had the highest values in terms of 
species richness, diversity index (H’), and evenness. 
Tacloban City had the lowest species richness with 8 
mangrove species observed. However, Palo had 0 values 
for H’ and evenness as the areas sampled were situated 
mainly in the nipa plantations although 9 species were 
recorded on small mangrove patches. Table 4 summarizes 
the mangrove biodiversity indices from the study sites.

Table 4. Biodiversity indices and parameters in the study site.
Site                    Area    Species    Shannon-        Density      Height    DBM

                          (ha)    Richness  Weiner (H’)    (trees/ha)      (m)         (m)

Tacloban               125       8           0.944396          3760         4.16     0.0659

Palo                        33       9           0                      1327         5.70     0.1320

Ormoc                1,463     13           1.2350663        3096       10.32     0.1238

Quinapondan      1,085      20          1.969263          3229         5.07     0.0769

Gen. MacArthur    432      20          1.748424          3539          4.79    0.0860

Given that biodiversity indices are good indicators of 
ecological integrity, the mangroves of Quinapondan and 
General MacArthur have a higher standing in terms of 
mangrove biodiversity followed by Ormoc, Palo and 
Tacloban. These two municipalities provide a long 
stretch of intact mangrove cover along the coastline of 
Matarinao Bay. Ormoc has a wide stretch of mangroves, 
although fishpond conversions may have compromised 
the ecological integrity of these areas. Palo and Tacloban 
have the least biodiversity as mangroves in these sites 
come in small patches. Furthermore, human interventions 
continue to threaten the mangroves. 

Mangroves are considered more effective in dissipating 
the energy of waves brought by storms (S. Das & 
Vincent, 2009; A. McIvor, Spencer, Möller, & Spalding, 
2012; Zhang et al., 2012). The wave energy absorbed by 
mangroves strongly depends on a few biotic and abiotic 
factors. The biotic factors include forest density and the 

Figure 5. State of mangroves before Typhoon Haiyan according to 
the respondents per study site.
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diameter of stems and roots. The abiotic consideration 
encompassed physical characteristics, such as forest 
floor slope, bathymetry and spectral characteristics of 
the incident waves, and the tidal stage at which the wave 
enters the forest (Tanaka, 2009). Carlos et al. (2015) 
described the vegetation resistance based on forest 
density of the study sites.

However, previous studies showed that at high tide, there 
will be a 50% decline in wave energy for Rhizophora-
dominated forest (Brinkman et al., 1997 as cited by A. 
L. McIvor, Möller, Spencer, & Spalding, 2012) within 
150 m and Sonneratia forest within 100 m off the coast, 
respectively (Mazda, Magi, Ikeda, Kurokawa, & Asano, 
2006).  It is unclear how other variables such as distance 
from the coast and topography affect this protective 
function. 

Perception of Local Communities

Findings from the household survey showed that the 
peoples’ perception on the coastal protection function of 
mangroves differed according to the state of mangroves, 
as shown in Figure 6 in terms of area, width, and species 
richness. The least number of respondents that agreed to 
the protective functions of mangroves were from Palo 
and Tacloban where area, width, and species richness 
were the lowest among all the study sites.  On the 
other hand, the areas with the highest mangrove area, 
width, and species richness were also the sites where 
most respondents agreed to the protective role that 
mangroves play (Ormoc City, General MacArthur, and 
Quinapondan).

Undeniably, mangroves and coastal vegetation were 
found to be an important resource for the communities 
(Table 5). Across all study sites in Leyte, the mangroves 
are found to be very beneficial to the community as they 
serve as a source of seafood, fuel wood for cooking, 
housing materials, and livelihood opportunities through 
mud crab and nipa shingles production. When respondents 
were asked if it will be beneficial to plant mangroves 
in the community, an overwhelming majority (90%) 
acknowledged the benefits of planting mangroves along 
the coast lines. In particular, residents of Quinapondan 
and General MacArthur of Eastern Samar perceive great 
benefits from the mangroves, which they use as sources 
of food and fuel wood. In some areas, mangroves are 
still utilized for housing structure such as stilts and 
fences. A number of respondents also recognized that 
mangroves play a substantial role in supporting recovery 
from disasters, because some residents utilized wood 
and other resources for survival and reconstruction after 
Typhoon Haiyan. Of those who perceived that mangroves 
are beneficial, 55% percent were using resources such as 
fishes, crabs, shrimp, shells or a combination of many 
resources. Majority of the respondents with ages 25-34 
years old recognized the benefits of the mangroves. Also, 
the appreciation of the benefits provided by mangroves 
were apparent across different income groups: business 
and employment, fishing, and farming. Despite having 
their houses totally destroyed by Typhoon Haiyan, 
49% of the respondents still perceived that they were 
protected by the mangroves. 

Figure 6. Percentage of surveyed residents that perceived mangroves provided coastal protection compared with the estimated mangrove area 
in hectares (left), estimated (average) width of mangroves in meters (middle) and species richness (right) in the study sites.

21



However, in spite of understanding the significance of 
mangroves, only 29% of the respondents participated in 
the programs and activities to rehabilitate, conserve and 
protect the mangroves after Typhoon Haiyan. 

Table 5. Respondents’ characteristics and perception on the 
benefits of, protection of mangroves, and participation on 
activities to rehabilitate, conserve, and protect mangroves.

Characteristics of 
respondents

Survey category and response

Benefits Sense of security Participation

Yes No Yes No Yes No

Gender

Female 66 7 62 11 21 53

Male 24 3 22   5   8 17

Age Group

15-19   3 1   2   0   2   2

20-24 14 2 12   3   5   9

25-29 25 2 18   2   8 13

30-34 26 3 22   4   6 18

35-39 14 2 15   2   3 13

>60 18 3 15   4   7 15

Source of income

Business/
employment/others

58 4 48 12 16 42

Farming/ livestock   8 4 11   1   4   8

Fishing 11 1 14   2   3  11

Multiple source   7 1   7   1   4   5

Taking resources 
from mangroves

Yes 55 5 59   7 20 46

No 35 5 26   9 10 24

Level of housing

Totally destroyed 54 8 49   9 18 43

Heavily damaged 21 1 21   4   8 16

Slightlydamaged 11 1 11   3   3   0

Not damaged   1 0   1   0   0   0

The current level of awareness and appreciation by the 
local people of the functions performed by the mangroves 
can be used as a good starting point and opportunity for 
the rehabilitation and management of these ecosystems. 
In order to ensure the sustainable use of the ecosystem 
goods and services provided by mangroves, it is 
important to increase the understanding and appreciation 
of coastal communities on the functions of mangrove 
forests. Community awareness in coastal areas on the 
importance of mangroves in disaster mitigation and 
risk reduction remains inadequate and needs to be 

raised further. More importantly, the local community 
must be motivated enough to be actively involved 
in the rehabilitation, conservation, and protection 
programs. The presence and visibility of institutions 
and organizations (such as DENR, NGOs and people’s 
organization) can also encourage active involvement 
among the residents. Stakeholders should be easier to 
motivate if they understand how their efforts would 
eventually pay off regardless of how far into the future 
will it happen.

Conclusion and Recommendations

We highlight that the resilience of coastal communities 
to tropical cyclones are, to some extent, reduced by the 
removal of mangroves. The study results showed that the 
appreciation of the protective function of mangroves is 
lower in areas where mangrove cover is low compared 
to the study sites with thicker mangrove cover (Table 6). 
Although only indicative and based on social perception, 
we show that the housing damage attributed to either 
wind and storm surge was more extensive in sites where 
there are no or very little patches of mangroves. While 
this study attempted to provide evidence on whether 
mangroves can attenuate impacts of storm surges and 
provide protection, continuous collection of empirical 
data and conduct of more in-depth studies could help 
enhance understanding on the roles of mangroves in 
reducing the vulnerability of Philippine coastlines to 
typhoons and its associated hazards such storm surges. 

It is conceivable that this observation would have been 
different if other factors such as distance, bathymetry, 
and properties of the typhoon were considered in the 
study. A more sophisticated analysis on the combined 
role of storm surge, flooding, and wind on the property 
damages could shed more light on the effectiveness 
or limitations of the coastal protection function of 
mangroves. Understanding the interactions among the 
hazards associated with the typhoon (e.g., storm surge, 
wind, duration, depth and extent of inundation) and the 
state of the mangroves and other physical factors such as 
those mentioned above may provide additional evidence 
to show that to be effective against storm surges with 
magnitude similar to that of Typhoon Haiyan, buffer 
zones or coastal greenbelts would need to be far wider 
than the existing mangrove areas and even those currently 
proposed (40-m buffer).
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Table 6. Summary of conclusion and recommendations per 
study site.
Site Perception Recommendations

Tacloban Protective function of 
mangroves and community 
participation were 
perceived to be low

Mangrove rehabilitation 
efforts should be 
supported by extensive 
communication 
campaigns 

Palo Protective function of 
mangroves and community 
participation were 
perceived to be low

Residents with claims on 
mangrove areas should 
contribute to mangrove 
protection; extensive 
communication 
campaign needed

Ormoc High awareness on the 
ecosystem services 
provided by mangroves; 
community involvement 
is higher as compared to 
other study sites

Sustain community 
participation and 
protection activities by 
supporting the existing 
people’s organization 
(PO)

Gen. MacArthur High awareness on the 
ecosystem services 
provided by mangroves; 
high community 
involvement as compared 
to other sites

Establishment of PO 
or a network of POs 
to enhance mangrove 
protection in the 
community

Quinapondan High awareness on the 
ecosystem services but 
involvement of community 
in mangrove rehabilitation/ 
protection remains to be 
low

Interventions should 
cater to the enforcement 
of ordinances and non-
destructive livelihood 
options

If implemented properly, the establishment of coastal 
greenbelts may not only provide protection against 
damages caused by storms, it may also provide ecosystem 
services including the provision of food and fuel wood, 
source of income and housing materials, erosion control, 
and possibly enhanced biodiversity and tourism that 
could help build the resilience of coastal communities. 
The observations in this study highlight the multi-
functionality of mangrove ecosystems that could justify 
investments in coastal rehabilitation and management. 
Additionally, this study generated information that could 
be used in raising the level of awareness and participation 
of all stakeholders in mangrove ecosystem rehabilitation 
and management.

Acknowledgement 

The authors would like to acknowledge the financial 
support provided by the World Agroforestry Centre 
(ICRAF) Philippines for the conduct of this study. 
The authors are also grateful to all the respondents, 
field assistants, enumerators, encoders, and LGU 
representatives who took part of the study. 

We sincerely thank our reviewers and editors for their 
comments and suggestions that led to significant 
improvements in the quality of the manuscript. earlier 
version of this paper was presented at the 1st International 

Conference on Integrative Disaster Risk Reduction 
Management on 3-5 September 2014 in Borongan, 
Eastern Samar, Philippines.
 

References

Adger, W. N. (2000). Social and ecological resilience: are

Alongi, D. M. (2008). Mangrove forests: Resilience, protection 

ASEAN Centre for Biodiversity. (2010). ASEAN Biodiversity

Badola, R., & Hussain, S. a. (2005). Valuing ecosystem

Barbier, E. B., Hacker, S. D., Kennedy, C., Koch, E. W., Stier, 

Bayas, J. C. L., Marohn, C., Dercon, G., Dewi, S., Piepho, 

Bricker, J. D., Takagi, H., Mas, E., Kure, S., Adriano, B., Yi,

Carlos, C., Delfino, R. J. P., Juanico, D. E., David, L., & 

Danielsen, F., Sørensen, M. K., Olwig, M. F., Selvam, V., 

they related? Progress in Human Geography, 24(3), 347–
364. http://doi.org/10.1191/030913200701540465

from tsunamis, and responses to global climate change. 
Estuarine, Coastal and Shelf Science, 76(1), 1–13. http://
doi.org/10.1016/j.ecss.2007.08.024

Outlook (p. 208). Philippines.

Lasco, R. (2015). Vegetation resistance and regeneration 
potential of Rhizophora, Sonneratia, and Avicennia in the 
Typhoon Haiyan-affected mangroves in the Philippines: 
Implications on rehabilitation practices. Climate, Disaster 
and Development Journal, 1(1), 1-8. http://dx.doi.
org/10.18783/cddj.v001.i01.a01

functions: an empirical study on the storm protection 
function of Bhitarkanika mangrove ecosystem, India. 
Environmental Conservation, null (01), 85–92. http://doi.
org/10.1017/S0376892905001967

C., & Roeber, V. (2014). Spatial Variation of Damage due 
to Storm Surge and Waves during Typhoon Haiyan in the 
Philippines. Journal of Japan Society of Civil Engineers, 
70(2), I_231–I_235. http://doi.org/10.2208/kaigan.70.I_231

A. C., & Silliman, B. R. (2011). The value of estuarine and 
coastal ecosystem services. Ecological Monographs, 81(2), 
169–193. http://doi.org/10.1890/10-1510.1

H. P., Joshi, L., Cadisch, G., Noordwijb, M.V. (2011). 
Influence of coastal vegetation on the 2004 tsunami wave 
impact in west Aceh. Proceedings of the National Academy 
of Sciences, 108(46), 18612–18617. http://doi.org/10.1073/
pnas.1013516108

23

  Climate, Disaster and Development Journal Volume 1 Issue 1 January 2016

Parish, F., Burgess, N. D., Suryadiputra, N., Sorensen, 
M.K., Karunagaran, V.M., Rasmussen, M.S., Hansen, L.B., 
Quarto, A. (2005). The Asian Tsunami: A Protective Role 
for Coastal Vegetation. Science, 310(5748), 643–643. http://
doi.org/10.1126/science.1118387



Long, J. B., & Giri, C. (2011). Mapping the Philippines’ 

Long, J., Napton, D., Giri, C., & Graesser, J. (2014). A Mapping

Mazda, Y., Magi, M., Ikeda, Y., Kurokawa, T., & Asano, T. 

McIvor, A. L., Möller, I., Spencer, T., & Spalding, M. 

McIvor, A. L., Möller, I., Spencer, T., & Spalding, M. (2013). 

McIvor, A., Spencer, T., Möller, I., & Spalding, M. (2012). 

Melana, D. M., Melana, E. E., & Mapalo, A. M. (2000). 

Mori, N., Kato, M., Kim, S., Mase, H., Shibutani, Y., Takemi,

National Disaster Risk Reduction and Management Council. 

National Statistics Office. (2010). Population Data. Quezon 
      City, Philippines.

Das, S. C., Iimura, K., & Tanaka, N. (2011). Effects of 

Das, S., & Crépin, A.-S. (2013). Mangroves can provide 

Das, S., & Vincent, J. R. (2009). Mangroves protected 

David, C. P. C., Racoma, B. A. B., Gonzales, J., & Clutario, 

Department of Environment and Natural Resources. (2009). 

Engle, V. D. (2011). Estimating the Provision of Ecosystem 

Koch, E. W., Barbier, E. B., Silliman, B. R., Reed, D. J., 

Lagmay, A. M., Agaton, R. P., Bahala, M. A. C., Briones, 

Liu, W., Hsu, M., & Wang, C. (2003). Modeling of Flow 

Perillo, G. M., Hacker, S. D., Wolanski, E. Granek, E.F., 
Primavera, J.H., Muthiga, N., Polasky, S., Halpern, B.S., 
Kennedy, C.J., Kappel, C.V., Wolanski, E., (2009). Non-
linearity in ecosystem services: temporal and spatial 
variability in coastal protection. Frontiers in Ecology and the 
Environment, 7(1), 29–37. http://doi.org/10.1890/080126

J. B. L. T., Cabacaba, K. M. C., & Caro, C. V. C. (2014). 
Devastating storm surges of Typhoon Haiyan. International 
Journal of Disaster Risk Reduction, 11. http://doi.
org/10.1016/j.ijdrr.2014.10.006

Resistance in Mangrove Swamp at Mouth of Tidal Keelung 
River, Taiwan. Journal of Waterway, Port, Coastal, and 
Ocean Engineering, 129(2), 86–92. http://doi.org/10.1061/
(ASCE)0733-950X(2003)129:2(86)

Mangrove Forests Using Landsat Imagery. Sensors, 11(3), 
2972–2981. http://doi.org/10.3390/s110302972

and Monitoring Assessment of the Philippines’ 
Mangrove Forests from 1990 to 2010. Journal of 
Coastal Research, 260–271. http://doi.org/10.2112/
JCOASTRES-D-13-00057.1

Mangroves as a sustainable coastal defence. Hasanuddin 
University Press. Retrieved from http://repository.unhas.
ac.id/handle/123456789/7666

(2014). Post Disaster Needs Assessment in TY Yolanda 
Affected Areas. Quezon City, Philippines. Retrieved from 
h t tp : / /www.ndr rmc .gov.ph /a t t achments /a r t i c le /1329/
Effects_of_Typhoon_YOLANDA_(HAIYAN)_SitRep_
No_108_03APR2014.pdf

Storm surge reduction by mangroves (Natural Coastal 
Protection Series: Report 2 Cambridge Coastal Research 
Unit Working Paper 41). The Nature Conservancy and 
Wetlands International.

(2012, January 1). Reduction of Wind and Swell Waves 
by Mangroves. The Nature Conservancy and Wetlands 
International. Retrieved from http://resolver.tudelft.nl/
uuid:c77ceec8-8db6-4080-b5bb-f414dca9d39d

Mangrove Management and Development in the Philippines. 
Presented at the Mangrove and Aquaculture Management, 
Kasetsart Univ. Campus, Bangkok, Thailand. Retrieved 
from http://www.oneocean.org/download/20000427/
mangrove_management_phils.pdf

(2006). Wave reduction in a mangrove forest dominated by 
Sonneratia sp. Wetlands Ecology and Management, 14(4), 
365–378. http://doi.org/10.1007/s11273-005-5388-0

24

Services by Gulf of Mexico Coastal Wetlands. Wetlands, 
31(1), 179–193. http://doi.org/10.1007/s13157-010-0132-9

The 4th National Report to the Convention on Biological 
Diversity. Assessing Progress towards the 2010 
Biodiversity Target. Philippines. Retrieved from https://
www.cbd.int/doc/world/ph/ph-nr-04-en.pdf

M. V. (2013). A Manifestation of Climate Change? A 
Look at Typhoon Yolanda in Relation to the Historical 
Tropical Cyclone Archive. Science Diliman, 25(2). 
Retrieved from http://www.journals.upd.edu.ph/index.
php/sciencediliman/article/view/4425

villages and reduced death toll during Indian super cyclone. 
Proceedings of the National Academy of Sciences, 106(18), 
7357–7360. http://doi.org/10.1073/pnas.0810440106

protection against wind damage during storms. Estuarine, 
Coastal and Shelf Science, 134, 98–107. http://doi.
org/10.1016/j.ecss.2013.09.021

Coastal Vegetation Species and Ground Slope on Storm Surge 
Disaster Mitigation. Coastal Engineering Proceedings, 
1(32). http://doi.org/10.9753/icce.v32.currents.24

T., Tsuboki, K., Yasuda, T. (2014). Local amplification 
of storm surge by Super Typhoon Haiyan in Leyte Gulf: 
Storm surge by super-typhoon Haiyan. Geophysical 
Research Letters, 41(14), 5106–5113. http://doi.
org/10.1002/2014GL060689

  Climate, Disaster and Development Journal Volume 1 Issue 1 January 2016



Primavera, J. H., & Esteban, J. M. A. (2008). A review of

Saikia, A., Davis, I., & Ariyabandu, M. M. (Eds.). (2013). 

Spalding, M. D., Ruffo, S., Lacambra, C., Meliane, I., Hale, 

Tanaka, N. (2009). Vegetation bioshields for tsunami

Thiaw, I., & Munang, R. (2013). The role of ecosystem 

UNEP. (2014). The importance of mangroves to people: a 

UNISDR. (2013). From shared risk to shared value - The 

Zhang, K., Liu, H., Li, Y., Xu, H., Shen, J., Rhome, J., &

business case for disaster risk reduction. Global 
Assessment Report on Disaster Risk Reduction 2013. 
Geneva, Switzerland: United Nations Office for Disaster 
Risk Reduction (UNISDR). Retrieved from http://www.
preventionweb.net/english/hyogo/gar/2013/en/home/index.
html

call to action. (J. Van Bochove, E. Sullivan, & T. Nakamura, 
Eds.). Cambridge: United Nations Environment Programme 
World Conservation Monitoring Centre.

mitigation: Review of effectiveness, limitations, 
construction, and sustainable management. Landscape 
and Ecological Engineering, 5(1), 71–79. http://doi.
org/10.1007/s11355-008-0058-z

mangrove rehabilitation in the Philippines: successes, 
failures and future prospects. Wetlands Ecology and 
Management, 16(5), 345–358. http://doi.org/10.1007/
s11273-008-9101-y

Ecosystem Based Disaster Risk Reduction. Ecosystem 
Based Disaster Management Planning, (93), 16.

Smith, T. J. (2012). The role of mangroves in attenuating 
storm surges. Estuarine, Coastal and Shelf Science, 102-
103, 11–23. http://doi.org/10.1016/j.ecss.2012.02.021

25

  Climate, Disaster and Development Journal Volume 1 Issue 1 January 2016

L. Z., Shephard, C. C., & Beck, M. W. (2014). The 
role of ecosystems in coastal protection: Adapting to 
climate change and coastal hazards. Ocean & Coastal 
Management, 90, 50–57. http://doi.org/10.1016/j.
ocecoaman.2013.09.007

services in climate change adaptation and disaster risk 
reduction. Current Opinion in Environmental Sustainability, 
5(1), 47–52. http://doi.org/10.1016/j.cosust.2013.02.002


