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Introduction

Cyclone Nargis struck Myanmar on May 2, 2008,
as a category 3 storm with recorded wind speeds of
up to 200 km/h and a diameter of 240 km. It was
the worst natural disaster in the history of Myanmar
and affected more than 50 townships, mainly in the
divisons of Yangon and Ayeyarwady. The
Ayeyarwady Delta was severely impacted by the
cyclone, and the mangrove vegetation was damaged
by strong winds and rain. The storm made landfall
at 14:30 on May 2 in Hainggyikyun, approximately
250 km southwest of Yangon. Moving northeast, it
swept through the densely populated Ayeyarwady
Delta region, passing through the townships of
Pyinsalu, Laputta, Mawlamyinegyun, Bogaley,
Pyapon, and Kungyangon before reaching Yangon
in the early morning on May 3, 2008 (Fig. 1). The
storm surge and associated flooding were
devastating and the destructive winds caused
further damage. The devastation was most severe in
the delta region, where the effects of the extreme
winds were compounded by a 3.6-m storm surge.
As of June 24, the official data indicated that the
number of dead had reached 84,537, with 53,836
people missing and 19,359 injured.

Two of the authors (Ya Min Thant and Maung
Maung Than) conducted a field survey of
Nargis-related damage to mangrove forests and
local communities in August and September 2008.
This report outlines our findings and includes a
literature survey of the impacts of Cyclone Nargis.

We found that mangrove forests played a
potentialy life-saving role during the storm surgein
the delta area. We aso highlight the increasing
incentive for local people to rehabilitate mangroves
and community forestry.

Pre Cyclone Conditionsin the Ayeyarwady Delta

Most of the Ayeyarwady Delta lies in the
administrative unit of the Ayeyarwady Division,
which covers 35136 km? and has population of
more than 6.5 million, giving a population density
of 180 persons per square kilometer. The residents
of the Delta area are primarily farmers, fishermen
and laborers, with a smaller proportion engaged in

Indha
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Fig. 1. Map of Myanmar showing Cyclone Nargis
chronology. Source: Geology.com:
http://www.geology.com/events/cyclone- nargis/.
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service industries and as traders. Approximately 50
to 60 percent of familiesin the Delta are engaged in
agriculture. They live in small villages aong the
banks of the tidal waterways and in scattered
settlements throughout the delta. Many areas of the
delta area are accessible only by river, making boats
an important means of transport. The deltais one of
the poorer parts of the country. Estimates from
several townships indicate that more than half of
the population are landless (Mya Than, 2001).
Mangroves grown in the reserve forests and among
the settlements, provide the man source of
materials for housing and fuel wood, and are a
nursery areafor fisheries.

Many people live in mangrove reserve forests in
the delta, although settlements have only been
officially allowed in reserve forests since 1960. The
management of forest resource, however, has been
negatively impacted by the presence of these
settlements. The laws regulating the forests could
not stop the deforestation caused by the social and
economic reguirements of the residents. Most of the
mangrove forests in the Ayeyarwady Delta have
disappeared due to continuous production of charcoal
for local consumption and for the city of Yangon since
Second World War. Charcoal production has been
estimated four times greater than the sustained

capacity of the Ayeyarwady Deltaforest (Lahiri, 1996).

Due to the increasing human population, the over
harvested areas have also been cleaned, burned and
transformed into paddy fields, settlement, fish and

12

Fig. 2 Location map of Bogaley in the
Ayeyarwady Delta and studied villages
(0). Thered (or shaded) areasindicate
satellite-detected flood waters on 5th May
2008, which detected by MODI S satellite.
Source: UNOSAT (http://unosat.web.
cern.ch / unosat/asp/prod_free.asp?id=66).

shrimp ponds and salt production. The depletion of
mangroves in the Ayeyarwady Delta is a cause of
serious environmental and economic concern, as in
many developing countries. Landsat imagery from
1995 shows that the townships of Laputta and
Bogaley, both of which had over 50 percent forest
coverage in the 1970s, had only 5.8 percent and
19.5 percent remaining forest cover, respectively
( Stainburn 1999).

Field research and literature survey

The Ayeyarwady Delta mangroves are mainly
found in the townships of Bogaley and Laputta. The
mangroves in Bogaley are primarily located in three
reserve areas, Kadonkani Reserved Forest,
Meinmahlakyun Reserved Forest, and Pyindaye
Reserved Forest. This study was conducted in these
three reserved forests, including 15 villages in the
Kadonkani Reserved Forest, 13 villages in the
Pyindaye Reserved Forest, and forestry camps in
Meinmahlakyun Reserved Forest and Byonemwe
Isand (Fig. 2). These villages and camps were
located at different distances from the cyclone track
and had different land-use patterns, especialy
regarding the amount of mangrove forest, which
included natural stands and plantations.

We interviewed 10 to 20 households in each
village and camp, collecting information on various
factors such as the socioeconomic status of the
villages, damage to humans, housing, livestock, and
the amount and condition of the mangrove forest
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before the cyclone hit. We also documented the
villagers' experiences during the cyclone attack.

Damage to the mangrove forests was assessed
for Heritiera fomes, Bruguiera sexangula,
Avicennia officinalis, A. marina, and Sonneratia
apetala on Byonemwe Island and in the southern
part of Pyindaye Reserved Forest. Five 10 x 10-m
plots for each of these five species were randomly
located. A tree census of these plots was performed
to determine the pattern of
damage and recovery of the
trees. Five 1 x 1-m subplots
were established in each plot
(at the four corners and in the
center of the plots) to monitor
regeneration  after  canopy
destruction by the cyclone.

Severad reports  were
published after the cyclone hit,
and we reviewed these
documents. The main reports
on Cyclone Nargis published
before October 2008 were the
Rapid Field Survey Report for
the Damage of Cyclone Nargis
in and around Reserved Forest
Area by the JCA (June 2008)
and the Post-Nargis Joint
Assessment (PONJA) Report
by the Government of the
Union of Myanmar, the United
Nations, and the Association
of South East Asian Nations
(ASEAN) (July 2008,
hereafter referred to as the
PONJA Report).

Damage to mangrove forests
and theforestry sector

Based on satellite images
and ground surveys of forest
cover pre- and post-Nargis,
16,800 ha (30%) of natura
forest were lost as a result of
the cyclone. In addition, an
estimated 21,000 ha of forest
plantations were damaged. The
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total area of damaged forest is thus estimated at
37,800 hain the Ayeyarwady and Yangon divisions.
The total value of damage to mangrove forests is
estimated at around K 14 bhillion (K: Kyat,
Myanmar currency unit; K1100/USD). Loss of
environmental services from the natural mangrove
forests is estimated at about K 46 hillion (PONJA
Report).

Mangrove trees were severely damaged by

Photo 1. The mangrove forests and nypa palm plantation. Left photos were
taken in October 2006, right in September 2008.
a) Mangrove forests in Byone Mwe Island. b) Rhizophora apiculata
aong the riverbank. ¢) Mangrove forests in Mainmahla Island. d) Nypa
palm plantation.
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Cyclone Nargis. Trees were felled or left standing
without leaves, twigs, or branches (Photo 1),
damage clearly caused by the strong winds. The
greatest damage occurred close to the cyclone track.
However, many trees survived such damage and
resprouted from broken stems or from the stumps of
snapped trees, and from standing stems that had lost
their crowns and leaves (Photo 2). Resprouting
ability varied among species and also with site
conditions. Sonneratia species were often wind
thrown but they exhibited faster resprouting
potentials than other species (Photos 2). Excoecaria
agallocha, Avicennia officinalis, and Heritiera
fomes appeared to be resistant to storm attack and
had higher and faster resprouting potentials. On the
other hand, very few leaves were recorded for
Bruguiera sexangula and B. gymnorrhiza,
suggesting poor sprouting ability in these species.

In some stands, natural regeneration of Bruguiera
sexangula, B. gymnorrhiza, and Heritiera fomes
was observed. After the canopy trees were removed,
saplings of these species seemed to accelerate their
growth. Undergrowth of Bruguiera species was the
most abundant (Photo 3). Current year seed
production was estimated to be reduced.

Damageto local communities
Small villages in the low-lying areas of the delta
were exposed to ferocious winds and waves, and

Bruguiera sexangula
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many were simply wiped off the map. A million
hectares of farmland were inundated with seawater,
causing the death of humans, livestock, and farm
animals, as well as the destruction of infrastructure
and means of production and livelihoods. Many
survivors faced misery and hardship. It is estimated
that Nargis destroyed or damaged approximately
450,000 housing units, and that around 350,000
additional units lost all or part of their roofs(Photo
4). The damage and losses are estimated at K 686
billion (PONJA Report). The magjority of
households that relied on income from daily labor
before the cyclone are facing a more difficult
situation after the cyclone.

The most severely damaged townships were
Ngaputaw, Laputta, Mawlamyinegyun, Bogaley,
Pyapon, Kyaiklatt, and Dedaye. Laputta and
Bogaley suffered the heaviest damage; an estimated
95 percent of structures were destroyed in these two
townships. Approximately 50 percent of the
buffaloes and 25 percent of the cattle died in the
worst hit townships. The high mortality of small
livestock, including pigs, sheep, goats, chickens,
and ducks, continues to exacerbate the problems
facing many smal and margina farmers, and
landless agricultura  workers. Fishing and
agricultural activities are a 50 percent of
pre-cyclone levels, and are down amost 100
percent in rural villages due to the loss and damage

Photo 2. Sprouting of new
|eaves from the damaged
stems. (September 2008)

Photo 3. Many saplings were
released from the
suppression by canopy
trees after the cyclone.
Bruguiera spp. was the
most common
regenerating species.
(September 2008)
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Photo 4. Damage to alocal village ( May 2008)

of tools, equipment, and livestock (PONJA Report).

People have found temporary accommodations
with friends or relatives, but many thousands
remain in tent camps and shelters in rescue centers.
Living conditions in the centers have deteriorated,
and tens of thousands of more durable temporary
housing units will be needed until permanent
housing is built. The availability of timber is crucial
for the repair and reconstruction of houses in
townships and villages and for construction of
fishing boats. In the seven townships of
Ayeyarwady Division and one township in Yangon
Division, about 50,000 economy houses are under
construction with the help of the government (Photo
5).

Therole of mangrovesin providing shelter
Interviews revealed that mangrove forests
played a crucia role in saving human lives and
property. Survival rates were higher in villages
surrounded by mangrove vegetation than in villages
without forest cover. Most villagers indicated that
they saved themselves from tidal waves by hanging
in mangrove trees, especially Avicennia trees,
overnight. In many cases, people were swept for a
few kilometers by the tidal surge until they grabbed
hold of mangrove vegetation. The interviews also
suggested that local people think that where
mangroves had been destroyed, the tidal surge was
able to penetrate far inland and destroy homes,
inundate farmland, and wash people away. The
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post-cyclone demands for timber also
highlight the importance of mangrove forests.

These mitigating functions were also
reported by the FAO (FAO Newsroom:
http://www.fao.org /newsroom/en/news/2008
/1000839/index.html). As in the case of
tsunami damage (Forbes and Broadhead
2007), the mangrove forests possibly reduce
the impact of a cyclone. Our further analysis
is expected to prove this.

All of the villagers who were interviewed
indicated their intention to stay in their own
villages because they had no alternative place
to live. They intended to return to ther
original livelihoods as soon as possible.
However, they were also afraid that similar
cyclones will come in the future. Many
people indicated that they want to have riverbank
plantations of mangrove, such as Avicennia
officinalis, in their villages.

Local perceptions of community forestry
Community forestry was initiated in Laputta and
Bogaley townships in 1998. To date, 65 users
groups have established community forests in
Laputta Township with an area of 8,801 ha. In
Bogaley, 1653 ha were established by 33 users
groups. The Forest Resources Environment
Development and Conservation Association
(FREDA) successfully implemented community
forestry in the southern part of Pyindaye Reserved
Forest, where we studied mangrove plantation
biomass in 2007. These mangrove plantations under
the community forestry scheme were observed to be
beneficial, and can supply fuelwood and building
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Photo 5 Economy houses for victims provided by
government (September 2008) .
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materials for village reconstruction after the
cyclone.

Because of the impact of Cyclone Nargis, the
local people realized the value of mangrove forests,
and consequently, their interest in community
forestry has increased. Residents are also interested
in private plantations because mangrove plantations
established by the private sector have also been
initiated in Laputta and Bogaley townships, starting
in 2007.

Reconstruction and rehabilitation of mangroves
and coastal communities

Responsible  reconstruction and  improved
protection of coastal ecosystems is vital if coastal
communities are to fully recover from Cyclone
Nargis and be protected in the future. The
government and NGOs have embarked on severd
mangrove restoration initiatives through plantation
forests. Community forestry is being promoted by
the government as a way to manage remaining
stands of reserve forests on a sustainable basis. The
Ministry of Forestry is now proposing better
protection measures for mangroves. The Forest
Department is planning to rehabilitate forests
through natural and artificial regeneration. The
extent of planned reforestation, including the forest
damaged by Nargis, is approximately 170,000 hain
seven townships of the delta. Mangrove restoration
and replanting schemes are now underway in
collaboration with local communities and NGOs.
Coastal communities have participated in the
restoration of mangrove forests and are considering
it part of their post-Nargis reconstruction process.

Conclusion

Globally, 1.2 billion people (23 percent of the
world's population) live within 100 km of the coast
(Zimmerman and Horan 2004). These populations
are exposed to specific hazards such as coastal
flooding, tsunamis, hurricanes, and transmission of
marine-related infectious diseases. Today, an
estimated 10 million people experience coastal
flooding each year due to storm surges and typhoon
landfall, and 50 million could be at risk by 2080
because of climate change and increasing
popul ation densities (Zimmerman and Horan 2004).
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Cyclone Nargis directly impacted the lives of
coastal dwellers and their settlements, and damaged
the mangroves and coastal ecosystems that support
local societies and economies. Our surveys of
villagers after the cyclone imply that mangroves
played a critical role in mitigating the damage
caused by the cyclone. The mangroves are aso
providing wood for timber and fuel after the
cyclone.

The overexploitation of mangroves because of
local demands for fuelwood and charcoal and the
conversion of mangrove land into agricultural land
or shrimp farms over the past decades may have
increased the loss of human life and the damage to
settlements caused by Cyclone Nargis. Since the
storm, the residents of the Ayeyarwady Delta have,
to some extent, realized the importance of having
mangroves in their habitat. To reinforce this
awareness, extension activities should be carried
out.

Efforts to conserve and rehabilitate the
mangroves of the Ayeyarwady Delta are urgently
required to improve the sustainability of coasta
development in the region. Measures should be put
in place to facilitate sound coastal area planning to
maintain the resilience of coastal ecosystems and
reduce the vulnerability of coastal communities.
This report reviewed the cyclone' s impacts and the
role of mangrove ecosystems in mitigating these
impacts. In the future, sea level rise and increased
frequency and intensity of storms arising from
climate change are expected to put coastal areas at
greater risk of damage. Therefore, investigation and
analysis from the viewpoint of risk management,
security, or disaster prevention are important
approaches. Restoration of mangrove forests and
construction of durable shelters are necessary to
protect residents of the Ayeyarwady Delta from
future cyclones.

The complete report of this study with a
thorough data analysis will be published in the near
future. This study was financially supported by a
Grant-in-aid from the Mitsui Bussan Rehabilitation
Project (Leader: Prof. Dr. Shigeo Kobayashi). We
would also like to thank U. Ohn (FREDA), Prof. Dr.
Seiichi Ohta (Kyoto Univ.), and the Forest
Department of Bogaley Township for their helpful
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