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SUMMARY

A DRR (Dutch Risk Reduction-Team) scoping mission visited Myanmar on request of the
acting Director General of DWIR after the floods of August 2019. Through a series of
meetings, site visits and interviews in affected areas in Mon and Kayin State, the team has
made a number of observations and recommendations, which were presented to the
stakeholders in Myanmar and are summarized below. Specific recommendations made for
the visited townships are given in the following pages.

Observations
•
•

•

Disaster management in Mon and Kayin State is very well organized. The
response to the flooding was effective.
Spatial planning – that prevent new developments in flood prone areas - is not in
place.
Available infrastructure (capacity, expertise, data, IT) to support decision making
on the development of flood protection measures is insufficient.

Recommendations
•
•
•

•
•

•

•

Make use of open and freely available data sets to improve early warning and
make a head start with the development of flood hazard and risk maps.
National organizations must ensure that relevant information (for example on
expected extreme rainfall) reaches the townships in time.
A capacity needs assessment resulting in a capacity building plan is required for
all levels in the administration. Capacity building must at least include:
o How to collect and interpret data and quality control
o Principles of flood hazard and flood risk mapping and making it practical at
state and township level
o Flood-proof constructions in townships
o International best practices to deal with land ownership challenges in relation
to flood protection and put this in context of Myanmar
o Involve Myanmar universities and students in collaboration with Dutch
universities, knowledge institutes and companies in surveys, mapping and
studies, to support the development of water officials for the future
Infrastructure (IT, equipment, expertise, etc.) must be implemented to execute
discharge & sediment measurements, derive rating curves, quality control
Strengthen collaboration between disaster management and water management
departments, in particular in terms of (flood-based) spatial planning, infrastructure
and protection measures.
Prepare a roadmap how to arrive to a Decision Support System framework. This
DSS enables evidence-based decision making and compare strategies and
scenarios.
Dredging and shortcutting river bends is not always an effective or sustainable
measure for flood risk reduction. Measures that interfere with river dynamics,
must be carefully examined on their effectiveness.
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1.1

INTRODUCTION

Background of the mission

Heavy flooding in Mon State in Myanmar, resulted in displacement (in early August 2019) of about
26.000 people from 14 townships across the state. This number increased, by the middle of August, to
more than 120.000 people for whole Myanmar. The river basins that were mostly affected were Bilin
river basin and Thanlwin river basin in Mon State, with Ye town as the most severely affected urban
area. 90% of the township area was flooded and over 7000 people stayed in refugee camps.
Also in Mon state, many bridges and roads have been damaged by flash floods. A landslide occurred
in Thae Phyu Kone village in the Paung township with (as was reported later) 73 casualties. The
landslide occurred at 08:00 in the morning of 9th August 2019.
In the weekend of August 10, VP 2 (Vice president 2, Chairperson of National Disaster Management
committee) and Minister for Social Welfare, Relief and Resettlement Ministry (Deputy Chair of National
Disaster Management committee) have visited the areas affected by flooding and landslides. 293.5
million kyats (US$194,338) on food and basic items for evacuees was reserved.

Figure 1 Bilin river catchment and Thanlwin river lower catchment

On the 13th of August, a message from the Ministry of Transport and Communications, Directorate of
Water Resources and Improvement of River Systems, was sent to the Dutch government with a
request for technical support in the form of a DRR mission (see Annex D). In the request for support it
is stated that “We’d like to have technical support from your Disaster Risk Reduction (DRR) Team on
the potential flood and landslide locations at the recently suffered locations and short-term, mediumterm and long-term measures for Flood mitigation and land slide prevention to avoid potential losses
by flood and land slide in those areas.”
Disaster management in Myanmar is divided into four stages: the normal (non-disaster) stage, the
warning stage, the disaster response stage, and the rehabilitation stage. The Disaster Risk Reduction
action plan from 2017 defined many priority actions with regard to different disasters like earthquakes,
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cyclones, floods and landslides. Three actions are directly related to flooding. The following is relevant
to mention in relation to the observations of the DRR mission to Kayin and Mon State:
The action defined as ‘Tsunami, floods, cyclone and storm surge risk assessment in particular
focusing on Ayeyarwady Region and Rakhine State’ led by DMH and DDM in the co-lead. In 2017 the
focus was in particular on these areas, Mon and Kayin State were not mentioned so also funding for
flood protection to these areas is limited. For more information on Water and Disaster Management in
Myanmar see Annex J.
The long term objective of the DRR-mission is to contribute to the reduction of the impact of flooding in
the river basins of the Bilin and Thanlwin (sometimes also called Salween) catchment see Figure 1.
To that effect, we need to understand the catchment behavior (hydrology, hydraulics, morphology,
structures, tidal impact).

Figure 2: Areas visited during the DRR mission in coloured dots (yellow, green, red, white). For bigger maps of
each area see Chapter 2 ‘Field Visits’.

Geographical focus includes recent flooded areas: 1. Bilin river catchment/basin area (Bilin township),
2. Lower Thanlwin river catchment/basin (Mawlamyine city, Hpa-An, Kyaikmaraw township) and Ye
township see Figure 2.
The objectives for this mission were:
•
•
•

•

To identify the drivers and key causes of the floods
To identify non-structural measures to mitigate the impact of flood, by improving the
disaster management operations, early warning, enhancing awareness
To formulate measures (no regret, midterm, long term) to improve river basin
management and flood protection as part of an integrated sustainable solution, locally as
well as on a larger scale.
To assess to what extent further capacity building within the agencies involved is required
to implement the recommendations.
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1.2

Structure of the report

Chapter 2 presents the observations and recommendations from the members of the DRR team for
the areas visited. In addition to this, the team concluded that Myanmar will benefit from the
establishment of an Integrated Flood Risk Management strategy. This concepts and steps to arrive to
that are highlighted in chapter 3. Chapter 4 presents our overall conclusions and recommendations.
The last chapter gives an overview of potential follow up actions.
The annexes contain detailed information, including minutes of meeting of all the site visits, the current
state of affairs on water and disaster management in Myanmar and how this is organized as well as an
overview of the involvement of the Dutch as well as the international community in the water sector in
Myanmar.
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2

OBSERVATIONS AND RECOMMENDATIONS FROM THE FIELD VISITS

2.1

Introduction

This chapter presents the observations and recommendations from the field visits made by the
team. A thorough analysis of the challenges of each of these sites is given in Annex F. Annex G
includes minutes of meetings we had in the areas concerned.

2.2

Bilin

Figure 3 Bilin in which the yellow dots are the locations of the sites visited.

Observations
•

The existing response to flooding in this area has shown to perform quite well in the most
recent floods. There is already an appropriate disaster management plan.

Recommendations
•

•

Structural works in Bilin River channel (raising embankments, bypasses) are only useful if
studied carefully for hydraulic and morphological impacts. For this it is needed to have more
monitoring stations over the whole stretch of the river which also measure flow
velocity/discharge and do cross-section measurements. Furthermore, detailed satellite data
can be used to assess the catchment of Bilin river further.
The existing plan to build controlled drain outlets at the end of the drainage canals which
make it possible to prevent the drainage channels from flowing in from the river side inland is
a good idea. However, the sluices should be maintained and only closed when the river water
level becomes higher than the drainage channel water level. Otherwise the drainage capacity
of Bilin Town will be decreased. In this respect it is also very important to keep drainage
canals clean, do maintenance works.
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•

Currently, the road is located slightly higher than the floodplains. During floods this might
make the road an obstacle for drainage which possibly increases the flooding in Bilin. Officials
in Bilin have plans to raise this road/embankment next to the river further. Raising the road
further would decrease the flooding of the road. However, this should only be considered
when it is made sure that the road will not be an obstacle (bottleneck) for the drainage system.
This can be done by constructing many drainage channels/build a bridge like structure.
However these measures will be very costly because the road would have to be raised over
several kilometers. Before raising the road a hydrological model can be used to research the
impact of such a raise on flood levels. For this sufficient monitoring information should be
included in the model as well as system knowledge (where is the water coming from and
flowing to).

Be careful with building embankments / river bank protections. Not only are the chances for
undercutting significant as could be seen near Nyaungdon (DRR-mission 2015). But also hard
structures like these always cause more erosion, directly up- and downstream of the structure.

Figure 4 Examples of Nature Based Solutions that could be combined with hard structures in the Bilin river.
If you choose more Nature Based Solutions such as brushwood dams or porcupine river training systems
(Figure 4), not only will you protect the river bank from erosion but also no extra erosion will be seen upand downstream of the porcupines. Both brushwood dams and porcupines increase the resistance and
decrease the flow velocity. By doing so, sediment will be deposited behind the structure. Instead of eroding,
the bank will be accreting. Furthermore, due to the increased resistance close to the river bank the focus of
the channel will shift more to the other side of the channel. More information on Nature Based Solutions in
general can be found in Annex M.
However, it should be tested and calculated if these Nature Based Solutions are strong enough to withstand
the probable high flow velocities of the Bilin River. Especially during the rainy season large amounts of
water flow through the Bilin River which would exert large forces on the natural materials of which the
brushwood dams or porcupines can be made. Possibly they could not withstand these forces. The best idea
therefore to test if this kind of Nature Based Solutions would work is to place them in front of existing river
bank protection measures. They would at least decrease the amount of undercutting of the hard structure
and could be tested at the same time without leaving the bank unprotected if they could not withstand the
high forces exerted on them. Furthermore, higher resistance would increase the water levels upstream. This
might only be a few centimeters but it should be addressed before implementing the Nature Based
Solutions because it could increase flooding upstream.
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2.3

Hpa-An

In Hpa-An the DRR-team visited several locations which all had their own issues concerning flood
management.

Figure 4 Hpa-An in which the green dots are the locations of the sites visited.

Observations:
• With high floods the flood protection wall is overtopped. Other areas of the city, not having a
protection wall are flooded frequently and could be protected by a flood protection wall. Extension
of the flood protection wall is possible, but this would require a lot of money.
• The lagoon area is yearly flooded. No structural measures are put in place. People have built their
houses on poles to protect themselves from the floods. The 2018 flood was so high that it entered
their houses.
• A new market was constructed some years ago. The concrete drainage channel constructed was
positioned high and is obstructing the discharge from the lower area. This results in the lower town
area being regularly flooded.
• Drains are clogged with sediment and waste.
• Thayokehla village was visited to check the recent construction of a protection wall. No problems
were encountered. However, undercutting of the erosion protection could be a problem but cannot
be seen from above the water surface.
Recommendations:
• The mission recommends to prepare a cost benefit analysis on the extension of the flood
protection wall, which should justify the investment. Flood risk reduction costs should be taken into
account as one of the benefits.
• As long as structural measures are not put in place the people will have to cope with the yearly
floods in the lagoon area.
• If indeed the concrete drain is the main reason for the obstruction then this will not be easy to
solve. It may be investigated whether extension of the concrete drain further upstream is possible.
For this detailed information on the topography is required.
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•

•

If indeed the concrete drainage channel next to the market area is the main reason for the
obstruction and flooding of the lower town area then this will not be easy to solve. It may be
investigated whether extension of the concrete drain further upstream is possible. For this,
detailed information on the topography is required.
The clogging of the drains with sediment and waste is a yearly problem, to which regular
maintenance is the only answer.

Recommendations regarding dredging near Hpa-An
A model was prepared by Royal HaskoningDHV in 2017 to assess the impact of deepening of the
navigation channel of the Than Lwin River by dredging the river bed to a level of 3 to 5 m below Low
Water Level. It is concluded that the dredging will reduce the water levels in the river. The impact will
be largest for low discharges. The water levels will reduce by up to 80cm during low discharge
conditions (1,000 m3/s) in case of a dredged depth of 5m. For high discharges the impact will be
significantly less, and may be only around 10 cm for a discharge of 16,000 m 3/s.
Therefore, it can be concluded that for flood risk management this measure may have some impact,
but in addition to this impact one should also consider:
•

The environmental consequence of the fact that the dredged soil will have to be disposed
which will be significant

•

That dredging in these active rivers will always be a temporary measure and that dredging will
have to be repeated after some years. The costs for so called maintenance dredging should
also be considered in the cost benefit analysis to investigate the feasibility of the proposed
measure.

•

The changes in river flow, due to the imposed bed changes may also affect sandbanks, river
bank erosion etc.

•

The lowering of water levels during low discharge regime may have a higher negative impact
(drought) than a positive impact on the high water levels.

Annex L gives a more elaborate description of the impact of dredging near Hpa-An.
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2.4

Mawlamyine

Figure 5 Mawlamyine in which the blue dots are the locations of the sites visited.

Observations
• The existing disaster prevention approach in this area has shown to perform quite well in the
most recent floods, and only requires some optimization that was already taken up by DDM
and GAD. There is already an appropriate disaster management plan.
• A river hydrometric station at Kyeik Ma Yaw has already been proposed by DMH. Although
the IUWMD has a gauge already, it has not been connected to DMH databases and
forecasting system.
• Flooding of a residential low lying area in the north of Mawlamyine could be expected. This
area flooded already before houses were build and no mitigating measures were taken to
prevent this from happening.
Recommendations
• It is important to develop an accepted flood management strategy before starting mitigation
works (include acceptance of a certain level of flooding based on risk and on acceptance by
the people)
• Communication between different entities concerned with flood risk management and spatial
planning is important. When building a residential area in a low lying area (a floodplain), it can
be expected that it will flood with the next high water.
• Structural works in Ataran River channel (dredging, channel cut-offs) are only useful if studied
carefully for hydraulic and morphological impacts. This need for instance the development of
1D or 2D models. See the textbox in Paragraph 2.6 for some observations related to dredging
and cutting of channels.
Improved hydromet monitoring and forecast in Ataran catchment (involves Nay Pyi Taw, DMH).
• According to ICOLD guidelines for dam safety and international practice, it is necessary to
develop flood maps downstream of the irrigation dams in the basin as they are exceeding the
DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019
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•

•

•

•
•

2.5

height of 15 m. The flood maps rely on a good elevation map, and preferably a hydraulic
model to calculate the inundation due to dam-break events.
Install any new station at the site of the IUWMD gauging station and determine the reference
for both stations. The coupling of these stations allows for continuing adding records to the
historic series of this location. These historic series may be relevant for strategies that involve
statistical analysis.
Most of the studies on water distribution, drainage and irrigation require a good understanding
of the elevation. It is recommended to develop a detailed and accurate elevation model for the
entire region (including the townships Mawlamyine and Kyeik Ma Yaw). At this moment
various affordable approaches are being developed worldwide for these kind of purposes, for
instance based on stereo-photogrammetry of drone photos or satellite images. As these data
are relevant for various departments, it is relevant to determine who should be the owner of
this data, and how it can be used by the others.
For evacuation plans, hazard and risk mapping, and urban planning it is relevant to determine
these flood maps also in all low-lying areas. As duration of flooding is also relevant, the use of
a dynamic 2D flooding model is recommended.
It is recommended to study improved drainage options (fast recovery) that do not disturb dryseason irrigation and account for tidal outlet (e.g. flap gates).
River works in Ataran River: Several river works, cutting off bends or dredging are proposed.
However, these measures need careful consideration (see also the textbox in paragraph 2.6
for a description on this) as these solutions may worsen the problems in the longer run.

Ye Town

Figure 6 Ye Town in which the red dots are the locations of the sites visited.
Observations
•

The evacuation of people in Ye Town during the flood of 2019 worked well. During the night
water levels rose very quickly. Still, no casualties were encountered and 7000 people were
evacuated to rescue camps.
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•

The cut-off created grows in width and carries a lot of water. During the flood of 2019 the
bridge over the cut-off channel collapsed.

Recommendations
•

In order to improve the early warning for Ye Town, more information on what happens in the
upstream part of the catchment is required. However, due to security issues it is unlikely that
rain gauges will be installed there. However, satellite data can overcome this challenge. At
this moment, these data are only used and accessible at DMH-headquarter (Union level). A
mechanism should be implemented that creates an alert for these poorly gauged basins in
order to allow officials in cities as Ye to be informed earlier.

•

Measures proposed by the city officials, such as cutting off more river bends and dredging of
the river, need careful consideration (see the textbox below). These solutions may worsen the
problems in the longer run.

•

For Ye Town itself it should be studied what the impact is of the railwaybridge on the water
level. It is very likely that the bridge is a major bottleneck and acted as a weir during the recent
floods. It will probably be too costly to change the structure of the bridge in the short term, but
maybe an opportunity arises in case maintenance or construction activities are planned.
Therefore, it is recommended to create detailed hydrodynamic model which gives insight in
the possible obstruction of the bridge of the flow during high water levels.

Impact of structural measures as dredging and cutting off river beds
Plans are drawn by DWIR in the area around Ye Town for improvement of the river
channel to be able to reduce flood levels by creating extra space/conveyance . This
concept of “Room for the River” has also been applied in the past 20 years in the
Netherlands to lower the flood levels in the Dutch Rhine branches, and may provide
some relieve in the areas we visited as well. Some options that might be explored
further are:
•
Dredging of the river channel will increase the cross-section and therefore
lower the flood levels. However, sedimentation will cause the river bed to restore to
its original level after some time (to its dynamic equilibrium again). The rate of change
can be assessed if sediment loads can be measured, or by doing a dredging pilot study.
The speed in which the pilot dredged trench fills up is a measure for the morphological
time scale or time of recovery of the river bed to its original state. Dredging has to be
repeated periodically. Often disposal of the dredged material is a problem, as it should
not be dumped anywhere in the channel or flood plains.
•
The water-level lowering effect of dredging (increasing the cross-sectional
area) is less in a tidal reach during the high tides (e.g Ye River). Backwater of the tide
in the river mouth will decrease the effect. Furthermore, e.g. the river bed in the lower
Ataran is said to be composed mainly of silt and clay. It is possible that these fine
sediments are deposited during the periods of low discharge, when these fines are
entering and deposit from the downstream Thanlwin River by the tides. This ‘tidal
sediment pumping’ effect occurs only if the flow reverses in the channel, i.e. when
there is hardly no river discharge.
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•
The river channels are meandering quite strongly for the Ataran as well as Ye
River. The possibility to make bend cut-offs has been mentioned, but should be
considered carefully. Cutting of bends will initially increase the bed slope, and will
draw down the water levels upstream effectively (in the order of several centimeters).
However, this will lead to a morphological response where the upstream river bed will
start to erode, see figure below. Although this erosion may contribute to further
lowering of the water levels on the long-term, it may also cause other issues such as
bank failures, draw down of groundwater table during dry season, and temporary
sedimentation in the lower reach. This should be studied as part of a feasibility phase.
•
Widening or excavation of flood plains has been applied as the main measure
in the Rhine River in the ‘Room for the River’ project in the Netherlands. Also for rivers
in Myanmar it may be considered as a measure for reduction of flood levels, without
impacting the low-flow levels. However, as shown in the figure below, the
morphological response of this measure may cause a rise of bed level and flood level
on the long term due to an increased slope and sedimentation of the main channel.
This sedimentation is caused by a decrease in flow velocity due to an overall larger
channel during high waters because of the widening or excavation of flood plains.
As shown above, each of these measures will have additional impacts that need to be
studied beforehand, and if possible need to be mitigated. Useful tools for this purpose
are numerical models (1D or 2D) that simulate the flow dynamics and time-dependent
bed-level change. In general such models need to be calibrated on basis of historic
data. However, as data are very limited in this basin, it may be necessary to use other
models (e.g. hydrological/catchment erosion models such as WFLOW or SWAT) to
generate time series of discharge and sediment load. Even with uncalibrated models it
is still possible to gain indication of the system behavior and the possible impacts of
measures.

2.6

Other observations

The observations in the different townships visited
during the DRR Mission, Bilin, Hpa An,
Malawmyine, Kyaik Mayaw, and Ye are clearly
described in the previous sub-chapters. Two
locations are located outside the townships, namely
the main road between Hpa An and Malawmyine
and the landslide area in Paung Township. Besides
these two locations, also general observations with
regard to governance, capacity building and disaster
management (flood response) are described in this
sub-chapter.

2.7.1 Main road Hpa-An - Mawlamyine
Observations

Figure 7 Location of the road
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Every monsoon season the main road, connecting Kayin State’s and Mon State’s large cities, is
flooded. Last year, in 2018, the road was closed for about a month and for a week in 2019.
Although the roads are constructed on a kind of dike, the entire area is low-lying and therefore often
completely inundated.
Recommendations
It is required to measure, monitor to be able to understand the system and develop water balances
and to determine the impact. There was no understanding how this system functions. It is also
required to assess the sections of the roads that are flooded which moment and to what extent. Based
on that recommendations to manage the water or to adapt the road connection could be considered
and discussed.
At first, one of the ideas was be to heighten the road, but while driving on this low-lying road it was
concluded that the length would be more than 5 km which requires a very large investment.

Figure 8 Road between Hpa An and Mawlamyine

2.7.2 Landslide in Thae Phyu Kone village (Paung Township)
Observations
A landslide, occurred in Thae Phyu Village, Paung Township, on 9 August 2019. According to the
Department of Disaster Management (DDM) the landslide caused more than 70 casualties and 150
villagers were displaced. The response is being managed by the local governments and the Red
Cross.
The DRR team visited the disaster area which was located on the road from Malawmyine to Yangon.
Government officials explained what happened and how the disaster response was organized.
Recommendations
During the DRR Mission the team called with geological and landslide experts from Yangon
Technological University and JICA who happen to survey and assess the situation in detail prior to the
DRR mission from the Netherlands. Recommendations and measures with regard to landslides are
expected to be covered by JICA.
2.7.3 Observations on disaster management (preparedness and response)
Based on the meetings in the townships, discussions with officials and communities while in the field,
the following observations have been made (not necessarily connected to a specific location):
•
•
•

Strong on flood response actions: very successful implementation;
The number of casualties by floods is limited, but the damages are high, in particular the
agriculture sector requires support to recover after the floods;
Key role for communities in early warning and response
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•

•
•
•

Strong keenness of Myanmar people, taught to help those in need by tradition and
religion
• People are also often self-sufficient e.g. own boats, own food stocked etc.;
Traditional houses on piles are an adaptive way to live with floods;
Small-scale flood-proof infrastructure and assets do not get adequate attention;
Flood risk maps highlighting the vulnerable areas are not available for most townships.

2.7.4 Observations on governance
Mon State and Kayin State with their regional departments (DDM, DWIR, IWUMD, DRD, DMH) are
main responsible for decision making in terms of project implementation. The townships (and GAD)
implement the state’s decisions. The main observations in terms of governance related to disaster
management and FRM are:
•

Collaboration between departments, union, state and townships is strong on early warning
and flood response;

•
•

Government officials call the upstream communities to check the water level and precipitation;
Capacity in the government working on water management and floods is very low;

•

Collaboration and responsibilities in decisions, feasibility, design, financing and
implementation on flood protection is often undefined or unclear;

•

Intensive community-based approach on:
• Early warning
• Determination of danger level
• Prioritization of upgrading of drainage channels (Kyaikmayaw);

•

Landownership is often influencing the decisions on flood protection;

•

Sufficient exchange between State and townships
•

Annual flood preparation meeting for townships organized by Mon State pre-monsoon
season to share township level disaster management plans

•

No direct communication or collaboration between (neighboring) townships.

2.7.5 Observations on capacity
Capacity building is one of the pillars in the MoU between the Netherlands and Myanmar on the water
management collaboration. Technical know-how, understanding the system and the integrated
approach are the key in FRM. The Netherlands aims to bridge the gap in capacity in Myanmar by
tailor-made-trainings, programmes for universities and including capacity building as a required
component in each water related project in the country. The following observations have been made
while in the field and during the meetings:
•

In Mon and Kayin state an increase in capacity is required in two ways, namely in number of
officials working on FRM and in technical know-how / system understanding.

•

Forecasting and early warning is based on water levels: minimal requirements for data
collection, monitoring data interpretation, review and quality control requires capacity building.

•

Flood risk mapping is not taking place in Mon State and Kayin State, development and
interpretation of the maps requires capacity building.

•

Spatial planning from a disaster perspective by taking floods, landslides, earthquakes into
account at an early stage, is not happening and requires capacity building.

•

Local engineers of the Department of Rural Development (DRD, MOALI) are eager to learn on
small scale flood proof infrastructure development and other practical improvements.

•

Collaboration with universities and students can be strengthened.
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•

Awareness of community on solid waste management is lacking, causing clogging of drainage
channels in urban areas.

2.7.6 Improved hydromet monitoring and forecast
Paragraph 2.4 gives recommendation on improved hydromet monitoring and forecasting for
Mawlamyine. There we had the opportunity to discuss details more in depth during the mission.
However, the need for improved monitoring and forecasting is not only valid for Mawlamyine, but
applies to Mon and Kayin State in general as well.
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3

3.1

TOWARDS INTEGRATED FLOOD RISK MANAGEMENT

Introduction

Seasonal floods are not always a problem to the people in Mon and Kayin State, as they have lived for
generations since settlement with floods that bring fresh water, nutrients and sediment to their
agricultural lands. Less frequent but more extreme floods on the other hand, can also occur, with the
disastrous impact like the flooding caused by Cyclone Nargis (2008) as the most tragic example. For
Mon and Kayin State it is important to make use of the benefits of seasonal (mild) floods, while at the
same time managing the (impacts of) extreme floods.
The previous chapter focusses on site specific observations for cities and rivers. However the DRR
team observed that a more integral approach towards Flood Management is required. The team
proposes to adopt the principal of a rational, fact-based Flood Risk Management approach. The FRM
approach aims to prioritize locations, measures and investments to plan, to protect from and to
respond to floods.

3.2

Conceptual framework for FRM

In literature the concept of FRM is clearly explained: The concept of FRM lies within the framework of
Integrated Water Resources Management. (IWRM) The latter promotes a coordinated management of
water resources, in order to optimize the resultant economic and social welfare without compromising
the sustainability of ecosystems.
FRM endorses this idea, aiming at maximizing the net benefits from flood plains, meanwhile
minimizing loss of life. In fact, the concept of FRM rests upon the consideration of the river basin as a
unique dynamic system: within it, interactions between land and water resources ensure that every
single change affects the other components in a positive or negative way.
Therefore, any intervention to improve the use of the river basin assets (both in terms of water and
land) cannot ignore that flood risk and its consequences (i.e. economic and human life losses) cannot
be totally controlled. Although reducing loss of life is
the top priority, the objective of flood loss reduction
should be secondary to the overall goal of the optimal
utilization of floodplains.
FRM can only be successful if it is based on a crosssectoral decision-making process and a participatory
approach: together, they materialize in a balanced
strategy, carefully selected points of interventions, and
appropriate types of measures (structural or nonstructural, short or long-term).
The acknowledgment of the necessity of a wider multidisciplinary approach led to a paradigm shift from flood
control to flood management. This indicates a
proactive mentality recognizing that floods can never
be fully constrained, but, at the same time, present
positive (besides negative) aspects.
As a result, an IFM plan should be built on the
following six pillars:
Manage the water cycle as a whole;
Integrated land and water management;
Manage risk and uncertainty;
Adopt a best mix of strategies;

Figure 9: Stakeholder involvement in FRM
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Ensure a participatory approach, and
Adopt integrated risk management approaches.

3.3

Multi-level safety approach

The identification of flood risk reduction measures should ideally follow a multi-level safety approach.
This approach is also used for example in a country like the Netherlands, being a country where
almost half of the area is potentially prone to flooding.
The prime objective of the approach is to reduce the probability of flooding and minimize the number
of casualties (injured and fatalities) in those cases that flooding cannot be prevented despite the
(improved) measures. If the probability of flooding is reduced, then so are the damages and costs
caused by flooding. Other measures of the approach aim at reducing the number of fatalities and
injuries if a flood occurs despite the investments in improved flood risk reduction measures. In such
events the material damages cannot be avoided, but through response measures such as the
preparation of evacuation plans and shelters, the loss of life and the number and gravity of injuries
caused by the flood can be significantly reduced.
The multi-level safety approach is summarized as follows: “avoid hazards and mitigate their potential
impacts by reducing vulnerabilities and exposure and enhancing capabilities of communities”.
The multi-level safety approach considers the following three levels, in random order:
Prevention: minimize the probability of flooding. Protect by structural measures (dikes) where
necessary and implement non-structural measures where possible;
Planning and zoning: Land use / urban planning to minimise damage and casualties. For the
longer term all new developments are to be built outside areas prone to flooding from extreme
events. Measures shall be designed at the selected level of protection plus an allowance for
climate change); providing safety in economic terms and protecting human life, and
Emergency response and resilience: minimise number of casualties. Upgraded resilience,
emergency response, flood warning system and evacuation measures to provide safety for all
people in the areas prone to flooding.

Prevention

Planning

Emergency Response

Figure 10: Multi-level safety approach

This multi-level safety approach takes the today’s situation as a starting point: areas having a high
flood risk should be focussed on. These areas may well be located in places where, with the current
level of understanding of flood risks certain land use might not have been permitted.
Institutional settings and subsequent good governance is a requirement to successfully implement the
multi-safety level approach. Stakeholders may have conflicting interests: close inter-governmental
collaboration is required to make decentralised approaches work for FRM. Besides collaboration, also
capacity support is required (e.g. availability of experts, knowledge transfer and training) from the GAD
(Ministry of the Office of the Union Government)DDM (MSWRR), IWUMD (MOALI), DRD (MOALI),
DWIR (MOTC), DMH (MOTC), Department of Road Management (MOC)and other relevant
organizations to enable them to include the principles of FRM into their plans and projects.
Formal collaboration and agreed responsibilities will form the bases for collaboration, but informal
ways to ‘connect’ to other departments for example during workshops and training sessions, provides
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an additional platform to build relationships and start communicating on common challenges related to
FRM. It also requires the political will from the Government of Myanmar to facilitate the coordination
between all of the different stakeholders involved.

3.4

Multilevel safety approach Mon and Kayin State

The present approach to deal with floods in Mon and Kayin State mainly focusses on flood response.
Very few structural flood risk reduction measures were encountered by the DRR Mission.
The multi-level safety approach takes the today’s situation as a starting point: areas having a high
flood risk should be focused on. These areas may be located in places where, with the current level of
understanding of flood risks, certain land use should not have been permitted following FRM
principles. One common example is the construction of houses in areas closer to lagoons and rivers
which are more frequently inundated as such causing damage to the properties that could have been
avoided if these areas would not have been identified as residential areas.
This clearly applies to the areas visited by the DRR Mission, where FRM mainly focuses on
emergency response and resilience. With regards to the multi-safety approach the following can be
concluded for the area visited:
Prevention: In Mon and Kayin State virtually no structural flood risk reduction measures, like dikes,
retention reservoirs, flood channels, regulation works have been constructed. Only a few plans for
structural measures have been encountered at the responsible authorities that may be implemented in
future, like dredging works. Capacity present within the responsible authorities related to flood risk
management (DWIR, DMH and IWUMD) is extremely limited taking into account the size of the area
for which these authorities are responsible and the magnitude of the problems encountered.
Planning and zoning: Different responsible authorities prepare department-specific plans that affect
the use of the natural resources in the area visited. It is important that all these plans are aligned and
are developed within a common approach and strategy towards FRM. This is not the case at present
due to the fact that no common FRM strategy has been agreed upon.
Moreover, due to the lack of capacity working on FRM in the state government and townships, the
responsive authorised plans concentrate on short term actions related to next year’s budget.
Once a common approach and strategy towards FRM has been prepared (for example in the form of a
FRM plan), this can be used as a solid basis for the preparation of other plans like a land use
development plan, an infrastructure development plan and others. The FRM plan should be the
starting point of the further planning process. Governance and ownership of the process and the plans
could be the region, but to be discussed and decided by the Myanmar government.
Emergency response and resilience: As mentioned above FRM in the area visited mainly focusses
on responsive actions. Over the last few years the DDM has been growing rapidly and a DDM office
has been established in each township. Plans exist to further improve the effectiveness of this
organisation. For example plans have been approved to construct new multi-purpose shelters.
Lessons learned during the flood response operations of 2018 and 2019 provide important input for
improved operations. On the other hand, each township has established a township flood
management committee for the flood response and in this management committee, various
departments are involved and led by the township administrative team.

3.5

Bringing Flood Risk Management into practice

The figure below depicts the flood risk management cycle, showing that FRM involves a process
which repeats itself over and over. Some important activities are indicated, other activities may be
added.
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Figure 11: Flood Risk Management Cycle

As mentioned before the multi-level safety approach takes the today’s situation as a starting point. The
DRR Mission concludes that this starting point is characterized by:
Extensive areas, which are frequently flooded;
No clear insight in and understanding of the flood risks;
Absence of an FRM strategy and plan;
Present FRM focuses on emergency response and resilience;
At present FRM does not play an important role in planning and zoning;
Present FRM does not yet focus on structural measures, and
Very limited capacity of those organizations playing a role in flood risk management.
Based on this understanding of today’s situation activities can now be defined to introduce FRM to the
to states putting the flood risk management cycle into practice, whereby activities which have not yet
been addressed or which have not been elaborated to the required detail (like for example the FRM
plan), can be established and ongoing activities can be strengthen if and where required. Moreover,
not all activities can be implemented at the same time. Certain activities can only be taken up after
completion of another activity (like a FRM plan can only be prepared once the areas at risk have been
identified and flood risk maps have been prepared). More-over activities can only be implemented
once the organization responsible for the implementation of the proposed activity has the capacity
(trained staff, budget, tools and mandate) required to implement the envisaged activity. Therefore,
time is an important aspect that needs to be taken into account when introducing FRM.

3.6

Roles and responsibilities with regards to FRM

The organizational set up related to FRM should be unambiguous and roles and responsibilities
should be clearly defined for and accepted by all stakeholders. Implementation of our
recommendations will only be effective and sustainable if they are placed in a supportive
organizational and social setting.
First of all, a proper enabling environment is needed. This enabling environment basically consists of
the national, regional and local policies and legislation that enable all stakeholders to play their
respective roles in the development and management of flood risk and water resources and provides
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for information and capacity building to facilitate and exercise effective stakeholder participation. The
role of the government is crucial in this respect.
Secondly, the organizational roles are to be considered. In a changing institutional environment the
role and functions of the organizations at different levels should be clearly described. This includes the
creation of effective coordination mechanisms between the different agencies and the development of
financial structures that enable these agencies to perform their tasks efficiently.
Flood risk management (FRM) is a complicated matter due to its integrated character. At present,
different activities related to FRM take place in parallel and are implemented mostly independently by
different departments of the Myanmar authorities. No overall responsibility on FRM is taken by any
particular department. The responsibility for the water system of Myanmar, and with that the
responsibility for FRM is spread over various authorities as indicated in Table 1. Since FRM lies within
the framework of IWRM a more detailed overview of the institutional set up related to water
management has been included in Annex J.
The National Water Resources Committee (NWRC), chaired by Vice President 2 H.E. Henry van Thio,
bringing water-related ministries and departments together with regard to IWRM projects, might have a
key role in developing and implementing FRM in Myanmar. Close collaboration with the National
Disaster Management Committee, the apex body for disaster risk management also chaired by Vice
President 2, will be required.
Table 1: Institutional set-up in Myanmar with respect to flood risk management
Ministry

Institutional Level 1

Key Responsibilities

Ministry of Transport and
Communications (MOTC)

Directorate of Water Resources
and Improvement of River
Systems (DWIR)

Responsible for the construction and maintenance of river
training works (groynes, slope protection), including dredging
to ensure continuous navigation of the river system.

Department of Metrology and
Hydrology (DMH)

Monitoring rainfall and other metrological parameters
Monitoring water levels on major rivers
Preparation of forecasts
Announcement of storm conditions, extreme water levels,
rainfall

Myanmar Port Authority (MPA)

Maintain navigability of rivers from sea to port area
Approval of design of ports.
Bathymetric surveys of rivers.
Prediction and recording of water levels in the rivers

Ministry of Agriculture,
Livestock and Irrigation
(MOALI)

Irrigation and Water Utilization
Management Department
(IWUMD)

Construction and maintenance of irrigation systems and flood
protection associated with rural areas.
Responsible for designing of flood defence structures.

Ministry of Social
Welfare, Relief and
Resettlement (MSWRR)

Department of Disaster
Management (DDM)

Deliver relief to people who face natural disasters to ease
their suffering and take precautionary steps as to minimize
loss of lives and property.

National Disaster
Management Central
Committee

13 Committees and working
groups, led by MSWRR and
chaired by Vice President 2

To constitute committees at various levels for the
implementation of Disaster Management, formulation of
Disaster Management Policy and guidelines, provide relief
assistance and basic principles for receiving foreign aid, to
issue acts, degrees, rules and regulations for effective
disaster

3.7

Assessment of existing situation in Mon and Kayin State

Table 1 shows that most aspects of flood risk management are covered. A rapid assessment of the
institutional set-up in relation to FRM has been made based on interviews with officials and desk
study. Further in-depth analysis is required to be able to provide detailed recommendations for good
governance. The various offices as listed in Table 1 located in Malawmyine, were visited during the
DRR mission (see Annex G which includes the minutes of these meetings).
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No FRM strategy has been encountered to align the activities of the various organisations, to ensure
that a coherent set of activities is implemented by these organizations related to FRM. Priorities need
to be set and a FRM strategy has to be developed.
Secondly the DRR mission believes that within the authorities in the two states only very little
experience has been gained with the identification, preparation, design and implementation of
structural flood risk reduction measures. It even appears that it is not very clear who is responsible for
flood risk reduction in (new) urban or residential areas (DWIR / Township or IWUMD)
Moreover, organizations visited have very little capacity, and none of them is currently in a position to
take up the responsibility for developing and implementing a FRM strategy. It is therefore not
surprising that at present it seems that the DDM is apparently the largest of the organizations referred
to in Table 1 in Mon State.
Besides the governmental roles and responsibilities, also an intensive community-based approach is
already taking place in Myanmar. Early warning is often based on telecommunication with
communities upstream of the river, sharing information of heavy rainfall and/or rising water levels in
the river. Furthermore, determination of the danger level by DMH (MOTC) is done in close
collaboration with the communities and other stakeholders like DWIR (MOTC) and IWUMD (MOALI).
In the current prioritization of upgrading of drainage channels (which channel first) also the
recommendations of the communities who are living near to the channels and actually observing the
problems and facing the flood consequences are taken into account.

Based on the response received from the various organizations visited it seems that disaster response
is effective and well organized on union level and in Kayin and Mon State. For example, an annual
flood preparation meeting for townships is organized by Mon State pre-monsoon season to share
township level disaster management plans.
These type of meetings would actually form a basis to set up a FRMC Flood Risk Management
Committee, consisting of FRM departments e.g. DWIR, IWUMD, to start coordination and
collaboration between disaster management and FRM/flood protection. This Committee would
become responsible for the preparation of a Flood Risk Management Plan (medium term measure).
Based on these structural measures can be formulated (long term measure). At national level flood
risk maps need to be prepared (short term measure).
A more detailed description of these recommendations is given in Chapter 4.

3.8

Nature Based Solutions

The rivers flowing through Kayin and Mon State are large and highly dynamic. Especially during the
rainy season large forces are exerted on the river banks. The philosophy of Nature Based Solutions is
to use these forces in your advantage instead of working against them.
Ideas and suggestion on how to include NBS in Myanmar are written in Annex M.
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4

RECOMMENDATIONS

Recommendations are separated in short term (feasible to start within a few months), medium term
(feasible to start with 1 – 2 years) and for the longer term. For each recommendation we added a $, $$
or $$$. $
$ stands for low costs, $$$ for high costs. None of the measures proposed related to actual
construction therefor very costly measures are not included.
Short term
1. ($) Continue with the current way of working, concentrating on flood response. This has been very
effective during the recent floods.
2. ($) Prepare flood risk maps highlighting vulnerable areas, Use freely available open data sets to
make a head start. Use these maps for preparedness and response preparation and in a later
stage to improve spatial planning in relation to flood risk reduction and the identification of flood
protection measures.
3. ($$) Improve early warning systems by using freely available near real time satellite data on
precipitation and ensure the information reaches the townships from Union level.
4. ($) Make a detailed capacity needs assessment and a capacity building plan to enable the
stakeholders to develop and implement FRM.
5. ($) Analyze existing meteorological station coverage for the watersheds and indicate where
additional stations are of most value.
6. ($) Share the results of this DRR report with organizations that are working in Mon and Kayin
State. Organisations include UNDP, JICA, World Bank, UK, UN-Habitat. Organize a meeting to
align and strengthen each other’s activities.
Medium term
7. ($) Strengthen collaboration between disaster management and water management departments,
in particular in terms of (flood-based) spatial planning, infrastructure and protection measures by:
•

Use flood hazard and risk maps in spatial planning

•

Appointing a township official of the DDM to align with IWUMD and DWIR on protection
measures and planning at State level.

8. ($) Strengthen communication/collaboration ‘between’ township, exchange of lessons learned and
ways to collaborate on State level to be able that aid, boats, food, shelters, rescue camps etc
could also be (re) located and/or used to/by other townships in the State or even bordering states
when in need.
9. ($$) Train township officials and DMH regional officials on the minimal requirements for data
collection, data understanding, review and quality control.
10. ($$) Improve data collection, set up infrastructure to implement measurements for discharge,
sediment, derive rating curves, quality control. To: Township officials, DMH regional officials
11. ($$) Train and prepare a guidance document on: Flood hazard and flood risk mapping and how to
make the information useful at state and township level. To: DMH union level.
12. ($$) Increase knowledge of regional and local engineers and communities on flood-proof
construction.
To: Regional and township officials (GAD, DRD, road department)
•

Develop a guidance or brochure in Myanmar language focusing on:
How to integrate spatial planning into Flood Risk Management
Small scale water-proof infrastructure development
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Including best practices and examples of risk based spatial planning and flood proof
construction of roads, rails, bridges, drainage systems, electricity, water supply, schools,
hospitals, shelters, houses.
•

Provide training in the field to DRD engineers in townships on flood-proof construction:

13. ($$) Provide training to regional IWUMD and DWIR officials on international best practices and
Myanmar examples (tailor made) to deal with land ownership challenges in relation to flood
protection, following WB guidelines for example.
14. ($) Play the SAMA Integrated Flood Management Simulation Game1 with regional officials of Mon
and Kayin State.
15. ($) The states can organize an event in flood prone cities to clean the channels together with the
communities, prior to the rainy season in April or May 2020.
16. ($$) Make a roadmap leading to the development of a the framework for informed decision making
(taking into account defining risks, damages, locations, potential measures and their prioritization)
This includes expertise, capacity, IT infrastructure, models and databases. With this framework,
decisions on structural measures such as cutting off river bends, dredging, construction of dikes
etcetera can be assessed and supports the implementation of the Flood Risk Management
strategy as described in Annex H
Long term
17. ($$) Increase involvement of Myanmar universities and students in collaboration with the
international research community (universities, knowledge institutes and companies) in surveys,
mapping and studies to support the development of water officials for the future:
18. ($$) Develop, implement and maintain the framework for informed decision and apply it to decide
where to realise protection measures to mitigate the impact of flooding.

1

See Annex N for an explanation about the game
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5

POTENTIAL FOLLOW-UP

As immediate follow up of this mission we recommend to start with the low-cost recommendations
listed under the ‘short-term’. Based on the outcome, a more detailed plan will follow for the medium
term solutions, especially related to capacity building.
Secondly, to underline the importance of a framework to support improved decision-making in the long
term, we propose to use the Ye-catchment as a pilot area for this purpose.
The catchment is small compared to others, the data collection effort may be relatively limited.
However, the catchment faces similar challenges. Dredging and cutting off river bends are mentioned
as solutions here. However, the actual source of the flooding problem has not been addressed yet. To
set up a framework to support informed decision making for Ye catchment will serve as a showcase
for the other catchments.
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ANNEX A – DUTCH RISK REDUCTION
Dutch Risk Reduction Team: reducing the risk of water related disasters
Many countries around the world face severe water threats. Often, these countries are in
urgent need of expert advice on how to prevent a disaster or how to recover from a
calamity. For instance, when a country has been struck by severe floodings and the first
emergency relief workers have gone, the need for advice on how to build a sustainable
and safer water future arises. To meet these needs with a swift response, the Dutch
government has initiated the Dutch Risk Reduction Team (DRR Team). This team of
experts advises governments on how to resolve urgent water issues related to flood
risks, water pollution and water supply, to prevent disasters or to rebuild after water
related disasters.
With climate change and a fast growing world population, water issues are becoming
more urgent. As a country renowned for its’ expertise on water and delta management,
the Netherlands feels a responsibility to share its’ knowledge worldwide. That is just what
the DRR team does; sharing expertise with governments to come up with the best
possible approach/solutions for tackling urgent water issues. Because of the unique
cooperation between government and sector, the best experts can be fielded quickly. The
Dutch government offers a specific number of advisory missions each year.
Advice for all water issues
The Netherlands has brought its best water experts together in the Dutch Risk Reduction
Team. It consists of high level advisors supported by a broad base of technical experts
who can provide top quality and tailor made expertise to governments that are
confronted with severe and urgent water challenges. The Dutch are experts in adapting
to water in a changing world; from delta management to water technology, from urban
planning to governance, public private partnerships and financial engineering.
How does the DRR team work?
Governments that have to deal with an urgent water issue are encouraged to contact the
Dutch embassy in their region. The embassy will liaise quickly with the Dutch
government. Interventions will only take place after a request from a central government
has been received by the Dutch government, and after a recent calamity or to prevent a
threatening disaster. The DRR team does not focus on emergency relief, but on
sustainable solutions. If the decision to respond to the request is made, relevant Dutch
experts will be rapidly fielded to the area that is under pressure. Together with the
government and local experts, the situation will be assessed and analysed after which
the team will come up with a set of recommendations. For example advice on technical
interventions including immediate measures and long term sustainable solutions, advice
on governance and advice on financing options. The DRR team enables a foreign
government to take action on the basis of sound advice and expertise.
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ANNEX B – DRR-TEAM MEMBERS

Marco Hartman Team Leader
Marco Hartman is an experienced project leader and developer and has ample
experience in the implementation and management of Flood Risk Assessment studies, in
the Netherlands as well as abroad.. Marco worked on Flood Risk Management Studies in
West Africa, Ethiopia, Malaysia, Indonesia, Ghana, Poland, Vietnam, Cambodia, Albania
and Malawi as project leader and expert.
Alex Hooijer, Hydrological expert
Alex Hooijer graduated in Hydrology and Watermanagement at the Agricultural University
in Wageningen and travelled the world and worked for different organisations, always in
the field of hydrology and watermanagement. Je started working for RoyalHaskoningDHV
some sixteen years ago, fascinated by the many interesting and challenging projects in
the field of integrated water resources management. Fascinated about the integrated
challenges in which water plays an important role I decided to become a project manager
focussing on projects related to integrated water resources management and in particular
focussing on all aspects of flood risk management.
Tanya Huizer, Governance specialist
Tanya Huizer has experience as an expert in environmental sciences and as leader of a
variety of expert teams, both in the Netherlands and abroad (in particular in Myanmar).
Tanya joined Arcadis early 2011 and since March 2015, she is permanently based in
Myanmar working closely with Myanmar governmental counterparts on a range of Water
and Environmental Projects. She worked on flood risk studies and urban water challenges
in Myanmar, and led subprojects on integrated coastal zone management, water
governance and river engineering and modelling. An important reference is her
leadership in the Multi Hazard Risk Assessment for Water Infrastructure in Yangon City
and the Urban Flood Risk and Climate Adaptation Missions to Madagascar and Comoros.
Also relevant to note is Tanya’s role as Liaison officer Water at the Netherlands Embassy
in Yangon. Over the years, Tanya has proven understanding of Myanmar culture and
ways of working, governmental procedures and controlling potential risks. Since 2018
she us responsible for Business Development in the field of Water & Environment for
Arcadis in South East Asia, in particular Vietnam and Myanmar.
Kees Sloff, Morphology expert
Dr. Sloff is a senior advisor and specialist researcher in the field of river engineering and
reservoirs at Delft Hydraulics and Deltares since 1995. He is specialised in the fields of
river morphology, sediment transport, delta and estuary hydrology, inland water
transport, dredging, reservoir management as well as modelling techniques. . He carried
out advisory work for several large rivers, for design of measures and hydrological
assessment, such as the Indus, Mekong, Ayeyarwady, Magdalena, Pearl, Mississippi, Nile,
Rhine, Danube, and so on.
Carolien Wegman, data-management and Nature Based Solutions
Carolien graduated in February 2016 from the mastertrack coastal morphodynamics and
riversystems at Utrecht University. This mastertrack focusses on the natural behaviour of
rivers and seas. Since February 2016 she is employed at HKV as a specialist on
hydrodynamics (waves, tide and rivers and their combination) and morphology. Carolien
is enthusiastic and knows how to motivate people. This has proven to be very useful in
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trainings and presentations abroad and in the Netherlands. She pays attention to details
but is pragmatic at the same time. She has solid skills in several analysis techniques of
rivers, coasts and flooding using GIS-software such as Google Earth Engine.
Phuu Thit Kyaw, Arcadis
Phuu Thit has recently graduated from the Myanmar Maritime University with a BSc.
degree in river and coastal engineering in Myanmar. She currently working as a junior
engineer at Arcadis. During her bachelor study, she mainly focused on river engineering
and her thesis was about riverbank erosion and river morphology, supervised by a senior
Arcadis river engineer. Phuu Thit is a fast learner and highly adaptive. During her
internship and work with Arcadis she improved her skills in river engineering,
management, cooperation and problem solving by closely working together with Dutch
experts. As an additional benefit her English language proficiency increased. During the
DRR mission she played a key role in translating technical Myanmar language, data
collection from governmental agencies and practical support.
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ANNEX C – TERMS OF REFERENCE
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ANNEX D – REQUEST FOR SUPPORT
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ANNEX E – PROGRAMME

Programme for DRR Mission (Final)

From the Netherlands:

1.
2.
3.
4.
5.
6.

Mr. Marco Hartman
Mr. Kees Sloff
Mr. Alex Hooijer
Ms. Tanya Huizer
Ms. Carolien Wegman
Mr. Aung Myint Oo

: Team Lead, DRR Mission
: Team Member, DRR Mission
: Team Member, DRR Mission
: Team Member, DRR Mission
: Team Member, DRR Mission
: Coordinator for DRR mission, the Netherlands Embassy

From Myanmar:

1. U Sein Lwin

: Deputy Director, DWIR

2. U Aung Kyaw Phyo

: Junior Engineer-1, DWIR

3. Representative from IWUMD : To be confirmed
4. Representative from GAD

: To be Confirmed

5. Representative from ECD

: To be Confirmed

DWIR Regional Directors will accompany;
1. U Thein Lin

: Director, Kayin State, DWIR

2. U Zaw Win

: Director, Mon State, DWIR

3. U San Shwe

: Director, Thaninthari Region, DWIR

Tentative programme for DRR Mission
No.
1

Date
15 Sep 2019 /29
Sep 2019(Sunday)

Time

Agenda
Arrive to Yangon

Remark
Park Royal
Hotel, Yangon

2

16 Sep 2019/ 30
Sep
2019(Monday)

06:30

Travel to Mon state

Meeting point
is at the corner
of No.3 High
Waya

10:30
12:00
13:00
14:00

Visit to Bilin River Catchment area
Visit to Thaton Township
Lunch @ Thaton
Going to Hpa-An and overnight stay
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ThanLwin
Paradise hotel
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3

17 September
2019 /1 Oct
2019(Tuesday)

10:00

Visiting nearby the Hpa-An townships
and meeting with Kayin Government

11:00

Site Visit to Lower Than Lwin river
catchment and Attarn river catchment
Lunch
To Mawlamyine and site visit
To Mawlamyine and overnight stay
(Ngwe Moe Hotel)

13:00
13:45
17:30

4

5.

6

18 September
10:00
2019/2 Oct
2019(Wednesday)
13:00
14:00
20:00

Meeting with Mon state government
and site visit at the Mawlamyine and
Kyaikma yaw
Lunch
Site visit to Mudon town
Overnight stay in Mawlamyine (Ngwe
Moe Hotel)

19 Oct 2019/3
Oct
2019(Thursday)

06:30

Visit to Ye Town

10:30
11:30
13;30
14:30
15:30
21:00

Meeting with Township administrative
Flooding area visit
Lunch
Site visit
Going back to Mawlamyine
Overnight stay in Mawlamyine (Ngwe
Moe Hotel)

06:30

Site Visit to Mottama and Paung
Landslide area

07:30
10:00
13:00
14:00

Site Visit to Mottama
Paung Landslide area
Lunch
Going back to Yangon

20 September
2019/4 Oct
2019(Friday)

7

21 September
2019/ 05 Oct
2019(Saturday)

10:00

Wrap up meeting at DWIR

8

22 September
2019/ 06 Oct
2019 (Sunday)

05:50

Back to the Netherlands
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(Ngwe Moe
Hotel)

DWIR arrange
(Ngwe Moe
Hotel)

DWIR arrange

(Ngwe Moe
Hotel)

DWIR arrange

IWUMD
DMH
ECD
DDM
D Forest
GAD
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ANNEX F – RESULTS FROM THE FIELD VISITS

Bilin

System description
Bilin river is upstream of an estuary connecting the Bilin River with the Gulf of Mottama. The Bilin River
merges with a tributary of the Sittaung river downstream of Bilin Town. Water levels at Bilin Town are
largely influenced by the Bilin River discharge but also have a tidal range of 1.2 meter (personally
communicated at meeting in GAD office on 15th of September 2019). Therefore, the water levels in
the Bilin River depend not only on rainfall but also on the tide. Flooding in Bilin Town is often a
combination of high river water levels and high sea level.

Figure 12 Bilin Town located along the river Bilin and connected to the estuary downstream.

There are 5 inlets in total of Bilin River starting from Shwe Kyin Township, Bago (otherside of Gulf of
Mottama) and Phar Pon Township, Kayin. The main creek is called Thae Phyu Chaung which
combines as Bilin River.

Morphology
The large river bend next to Bilin Town has been more or less stable over the last 30 years (Figure
13). However, upstream from Bilin quite some morphological activity has taken place. The river moves
over several hundred meters in 30 years. Old meander bends (oxbow lakes) can be found even further
from the current river location. This indicates that the river has been moving over a wider range than
the movement of the past thirty years further back in time: the river envelope is larger than can be
defined from the changes of the last thirty years.
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Figure 13 Morphological changes around Bilin Town between 1984 and 2017. In yellow circle the more or less
stable meanderbend since 1984.

Other significant changes involve the formation of dynamic sandbars at the junction of Sittaung and
Bilin River. According to the records circa 6000 acres in 2013-2014, 9000 acres in 2016-2017 and
1600 acres in 2018-2019 of new agriculture land after the rainy season has formed. This is because
the high discharges during the rainy season cause large morphological changes.
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Figure 14 Junction of Sittaung and Bilin River at which the dynamic sandbars can be seen. Top photo 1984 and
bottom photo 2019. Dynamic sand bars in the green rectangle.

Floods
Every year there are floods in Bilin Town. This normally only involves agriculture land loss and some
road network flooding. However, only every two or three years the flood is above the danger water
level (defined in 2002 at 1022 cm). The low lying area already partly floods before the danger level is
reached. The floodplains flood on average 1 week per year.
In 2019 the water level rose to 1035 cm, this is 13 cm above danger level. The flood event in 2018
was the most severe flood of the last 20 years and had a long duration of 10 days. The water level
rose to a maximum of 1112 cm, this is 90 cm above danger level. From a water level of 1070 onwards
evacuation becomes very difficult because roads flood. The total population of Bilin Township is over
191.000. In 2018, 2732 people were evacuated. The main road from Yangon to the South East of
Myanmar was blocked for 5 days during the flood of 2018. This was the only time this road was
blocked. However, the 1997 flood was considered more severe than the 2018 flood.

Current activities
In Bilin Township two types of measures are defined:
1.
Preparation program – prepare before monsoon season: the rescue facility is prepared
2.
Response program – make plan each year, based on the previous floods.

Figure 15 Manually read water level gauges of Bilin

Measurements
In Bilin the water level gauge is read
manually by one man three times a day
(at 6:30 am, 12:30 pm and 6:30 pm). If
water levels are high the water level is
read every hour. Currently, there is only
one water level measuring location in
Bilin. This water level (and rainfall) station
already records data for 30 years. The
different water level gauges in Figure 17
represent old water level gauges which
are not used anymore and the water level

DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

33

gauge on the left is only used at high water when the ones on the right hand side cannot be read
anymore due to high water levels. However, there are more monitoring stations planned in the Bilin
region. How many and where exactly is not communicated with the DRR-team yet (wrap-up
presentation, personal communication DMH 21 september 2019).
There is no information on the discharge, flow velocity, sediment loads, bed-level changes
(erosion/sedimentation) and bed composition.
The dynamic lands that develop and disappear in the rainy season are owned by GAD and shared
with farmers who do not have farmlands depending on the acres of formated lands every year. Mostly,
3 to 5 acres of agricultural lands area assigned to each farmer annually.

Figure 16 Bilin town with sites visited during the field visit of the DRR-team.

Structural measures
A river bank protection measure has been constructed in Bilin (Phoe Yar Zar Village river front, Figure
16). As bank-erosion processes occur mainly during flood conditions, it is relevant at locations where
houses or properties are at stake. A revetment has been constructed to protect houses in the lower
section of Bilin town.
Flood forecasting
The flood forecasting for Bilin happens on national and regional level. National: DMH does two
assessments, on precipitation and tide. They combine them to do a forecast on the water levels one
day ahead. Regional: The township is in contact with the upstream towns of Mal Waing and Shwe
Kyin. If these experience flooding from nearby creeks, Bilin is predicted to be flooded within 3 hours.
The corresponding officers also check the 7-days duration tidal range by using the software called
“Mawlamyine tide” to forecast the flooding. Furthermore, they check the amount of precipitation at the
upstream locations Phar Pon and Shwe Kyin.

Flood response
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Since 2018 the below described disaster response exists, before people would evacuate themselves
to the high lying monastery when water levels would rise.

Figure 17 Flood extent around Bilin (red) at its peak in 2018 (left) and 2019 (right) (Myanmar Information
Management Unit, 2019)

During floodings communication is a challenge, Bilin Township therefore has a communication plan.
The responsible officers always keeping in contact by either phone or radio connection to inform some
remote places within the township for the purpose of rescuing in time.
Bilin Township has a disaster management committee to take actions in time. In the 2018 flooding,
there were no casualties and 2732 people
were evacuated.
The first action takes place when WL
exceeds 950 cm by measuring the water
level every hour (in general, WL
measurement has taken place once every 6
hour manually). When the water level has
reached 970 cm, the disaster response
team informs the people in the river flooding
area/low lying area. Also, they have their
rescue teams standby and the rescue
camps prepared. In order to have enough
time before the flooding also the food and
water supplies are prepared before the
flooding. When the water level keeps rising
up to the danger level the township starts
evacuating people who would be affected by
the flooding from the flooding area. The
township administration registrars which
areas are flooded or will flood soon, they do
evacuation before flooding and during
flooding. This year Mon State gives food
and water to the people 7 days before the
flood is coming.

Figure 18: Bilin map which shows in orange the low lying area
in the south, the blue arrow represents tidal influence, the white
circle the bridge of the main road and the green arrows show
the location of the main drainage channels.
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Existing plans
Two rescue shelters are planned to construct for 1000 people in 2019 still, nearby the hillside. These
shelters will stay dry at water levels up to 1200 or 1300 cm.
There are also ideas for structural measures, although for them no funding is available yet :
- Construct sluices at the downstream boundary of the drainage channels to prevent water from
the river to flow inland. When the water levels in the river are higher than the water level in the
drainage channels the drainage channels contradicting to their purpose enhance the flooding
inland.
- Raise the river front/embankments by 1,5 feet. It should be taken into account that by raising
the embankment the drainage channels still discharge water to the river and thus that by
higher water levels when sluices would be installed the water should be pumped out of Bilin to
prevent flooding from behind by rainfall/flooding from drainage channels.
- Raise the low lying area in the south and construct better drainage in this area to prevent it
from flooding. It should be taken into account that the low lying area in the south functions as
a retention area at the moment. This water will have to go somewhere else. Either in the river
or further into Bilin.

Recommendations
General
•
The existing response to floodings in this area has shown to perform quite well in the most
recent floods. There is already an appropriate disaster management plan.
•
Structural works in Bilin River channel (raising embankments, bypasses) are only useful if
studied carefully for hydraulic and morphological impacts. For this it is needed to have more
monitoring stations over the whole stretch of the river which also measure flow
velocity/discharge and do cross-section measurements. Furthermore, detailed satellite data
can be used to assess the catchment of Bilin river further.
Should consider the installation of the rain gauge in the upstream of the Bilin River, because current
information of the rainfall is collected by telecommunication and it is dependent on the
personal relationship.
Evaluating Plans
Building sluices at the end of the drainage canals which make it possible to prevent the drainage
channels from flowing in from the river side inland is a good idea. However, the sluices should be
maintained and only closed when the river water level becomes higher than the drainage channel
water level. Otherwise the drainage capacity of Bilin Town will be decreased. In this respect it is also
very important to keep drainage canals clean, do maintenance works.
Other recommendations
Currently, the road is located slightly higher than the floodplains. During floods this might make the
road an obstacle for drainage which possibly increases the flooding in Bilin. Raising the road further
would decrease the flooding of the road. However, this should only be considered when it is made
sure that the road will not be an obstacle (bottleneck) for the drainage system. This can be done by
constructing many drainage channels/build a bridge like structure. However these measures will be
very costly because the road would have to raised over several kilometers.
Be careful with building embankments / river bank protections. Not only are the chances for
undercutting significant as could be seen near Nyaungdon (DRR-mission 2015). But also hard
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structures like these always cause more erosion, directly up- and downstream of the structure. Use
Nature Based Solutions instead, see Annex M.

Hpa-An

System description
Hpa-An is located at the border of the Thanlwin River and is the capital of Kaying State. The Than
Lwin River is a dynamic river with shifting sandbars, islands and channel branches. Its morphological
behavior is demonstrated in Figure 19, where one can see how the position and size of the islands in
the river change over the years.

Figure 19: River banks and river bars in the Than Lwin River in 2005 (left), 2011 (middle) and 2017 (right) (Royal
HaskoningDHV, 2017)

A discharge time series, based on a discharge / water level (Q-h) relation at Hpa-An, is reported in
previous studies. The annual hydrograph, based on discharge data of 1966 – 2005, is shown in Figure
20. This figure illustrates that the high discharge period is between June and October, with an
averaged maximum peak of 16,680m 3/s. The dry season is in the period December – April with an
averaged minimum discharge of about 1,000m 3/s.
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Figure 20: Annual discharge hydrograph at Hpa-An

At Hpa-An an automatic water level recorder has been installed which is operated by DMH at the
Thanlwin bridge. The danger level has been established for Hpa-An at 750 cm. In 2018 the highest
water level reached was 938 cm and wide spread flooding occurred caused by heavy rains in the
upper watershed. A flood warning was timely received, and people were evacuated. A large number of
people were affected, and 16 rescue camps became operational.
What was unexpected were the duration and the extent of the inundation, since in 2002 a highest
water level of 936 cm had been registered, but the flood extent was less, and the water receded much
faster. A possible explanation could be that the boundary condition, being the tidal level, was higher at
the time of the flood event. Another, more plausible explanation is that, although the water level of
2002 was only slightly lower the water level in 2018 stayed much longer above the danger level,
leading to significantly larger volume of water to be discharged.
The water level of 2018 triggered the need to investigate additional structural interventions that would
reduce the flood risk of the inundated areas.
In Hpa-An, flooding is an annually recurring to a smaller or larger extent. One of the driving forces of
flooding according to the representatives of the government is that river bed level is rising due to
sedimentation. As a protection measures, dredging of the Thanlwin River and embankments around
the affected areas of Hpa-An, are tentatively planned.
Also, protection of the flooded areas in Hpa-An is being considered, through the construction of flood
protection embankments. Although a protection wall is already present along parts of Hpa-An, this wall
was overtopped during the 2018 flood event.
With respect to the response measures the overall conclusion was that the response activities were
implemented satisfactorily and no casualties were reported. In order to improve response operations,
the construction of 3 multi-purpose shelters is being considered.

Locations visited and problems identified
A number of locations were visited (see Figure 21) in and around Hpa-An. Some of these sites were
visited to come to a better understanding of the water system in Hpa-An, like the Thanlwin Bridge, the
gauging station and the reservoir. At the other locations, flood related problems were described by the
representatives of the Myanmar government and feasibility of potential measures was discussed (see

Table 2)
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Figure 21: Locations visited by the DRR Team in Hpa-An

Table 2: Field observations Hpa-an, problems identified and observations DRR Mission

Flood protection wall Hpa-An
(boulevard)

With high floods the flood protection wall is overtopped. Other
areas of the city, not having a protection wall are flooded
frequently and may be protected by a flood protection wall.
Observations: Extension of a flood protection wall is possible,
but a large budget is required. The mission recommends to
prepare a cost benefit analysis, which should justify the
investment, where flood risk reduction costs should be taken
into account as one of the benefits.

Lower town area regularly
flooded

A new market was constructed some few years ago. The
concrete drainage channel constructed was positioned high and
is obstructing the discharge from the lower area.
Observations: If indeed the concrete drain is the main reason
for the obstruction then this will not be easy to solve. It may
be investigated whether extension of the concrete drain further
upstream is possible. For this detailed information on the
topography is required.

Lagoon area

This large area is yearly flooded. No structural measures are
put in place. People have built their houses on poles to protect
themselves from the floods. The 2018 flood still entered their
houses.
Observations: As long as structural measures are not put in
place the people will have to cope with the yearly floods.
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Several drains

Drains are clogged with sediment and waste.
Observations: This is a yearly problem, to which regular
maintenance is the only answer.

Erosion protection

This area was visited to check the recent construction of a
protection wall. No problems were encountered.

Recommendations regarding dredging
A model was prepared by Royal HaskoningDHV in 2017 to assess the impact of deepening of the
navigation channel of the Than Lwin River by dredging the river bed to a level of 3 to 5 m below Low
Water Level. It is concluded that the dredging will reduce the water levels in the river. The impact will
largest for low discharges. The water levels will reduce by up to 80cm during low discharge conditions
(1,000 m3/s) and in case of a dredged depth of 5m. For high discharges the impact will be significantly
less, and may be only around 10 cm for a discharge of 16,000 m 3/s.
Therefore, it can be concluded that for flood risk management this measure may have some impact,
but in addition to this impact one should also consider:
•

The environmental consequence of the fact that the dredged spoil will have to be disposed
which will be significant

•

That dredging in these active rivers will always be a temporary measure and that dredging will
have to be repeated after some years. The costs for so called maintenance dredging should
also be considered in the cost benefit analysis to investigate the feasibility of the proposed
measure.

•

The changes in river flow, due to the imposed bed changes may also affect sandbanks, river
bank erosion etc.

Annex L gives a more elaborate description of the impact of dredging near Hpa-An.

Mawlamyine

System description
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High-risk flooding areas around Mawlamyine, are the city of Mawlamyine itself, and the town of Kyeik
Ma Yaw. These places are located in Mon State, at the lower estuarine reach of the intersection of
Thanlwin River and Gyaing River, and the confluence of the smaller Attarn River. The flood events in
these areas are governed by extreme rainfall (notably in August 2019), coinciding with high river flows
and high tides in the rivers. During these conditions the drainage of flood waters from the city and
tributaries is temporary hampered and river levels rise above their banks to inundate parts of the area.
A relevant part of Mawlamyine is located on at high elevation (against a hill), but lower urban sections
in the North and East, as well as low agricultural land in the South have been inundated the past
years. On August 9 and 10, 2019, severe rainfall occurred around Mawlamyine and Kyeik Ma Yaw:
14.01 and 13.86 inches respectively. The total rainfall in August 2019 was 97.48 inches, which is twice
as average normal. On the East side of Mawlamyine, low areas were flooded due to high water levels
in the Attarn River (combined effect of high Ataran discharge and high levels in Thanlwin ).
Furthermore, the entire township Kyeik Ma Yaw was flooded for more than a month by the high-water
level in the Attarn River. Also during this period the access road to Kyeik Ma Yaw from Mawlamyine
was inundated, which worsened the accessibility. Due to these extreme rainfall conditions, the floods
and inundations have exceeded any recorded historic flood. Because of the disruptive effect of these
floods, the August 2019 flood was classified as a disaster. Because the extreme-rainfall and floodevents seem to worsen in the past three years, there is a worry that in 2020 the situation will be even
more extreme.
The figure below illustrates roughly the situation during the August 2019 events: as the township of
Mawlamyine is located on a hill, the rainfall-runoff is down directed towards the East and West
downhill. The North-East section is an urban-expansion section with insufficient capacity to drain the
water, and experiences frequent flooding. The Area around the Ataran river is flooded by the Ataran
River (fluvial), both at the Kyaik Ma Yaw township and at the lower (agricultural) areas of Mawlamyine.
At these areas the rainfall-runoff also contributes to intensifying these floodings, as drainage to the
river is not possible then.

Figure 22: Mawlamyine map, with Thanlwin coming from the North, and flowing South, and the Gyaing River
flowing from East to West
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Figure 23:

Inundated houses and roads in Kyeik Ma Yaw, August 2019

Figure 24:A man wades through a flooded street in Mawlamyine, Mon State, June 2018. Photo - Khan Ti
(mmtimes.com)

Current activities
Data collection is distributed over different departments, on national, state- and township levels. The
following relevant data collection must be mentioned in relation to flood forecast, planning and
response:
• DMH collects realtime meteorological data (rainfall, temperature, pressure, etc) at
their office in Mawlamyine using automated stations. Data are recorded every 3 hours,
shared with their central office, and used to provide a one-day forecast to all statedepartments. DMH also provides historic data for their stations;
• IWUMD (Irrigation) collects meteo and water level data in Ataran basin at Kyeik Ma
Yaw;
• Road Department (Mawlamyine Township) takes care of all main roads in the
township, and keeps track of maintenance and repairs;
• City Development takes care of drainage infrastructure and secondary roads.
A real-time tidal station is located in Mawlamyine, and data are published on the internet. Tides in the
Thanlwin River mouth are semidiurnal, and have a spring-neap tide cycle. The tidal range is about
4.2m at spring tide and 2.4m at neap tide. The figure below shows the tidal prediction as published on
the web site on 19 Sept.
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Figure 25 Tidal conditions during the field visit (tide-forecast.com)

During the mission and meetings with the institutes it was observed that some relevant
information/data are missing (this is not considered to be a comprehensive list):
• There are no accessible records of meteorology and hydrology for Ataran River with DMH
(yet). Hence DMH is not providing a forecast for this river. For design of river-engineering
works it is relevant to have historic information on water-levels and discharges for sufficiently
long periods. For flood response the real-time data and forecast are essential, as they may
increase the lead-time for taking measures.
• There is not a detailed elevation map for the region that can be used for various planning
purposes. Note that such a map cannot be based on rough satellite data, such as SRTM. The
elevation map requires detailed resolution in both horizontal and vertical.
• There are no flood/inundation maps for the reaches downstream of the water-supply dams
and in the low-lying areas. Note: at the concluding session of this DRR-mission it was
mentioned that DMH actually does have these maps.
• There are no detailed data on the sediment loads, bed-level changes (erosion/sedimentation)
and bed composition. Banks and bed of the river channels consist mostly of mud and sand.
Most of these fine sediments are transported during floods. The largest morphological
changes occur in that period.

Flood response
During the floods of August 2019 adequate measures were taken to control the damages and

prevent casualties. It has been concluded at all departments that, despite the limited means, the
emergency response has been successful during the recent floods. In general the following measures
are deployed:
• For disaster management during emergencies the DDM and other departments work together
according to their action plan. The plan provides regulations for communication, team
organization, security systems, transformation, health and safety and resettlement.
• For Ataran river floods the response is coupled to warning and danger levels at the rivergauging station operated by IUWMD. Forecast and warning for pluvial flooding is based on the
DMH information at Mawlamyine. The authorities also receive information and support from
the EMC (Emergency Operation Center) of NDMC.
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•
•
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All households in the Kyeik Ma Yaw flooded areas own a boat. Most of the houses are on stilts
and as long a inundation is not reaching the first or second floor, the people choose to remain
in their house as long as possible. Based on the information from DMH or other sources, the
township will estimate which area will be flooded. People in low areas are informed based on
this estimate.
Inhabitants in low areas of inundated Kyeik Ma Yaw were evacuated to several shelters, and
food was provided to the affected people;
Because of tides, the normal flooding usually last only a few hours, and can be accepted by
the people. However, for long-duration floods (with large inundation depths and flow velocities)
as in August 2019, the shelters have to be used.
The Road Department tries to decrease damage during inundation that occurs when cars are
passing over the flooded roads. They use sand bags and improve drainage canals along
roads to mitigate these problems to some extent.

Shelters have been established and used during the 2019 flood at various locations along the Ataran
river, as indicated by red bullets in the figure below.

Figure 26 Map of Ataran River with villages (yellow dots), and shelters (red dots)

Emergency flood warehouses have been established to prepare food resources for the inhabitants
that are in inundated areas or evacuated to shelters, and are returning after a flood.
Although a response plan exists for this region, there is not yet a mitigation plan (plan to mitigate the
impacts of floods / reduce the risks, such as structural works, urban planning, etc.). There is a financial
compensation for people that have lost their house after a flood.

Existing plans
City Development has started and is planning drained outlet improvement, for instance by excavating
the drainage canals. At the time of the visit already 17 of the 30 drainage canals have been improved.
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For the future, DMH want to expand their station coverage, such that at least all (of the 10) townships
in Mon State have an AWOS, and plans are made for extending the number of hydrometric stations.
For instance, stations are required in the Attarn River and basin to be able to forecast and manage
these floods more properly. The installation of a new hydrometric station is usually also the initiation of
a process to determine the danger level for flood response actions.
The authorities have the desire to construct embankments, but these are costly and problematic
because of land-property issues.
DDM is establishing additional shelters in the Kyeik Ma Yaw area and is proposing to establish
shelters in each township. DDM also has request for extra boats and other rescue equipment, such
that all townships can use their own rescue boats.

Recommendations
General
• The existing disaster prevention approach in this area has shown to perform quite well in the
most recent floods, and only requires some optimization that was already taken up by DDM
and GAD. There is already an appropriate disaster management plan.
• It is important to develop an accepted flood management strategy before starting mitigation
works (include acceptance of a certain level of flooding based on risk and on acceptance by
the people)
• Structural works in Ataran River channel (dredging, channel cut-offs) are only useful if studied
carefully for hydraulic and morphological impacts. This need for instance the development of
1D or 2D models. See also Paragraph 2.5 for some observations reated to dredging and
cutting of channels.
Improved hydromet monitoring and forecast in Ataran catchment (involves Nay Pyi Taw, DMH).
A river hydrometric station at Kyeik Ma Yaw has already been proposed by DMH. Although the
IUWMD has a gauge already, it has not been connected to DMH databases and forecasting system.
Recommendations are:
• It is advised to install any new station at the site of the IUWMD gauging station and determine
the reference for both stations. The coupling of these stations allows for continuing adding
records to the historic series of this location. These historic series may be relevant for
strategies that involve statistical analysis.
• To establish rating curves for the station is complicated as it will be affected by tides.
Nevertheless, it will be good to consider determining a method to derive discharge ratings for
the Ataran, as this is relevant input to river-engineering studies and model calibration.
• The central office at Nay Pyi Taw needs to include any new stations in the forecast system,
by developing the regression or HEC-HMS tools for this river basin. They may consider to
incorporate satellite or radar information into the forecast to increase the lead time.
• It is relevant to determine possible trends in hydrology and meteorology from data series of
the existing and nearby stations in the region. The recent rainfall events (2018-2019) were
said to be related to climate change, but further study (e.g. considering ENSO, Mekong
studies) and longer records are needed to draw such conclusions.
Topographic and bathymetric surveys and flood mapping
• Most of the studies on water distribution, drainage and irrigation require a good
understanding of the elevation. It is recommended to develop a detailed and accurate
elevation model for the entire region (including the townships Mawlamyine and Kyeik
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•

•

Ma Yaw). At this moment various affordable approaches are being developed for this
purposes, for instance based on stereo-photogrammetry of drone photos or satellite
images. As these data are relevant for various departments, it is relevant to determine
who should be the owner of this data, and how it can be used by the others.
According to ICOLD guidelines for dam safety and international practice, it is
necessary to develop flood maps downstream of the irrigation dams in the basin as
they are exceeding the height of 15 m. The flood maps rely on a good elevation map,
and preferably a hydraulic model to calculate the inundation due to dam-break events.
Also for evacuation plans, hazard and risk mapping, and urban planning it is relevant
to determine these flood maps also in all low-lying areas. As duration of flooding is
also relevant, the use of a dynamic 2D flooding model is recommended.

Drainage options
It is recommended to study improved drainage options (fast recovery) that do not disturb dry-season
irrigation and account for tidal outlet (e.g. flap gates). Although these actions are already ongoing, it
remains unclear if this is based on a concrete plan:
• Improved drainage should focus on faster recovery and emptying of low-level areas
after inundation. The focus areas in this reach are the Northern urban expansion area,
and the low-level areas connected to the Ataran River al Mawlamyine and Kyeik Ma
Yaw (drainage channels are already being excavated, see figure #). The design of
channels requires a proper elevation model, such that channels can be aligned
properly to the elevation gradients.
• Excavation of drainage channels should be coordinated with IUWMD, as the improved
drainage should not lead to reduced groundwater table during the dry season, or
irrigation losses.
• It is recommended to construct gated outlets to the river that allow outflow during low
tide only. The use of flap gates can be considered, but they should be equipped with
trash racks to prevent failure of closing due to debris and waste. They require
maintenance (cleaning, repairs) frequently to guarantee their operation.
• It is recommended to study and plan the runoff through drainage canals carefully, as
fast drainage from elevated area (e.g., increased channel dimensions and concrete
linings) may worsen the situation downstream in case of flash floods. In that case it is
recommended to provide extra retention in upstream areas to decelerate the runoff.

Figure 27 Improved drainage channel near Kyeik Ma Yaw: channel is on the left, disposal from the
channel is dumped like a small dike on the right.
River works in Ataran River
DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

46

Severak river works, cutting off bends or dredging are proposed. However, these Measures needs

careful consideration (see also paragraph 2.5 for a desciption on this) as these solutions may worsen
the problems in the longer run.
Required equipment
• The disaster management in the area is well organized, but is still hampering some
essential means to work optimal. In relation to this, the DDM is requesting for help in
the form of equipment and food for emergency situations (biscuits, boats, rice, etc.).
DDM proposes to have emergency boats in all townships.
• It has been found that for hydromet monitoring some new equipment is needed, or
otherwise has to be transported from other offices (for instance Yangon). It would be
useful if state offices of DWIR in cooperation with DMH for Mon State could invest in
an ADCP measurement device for discharge measures (including trained staff in this
region). Similarly sediment monitoring equipment (preferably for suspended sediment)
should be provided to the same group that will take the responsibility for the
measurements. Depending on the equipment, it is also important that the samples are
properly handled in a laboratory. This sampling and processing is often done in
combination with water-quality measurements. Relevant information can be obtained
at the World Meteorological Organisation (WMO) and the recently delivered guidelines
for Joint Environmental Monitoring (JEM) for the Mekong at MRCS.

Ye Town

System description
Ye town is situated at the southern end of Mon State. Every year the city experiences flooding from Ye
River, but this year the flooding was exceptional. Flooding of this magnitude has not been witnessed in
70 years.

Figure 28 Ye town along the Ye river. The river flows to the West

The influence of the tide is significant in Ye Town. Officials mentioned that during high tide, the city
sometimes floods in combination with high water levels in the river. However, not for long, as during
low tide, flooding recedes quickly.
During neap tide in combination with high discharges from upstream however, flooding becomes a
bigger problem. Flooding from heavy rainfall in the city alone does not occur according to the officials.
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In Ye Town DMH has a meteo station that monitors the hourly rainfall. In the upstream catchment of
the Ye River however no meteorological or hydrological monitoring stations are located. During the
events leading to the floods on 10th of August, DMH reported rainfall in Ye Town, but nothing
exceptional. However in the upstream part of the catchment, close to the border with Thailand, there
was heavy rainfall leading to exceptional high discharges in the river. During the night, flood levels
rose and rose to about 5 meters above the embankment.

Figure 29 The bridge over the Ye River.

Evacuation was timely, and no casualties were mourned. However, properties were damaged and in
some cases destroyed. The maps that were presented during the meeting show that all inundated
areas are on the upstream (Eastern) side of the bridge over the Ye River. Downstream the bridge, no
flooding was recorded.

Current activities
Apart from monitoring the rainfall and a gauge in Ye Town, no measures to mitigate the impact of
flooding is planned. The yearly flooding has not caused any problems recently. Activities that were
done focused on embankment protection, and a river cut off (in Ye Town, on the Souther bank of the
river) was done a few years ago. The bridge that was constructed to provide access to the new island
was destroyed during the flood.
City officials indicated that they would like to cut off more river bends upstream, as well as implement
dredging works to create more discharge capacity.

Flood response
7800 residents were evacuated in 2019, managed by the Disaster Management Committee in Ye
Town. In 2019 they opened 13 rescue camps. People in affected areas were not allowed to stay
behind. As the flood levels rose in a very short time, the response to the flooding was very well
organized.

Recommendations
In order to improve the early warning for Ye Town, more information on what happens in the upstream
part of the catchment is required. However, due to security issues it is unlikely that rain gauges will be
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installed there. However, satellite data can overcome this challenge. At this moment, these data are
only used and accessible at DMH-headquarter (Union level). A mechanism should be implemented
that creates an alert for these poorly gauged basins in order to allow officials in cities as Ye to be
informed earlier.
Measures proposed by the city officials, such as cutting off river bends and dredging of the river,
needs careful consideration (see also paragraph 2.5). These solutions may worsen the problems in
the longer run.
For Ye Town itself it should be studied what the impact is of the bridge on the water level. It is very
likely that the bridge is a major bottleneck and acted as a weir during the recent floods. It will probably
be too costly to change the structure of the bridge in the short term, but maybe an opportunity arises In
case maintenance or construction activities are planned.
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ANNEX G –MINUTES OF MEETINGS AND FIELD VISITS
SUBJECT
DRR MON & KAYIN STATE - MYANMAR
DATE

15-23 September 2019
FROM

Phuuthit Kyaw, Tanya Huizer, Carolien Wegman

15 September 2019 –Meeting World Bank
8:00 PM at Parkroyal Hotel Yangon
Participants: DRR Team, Eisse Wijma, Michael Bonte (TTL SEA DRM) and Keiko (DRR).
The world bank did a rapid assessment after the floods and landslides for full Myanmar, based on desk study of
the capita damages that were reported online. The report will be discussed in NPT with the Ministry of Social
Welfare, Relief and Resettlement (MWSRR or MOFP) on September 17, 2019. After that meeting, the report will
be available.
In summary:
1) Report with results of rapid assessment of flood damages
In Mon flood 1/5 years
In Kayin flood 1/30 years
Damages about 104 M USD (0.2% of GDP), circa 30 M Agricultural land, circa 44 M residential and circa
30 M infrastructure and non-residential. However these numbers can not be verified.
The period was between 20 July (or June?) and 21 August.
2) KMZ file with pictures collected from the web (40 GB)
3) Website with interactive map with damage per location

Figure 30 Field visits in Bilin
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16 September 2018 - Day 1: Bilin & Hpa An
Stop 1 at 10 AM: Bilin Bridge
River water color is yellowish due to
type of sediment.
There is a lot of sediment in the river
Gold mining activities take place in the
upstream of the bridge.
The flood plains at this location flood
approximately for 1 week per year.
Flooding occurred in the last 3 years in
this area. Although they also mention 1
in 3 years flood.

Stop 2 GAD office of Billin Township
See the minutes of this meeting

Figure 31 Bilin River near gold mining

Stop 3: Affected area and embankment of Bilin Township (Phoe Yar Zar
Ward / Channel)
There is a retaining wall by DWIR at river bank.
In 2008 the water level reached up to 1 feet above embankment. In 2018
the water level reached an elevation of 3 feet above the embankment. In
2019 the area is flooded from where the embankment ends because this is
lower than the embankment.
Recommendations: could be that erosion (undercutting) at the embankment
is taking place. This can not be seen from the water surface. Undercutting
happens to be a problem at hard structures in Yangon, which could also be
happening in Bilin because flow velocity along the Bilin embankment seems
to be high. However, to say anything about this monitoring of flow velocities
and bed level changes along the embankment should regularly take place.
People who are living at the water front need to move rescue camps
whenever it is flooding. People respond directly on evacuation request. In
2019, 3 times residents had to evacuate. Namely on 8 July, 5 August and
Figure 32 Embankment
17 August. Each staying in camp duration is around 4 days.
Bilin
All houses in the low lying prone to flooding area are planned to move into
the higher-lying hinterland this year, by the support of governments. The land and transforming costs will be
available to those people as the compensation.
Stop 4: Water outlet (Phoe yar Zar Village)
This drainage channel sometimes flows in from the riverside at high river water level. Instead of draining the
area it enhances the flooding at these times.
The water level was 1 m above the road at one of these drainage canals in 2018. In this area, the main
problem is not the flooding of houses because they are on poles but flooded roads because of access of the
area.

Stop 5: Water level measuring station CBM Phoe Hla Gyi Ward
Places in inner parts of the ward are usually also affected from flooding with the 2-3 feet flooded water level
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Affected area of Bilin
Township (Phoe Hla Gyi
Ward)
The flooded water
level is normally 5ft annually.
CBM (control
benchmark) is 1016 cm.
Measurements are
made 3 times every day
(6:30AM, 12:30 PM, and 6:30
PM)
With the help of
Figure 33 one of water outlets of Bilin River AIRBM project budget, new
measurement tool (gauge) is
Figure 34 Benchmark of Billin
upgraded to measure much higher WL effectively than the old ones.
There is also a second WL gauge inside the ward of Phoe Hla Gyi,
and it is only used during the flooding period. At that time, Measurements are once every 1 hour.

New
gauge
Figure 36 Second water
gauge in Phoe Wa Gyi Ward

Figure 36 WL gauges of Bilin (manual
water level measurement station

Figure 37 Auto
measurement gauge of
Thanlwin River

Stop6: Thanlwin Bridge and Thanlwin river auto water gauge
The parameters such as WL, temperature, rainfall, wind speed, wind direction, gas wind, humidity and depth
are obtained from this gauge.
DMH head office makes forecasting for Thanlwin River and releases the statement at 2 PM every day.
There is also another auto gauge for Hlaing Bawe creek (a tributary of Thanlwin ) which is 15 km away for the
Thanlwin Bridge.
Observation: The flow velocity around the pillars of the river seems to be very high.
Recommendation to be considered: another station more upstream, and/or a monitoring plan with
minimum requirements of stations and cross sections at indicated locations. Upstream from the bridge the
river is bounded by mountains, this is a possible good location for monitoring because the river will not move
which makes the measurements better comparable.

Meeting with Bilin Township Regional Departments
Participant list

N
o

Name

Position

Organization

1

Mr. Zaw
Win

Director Mon
State

DWIR
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2

Mr. Aung
Win Naing

Deput Township
officer Bilin

GAD

3

Ms. Daw
Than
ThanWin
Mr. Aung
Myint Oo

Assistant
observer

DMH

Water Resources
Representative

NL Embassy

5

Mr. Marco
Hartman

DRR Team
Leader

6

Dr. kees
Sloff

DRR Team
Member

7

Ms.
Carolien
Wegman
Ms. Tanya
Huizer

DRR Team
Member

9

Mr. Alex
Hooijer

DRR Team
Member

10

Ms. Phuu
Thit Kyaw

DRR Team
support

11

U Thein
Lin

Director

4

8

DRR Team
Member

DWIR

Meeting in Township Office Bilin Township
General
-

The causes of Bilin River flooding depend not only on rain fall, also on the effects of sea

level (tidal range). If high tide, the water cannot flow off to the sea. In the Bilin town there is
flooding then.
-

There are 5 inlets in total of Bilin River starting from Shwe Kyin Township, Bago and Phar

Pon Township, Kayin.
-

The main creek is called Thae Phyu Chaung which combines as Bilin River. Sittaung most

important tributary for Bilin river downstream.
-

Some water from Sittaung River is also flowing into the Bilin River. Therefore, Billin River

flooding could be a case if other related creeks are in higher water level.
-

As significant changes, there are formation of dynamic dunes at the junction of Sittaung

and Bilin River.
-

According to the records, there circa 6000 acres in 2013-2014, 9000 acres in 2016-2017

and 1600 acres in 2018-2019 of new agriculture land.
-

These dynamic lands are owned by GAD and shared to farmers who do not have farmlands

depending on the acres of formation lands every year. Mostly, 3 to 5 acres to each farmer
annually.
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Every year there are floods. But every 2 or 3
years the flood is above danger level. This is
because part of the low lying area already
floods before the danger level is reached.
1022 cm is the danger level in Bilin. This year

Figure 38 Meeting in Township Office Bilin

in 2019 water level rose to 1035 cm. -> Above
danger level.
To Yangon the high way was blocked for 4 – 5
days (2018), this was the only time the road
was blocked. The township can provide
precipitation information.
In 2018 the water level was 1112 cm and the
duration was longer (10 days). From 1070 cm onwards evacuation is very difficult (because roads
flood).
-

The total population of Bilin Township is over 191.000 (detail information of population on

each ward and village is still needed to receive from Bilin GAD). In 2018, 2732 people were
evacuated.
Current Activities
Two types of measures
1.

Preparation program – prepare before monsoon season, rescue facility is prepared

2.

Response program – make plan each year, based on the previous floods.

Building two more shelters this year, nearby the hillside. Can be maintained for water levels up to
1200 or 1300 cm. Will stay dry.
-

For the prediction, head office of DMH (in NPT) usually releases the 1-day flood forecasting

for Bilin River based on their calculation.
-

There is also a local prediction system in Bilin Township. If the upstream villages like Mal

Waing and Shwe kyin is flooded from nearby creeks, Bilin could be predicted to get flooded in next
three hours.
-

The corresponding officers also check the 7-days duration tidal range by using the software

called “Mawlamyine tide” to forecast the flooding certainly.
-

One more important thing in local prediction system is that it is always necessary to check

the precipitation of Phar Pon and Shwe Kyin.
Bilin WL gauge (manual water level measurement station, no discharge or flow velociity)
-

CBM (control benchmark) is 1016 cm.

-

Measurements are made 3 times every day (6:30AM, 12:30 PM, and 6:30 PM)

-

With the help of AIRBM project budget, new measurement tool (gauge) is upgraded to

measure much higher WL effectively than the old ones.
-

There is also a second WL gauge inside the ward of Phoe Hla Gyi, and it is only used during

the flooding period. At that time, Measurements are once every 1 hour.
They (DMH) do two assessments: precipitation and tide. And combine them to do a forecast on the
water levels.
This station records already for 30 years the rainfall and water level (from 1994 Bilin Station).
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Upstream from Bilin now measuring stations (but lady of DMH does not know much about it, it is
Naypyidaw’s area).
Cross-section measured in 2014 for bank protection.
Is there a link between flooding and bank erosion? Bank erosion occurs along the river channel,
also at some locations in Bilin town. As these bank-erosion processes occur mainly during flood
conditions, it is relevant at locations where houses or properties are at stake. A revetment has
been constructed to protect houses in the lower section of the embanked section of Bilin town.
Flood response
Only agriculture landloss and some of the road networks are flooded each year. Communication
challenge, there is communication plan. If the phone line is not working they can use something
else (did not understand, walkie-talkie?)
Forecasting for water level and high tide (7 day forecast, online).
Regional forecasting – check upstream areas for raining conditions and flooding. In 2 to 3 hours
this water would be in Bilin township (call/whatsapp).
The first action takes place when WL exceeds 950 cm by measuring WL per hour (in general, WL
measurement has taken place once every 6 hour manually).
-

Local announcement for transforming is made when WL exceeds 970 cm. At the same time,

rescue teams are ready to stand by and the planned rescue camps are prepared.
-

With the budget of Mon government, the food and water supplement are prepared before

flooding. In order to have the enough preparation time, the rescue actions are carried out by the
time WL reaches 970 cm. The procedures are defined and started only from 2019 based on the
experiences of earlier events.
-

Bilin Township also comprises the disaster management committee to take the actions in

time. In 2019 flooding, there were no casualty and over 10.000 people could be rescued and
supplied at the camps.
-

The responsible officers are always keeping in contact by either phone or radio connection

to inform some remote places within the township for the purpose of rescuing in time.
When water level 950 cm they start hourly monitoring water level. After 970 the disaster response
team announces to the people in the river flooding area/low lying area.
When the water level keeps rising the township starts evacuating people who suffer from the
flooding area.
This year the Mon State gives food and water to the people 7 days before the flood is coming.
In 2018 they didn’t have any disaster response, but since this year they have. (However, we later
learned that people would move themselves to the higher lying monastery when water levels rose.
But that was not coordinated by the township).
Only supplying food and drink support the people in the rescue camp (100 people in the rescue
camp this year).
The township administration registrars which areas are flooded or will flood soon, they do
evacuation before flooding and during flooding.
Existing Plans they have for the future
Two rescue shelters are planned to construct for 1000 people. (information is still needed to
receive from local DDMY)
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What flood mitigation measures are being thought of or even planned?
Based on the ministry of construction (based on elevation of the road):
-

Sluice upstream (that drainage system does not flow in from the river).

-

Raise the embankments by 1.5 ft, over 1 km. But after the embankments how do they get

the water out Bilin? Retention/pumping etc. Damage: 1.3 million Kyat – in Bilin in 2018 (from
document, not said in meeting).
-

And raise the area in the south, and better drainage.

SUBJECT
DRR MON & KAYIN STATE - MYANMAR
DATE

15-23 September 2019
FROM

Phuuthit Kyaw, Tanya Huizer, Carolien Wegman

Figure 39 Field visits in Hpa-An

16 September 2018 – Day 1 – Hpa An
Stop 6: Hpa-an waterfront
According to the records, highest water level in 2019 was 850 cm and over 900 cm in 2018. In 2018, WL
reached the road surface.
Even though the precipitation of Hpa-an was lower, the effect of higher precipitation in upstream and
downstream could influence the flooding of Hpa-an.
In summer season, the tidal fluctuation is about 1.2 m.
All the drainage outlets near waterfront are flowing into the Thanlwin River.
In Hpa-an, there are also man-made channels to intake water from the Thanlwin river while at high WL for
the purposes of irrigation and sedimentation.
In 2017-2018 and 2018-2019, bathymetry data measurement has been carried out by DWIR near and at
Hpa-an. The cross-section measurement has been done only one time near the bridge.
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16/9/2019
WL=555cm

2019
Highest WL= 850cm

Figure 40 Hpa-an waterfront

Figure 41 New construction near Hpa-an waterfront

Stop 7: Hpa-an retention pond and sluice gate (Kan Thar Yar)
The pond is man-made and big enough to collect the precipitation.
The small sluice gate performs as the door between the pond and natural outlet of Thanlwin River in order to
control the urban flood by controlling the WL of retention pond.

Figure 42 Retention pond (Hpa-an)

Figure 43 sluice of the pond (Hpa-an)

17 September 2018 - Day 2: Hpa-An
Stop 1 Water intake channel/Drainage channel
Mainly drainage channel from the Thanlwin river many kilometers downstream. This drainage channel also
transports sediment from the river into agricultural land, which is convenient because it makes the land more
fertile.
Observations: Lot of garbage, not so much water in it, it is is silted up. Only a few meters wide.

Stop 2 Meeting at Kayin State regional Government office
See the minutes of this meeting
Stop 3: Meeting at GAD office meeting with officer GAD, DWIR,
DMH, IWUMD, DDM
See the minutes of this meeting
Stop 4: Affected area (Eain Tine Kone Ward)
The situation at this location has changed because of a
market being built on previously sparsely inhabited area.

-

Channel
Wrongly engineered, before the channel was an inlet from the river to provide sediment and nutrients to the
land. Now, they want to use at as a drainage. However, the structure has not changed. The water still flows
mostly inland. Only when the water level on the land is higher than the river water level it will serve as a
drainage.
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-

Furthermore, the channel has decreased in size by the
building of the market on top as well as houses build
close to the channel (see Figure 46).

Figure 44 Small channel in Hpa-An

Market
Newly build in 2010. The market has its own drainage
channel which is situated higher than the channel that
was there before. Therefore, it is harder for the area to
drain via this channel. Some shops build on the drainage
channel. The drainage channel is partly covered by
concrete blocks, which makes it less effective in draining
the market.
Solution thought of in the field: A solution could be to build a sluice at the
water inlet from the field to prevent the water from the river to flow into the
channel, and thereby stop the fluvial flooding. The pluvial flooding will only
drain out when the water level inland is higher than the river level.
Stop 5: Another affected area (Ward 5)
- This is the floodplain in which people live in houses
on poles. Severe flooding in 2018, water level up to 1
m under window of houses on poles (see photo). If
the water reaches the road nearby, people start to
evacuate. In 2018 they evacuated.
- There is a lot of trash in the water and it smells
bad. People use groundwater for domestic purposes.

Stop 6: River bank protection measure (hard structure)
The measure stabilizes the bank and as a second
objective protects the houses behind it. It is 300 feet long
(see design photo), and costed 120 million kyat (or 70.000
euro).
Before the river bank protection measure the water is
showing a strong near. The water is reversing direction
close to the protection measure. It is expected that there
will be a sand bank underneath the water. Another
observation is that downstream of the measure, there is
severe erosion of the river bank. To prevent this a longer
stretch of river bank protection should be in place.
Dredging plans are being made. The riverbed has been
measured in 2016 to make these first plans. In front of the
river bank protection dredging is proposed. This is mainly for navigation and to diverge the flow direction.
The village behind the structure flooded every year for normally 2 weeks. The measure has only been placed
in 2017-2018. Therefore, it is unknown yet if the measure will also reduce the inundation period in the village.
In 2018 the area was severely flooded, the water level was 1 feet above the road for 1 month. After the flood
a layer of 4 – 6 inches of sediment was deposited in the village, near the road.
This part of the river bank was prioritized to be protected.
Stop 7: Flooded Fields
This is a natural low lying area. The flooded area is
according to the officials 8 kilometers away from the
Thanlwin river (check it). The flooding is therefore
caused by rainfall, and it is unclear if there is any
drainage. People live in this area in houses on poles
and regain land which increases the water level in the
area around it. In 2018 the whole area was flooded
and people evacuated. In 2019 they did not need to
evacuate, but the government gave them food and
water.
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The highway in between the two inundated areas has a slightly higher elevation (1.5 meters above water level at
the moment) than the surrounding areas. This highway is a very important highway because it is the shortest way
(by 3 hours) between Mawlamyine and Hpa-An. In 2018 the highway was flooded for one month. The water level
in 2018 was 3 to 4 feet. In 2019 the road was flooded for 5 days. The water level in 2019 was 1.5 feet.

Meeting with Kayin State regional Government office
Kayin State
Participant list
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U Zaw
Win

Director

DWIR

Director

DWIR

Director

DWIR

U Mg Mg
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Director
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Meeting with Kayin State
Aung Myint Oo gives an introduction of the teammembers and Marco gives an introduction of the project. We
want to learn from you and your team, how the flooding came about and what are the mechanisms that lead to
the floods. What kind of information and data is available. We would like to come up with some solutions to
reduce the impact of flooding and decrease the flooding.
Marco asks how we can help them.
- Minister: Thank you for coming. We are aware of the Netherlands being below sea level, therefore you know a
lot about flooding. In Kayin State the floodings have several causes. Flooding is an annual issue, therefore we
have to prepare for it and prevent it. One of the causes of more severe flooding is that the river bed level is getting
higher. Therefore, we tentatively plan dredging activities in the Thanlwin river and to build embankments around
the affected areas of Hpa-An. for the town.

DMH and DWIR are the prime organisations for flood protection. If you have any required data ask DMH and
DWIR, also for more detail on specific areas or cases. The Hpa-An Township knows where the low lying areas
are. The Township Administrator knows about these areas.
Marco asks if they could provide us with information of the water system around the township, that would be very
beneficial for us. Minister: Please contact the township administrator for this data. After the mission, the
recommendations for the flooding case of Hpa-an are mostly welcomed to receive.

Meeting with Hpa-An Township Regional Departments
Hpa-An Township
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Meeting in Township Office Hpa-An Township
Measurement rainfall and water level
The danger water level in this area is 750 cm.
On 7 June 2006 the most rainfall ever recorded was 349 mm in Hpa-An.
Only three stations for rainfall. One is all the way upstream. Of these stations two are new.
In Kone Lone Township, there has a new station since 2018 and Phar Saung Township got a new
station in 2019. Not too much data therefore, Hpa-An (DMH) doesn’t know if they will increase the
number of stations.
In Nay Pyi Taw, they collect all the data (and by phone). During rainy season (june – September)
they check the upstream station regularly by phone from Hpa-An. At 1 pm everyday they have talk
with DMH headquarter. Nyapidaw manages the data and warnings. If the area is flooded they
forecast the water levels up to 2 to 3 days ahead.
There is also a local prediction method for flooding. Local people usually expect the severe flooding
when two months of the monsoon have passed.
2018 Flood
There are three rivers around Hpa-An: Thanlwin River and Gyaing River, and the confluence of the
smaller Attarn River. In 2018, lots of rain in the upper part of the area were indicated as one of the
main causes of the floods. La Nina was the cause of more rain. They expected the floods because
of this, they were not surprised.
Correction: Kees checked this and actually 2018 from April onwards was an El Nino year.
The experienced water level in 2002 was 936 cm. However, the water level in 2018 is only 2 cm
higher but the flooding lasted way longer and affected a larger area. They expected the height of
the flood but not the duration and extend. In 2002, there were on four different occasions water
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levels above the danger level measured. In 2018 only on one occasion the water level was above
the danger level according to the hydrographs of DMH. However, the water level stayed above the
danger level for a longer time.
In 2018 it was strange that in Shan and Kayar state there was not much rain. The flood of 2018
only happened in the current state because of too much rain. This was also why a larger area was
flooded in 2018 than in 2002. The whole of Hpa-An was flooded in the end.
Initially the river flooded into the city and because it kept raining and the river water level stayed
high (no drainage) the flooded area increased.
Low lying area is situated in the North
and East, therefore flooding from the
river. Conclusion Kees: The drainage
channel of stop 1 Day 2 is not
closeable. If the river level is high it
flows into the channel and brings not
only sediment but also water.
Because of this less water can be
stored on the agricultural areas which
contributes to the flooding.
In general: agriculture channels are
very long. In 2012 they could drain to
the downstream areas. In 2018 this
was not possible which resulted in
more flooding.
At 830 cm water level last year they
started the evacuation of the area. 16
rescue camps in the township of HpaAn. There were 2535 households
affected and 12483 persons affected.
Plans
What did you (Township) learn from
the 2018 event?
Information is coming from the
Figure 45 Map of Hpa-An. Retention area in purple, drainage canals in
light blue

community, monasteries are located
higher. When the water level gets
higher people move to the monastery

area by themselves and to the schools. Township has an improved disaster response since to
prioritize the rescue. The difficulty is the disaster management budget.
Shelters were built for cyclones. Planning to build more?
One more cyclone shelter is planned for Hpa-An, 2 more shelters for upstream Kyar-Inn-Gyi
Township, Kawt Ka Yite District (also used for flooding).
The emergency plan is planned by the state government, Township officer only has responsibility
for Hpa-An township so he doesn’t know about the rest of the state emergency plans.
Do people take measures themselves to prevent houses from being flood?
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They have a training programme for the community and volunteers to teach them how to prepare
for disasters. During a flood people don't want to leave their house, this makes it difficult.
Community practice is hard to change the peoples behaviour.
Roads flooding is an important issue, some houses are built on poles but if the roads are severely
flooded they have to evacuate anyway.
Idea: keep evacuation routes clear so less people have to be evacuated. Plan of heightening the
roads is present.
Two plans in region, dredging and construction embankments. What studies did you do before
making those plans?
Dredging is for navigation improvement (not studied yet). Not maintained for 10 years, so
could be a factor in flood protection.
They studied the river training and 4 places are considered. River bank protection is
planned mainly for sedimentation and improve the navigation by the regional governments.
Regional IWUMD has no plan for embankments.
They have to clean and upgrade the drainage channel, the upper channel.
Most planning for flood reduction is planned by state network. Township (district level) only
focusses on drainage improvement, dredging.

SUBJECT
DRR MON STATE - MYANMAR
DATE

18 September 2019
FROM

Phuuthit Kyaw, Carolien Wegman

18 September 2019 - Day 3: Mawlamyine & Kyeik Ma Yaw
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Figure 46 Field visits in Mawlamyine Township
Stop 1 at 10:00 AM: Meeting with Mon Chief Minister Dr. Aye Zan (at Kayin State Regional Government
Office)
See minutes of this meeting …
Stop 2 at 11:00 AM: Meeting with officers from GAD, DMH, DWIR, IWUMD, DDM and City Development
committee (at Mawater levelamyine Township GAD office)
See minutes of this meeting …
Stop3 at 2:00 PM: Meeting with officers from GAD, DMH, DWIR, IWUMD, DDM, and regional police officer
(at Kyeik Ma Yaw Township GAD office)
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See minutes of this meeting …
Highest

Stop 4 at 3:30 PM: Shin Saw Pu Ward near Ataran River
The place is situated 10 miles away from the Thanlwin River. Ataran River is about
40 miles in length. The danger water level of Kyeik Ma Yaw (520 cm) has been
calibrated 20 years ago when it was installed. Therefore, the water level gauge and
the danger water level is not correct anymore.
Before the government releases official announcements for inundation levels and
possibly evacuation, people in the area start mitigation actions already. For example,
they evacuate to other neighbourhoods and make their properties flood proof. They
do this by predicting the flood based on their many years of experience.
Governments only inform actively about water levels and start action after the water
level has reached the danger level.

water level,
2019

Figure 47 Old water
level measurement
gauge of Kyeik Ma Yaw
(at Sin Saw Pu Ward).

Stop 5 at 4:10 PM: Partly dredged drainage channel near Pane Nae Kone
The channel was already dredged 6000 feet from Ataran River to the inland in order
to drain the water quicker than before. Another 2500 feet is proposed to be dredged by IWUMD this year in the
inland direction. This part of the channel is one of the 44 new planned channel rehabilitation areas. The team
noticed that currently the agricultural land is draining into the channel and the water seems to be flowing in the
inland direction whereas actually it needs to drain to the river. This could be partly due to high tide affecting the
river levels and therefore the flow direction. However, as this is an unwanted flow direction it seems very
inefficient to dredge the channel more inland because that would just stimulate the water to flow in that direction.

To river

To inland

Highest water level, 2019

Figure 49 A partly dredged drainage
channel

Figure 48 An affected house behind the
channel

Regarding the channel, the nearby farmlands are still filled with rain water and there is a small entrance for the
water from the farms to the channel. IWUMD also considers the implementation of a suitable sluice gate near the
river. But they still do not propose yet according to the budget allocation and other priorities. The houses in the
area also used to suffer from flooding annually. 2019 was the most intensive flooding year for them as well. Most
of the houses have long leg pillars. Although some families moved to the camps away from last years flooding,
some stayed at the higher parts of their houses and received the food and water supplement from the government
(house delivery every 2 to 3 days).

Meeting with Mon State Government

DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

65

Figure 50 Setting of meeting before Chief Minister Dr. Aye Zan arrived. There is no participant list of this meeting
Introduction
Introduction of project and team members by U Sein Lwin
Ye Township
Ye Township is 96 miles away from Mawlamyine Township. Ye had never had flooding before. This is
the first time there is flooding in the region. Ye Township has only one river, the Ye River. Mostly due to
climate change, river pattern change and a lot of precipitation, the flooding came about. Precipitation is
normally between 200 – 210 mm annually. This year (2019) rainfall was 2 times the normal amount.
Furthermore, in August the highest rainfall in a 10 year period was measured. On August 9 -10 in 2019
rain is 15 inches per day on both days (30 inches in total), this means very heavy precipitation.
The water level was in this area 20 feet above the ground during the flooding in this area, therefore they
had to relocate the people.
Kyiek Ma Yaw Township
This area is flooded every year in July and August. People are very selfsufficient: every household has a
boat to evacuate. This year the amount of rainfall was too high again, therefore there was flooding. The
main problem to reduce the flooding is that the officials have no idea on how to control flooding from the
Ataran River.
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-

-

-

In Ataran catchment there were hot springs, they
disappeared after the floods. The flood duration is
usually 1 month. This year (2019) the water level
was one meter above normal flood levels. The
flood impact reduction plan has been made
together with the UNDP for Ataran River
catchment.
In 2013 and in 2018 the area severely flooded, in
2019 the highest flooding ever recorded took
place. It seems to happen more often based on
these three experiences. They expect that climate
change is the cause of the quick follow-up from
2018 and 2019. Officials are ‘afraid/wondering’
what will happen in 2020.
Based on the experiences of the 2018 and 2019
flooding they construct 4 more shelters in the
area. They prepare rescue boats at townships so
when the floods come they can evacuate them.
Also the government will give food to the people.

Mawlamyine Township
Mawlamyine centre is only flooded during heavy
rainfall (few hours). In 2019, Mawlamyine received
the highest rainfall of the last 10 years, 97 inches.
In August 15 inches of rainfall fell on August 9 and
August 10 had the same amount of rainfall.

Figure 51 Map of Mon State. In Blue the main
rivers. The yellow dots indicate the villages,
the red dots indicate the shelters in the area.

Mon State
Every year, Mon State improves the drain outlet. During high tides the drainage is limited. Mon state is
affected by 2 tides a day (semi-diurnal). When high tide and high rainfall happen at the same time this is
a problem. Every 1.5 to 2 months the area floods. Therefore, we have many things prepared but
floodings are quite serious in this state. According to the officials they need to dredge 22 – 23 km more
of the canals, UNDP helps them a lot. It is still not enough although we dredged a lot -> therefore we
need your (DRR-Team’s) ideas. Sometimes also landslides happen, this is a cascade effect because
you can not evacuate if a landslide blocks the road.
They have to upgrade the drainage network/channels but it is too costly. Therefore, the state
government is planning to move the people living in the area to the none flooded area (permanently).
The mitigation process is quite challenging. Therefore they invest in the response/disaster management
plan.
Paung Township
In landslide area, there were 73 deaths in August 9, this is a big problem.
Extra
Due to having only response/disaster management plan in Mon State, hopefully the mission can give tips how to
reduce the floods (mitigation plan).

Meeting with Mawlamyine Regional Departments
Mawlamyine Township
Participants List
Name
U Wai Lin Tun
U Ye Min Aung
U Ohm Tint

Position

Organization

Administrator
Deputy Administrator
Sub-Assistant Engineer

GAD
GAD
IWUMD
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Daw Theingi Tun
Daw Ei Ei Htwe
U Wai Phyoe Aung

Staff Officer
Deputy Staff Officer

DMH
DMH
DDM

General
Hourly flooded in the low area during high tide. With high tide
and precipitation it can be flooded for more than 6 hours.
In the northern part of the area of Mawlamyine the most
severe flooding happens due to tidal influence and high river
water levels in the monsoon season. Salt water intrusion is
taking place during floodings. During the dry period, there is
no flooding.
Between high and low tide, Thanlwin tidal range is about 5
meter.
Main cannel through the the middle (curved) will be improved
drainage
Causes
Flooding is mainly due to high rainfall and the combination of
high river water levels and tidal influence. Low area (in
orange circle) is the only area that becomes flooded for a
longer period of time (days). In August 14 – 15 inches rainfall.
The city (south of the orange circle) will only flood during high
rainfall because it is situated on a hill. It only floods because it
cannot drain quickly enough and the area is inundated for a
few hours. Tip of Kees: try to keep the water upstream. If you
improve the drainage it is seen in other places that the flood
increases in the downstream area because it is very fastly
drained from the upstream areas.
-

Figure 52 Mawlamyine area. In the
Every year the flood level increases in the northern part
orange circle the area with most
(orange circle). This area was an agricultural area before, in
flooding and the blue line indicates
the Ataran River causing most
the last 20 years many houses have been built in the area.
problems. The red line indicates
The drainage system has not been improved. Furthermore,
focus area for embankment of
the area was first some sort of retention area but because
IWUMD.
more and more houses are being build the retention function
disappears. Also, according to the officials the precipitation
rate increases over time, tThe development has increased and retention has decreased.

Awareness
Tidal data + rainfall data DMH delivers to township office and township officer announces to public which
areas will be flooded (via phone or other canals)
DMH provides disaster data to township office which provides it to the Disaster management committee.
Measures
There are plans to improve drainage in the city (by dredging canals). Firstly, there were agricultural lands
in the north, but now more people live there therefore drainage has to be improved there as well.
There are no embankments around Ataran River yet for the purpose of flood protection. It could be a
solution to build an embankment on the city side (western) when the eastern side is allowed to be
flooded. The eastern side of the Ataran River is a hillside so it is not a problem if a dike would be built on
the western side to prevent the northern new area from flooding.
The irrigation department only focusses on agricultural areas. Therefore, they did not look into building
such as an embankment along the Ataran River in the North to protect the new northern area (orange
circle). They did look at an embankment in the southern part of Mawlamyine (red line) along the main
river (near Thanlwin river estuary).
Conflict
DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

68

-

With the new developed area (over 20 year period) in the north it is difficult who has responsibility. The
municipality and township office have to work together. The Mon State government is the one that
approves the final projects (embankment for example). Mon State Government will also assign one
department to lead in projects like this.

Meeting with Kyeik Ma Yaw Regional Departments
Kyeik Ma Yaw Township
Participants list
Name
U Ye Min Aung
U Kyaw Myint
U Myint Aung
U Mj Min Aung
U Zaw Win
U Htin Aung Kyaw
Daw Than Than WIn
U Myo Win Aung
U Hla Tin Mg
U Soe Naing
U Pyae Sone Phyo
U Saw Chit Moe Oo

Position
Assistant Director
Township Officer
Assistant Director
Township Commander
Director
Staff Officer
Staff Officer
Forester
Staff Officer
Satff
Sub-Assistant Engineer
Sub-Assistant Engineer

Organization
GAD
Police Station
DWIR
DALMS
DOH
Forest Department
DOA
EO

General
Two rivers in the upstream area combine into the Ataran River. The city is flooded by the river water
annually. The river cannot carry the capacity of the water, it is too small. According to the experiences of
local people who lived here for a long time, this year (2019) was the worst flooding in 60 years.
Danger water level of Kyeik Ma Yaw is 520 cm. 2019 is the first year the water is reached heights above
the danger level.
472cm in 2016 (water level)
505cm in 2017 (water level)
515cm in 2018 (water level)
578cm in 2019 (water level)
Average rainfall in August is 46 inches yearly.
91 inches in August 2019
54 inches in August 2019
The inundation of 2019 was 2 times. First time was between 9 to 17/18 August. Then, second time
started again on 25/26 August when Mawlamyine experienced heavy floods.
Causes
Tidal effect enhances the flooding in the town because the towns can’t drain.
Whenever there is high rainfall, not only Ataran River, also Thanlwin River (high rainfall+ tidal effect) is
full. Therefore, water from the Ataran River happen flow backward and overlands. As a result, Kyeik Ma
Yaw is flooded. The high tide combined with heavy rain causes the highest flooding.
In 2019, 15 inches rainfall and 10 years recorded data of rainfall, by the department of Agriculture (not
irrigation department, is a different department in the same Ministry Agriculture Livestock and Irrigation).
Affected Area
The main connection road of Mawlamyine and Kyeik Ma Yaw was inundated due to the flooding in 2019.
The road was inundated for a week. Only this year the road flooded (and in 2018).
Gap
-

The officials have no clue what the discharge is at danger level or at anytime for that matter. There are
no measurements of this. Only measurement is made for water level. They also don’t know about the
size of the catchment (a part of the catchment is in Thailand).
They consider procuring elevation data -> can we advise the Airbus DEM or other source
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Marco: there are freely available catchments map on the internet, will send through the DRR-team.
Measures
Water and Utilization management between 2011 and 2016 they made new channels for drainage.
Assess in the coming period the drainage system, they will build plans on this. They will report to the
Mon State government. They planned 44 drainage canals as a priority for the department, they do not
know yet how many will be improved. The township decides on the prioritization by asking the people in
the town how important an area is and how much it is flooded (bottom-up approach). On this basis they
prioritized 8 of the 44 drainage canals. The drainage canals are necessary because otherwise the water
goes everywhere.
According to the Irrigation department, they mentioned this is not a full solution but flooding periods can
be reduced by better drainage.
Preparedness
Water levels in the river were already rising for a few days before the floods happened. They knew in
2019 that the flooding was coming. People can evacuate vertically because they have two floors and in
between the roof and the second floor another layer in which they can live. Furthermore, they have a
boat so they can move. Rich people can store food for one or two months. Nobody died in the floods.
Until 2018 only two monasteries where to people can evacuate. Since 2019 there are 14 shelters
available (this is sufficient). Sometimes people do not want to evacuate because they are afraid of losing
their belongings.
Some features
Due to the slowly increasing of water level, Kyeik Ma Yaw is less dangerous unlike Bilin and Ye
Townships. In these Townships, water comes from the mountain thus very sudden flooding.
SUBJECT
DRR MON & KAYIN STATE - MYANMAR
DATE

15-23 September 2019
FROM

Carolien Wegman

19 September 2019 - Day 4: Ye Town
Three team members (Marco Hartman, Tanya Huizer and Carolien Wegman) went to Ye township, the rest of the
team stayed in Mawlamyine to speak to the different departments separately.
Stop 0 at 11:30 AM: Meeting with officers from GAD, DMH, DWIR, IWUMD, DDM and City Development
committee (at Ye Township GAD office)
See minutes of this meeting …
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Figure 53 Field visits in Ye Town

Stop 1 at 13:30 PM: Rescue shelter
Close to the Township GAD office is a rescue shelter used during the 2019 floods. It
is currently being used as an indoor basketball field.

Rescue shelter in Ye
Town
Stop 2 at 2:00 PM: Protection against river erosion outer bend ( figure 1)
On the outer bend the meander bend located inside Ye Town last year (2018) an embankment has been
constructed to make sure that the erosion of this outer bend would not threaten the city. Due to the cut-off of the
meander bend which was constructed by DWIR 5 years ago this outer bend of the curve inside Ye Town is
Figure 3 Water level
attracting less water. The cut-off constructed was designed as 20 m wide and
measurement on top of the
because of its increasing function as the main channel it has increased in size
embankment. During 2019
floods the water level reached up to 40 meters.
the height of twice this
measuring device
The flood levels during the 2019 flood have reached twice the height of the
measuring rod that is depicted in this image. More than twice the size of a
person, thus 4,5 meters above the bank stabilization measure.
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Stop 3 at 2:45 PM: Railway bridge
The bridge is a bottleneck in the drainage of the city via the river. Looking at
the bridge it seemed quite old, however we learned that it was only build in the
period 2000-2003. There are many pillars under de river which have probably
obstructed the flow during the floods. Especially if debris was carried with the
water in the
river. Because
the flooding
event
happened
during the
night it is not
completely clear how high the water level was
during the peak of the flood but it was guessed by
the officials that it was more or less just under the
surface of the bridge, the bridge didn’t flood.
The bridge is used a lot by cars and scooters.
Four times a day a train runs over the bridge.
Because of the small width of the bridge (two cars
can just pass each other and inside that same
space is the railway), the bridge has to be closed
for motorized vehicles when the trains pass. The
Standing on the railwaybridge looking upstream. On
area before and after the bridge look like wider
the right you see the cut-off, on the left the original
floodplains which enhances the idea of the bridge outer meanderbend
being a bottleneck. The banks upstream of the
bridge have been stabilized for a short length (+- 50 m)
Stop 4 at 3:00 PM: Low lying area
This area is the low lying area which floods every year. People build their houses on pillars so normally this is not
a problem as long as the water levels stay low. However, this year in 2019 the water level reached peoples roofs.
We spoke to two residents who saw the water level rise up to their roof (+- 7 meters above ground). One of the
people we spoke to got compensation to build a new house. The house was already build (one month after the
flood). His neighbour could not afford the cost of building a house, the compensation is too low to actually build a
house from so it costs residents a lot of money. The neighbour now lives
with relatives. The floods destabilized the community by these situations.

Newly build house after the 2019
flood

Meeting with Ye Township Regional Departments
Ye Township
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NL Embassy
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DRR Team
Leader
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Ms.
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Ms. Tanya
Huizer

DRR Team
Member
DRR Team
Member

9

10

*The participants list got lost. The participant list above is incomplete.
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Meeting in Township Office Ye
Township
River system knowledge
Ye river is fed by two rivers from the east. It is a
heavily meandering river. The tide is very influential
in this region.
Before 2018 the water stayed in the channel
(stagnant water in the city), but did not cause flood.
Local rainfall is not a problem in this area.
Flooding 2019
This year the highest damage in 70 year. 10th of
August biggest flooding, 14 feet. In August 2019 215
inches rainfall in this area, normal is 200 inches. The
flooding lasted 2 days.
Lot of damage to the bridges because debris is
coming from the upstream area during flooding.
In the last 70 years one time a large flooding as well
(residents say), don’t know which year.
But not so much rain in Ye Town in these
days. Therefore, the flooding was not
expected. 7800 evacuated people in 2019.
They have the Disaster Management

Ye Township. In the west in blue is the sea. The red
squares are the flooded towns. The orange circle
indicates Ye Township. The purple ellips indicates the
upstream double catchment area.

Committee, they announce to the people to
move to the rescue camps. They are prepared, know where to go and provide the food. 2012 and
2013 they had floods, but didn’t have to open the rescue camps. They have 6 rescuecamps in
2018, in 2019 there are 13 rescuecamps. No people in the evacuated area stay behind, because
the Disaster Management Committee gets everyone out of their house.
From 8 pm to 5 am the water level rose fast. Residents could not bring their belongings into safety.
The people were evacuated, but their belongings did not. The Union government + Township
government gave compensation for the houses that had a completely destroyed house (not for
belongings inside the house).
Preparation for evacuation was late because they didn’t experience this kind of flood for a long
time. Normal flood 2-3 feet water level. In 10 minutes water level increase 2 – 3 inches, very fast
and dangerous. Telephone connection is lost and no electricity. There was strong involvement of
the CSO.
They have flooding every year. But didn’t have such a high flooding for a long time as in 2019.
Next year they will be better prepared for flooding, the residents as well. Not so much a surprise
anymore.
Causes of flooding
The Township officer indicates very soon in the meeting that the railwaybridge located downstream
of town is an issue. Upstream of the bridge the areas flood, downstream they have no problem.
The bridge is a bottleneck.

DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

74

Furthermore tidal influence can be a problem for drainage. During normal or spring tide drainage of
the city via the river is not a problem. During low water the city can drain, therefore the city is only
flooded for a few hours. However, neap tide is a problem because the lowest water level is higher
than the low water level during spring tide. The water level of the sea fluctuates less around the
mean. It is therefore still not possible to drain the city during ‘low water’ during neap tide
conditions. The water level difference during spring tide is 8 feet.
Timing is essential. When you can control the timing, and can wait for a low enough tide the
flooding is not a problem. During spring tide the flooding is not a problem because it does not take
too long to drain the system, they can wait. However, if it is neap tide it takes days to be able to
drain the water and the flooding worsens and has a long duration.
A committee is founded on Township level
to find out the root cause of the flooding
(different government entities).
Plans
The river is meandering a lot, slows down
the water. Seems that the people think
that this causes the flood. That if they
straighten the Ye River it might reduce the
floods. However, Marco indicated that this
may be a bad idea because the flooding
will only come faster, become more
dangerous. They already cut-off one
meander bend 5 years ago in the city
(photo), thinking of cutting of more
meander bends to be cut-off.
The cut-off meanderbend is indicated in
the photo on the left. This area is
upstream of the bottleneck railway bridge
and very close. They constructed it at 20
meters wide, now it is already 40 meters
wide in both directions.
Carolien: Might be good that they cut this
meanderbend off. Normally, erosion of
outer bend, seems like a lot of houses are

Ye Township on both sides of the river. The meander cutoff already constructed inside the red circle. In the red
circle the bottleneck railwaybridge.

located close to the old outside
meanderbend. Futhermore, now you have guided the cut-off yourself, otherwise there would be a
cut-off naturally over some time and it would be unguided.
Dredging is also a plan of the Ye River, because there are many sandbars. Last year they dredged
the two main channels already.
Ye Township will build two warehouses 2019, and two two-story shelters for three townships.
Response system
One time a year training the officers of the Disaster Management Committee
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No communication between Townships. Organised by the Mon State Government, all the townships
share experiences (once a year). They also discuss with the village head and the township head
what is discussed in the meeting they have every year. They have twice a months a meeting with
townheads.

Figure 8 Ye Township meeting
The Utilization Department/Mon State Government has a checklist for shelters. Then the Townships
selects the sites that could be used for building shelters.
Same system for measurements communication (Naypidaw -> township -> Disaster management).
They call the area upstream/communities to check the water level and lot of precipitation.
Warning for evacuation is given based on the river water levels. Not based on precipitation because
they do not have a measurement station because it is a forested area upstream with is also a
conflict area (difficult to place/read)
Compensation when house is destroyed by disaster
Bamboohouse = 100.000 kyat per house (602 damaged houses in 2019)
Mediumhouse (brick house) = 200.000 kyat per house
Just compensation, but you can not build a house for this money. Compensated money 100 – 150
million kyats (= 100.000 euro). Paid by different entities (Union, Township)
In the low lying area a lot of people live. They are never evacuated because they have high houses
(on pillars), and used to the flooding.
Recommendations
Make Flood risk maps.
Satellite data is only used at DMH-headquarter (Union level), they would be able to make a
warning for every different part of the country. Only one meteorological station (rainfall,
temperature and windspeed) no hydrological data available (measurement station in the city, 20
years data). Thus start monitoring the system.
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Try to slow down water upstream instead of speeding it up by normalizing the river.
Flood hazard maps are important -> integrate in Google Earth Engine training.
Nature Based Solutions?
Give every student a catchment, use HAND/other satellite data
GPM Global Precipitation monitoring (30 years, 3x3 km). GFAS – flood forecast for 10 to 15 days.

Minutes of Meetings 19 September 2019, Mawlawmyine
Three team members (Alex Hooijer, Kees Sloff and Phuu Thit) went to the different departments and had
meetings with the representatives of the following organizations:
Meeting 1 at 08:00:

Meeting with GAD and City Development Committee (Mawlamyine Township);

Meeting 2 at 09:30:

Meeting with Road Department (Mawlamyine Township);

Meeting 3 at 10:00:

Meeting with DMH (Mon State);

Meeting 4 at 12:00:

Meeting with DDM (Mon State);

Meeting 5 at 14:30:

Meeting with IWUMD (Mawlamyine District), and

Meeting 6 at 15:40:

Meeting with DWIR (Mon State)

Figure 57 Meeting at DWIR

Figure 57 Meeting at IWUMD

Figure 57 Meeting at DMH

Figure 57 Meeting at DDM
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Meeting with GAD and City Development Committee (CDC)
(Mawlamyine Township)
Persons met:
Name
U Wai Lin Htun
U Nay Lin Aung

Position
Administrator
AE

Department
GAD
City Development Committee

Activities related to flood risk management:
-

Close collaboration with DDM to align actions during flood events (before, after and during the event);
Before the monsoon season, most of the public awareness activities are performed. People pay more
attentions to such sessions then before the 2018 floods;
With regards to flood risk management always check the location where new business (for example, new
factory) is proposed and give permission after a flood risk assessment has been done together with
DDM;
A meeting between the different departments is normally organized once every year in order to set up
and share responsibilities for the response provided before, during and after disasters. There are several
trainings organized for GAD staff members every year.
Emergency response plan:
-

-

Laws and regulations are all set up for communication, team organization, security system,
transformation, health and safety and resettlement.
Three communication methods can be used for warning purposes: If one method is out of order due to
whatever reason another method will have to be used. The following methods may be applied: (1)
telephone, (2) radio (3) face to face. Till now, only telephone connection is used for communication in the
internal organization and between different organizations.
Some departments such as GAD, IWUMD, DWIR have not received the radio connection devices, so the
second method is not yet possible.
Emergency response related to the recent flood events (2018/2019 flooding) went well. However, DDM
still has a limited number of staff members.
Many volunteer teams actively assisted during the emergency response.

Affected area:
-

-

Mawlamyine is quite small, 7 miles in east-west and 17 miles in north-south direction. Originally, citizens
only used to live on the hill parts of the town.
The affected area is situated in the north and is considered to be an urban extension area. Most of the
people living in the area are poor. Therefore, even though they know it is not safe place, they have no
option to move away from this area
The government has to organize itself and take action to develop the area.
The flood damage in other areas is small as compared to the flood damage in the extension area, since
mostly farmlands are situated along the Ataran River.

Additional information:
-

The Department of Relief and Resettlement has been renamed some 4 to 5 years ago to the Department
of Disaster Management (DDM) and has become more active.
In Mawlamyine Township, only the Land Use Department makes maps in GIS. If other departments
require maps, they have to make a request to the Land Use Department.
There are no detailed elevation maps.
All townships in Mon state share their emergency response plan with the state government, but not
directly with each other.
Future plans:
-

-

Topographic surveys are required in the affected areas in order to be able to take informed decisions on
whether people have to move or can stay, or whether new structures are permitted or not, or whether old
structures should be upgraded. Based on the surveys measures can be proposed to state governments
and the public and agreement can be reached on future actions. Improvement and construction of
drainage channels may be required.
Drainage channels may need to be lined and roads have to be upgraded in the extension area.

Requests to DRR Team:
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-

The actions and responses which are at present out in place for flood risk management are based on
limited experiences and knowledge. Therefore, any suggestion, whether they are for structural and / or
non-structural measures, is welcome. Also, out-of-the-box ideas would be highly appreciated.
Recommendations from DRR team:
-

More data are required and need to be collected.
Strategic flood risk management plan is required as a bases for the development of structural and nonstructural measures.

Meeting with Road Department (Mawlamyine Township)
Persons met:
Name
Daw Tin Zar Hnin

Position
Staff Assistant Engineer

Department
Road Department

General:
-

Only main roads are under management of the road departments. Construction and maintenance of the
small streets and alleys is the responsibility of the City Development Committee. Most of the main roads
are asphalt concrete roads.
Damages:
During the 2019 floods, 40% of Mawlamyine roads have been damaged by the floods.
Vehicles continue driving on inundated roads. Roads that are inundated are easily damaged.
Actions:
-

Some of the damaged roads have already been repaired and for some additional budget is required.
Sometimes, repairs are carried out in a low-budget way due to lack of funds, which means that these
roads will be damaged again by the next floods.
Drains are made along the roads to drain the water as soon as possible.
During recent flood periods, the Road Department cooperated with other departments.

Meeting with DMH (Mon State)
Persons met:
Name
Daw Theingi Tun
Daw Ei Ei Lwin

Position
Staff Officer
Deputy Staff Officer

Department
DMH
DMH

Contact
09448534187

Operation:
-

In Mon State, there are a total of seven stations and 3
temporary stations. The seven stations do have automatic
weather observation stations (AWOS), which have been
donated by JICA and KMI.
At these stations also manual observations are made.
Manual observations are also made for meteorological
data at three different locations.
All the daily data from the AWOS are uploaded to the
cloud.
Every day, measurements are written down on paper and
stored in a monthly data format, and are stored in excel
afterwards. These manual data are also shared with head
office every day.
The DMH office in Mon State has seven staff members.
There is a tidal measurement station in Mawlamyine
which was installed by DMH with the help of UNESCO.
The data is open source and data can be accessed
through an app.
Forecasting:
-

Figure 58 DMH sub offices of Mon State

The head office of DMH in Nay Pyi Taw makes daily forecasts of the expected water level using HECHMS software for the three water level station and communicates these forecasts at 2 PM by fax.
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-

Forecasting is only 24 hours ahead. The forecast is also released on a Facebook page and on the
website of DMH. Multi linear regression techniques are used to transfer data from some stations to the
place which no measurement stations.
During monsoon, rappid communication is required if a disaster is eminent.
During the monsoon period the DMH office daily informs the respective government offices and other
departments.

Threats in Mon State:
-

The biggest problem in Mon State is the high rainfall intensity. The average rainfall for Mawlamyine in
August is 48.32 inches. In August 2019 the total rainfall was 97.48 inches. On the 9 th August and the 10th
August, the highest rainfall was recorded: respectively at 14.01 inches and 13.86 inches.
DMH observes that the number of rainfall days is decreasing, whereas the amount of rainfall increases.
Another issue is storm wind in pre- and post-monsoon season, when many houses are damaged by the
wind The last storm took place on 3 September 2019. The highest windspeed in Mon State is around 4045 mph.
Future Plans:
-

-

One station will be installed at Kyeik Ma Yaw to measure the water level of the Ataran River. A danger
level will need to be determined. This is a participatory process with the DMH in the lead.
At Kyeik Ma Yaw the water level is also manually measured by the IWUMD and a manual WL
measurement gauge is installed. However, these data are not reliable. Also the danger level is not
recognized by the DMH.
There are plans to install AWOS at Kyeik Hto and Chaung Sone with a loan of World Bank.
According to DMH, all 10 townships in Mon State should have own office and data measurement station.
At Paung and Kyeik Ma Yaw a hydrological measurement station should be installed before the next
monsoon season.
The establishment of the danger level for the new stations is a cooperative effort between different
organizations and input of the local people is required.
There is also a plan to install earthquake measurement equipment in Mon State, which is now being
tested.

Meeting with DDM (Mon State)
Persons met:
Name
U Thaung Shwe

Position
Director

Department
DDM

Operation and actions:
-

-

An emergency preparedness plan has already been prepared, describing the roles and responsibilities of
the various actors in flood risk response and recovery.
A working committee has been established by DDM comprising of representatives from the relevant
departments. The committee members are working together and have regular meetings, at least 3 times
per year.
After the 2019 floods, the working committee has already met 3 times.
There is also after care: people who return from the shelters can get 1 week food supplement and if their
houses and properties are critically damaged, they can also get some money as compensation.
During the monsoon period DDM receive the flood warning through DMH and EMC (Emergency
Operation Center) of NDMC.
DDM is working with a large number of volunteers. Most of the volunteers are young and some are from
the CSO (Civilian Society Organization). DDM provides emergency response training to the volunteers
around 10 times in a year.

Experiences and lesson learned:
-

-

During the 2019 floods, the number of rescues boats was not enough in some places of the affected
area. Most of the boats are normally placed in Bilin because flooding occurs every year, so no boats
were available to send to Ye Township, which experienced widespread flooding. Boats could not be
made available on time.
This experience will be taking into account to improve operations..
Awareness raising is always challenging and required because people can easily forget about the
impacts of disasters after some time and pay less attentions to the awareness campaigns.

Future Plans:
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-

Currently Mon State owns 50 rescue boats.
They would like to have at least one shelter and 10 rescue boats in each township.
In coming October and November, 2 multi purpose shelters will be constructed in Bilin and 1 in Chaung
Sone with the budget of NDMC.
The DDM will also discuss and propose to have shelters in Mawlamyine, Kyeik Ma Yaw and Ye
Township.

Meeting with IWUMD (Mawlamyine District)
Persons met:
Name
U Myint Aung
U Swa Shar Tun Kyaw

Position
Assistant Director
AE

Department
IWUMD
IWUMD

Operation:
-

-

-

There are 6 townships (Mawlamyine, Mudon, Than Phyu Za Yat, Kyeik Ma Yaw, Chaung Sone and Ye)
under the management of Mawlamyine district IWUMD office.
The main responsibilities are to btake care of irrigation and drinking water.
One water level measurement gauge in Kyeik Ma Yaw. The main purpose is to have the data internally
for irrigation management. These data are not shared with DMH. There is no gauge in the other area,
however, IWUMD also shares the daily measured data and emergency status to GAD. Then on the basis
of the information received GAD can decide to announce the emergency state to people of Kyeik Ma
Yaw. During the flood period, hourly water level data are recorded.
If the drainage channels are situated in an urban area, they fall under the responsibility of the City
Development Committee. IWUMD only manages and dredges the channels which are situated outside
the urban areas.
The drainage channels under control of the IWUMD have ot been severely damaged during the 2019
floods.
The following assets are managed by the IWUMD Mawlamyine District office: three large dams with their
reservoirs, embankments and many drainage channels.

Figure 6 Asserts managed by IWUMD: dams (left), drainage channels (middle) and embankments (right)
Dam operation:
-

-

The water in the reservoirs is stored for irrigation and drinking water supply. Dams are operated by
controlling the water level. Operation of the reservoir is the responsibility of the IWUMD, whereas the
City Development Committee is responsible for the drinking water supply.
All dams are ungated earthen dams with bottom outlet and spillway.
There three warning levels are distinguished: (1) the green flag is raised when the reservoir is at full
supply level, (2) the yellow flag is raised when water is released through the spillway and the (3) the red
flag is raised when a dam break is eminent (for example when small cracks are observed). When the red
flag is raised people in the way of the water need to evacuate their houses.
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-

No dam break analysis has been performed and it is unclear what the extent of the inundation will be in
case of such event.
It seems that the DDM does not consider the events of a dam break as a possible disaster in its
operational plans.

Difficulties:
-

According to the people met most difficulties are encountered by the IWUMD with the maintenance of
the drainage channels, since these are erathen channels. Lining of the channels is considered to be a
possible solution to this problem.

Future Plans:
-

Last year, 8 out of 44 drainage channels in Kyeik Ma Yaw were dredged to improve the drainage
capacity of these channels. It is planned to also dredge the other channels in the coming year(s).
They also provide support if the City Development Committee will upgrade the urban drainage channels.

Meeting with DWIR (Mon State)
Persons met:
Name
Daw Htet Htet Aung

Position
Deputy Director

Department
DWIR

Operation:
-

-

-

The work of DWIR concerns the maintenance of the river and its embankments. Any urban area,
situated more than 150 feet from the river, falls under management of City Development Committee. The
harbor city area like Mawlamyine waterfront falls under the responsibility of the MPA (Myanmar Port
Authority).
The Ataran River is partly located in the Kayin State. The part of the Ataran River situated in Mon State,
being 49 miles from the junction with the Thanlwin River, is management by the DWIR of Mon State.
River bank protection and dredging are the most important activities undertaken by DWIR. The designs
of the measures are prepared by the DWIR office in Mon State. The head office at national level
appraises the design and approves measures. As a next step these measures will then be implemented
by DWIR of Mon State.
Most of the structures are constructed by private companies, tendering is required.

Future plans:
-

The retaining wall in Bilin will be extended by 950 feet upstream in 2019-2020. Budget has already been
allocated. Similar structures are also proposed for Ye and Kyeik Hto Township.
A proposal has been prepared to dredge 3 sand bars in Bilin River to improve to the flow capacity and
hereby reduce the risk of flooding. The plan has not yet been approved at the national level.
As a response to the recent floods, a plan has been prepared to straighten the Bilin River at one or two
places.
So far no international organization is involved in the identification, selection, design, construction and
financing of river training works of Mon State.

SUBJECT
DRR MON STATE - MYANMAR
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Carolien Wegman

21 September 2019 - Day 5: Yangon Wrap-up meeting

Meeting with Mon State Government
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20

U Mg Mg
Naing

Director

DWIR

Wrap-up meeting, 21st of September 2019
Welcome by U Maung Maung Naing – Expressing thanks to the Netherlands government and the
DRR-team. Help will is appreciated.
Welcome and expressing thanks to Myanmar by Mr. Huub Buise. Work together on a consistent
type of cooperation. Cooperation goes further than floodings.
Mr Sein Lwin reports to the Myanmar officials about the trip we did last week (in Myanmarese).
Presentation by Marco Hartman (Translated by Aung Myint Oo, Dutch Embassy)
First some general information about DRR-missions and the 2015 Myanmar mission
There has been quite some follow-up from that first mission.
The teammembers are introduced and the staff joining was thanked.
Than the four field cases are discussed:
Bilin
Description of system – also idea for embankment is explained that the drainage canals
should be able to still drain off (or maybe even pumping). Otherwise the city would still
flood.
The flood preparation (measurements) and response (evacuation) is explained and valued
as a very good response system.
Aung Myint Oo mentions: not embankment but road along the river raised (but same
effect)
Recommendations: monitoring, watch out with raising embankments, maintenance
dredging canals, NBS-solutions combined with hard structures.
NBS – combine hard structure with NBS-solutions (Brushwood dams or porcupines)
Since 2018 already al disaster response system. 900 cm already announce the water level.
They work together with AIRBM, DMH 10 to 15 stations rainfall measurements planned in
Mon State.
Hpa-An
Extension of protection wall (do an analysis of this investment is justified)
Market area problem, there is drainage into the low lying area instead of to the river
because it is lower lying than the concrete drainage canal underneath the Market. Hard to
solve: either to lower the concrete canal or install a pump or extend the canal further
inland to make sure the residential area doesn’t flood.
The lagoon area is inhabited, mostly by people who live in houses on poles. Some people
live in more modern houses which have living area on the ground level. Because the area
will flood every year.
The embankment area can be protected by dredging the canal on the other side. This will
indeed attract the flow to the other side of the canal. During the dry season the water
levels will go down with 70 to 80 cm, during the high season the water levels will only
reduce by 3 – 5 cms. You would have to do the dredging every 5 – 8 years.
Mawlamyine
Recommendations: Flood maps when a dam breaks have to be constructed (also according
to large dam rules > 15 m dams).
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The separation of all different responsibilities for measurements is explained (who does
what).
Plans of Mawlamyine Region are described.
Recommendations: Data collection for improved flood response and planning.
Improve drainage
Flood management strategy: What kind of flood levels do you want to accept?
Thoroughly study before you do structural works (dredging, channel cut-offs) in Ataran
River (also for impact up- and downstream).
Ye Town
No measurement station upstream of Ye.
People were completely surprised by the flood. 260.000 inhabitants.
Very well organized disaster management response, there were no casualties. Whereas the
electricity and communication went down.
Bridge is a bottleneck. Upstream of the bridge there is flooding. Downstream there isn’t.
You can use satellite data with real-time information to research the amount of
precipitation in the upstream area. Because it is apparently difficult to install a measuring
station upstream because of security issues.
Straightening the channels might worsen the situation because the discharge peak will only
be quicker at the bridge and flood Ye Town. Study carefully if this will happen due to
straightening.
Multi-layered safety approach
Disaster management is in all four townships well arranged. Good collaboration and evaluation of
previous disasters.
Flood risk maps hightlighting the vulnerable areas are not available -> but learned in this meeting
that they become available. Good that people know where it floods and where to go.
Spatial planning – have to discuss if and where people can build
Traditional houses are key.
Prevent increasing future problems by enforcing spatial plans. New developments not in potential
flood zones.

Observations Governance (see sheets).
Protection – not much happens, only some river bank erosion protection in the city.
In the discussion after the presentation the participants of this meeting ask for the measuring
techniques used in the Mekong delta and if we can tell more about this in the report.
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ANNEX H – FLOOD RISK MANAGEMENT STRATEGY
The primary objective of an FRM strategy (or plan) is to protect the people and their properties against
flooding. This function is the central part of the area’s safety approach and shall be incorporated with
the environmental and socio economic functions of the area. Besides this, the ‘resilience’ concept
plays a major role in the strategy. Where full protection is not possible, the strategy must aim at
minimising damage and rapid recovery.
A Flood Risk Management Plan (FRPM) is basically a Disaster Risk Reduction Management Plan
(DRRMP), with a specific focus on the flood risks. An FRMP should be based on the principles of
Integrated Water Resources Management (IWRM): finding a balanced combination of technical,
social, financial, ecological, environmental and institutional aspects is decisive for the strategies’
success. The FRMP and the underlying vision should be based on the pillars of the multi-level safety
approach what basically states that governments and communities first need to optimise the disaster
mitigation options, and when this does not provide enough safety use prevention measures to
increase safety to the desired level.
The FRMP should be part of an ongoing effort to balance the benefits and risks of living in the area
This requires that a well-adopted land use plan is in place and that there is continuity in management,
institutions and funding. One of the main challenges for FRM is how to handle uncertainty in the longterm, whereas to guarantee the defined protection safety level, investments in infrastructure are
required on the short-term. Moreover, rapid socio-economic developments impose uncertainty on the
design conditions that should be applied (e.g. the expected population growth and land use in the
district), which are enhanced by climate change (e.g. sea level rise and increase rainfall).
Sometimes compilations of stand-alone projects are considered to address the problems in larger
areas or covering different policy interests. This compilation of project however, does not always mean
that an integration and optimisation of these projects have been considered. As a result
implementation may demonstrate over-design (making the implementation too costly) or under-design
(which does not solve the problems adequately).
Conventional master planning as a preferred strategy for a period of some 10 years, would show
careful optimisation and integration of the considered projects (as the technical, financial, socioenvironmental and institutional implement ability will have been carefully examined). But IFRM actually
asks for a longer term perspective (50-100 years), to incorporate future uncertainties in boundary
conditions in the designs of these structural measures. This therefore implies to go even a step further
and implement adaptive management. Next to taking into account these future conditions for the
structural measures to reduce the impact of natural hazards, also the non-structural measures, like
early warning systems and capacity building, are essential since these are in general more flexible to
changing conditions and less expensive to implement.
The strategic and operational planning process of FRM includes five main steps:
Inception – sets the boundary conditions for the analysis;
Situation analysis – describes the present and future problems;
Strategy building – develops alternative strategies for decision making;
Action planning – prepares investments, and
Implementation – implementation of measures, monitoring and guidance.
The first three strategic planning steps are usually considered the FRM strategy, the last two steps
refer to the operational action planning steps including implementation, monitoring and evaluation.
The FRM approach provides the decision maker with the information about the most cost-effective
way to reduce the flood risk to a certain level. It is up to the decision‐maker to assess which level of
risk society will tolerate. From a purely economic point of view risks are tolerated as long as the costs
for reducing these risks are higher than the actual risk reduction. It becomes more complicated,
however, when intangible damages are at stake, especially loss of life. In such cases it is more
appropriate to set targets rather than defining criteria. (For instance a target could be set to reduce
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flood risk to the extent that within a certain period of time, say 10 years, the number of fatalities is
reduced by, say, 50%).
The application of the FRM concept is only meaningful when there is sufficient understanding of the
actual or future flood risks. Flood risk assessment therefore is a key component for the improvement
of flood risk management.

Figure 59: Flood Risk Assessment as input for Flood Risk Management

The steps involved in flood risk assessment are briefly outlined below:
Step 1 - Hydrology and hydrological hazard
As a first step data need to be collected and analysed to be able to assess the hydrological hazard:
Data collection, database development:
-

Catchment characteristics;

-

Establishment and operation of meteorological stations (rainfall time series);

-

Establishment and operation of hydrometric stations (water level time series and
discharge rating curves (Q-h));

-

Operation of reservoirs / dam in the watershed (discharges and water levels);

-

Earlier hydrological studies or studies with hydrological analysis e.g. for irrigation
projects / water supply projects taking water from the rivers;

-

Inventory of available rainfall-run-off models, if any; verification of reliability;

-

River characteristics at key points;

Assessment of hydrological hazard, amongst others relation between peak discharges and
flood volumes.
Step 2 - Flood hazard assessment
Once data have been collected the flood hazard can be assessed:
Inventory of “What are the currently active flood control measures in place?” (reservoirs,
dykes, diversion channels);
Assessment of the physical condition of these measures (operation and maintenance);
Inventory of “Where does flooding occur?” and “to what extent?” and “at which frequency?”
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Assessment of type(s) of flooding: mainstream, tributary, combined, (interior) delta flooding.
Assessment organizational framework, “who is responsible for what?” How does that work
out? Lines of command? Funding? Human capacity and capability?
Inventory of emergency management in place. Assess adequacy of Emergency Management
Plans (EMP) in place.
Inventory of models. Are water balance models used (to assess water availability and water
demand of all stakeholders)? Are hydrodynamic models used (to assess dynamics of flow)? If
models are used described models used.
If no models are available:
-

assess if water management issues are of such nature that a river basin management
tool would be of assistance to better plan IWRM measures in the watershed.

-

assess if flood damages and the flood risk (€/year) warrant the development of a
model? If no, forget it; if yes: what is required to prepare such model?

Once the hydrodynamic model is prepared flood hazard mapping can be performed.
Step 3 - Flood damage assessment (including flood benefits)
As a next step (potential) flood damage has to be assessed, but also flood benefits. Especially in case
of wetlands areas might be identified that require flooding.
Classification of flood damages and benefits (e.g. agriculture, infrastructure, houses);
Data collection, if any damage and benefit data available of recent flood events (say max over
the past 10 years. Going further back is generally useless since so many things change);
Assessment of reliability of damage data;
Bring the financial / economic damages for each year to a common reference year (say 2011);
If too little factual data available, design damage and benefit field surveys, by the relative
damage assessment approach;
Link the damage data to the flood events, giving the damage – flood depth functions (for each
flood prone area);
Link the flood hazard probability function to the damage – flood depth function, giving the flood
risk function (giving flood risk in €/year for any return period considered).
Step 4 --Flood risk management plans
Now a spatial overview of the potential damages / benefits has been obtained a flood risk
management plan can be prepared. This plan should comprise amongst others:
Assessment of the flood risk, what is acceptable, unacceptable (may vary between categories
of damages), often a political or societal matter of choice, underpinned by the level of risk.
If it is concluded that the risk is unacceptable, flood risk reduction measures can be
developed:
-

Structural measures: reservoirs, dykes, diversion channels, river profile changes
(short cutting meanders, tricky); “space for the river”;

-

Non-structural measures: land use zoning, flood warning systems, EMPs, flood
proofing;

-

Combination of structural and non-structural measures

Various scenarios for flood risk management can be drafted and tested on risk reduction
impact, considering: technical feasibility and expected effects, costs, social impact, economic
feasibility, organizational feasibility.
Action Plan, which clearly defines each of the measures, together with a planning and a
budget for each of the activities.
Monitoring Plan, which is needed to monitor the impact of the proposed measures and modify
actions if required.
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ANNEX I – MYANMAR UNIFIED PLATFORM FOR DISASTER RISK
APPLICATION
Introduction
The Myanmar Unified platform for Disaster Risk Application (MUDRA), development is led by
Department of Disaster Management (DDM) of the Ministry of Social Welfare, Relief and Resettlement
along with Department of Meteorology and Hydrology (DMH) (Ministry of Transport and
Communications (MOTC)), Environmental Conservation Department (ECD) (Ministry of Natural
Resources and Environment Conservation (MONREC)), in close collaboration with various sector
departments under the Technical Assistance Project “ Strengthening Climate and Disaster Resilience
of Myanmar Communities” with technical support from the Asian Development Bank (ADB) and
financial support from the Government of Canada.
MUDRA has been nearly completed and will be put on-line in the near future.
About MUDRA
Disasters undermines socio-economic development and set back development gains in Myanmar.
Understanding current and future disasters and climate change associated risks is important for
undertaking risk informed development. To contribute to this process Myanmar Unified platform for
Disaster Risk Application (MUDRA), an online interactive portal, has been developed to provide
disaster risk information to inform development processes.
The current portal includes risk information for priority hazards, namely, riverine floods, coastal floods
(storm surges) and cyclone winds, with an intent to add other hazards in the future. It is expected that
the portal will act as a common platform across agencies in Myanmar for developing, collaborating and
sharing disaster risk information to promote risk informed development and thereby contributing to the
objectives of the Sendai Framework for Disaster Risk Reduction, the Paris Agreement and the
Sustainable Development Goals.
Brief introduction to MUDRA
MUDRA is an on-line viewer giving access to detailed information related to land use, floods and
climate change. The figure below contains a screenshot of MUDRA.

Screen shot of MUDRA
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ANNEX J – WATER AND DISASTER MANAGEMENT IN MYANMAR
The first step toward disaster risk-reduction management was the establishment of the Myanmar
Disaster Preparedness Agency in April 2011. The Disaster Preparedness Agency was led by the
Union Minister of Social Warfare, Relief, and Resettlement (MSWRR) and involved 13 members from
different ministries and departments. In 2013, after the new Natural Disaster Management Law was
legislated, the National Disaster Management Central Committee supervised by Vice President 2 was
founded. Its purpose was to enhance the capability of the agency and to support agencies in effective
collaboration and decision making between and among internal and external organizations. Although
the Disaster Preparedness Agency was systematically organized based on a collaborative network
and complex institutional structure, there was no “lead organization”. that was primarily responsible or
accountable for disaster management or the overall administrative network.

Figure 60 Organogram of Disaster Management bodies in Myanmar (MAPDDR, 2017)

The overall responsibilities of each ministry and department involved in natural disaster management
are detailed in the standing orders on Natural Disaster Management in Myanmar. Disaster
management in Myanmar is divided into four stages: the normal (non-disaster) stage, the warning
stage, the disaster response stage, and the rehabilitation stage. The organogram is reflected in Figure
60.
The coordination and collaboration system of the National Disaster Management Committee is
schematized below, as presented by MSWRR in 2017.
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Figure 61 Coordination and collaboration National Disaster Management Committee in Myanmar

Disaster Management vision and actions
The national disaster management committee developed an Action Plan for Disaster Risk Reduction in
2017 in collaboration with UNDP. The vision with guiding principles for implementation of MAPDD,
quoted from the plan (Government of the Union of Myanmar, 2017):
“Protect lives, economy, heritage and environment, through an inclusive approach towards sustainable
development in Myanmar”
-

The Government of Myanmar will be the prime driver of disaster risk reduction interventions;
however it calls for all-of-society, including private sector, engagement and partnership.
- The identification, implementation, monitoring and evaluation of priority actions will be ‘inclusive’
and address the special needs of women, children, people with disabilities and the elderly
population.
- The priority actions will ensure ‘flexibility’ to meet special needs at the ground level and emerging
needs due to the changing risk environment.
- The priority actions will be at a national level, however the focus will be to build resilience at the
community level. Regional/state and self-administered zone governments will be key in reducing
and managing risk.
- The action plan will be result oriented and measure changes in addressing risk through tracking
disaster impacts.
- The priority actions will use a multi-hazard approach.
- The identification and prioritization of actions will be based on disaster risk and the impact of
interventions.
- The priority action will be implemented to prevent new emerging risks; an unplanned development
such as the construction of a building, bridge, etc. without following standard codes, can increase
existing risks, reduce existing and manage residual one which is the disaster risk that remains
even when effective disaster risk reduction measures are in place, and for which emergency
response and recovery capacities must be maintained.
The Scope of the plan consists of 4 pillars and each pillars consists of concrete actions. The pillars
are:
1. Assessing Disaster Risk including extreme weather events and creating public awareness on
Disaster Risk Reduction in Myanmar
2. Strengthening disaster risk governance to reduce and manage risk
3. Mainstreaming disaster risk reduction for resilient development in Myanmar
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4. Enhancing disaster preparedness for effective response and resilient rehabilitation and
reconstruction in Myanmar
The Disaster Risk Reduction action plan from 2017 defined many priority actions with regard to
different disasters like earthquakes, cyclones, floods and landslides. Three actions are directly related
to flooding. The following is relevant to mention in relation to the observations of the DRR mission to
Kayin and Mon State:
The action defined as ‘Tsunami, floods, cyclone and storm surge risk assessment in particular
focusing on Ayeyarwady Region and Rakhine State’ led by DMH and DDM in the co-lead. In 2017 the
focus was in particular on these areas, Mon and Kayin State were not mentioned so also funding for
flood protection to these areas is limited.
Comprehensive flood risk management through improved forecasting, monitoring, preparedness and
mitigation in priority river basin areas of Myanmar led by Irrigation and Water Utilisation Management
Department (IWUMD) and co-led by DDM. This action is very relevant and following the
recommendations of this DRR report. Objective is to enhance the flood monitoring and forecasting
capacity at the sub-national level and to reduce flood risk in high risk areas by identification of priority
flood risk basins based on risk assessments analysis of the causes of floods, which can inform
mitigation measures and establish protocol and procedures for flood warning dissemination and
coordination. The action description also mentions that flood risk mitigation measures are costly and
therefore a challenge in implementation of this action.
Mainstreaming disaster and climate risk considerations into village development planning and
implementation including, infrastructure, livelihoods, agriculture and environment, which is also an
action that is in line with the recommendations in the final chapter of this report.

Involvement of the Netherlands in Myanmar
Both the Netherlands and Myanmar have a long history of managing their water systems. This relates
to floods, droughts, and water quality. In Myanmar, a National Water Resources Committee (NWRC),
has developed a National Water Policy with a clear vision on sustainable water management. NWRC
is advised and supported by an Advisory Group (AG), chaired by U Cho Cho.
The governments of Myanmar and the Netherlands are
working together on Integrated Water Resources
Management (IWRM) since 2013. The ongoing
Memorandum of Understanding (MoU) on IWRM started
with a country-wide strategic study on IWRM, resulting on
several learning by doing projects aiming to develop
capacity and the integrated approach.
DRR Mission to Myanmar in 2015
After cyclone Komen hit Myanmar in August 2015, the
first Dutch Risk Reduction (DRR) mission to Myanmar
assessed the flood safety situation in the delta and Chin State and provided recommendations. The
DRR mission resulted in follow up projects on capacity building, data surveys, modelling training, and
two concrete projects namely the Integrated Ayeyarwady Delta Strategy (IADS) and applying the flood
risk management approach in the Bed and Bank Protection Project at Nyaungdon.
IADS resulted in increased capacity and close cooperation of many local, regional and national
ministries and departments between December 2016 and March 2018. Recommendations of IADS are
data and modelling to support informed decision making, definition of acceptable safety standards,
flood mapping and to develop and provide training on the integrated flood risk management approach.
A vulnerable country
Myanmar ranks second out of 187 countries in the 2016 Global Climate Risk Index and ninth out of
191 countries in the INFORM index of Risk Management. Over the past 25 years, Myanmar has
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suffered 24 disaster events, affecting more than 4 million already poor and vulnerable people, causing
US$ 4.7B in damages and affecting economic growth.
The city of Yangon, the economic centre of
Myanmar with a population over 5 million, is very
vulnerable to natural disasters because of its
location near to sea, rivers and the proximity of the
Sagaing seismic fault line. Consequently, Yangon
has to deal with frequently occurring disasters, such
as floods, droughts, earthquakes and extreme
weather events (e.g. cyclones). Climate change is
expected to exacerbate these risks. Two recent
examples are the devastating cyclone Nargis in
2008 and the widespread floods in 2015. Because of the extreme vulnerability and large growth of
Yangon City, the Netherlands-Myanmar cooperation on water management agreed to collaborate and
align with the World Bank on data collection and modelling for the Greater Yangon area on Water
Security and the Urban area of Yangon on Flood Hazard and Flood Risks. Also a flood model for
urban Yangon is currently developed in close collaboration with the Yangon City Development
Committee (YCDC) and other relevant stakeholders. Furthermore, the Regional Water Security Study
of Yangon has just started in which Dutch partners are involved as well.
As recommended in the Integrated Ayeyarwady Delta Strategy (IADS), flood risk assessments should
be part of integrated urban or spatial planning. In Myanmar, this is still not the case, regulations and
standards in relation to flood risks are very limited and flood risk management needs to be integrated
into public investment planning, to be able to prioritize and reduce the costs of disasters.
Close collaboration between the countries is also strengthened by capacity building and knowledge
transfer, as part of the project, and by tailor made training programmes like the Google Earth Engine
Training and flood action plans for Yangon. Dutch universities are also supporting technical
universities in Myanmar (YTU and MMU) in improving their water-related courses and programs.
Finally, the Dutch supported the training of Young Water Professionals of the Hydro-Informatics
Centre, in the field of navigation and flood risk management in 2018.

International activities in Myanmar
The DRR-team activities provide more technical capacity building, acknowledging the fact that water
management is particularly about governance and co-operation between different Ministries and
Departments. The need of data for overall system understanding and fact-based decision making with
regard to flood protection measures is large.
To guarantee that any follow-up activity has a long lasting effect, it is important that Myanmar
continues to build on their own collaboration and coordination mechanisms (in addition to existing
Flood Response and/or Disaster Management Committees). In particular between the Ministry of
Agriculture, Livestock and Irrigation (MOALI, including IWUMD), Ministry of Transport and
Communication (MOTC, including the DWIR and DMH) and the GAD, as well as regional governments
and townships in Kayin State and Mon State.
The DRR team activities are fully aligned with the other related Dutch activities followed from the MoU
signed between the two countries in 2013 on water management collaboration. Flood risk
management and decision support based on system understanding play a key role in the Dutch
approach.
Not only the Dutch Government, but also other countries and international organisations such as those
affiliated with the United Nations or World Bank, assist Myanmar in managing their flood and disaster
challenges.
UNDP
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Following last year’s floods, UNDP undertook some early recovery interventions particularly focused
on Kyaikmaraw township in Mon State. This included support for small holder farmers to irrigate
replanted paddy fields, cash for work for most vulnerable members of the affected population and
dredging of a number of rivers and streams at risk of further flooding.
UNDP also supported the preparation of a Mon State Recovery Plan. With the latest floods UNDP and
the Myanmar government are looking into further recovery support that can be provided and updating
of the recovery plan.
End of September 2019, UNDP staff members are discussing the Mon State Recovery Plan with the
government in Mawlamyine to discuss next steps.
Furthermore, UNDP is facilitating the Mon DRR Working Group and informed the DRR Team that they
are more than happy to coordinate with any follow up activities based on the DRR mission.
Government of Australia
The government of Australia funded the IFC to implemented Strategic Environmental Assessment
(SEA) of the hydropower sector which covered all the major river basins in Myanmar. The SEA Final
Report includes the Thanlwin and Bilin rivers and recommends a balance between hydropower
development and natural resource protection in each major river basin in Myanmar, contributing to the
healthy functioning of these rivers for the next century and beyond. It also recommends implementing
basin zoning to improve project siting; improving sustainable hydropower project design; improving
environmental and social impact assessment and management planning; and obtaining essential
baseline data required for hydropower and basin planning. The final report is available here:
https://www.ifc.org/wps/wcm/connect/f21c2b10-57b5-4412-8de961eb9d2265a0/SEA_Final_Report_English_web.pdf?MOD=AJPERES&CVID=mslr9yx
Another project that was funded by Australia for the Thanlwin River was the Myanmar Healthy Rivers
Initiative. The aim of the project was to develop and test a river health framework which allows
government and communities to monitor the status of the riverine ecosystem services they value, and
provides evidence for informed, integrated water resource management (IWRM) planning.
Japan International Cooperation Agency (JICA)
The JICA project on development of a Comprehensive Disaster Resilience System And Collaboration
Platform in Myanmar is a collaboration with Yangon Technological University (YTU). A rapid
assessment on landslides took place between 29 August and 1 September in Paung and Ye
Townships and the connecting roads. Additional information was collected during meetings with the
regional government of Mon State and a follow up field visit in the week of 23 September 2019.
Although the main focus is on landslide and recommendations on landslide surveys in the area, the
JICA team also collected data on flood damages in Mawlamyine.
The DRR team proposed the following to JICA:
- A landslide survey of the entire area (following their Chindwin landslide project)
- Review of the proposed/updated disaster management plan and practice in Mon State
- Improvement and comprehensive (urban) planning with relevant input on topics like landslides and
flooding.
Furthermore, JICA donated 7 stations in Mon State with an automatic weather observation stations
(AWOS). Alignment with JICA on potential spatial planning follow up activities in Mon State is
required, as well as next steps in data plans and forecasting.
UN-OCHA
The project “From Flood Victims to Resilient Communities” was funded by Myanmar Humanitarian
Fund (MHF) under the United Nations Office for the Coordination of Humanitarian Affairs (OCHA) and
took place in 2018 and 2019. Project intervention covered 9 townships of flood affected areas within
Bago region, Mon and Kayin States including 3 townships visited during the DRR mission, namely
Hpa-An, Bilin and Kyaikmaraw. The project support includes provision cash for agriculture input,
shelters, damaged houses and school renovation, road repair and provision education materials. The
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focus of the project funded by UN-OCHA was on flood response, like most activities of this UN
organisation.

UK Aid & UN Habitat
UK Aid and UN Habitat funded the development of township level disaster management plans for
Mawlamyine township and Hpa An Township. A Flood risk map indicating vulnerable areas in the
township is included. The plans are dated on September 2017 and prepared in Myanmar language.
It’s a relevant first step in Flood Risk Management in Mon State and Kayin State.
Alignment with UK and UN Habitat for follow up activities, in particular on township level, is required.
Involvement of Myanmar universities
Myanmar universities can play a key role in increasing capacities and doing more intensive surveys
and studies in the area.
SATREPS is a Japanese government program that promotes international joint research. The program
is structured as a collaboration between the Japan Science and Technology Agency (JST), which
provides competitive research funds for science and technology projects, and the Japan Agency for
Medical Research and Development(AMED)New window, which provides competitive research funds
for medical research and development, and the Japan International Cooperation Agency (JICA), which
provides development assistance (ODA). Based on the needs of developing countries, the program
aims to address global issues and lead to research outcomes of practical benefit to both local and
global society.
A student from YTU is also doing a study on flooding in the Billin catchment, but our request for further
information was not yet met.
A close collaboration of YTU, Mawlamyine University and JICA is taking place focusing on landslides
in Mon State. Also YTU and MMU have a close collaboration with TU Delft on water management
education, and could be considered as an option to involvement of students from Myanmar, NL and
Japan in disaster management studies and cases in Mon State.
Collaboration with JICA and universities in Myanmar is recommended to bring certain (research)
topics required for flood protection in Mon State to a next level.
World Bank
The World Bank for example, is currently assisting Myanmar´s Government with the following efforts
relevant for this DRR mission:
Rapid assessment of impacts of the floods: A countrywide desk study relying on data coming in
from the country, to assess the affected people, households and damages for residential buildings,
non-residential infrastructure and buildings and agricultural land. The assessment took place between
25 June and 23 August (after the flood peaks). On September 17, 2019 the report was presented to
the Ministry of Social Welfare, Relief and Resettlement (MSWRR) in Naypyjtaw by the World Bank. In
summary (this information was given verbally during a meeting, as it is not yet official), the desk study
mentions a 1/5 years flood in Mon State and a 1/30 years flood in Kayin State. Damages are about
104 M USD (GDP is 69 B USD in 2017), circa 30 M related to agricultural land, circa 44 M residential
and circa 30 M infrastructure and non-residential. However these numbers cannot be verified, but can
be used to give a brief indication. Mon State was the most affected by flooding in 2019. Besides the
Rapid assessment report, also many flood pictures have been collected from the web and an
interactive online map with damage per location is under preparation.
National Community Driven Development Project (NCDDP): The development objective of the
NCDDP for Myanmar is to enable poor rural communities to benefit from improved access to and use
of basic infrastructure and services through a people-centered approach and to enhance the
government's capacity to respond promptly and effectively to an eligible crisis or emergency. VNG
International is supporting this World Bank project, which is implemented by the Department of Rural
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Development (DRD), part of the Ministry of Agriculture, Livestock and Infrastructure (MOALI). VNG
noticed that the local engineers are in need of best practices and training for small-scale flood proof
buildings and infrastructure works. Alignment with this project and a training to local DRD officials with
worldwide examples to improve their local infrastructure could be considered. Among the project
teams there is a large group of Myanmar technical engineers contracted, called Technical Facilitators
(TF) as well as DRD staff infrastructure. The assigned engineers advise and support the village
communities regarding the prioritized sub projects or small infrastructures. Possible infrastructures
include all type of roads, culverts, drainage systems, water management systems, retaining walls,
renovation or construction of schools/ community buildings. Based on current experience, more
technical capacity building and advise especially with regard to flood resistant construction works is
required. A practical training workshop (1-3 days) for a group of 10-15 technical engineers of the
Myanmar government (DRD) focusing on small-scale flood resilient construction works: embankments,
flood prone roads and drainage systems, small bridges, retaining walls and buildings.
Southeast Asia (SEA) Disaster Risk Management Project: The objective of the SEA Disaster Risk
Management Project for Myanmar is to improve drainage services, and the structural performance of
selected public facilities in Yangon, and enhance the capacity of the Government to facilitate disaster
response. There are five components to the project:
-

-

-

-

Strengthening financial planning for disaster resilience, aiming to increase the disaster resilience
of Myanmar by enhancing the Ministry of Planning and Finance (MOPF) capacity to integrate
disaster and climate resilience into budgets and sectoral investment planning and enhance the
Government’s capacity to meet post-disaster funding needs.
Urban Flood Risk Management, to help reduce flood risk by improving and increasing the capacity
of drainage infrastructure in Yangon and to introduce an integrated approach to flood risk
management.
Safer Public Facilities and Critical Infrastructure to reduce disaster risk in Yangon by: (a)
retrofitting priority public facilities to ensure a targeted level of performance during a design-level
earthquake,15 and (b) supporting risk assessments for lifeline infrastructure.
Project management
Contingent emergency response, credit proceeds from other components to provide emergency
recovery and reconstruction support following any future eligible crisis or emergency.

The project is ongoing since June 2017 and closes 31 October 2023. Lessons learned in this project
could be considered to be shared to Mon and Kayin State. As the focus is on Yangon, it is not
expected that flood protection projects for these States could be funded by this project, never the less
important to align and connect to the involved WB and Myanmar officials in this project in follow up
activities of the DRR mission. Only the last emergency component might be an option, and perhaps
the capacity building activities on flood risk management funding by MOFP under the first component.
Flood and landslide emergency recovery credit (FLERC): The objective of the Flood and
Landslide Emergency Recovery Project is to support the recovery in priority areas affected by the
2015 floods and landslides in Myanmar and, in the event of another Eligible Crisis or Emergency, to
provide immediate and effective response to said Eligible Crisis or Emergency. There are also five
components to this project:
-

-

-

Resilient rehabilitation of national roads to support the climate-resilient rehabilitation of damaged
national road infrastructure. The target areas will benefit from improved connectivity and restored
access to markets and social services, which will contribute to the economic growth. The restored
roads and bridges will also serve as supply and rescue lines in the event of a disaster.
Resilient rehabilitation of rural roads and livelihoods support to rehabilitate rural roads that have
been destroyed during the floods, and to support livelihoods and create jobs through the use of
labor-intensive works, where appropriate.
Provision of eligible goods
Project management and knowledge support
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-

Contingent emergency response allowing reallocation of credit proceeds from other components
to provide emergency recovery and reconstruction support following any future eligible crisis or
emergency.
When DRR recommendations are related to road infrastructure, this World Bank fund for the 2015
floods and could possibly be rearranged and might be a quick option for funding on the short term.
Important counterparts in this project are the Ministry of Construction (MOC) and the Ministry of
Agriculture, Livestock and Irrigation (MOALI) Department of Rural Development (DRD).
Ayeyarwady Integrated River Basin Management Project (AIRBM Project): The objective of the
AIRBM Project for Myanmar is to strengthen integrated, climate resilient management and
development of the Ayeyarwady River Basin and national water resources. There are four components
to the project:
-

Water resource management institutions, decision support systems and capacity building
including Ayeyarwady River Basin Master Plan and Decision Support System, Preparation of
Future Investments (PFI), and implementation support.
- Hydro-meteorological observation and information systems modernization, including institutional
and regulatory strengthening, capacity building and implementation support, modernization of
observation infrastructure, data management systems and forecasting, and enhancement of
Hydromet service delivery systems, led by DMH (MOTC).
- Navigation enhancement on the Ayeyarwady River, led by DWIR (MOTC).
- Contingent emergency response.
Although the AIRBM Project focuses in particular on the Ayeyarwady River Basin, the emergency
response and the hydro-met components have possibilities to allocate budgets for Mon and Kayin
State as well. For example, DMH is already installing measurement stations in these states to improve
their forecasting and early warning, funded from the AIRBM Project.
Contingent Emergency Response Component build on projects currently in implementation: as
mentioned above, a number of World Bank financed projects currently under implementation, have an
"emergency component" (initially without any allocated funding) that allows for the rapid reallocation of
funds from other project components to provide emergency recovery and reconstruction support in the
event of a natural disaster, emergency and/or catastrophic event. The World Bank and the
Government of Myanmar are currently in the process of deciding the projects and the amount they will
reallocate to flood response. Recommendations of this DRR report could be discussed with the
Myanmar government and the World Bank.
We recommend to share and discuss the recommendations of this DRR report with the
representatives from World Bank, other donor countries such as Japan and UK, Private Sector
Organizations, as well as other institutions, such as UN-OCHA, UNDP, UN-Habitat, for continued DRR
support from the European Commission.
The principle objective of these discussions would be to see how the different items fit best in existing
programs or in the programming of new programs. The latter may be particularly relevant for Kayin
state and Mon State, for which presently ideas are being developed for a sustainable planning and
flood protection for the whole area.
Based on the outcomes of these discussions it can be decided how the different activities can best be
funded and planned. This is important since the DRR facility as such is not large enough to cover the
expected costs for all activities suggested.
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ANNEX K – INSTITUTIONAL SET-UP
According to the constitution of 2008, Myanmar has a decentralized governance system, with five
government levels, the Union level, Regions (prior to 2010 known as divisions) and States, districts,
townships, and village-tracts or -wards.

1 - Administrative levels
The following levels of administration are distinguished in Myanmar:
Union: General Administrative Department (GAD)
The GAD under the Ministry of Office of the Union Government is the supplier of ‘government
administrations’ at the district and township government levels. The GAD’s main responsibility is the
management of the countries public administration. In this sense it is the Union administration’s
vertical core (Kyi Pyar Chit Saw & Arnold, 2014), and connects the villages and townships to the Union
government level. Information and data collection at villages and townships is all gathered at the
respective GAD’s offices. They also decided who get’s access to what. At the district, township and
village tract, the administrator is from the GAD’s office. The Union government is located in
NayPyiTaw.
Regional: Region and State Governments
Myanmar has 7 regions and 7 states. The Region and State government were established through the
constitution in 2008. The region or state Hluttaw (government) has the right to enact laws for the
entire, or any part of the Region or State related to a list of matters prescribed (Schedule Two of
constitution). In terms of water resources management, Regions and States have the right to manage
dams, embankments, lakes, drains and irrigation works, and fresh water fisheries. Small-scale electric
power production and distribution that has no link with the national power grid may be management by
Regions or States. Also roads and bridges are management by Regions and States.
The executive power of the Region or State government extends to the administrative matters which
the Region or State Hluttaw has power to make laws. The Region or State government implements
projects that follow policies and laws adopted by the Union government. The Union government
determines the budget of states and regions.
Districts
Myanmar has around 70 Districts, which form a government layer between the Regions and States
and the townships. The districts are headed by a senior GAD official and have several committees to
govern the districts. Not much literature is available on specific activities or organisation of the districts.
Everyday life issues are dealt with at the townships and village-tracts/wards governance level.
Townships
Districts are divided into 330 townships. Each township has a Township Administration, which
represents the GAD. Their responsibilities are tax collection, population and land registration, data
collection, supervision of the village administration, among other things. The township administration is
organised into six management committees2.as listed below:
Township Development Affairs Committee;
Township Management Committee;
Township Farmland Management Body;
Township Development Support Committee;
Land Use Management Committee, and
Rural Energy Development Committee.
The Township Development Affairs Committee is responsible for domestic water use. The main
responsibilities of the townships are the implementation of policies and programmes that have been

2

This is based on only a few interviews at the township level and it has to be acknowledged that this might differ from region to region.
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developed at higher levels. All data is collected at the GAD office, including data from ministry offices
such as the irrigation departments at township levels.
Wards and Village-tract
The lowest government administration is the Village-tract Administration in rural areas and the Ward
Administration in urban areas. The new “Ward and Village-Tract Administration Law” (2012) places the
overall authority under a Village-tract or ward administrator.

2 – Ministries involved in Water Management
The ministries have their headquarters in NayPyiTaw, with the exception of the Hydrology and Design
branches within the irrigation department and the Directorate of Water Resources and Improvement of
River Systems, which are located in Yangon. The irrigation department is perhaps most present
throughout the country. They have offices at regional/state level, district level and township level.
Ministry of Transportation and Communication
Directorate of Water Resources and Improvement of River Systems (DWIR): The responsibilities of
this department are: dredging in river constraints to improve navigation, stabilize inland river
ports, protect river bank erosion, river training and bank stabilization, demarcation of danger
water levels, utilize river water for domestic and agriculture, observe long-term existence of
cross river bridges, manage prevention of river water pollution, achieve adequate depth of
maximum loading capacities, and hydrological/channel surveying and mapping.
Department of Meteorology and Hydrology (DMH): The responsibilities are: taking measures
against and to minimize effects of natural disasters, promote safety of sea and inland water
transportation, promote agriculture and food production, support environmental protection and
sustainable production of natural resources, research/public awareness of meteorology,
hydrology, and seismology.
Inland Water Transport (IWT): This is one of the state-owned transport enterprises under the
ministry of Transportation and Communication. It has a fleet of 340 vessels for the
transportation of passengers and cargo. There are the administrative department, Inspection
Department, Transportation Department, Cargo Transportation Department, Engineering
Department, Marine Department, and the Finance Department.
Myanmar Port Authority (MPA): is responsible for the regulation and administration of the coastal
ports of Myanmar.
Department of Marine Administration (DMA): responsibilities of this department are all kinds of
measures and activities to maintain safety of ships. Activities are: maritime accidents
investigation ship registration, port state control implementation, check certifications.
Ministry of Electricity
Department of Electric Power: This department is responsible for planning, coordination, and
international relations (ADB, 2015).
Department of Hydropower Planning: This department is responsible for hydropower and coal fired
power project planning for both the government and the private sector.
Department Hydropower Implementation: This department has four institutions responsible for the
design of dams, feasibility studies, investigation works, and mechanical works. In addition there
are seven engineering construction companies capable of construction and installation of large
hydropower projects (ABD, 2015).
Ministry of Natural Resources and Environmental Conservation
Forest Department: Main responsibilities are: sustainably managing the forest, restoration of
degraded forest, tree improvement and generic conservation of teak and other commercially
important tree species, watershed management and soil conservation, climate change
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mitigation and bio-diversity conservation. Within this department they conduct all kinds of
research for example the physical and chemical soil composition, effect of various fertilizers on
tree growth.
Environmental Conservation Department (ECD): This department is responsible for the
implementation of national environmental policies, laws, and rules; planning and action plan for
the integration of environmental consideration into the national sustainable development
process, and wildlife protection.
National Environmental Conservation Committee (NECC): 4 sub-committees: one aims at
addressing the environmental problems in rivers and wetland areas. They advise the
government on environmental policies, act as a coordinating body for environmental affairs and
promote environmentally sound sustainable development.
Ministry of Health
Department of Health: The Environmental Sanitation Division under this department is responsible
for systematic latrine construction and utilization and for the provision of water supply activity for
Health institutions and water quality development in the whole country of Myanmar
(Government document Ministry of Health, 2012).
Ministry of Construction
Department of Urban Housing and Development: Preparing and implementing urban and regional
plans, overseeing property development activities, managing government buildings and housing
estates; planning and developing water and sanitation systems for new settlement areas (ADB,
2013). This department is currently working on a new ground water law. Under this department
the Urban Research and Development Institute was established in 2012 to help strengthen
policy formulation and provide urban planning and management training programs (ADB, 2013).
Department of Public Works (since recently this has split up to five different departments, namely
Bridge Management Department, Road Management Department, Building Department, State
East Department and Village Development Department): Main responsibilities are to construct
and maintain public infrastructure such as roads, bridges, public buildings such as schools,
hospitals, and government offices.
Ministry of Social Welfare, Relief, and Resettlement
Department of Disaster Management The main responsibilities of this department are to deliver
relief to people who face natural disasters to ease their suffering and take precautionary steps
as to minimize loss of lives and property.
Myanmar Disaster Preparedness Agency: This agency is the national focal point for planning,
executing, facilitating, and coordinating disaster preparedness activities. This agency was
constituted in 2011 under the Chairmanship of the Union Minister of Social Welfare, Relief, and
Resettlement.
Ministry of Agriculture, Livestock, & Irrigation (Annex V: former Ministry of Agriculture and
Irrigation)
Irrigation and Water Utilization Management Department (IWUMD) Water supply for irrigation by
pumping water from rivers and streams; Utilization of groundwater for crop production; safe
drinking water supply for rural population. Design, planning and implementation of irrigation
projects, operation and maintenance of existing projects, flood protection embankments and
polders, improving land reform process for establishment of mechanized farming, conducting
water resources development plan especially in surface water management, providing adequate
storage of water for irrigation
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Department of Rural Development: Construction and maintenance of rural feeder roads and
bridges connecting villages to towns and districts, provision of rural safe drinking water,
undertaking work for rural sanitation (JICA, 2013).
Department of Fisheries: The main responsibilities of this department are: conservation and
rehabilitation of fisheries resources, promotion of fisheries researches and surveys, collection
and compilation of fishery statistics and information, extension services, supervision of fishery
sector, sustainability of fishery resources (JICA, 2013).
Department of Agriculture This department undertakes activities in farm mechanization,
introduction of new technologies, and measures to increase yields.

Other institutions
National Water Resources Committee (NWRC): To overcome the individualistic approach to water
management and to enhance integration, the NWRC was established in 2013. The committee is
placed directly under the Presidential office and in chaired by the Vice-President II. In addition
there is an expert group established which is chaired by the Ministry of Transport, with senior
advisors that provide the NWRC with support and assistance. The first big task of the committee
was to draft a national water policy, which was adopted by union government in 2014. The
national water policy acknowledges Myanmar’s strong position towards water and the abundant
water resources but it also acknowledges the shortcomings and problems that are present. To
address all these issues, awareness of IWRM should be increased throughout the country and
implemented in Myanmar’s river basins.
National Commission for Environmental Affairs: The responsibilities of this commission are to
ensure sustainable use of environmental resources and to promote environmentally sound
practices in industry and in other economic activities. It formulates broad policies on natural
resources management, prepares environmental legislation for pollution controls, and promotes
environmental awareness. The commission consists of department heads from different
ministries. There are 4 sub-commissions.
Committee on Conservation of Natural Resources;
Committee on Control of Pollution;
Committee on Research, Information and Education, and
Committee on International Cooperation.
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ANNEX L – DEMONSTRATION OF TOOLS FOR THANLWIN DREDGING
OPERATIONS
One of the measures that DWIR considers for flood-level lowering in the Thanlwin , as well as
attracting the main channel away from a bank-erosion site, is to dredge some parts of the main river.
The proposal is to dredge the channel on the right bank (see figure #), such that the main channel will
take a more Western course. This will reduce the erosion on the left bank (see Figure 62) and will
prevent damage to the revetment that was constructed to protect the village.

Figure 62

Site visit Thanlwin River downstream of the bridge at Hpa An: left, map of the

proposed dredging section (DWIR); right, bank protection to be salvaged and Thanlwin River (flow is from right to
left)

To be able to predict if the channel is changing its course, and design the dredging works, it is
possible to apply a numerical morphological model that calculates the 3D processes that curve and
position the channel by the flow and sediment transport. To illustrate this, the DRR team developed a
small demonstration model using Delft3D (open source) which is already available at several
departments in Myanmar. The model schematization and grid has been based on bank lines from
satellite images, estimated cross-sections and islands, and a constant representative discharge of
5000 m3/s (consider to be the annual average discharge). The following pictures show the bed level
results for three periods (initial, 5 years and 10 years) for a simulation with dredging works and without
dredging (reference). At a closer look the main channel is indeed attracted towards the right bank and
remains at this site for at least 10 years. The difference seems minor, but maybe enough to protect the
left bank. Note that this model has not been calibrated, and only is used to demonstrate the power of
this type of tools for further assessment.

DRR-Team Scoping Mission Kayin & Mon State, Final Report, 6 December 2019

102

Without dredging

With dredging (one time, 2019)

Initial
situation

After 5
years

After 10
years

The model has also been used to demonstrate the impact on water levels upstream near the Hpa-An
township. The following figure shows how the water level at Hpa-An develops in time for both
simulations. Initially the difference in water level after dredging is about 5 cm, but after 5 to 8 years this
difference diminishes as the dredging sections are filled with sediment again. It should be noted that
based on these simple results, it can already be concluded that flood levels may be lowered only with
a few centimeters during floods, but probably a decimeter or more for low flow, and their effect last
only a short period.
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Figure 63 Water level computed with a Delft3D demonstration model for the Thanlwin at Hpa An with
dredging operation (blue line) and without dredging operation (red line)
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ANNEX M – NATURE BASED SOLUTIONS IN MYANMAR
The rivers flowing through Kayin and Mon State are large and highly dynamic. Especially during the
rainy season large forces are exerted on the river banks. The philosophy of Nature Based Solutions is
to use these forces in your advantage instead of working against them (Figure 61).

Figure 64 Use the natural forces to enhance the functioning of your flood protection measure (Stichting Ecoshape,
2015)

These Nature Based Solutions are sometimes naturally existent, such as mangroves! They reduce
wave impact which causes less erosion of the coast. Furthermore, they reduce the flow velocity which
causes accretion instead of erosion and mangroves can function as a shelter for juvenile fish which
enhances profit for fishermen. It is often the case that Nature Based Solutions not only increase flood
safety but at the same time enhance other ecosystem services such as providing more fish or cleaner
water.

Figure 65 Mangrove forest in Myanmar

Hard structures such as concrete bank protection measures have several disadvantages ((Figure 63).
In the transition zone from hard structure to the unprotected bank (up- and downstream of the hard
structure) increased erosion will take place. Furthermore, because the bank protection does not
influence the natural processes of the river, the forces will hit the bank protection as hard as previously
the unprotected bank. This causes undercutting and destabilization of the river bank protection.
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Figure 66 Hard riverbank protection in Myanmar.

By knowing the processes in the river, something that increases the resistance close to the river bank
will decrease the flow velocity and therefore erosion of the bank. Furthermore, by increasing the
resistance the flow will be guided away from the river bank. Instead of erosion, the increased
resistance will possibly cause sedimentation because the flow velocity is lower than upstream. For this
increased resistance for example brushwood dams or porcupines could be used (Figure 64).

Figure 67 Two examples of Nature Based Solutions implemented in Asia.

Another advantage of Nature Based Solutions is that they are often less costly than hard structures
and adaptable to changing circumstances. For example, if the impact of brushwood dams is not strong
enough they can easily be made higher or more dense. The advantage of hard structures is that it is
known how to build them.
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In Kayin and Mon State the understanding of the river systems is limited. This is mainly caused by a
lack in monitoring data on different parameters such as water levels, flow velocity, discharge, sediment
transport and morphological changes. It is therefore not advisable to implement Nature Based
Solutions as a stand-alone solution in this system. If they cannot withstand the high forces exerted on
them during the rainy season and will be washed away, the river bank will be left unprotected and is
prone to erosion and flooding. However, Nature Based Solutions could already be combined with
existing hard structures such as bank protection to decrease the negative impacts of these hard
structures and test the Nature Based Solutions at the same time such as brushwood dams or
porcupines for example.
Some other Nature Based Solutions could be considered in Mon & Kayin State as well. Before any
structural measures can be implemented more thorough understanding and knowledge of the river
system is required. Creating retention areas upstream from main towns and cities can flatten the
discharge peak. The water can temporarily be stored in these areas. If retention areas are created in
mountainous areas they do not require much surface area because a larger storage volume of water
can be retained on a smaller surface than downstream. Retention areas already exist such as in the
city centre of Hpa-An (Figure 65). Retention areas can be combined with other purposes such as
agriculture, fresh water reservoirs, recreation and nature development. By creating retention areas
upstream, the flood level peak in towns can be reduced. However, it should be considered carefully at
what water level the retention area will be used. Because if it will be inundated too early, the peak of
the discharge cannot be stored in this retention area and the water level during floods will not change.

Figure 68 Retention area in Hpa-An

Another Nature Based Solution can be the use of side channels (Figure 66). Often the capacity of the
river to carry water during the rainy season is not big enough in Kayin & Mon State. Using satellite
images old meanderbends can be spotted along the river. These are locations that were the previous
main channel of the river. These are normally low lying areas relatively close to the river in the
downstream areas. In some places it is possible to use these old channels during high water levels to
carry water as well to reduce the height of the floodings by lowering the water level because the water
has more space. However, side channels may shift location or become the main river channel when
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not designed carefully. Also, it has been seen that they fill up quickly and they require maintenance to
prevent waste from blocking the flow into them.

Figure 69 Side channel in the Netherlands

Currently, many projects using the Nature Based Solutions philosophy have successfully been
implemented all over the world. For an incomplete summary see: https://www.ecoshape.org/en/
Check the Building with Nature Guidelines to view specific projects in more detail:
https://publicwiki.deltares.nl/display/BTG/Guideline
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ANNEX N – SAMA INTEGRATED FLOOD MANAGEMENT SIMULATION GAME

The objective of the ‘game’ is to show the characteristics and transboundary aspects of water
resources management in general, and integrated flood management in particular. It focuses at
interaction between decision-makers, at the national and provincial/regional level sharing a river
basin, and shows the need for cooperation. The simulation game, in fact a kind of a role-play, handles
about a virtual country with 3 provinces with urgent flooding problems. It makes use of a so-called
planning kit, a portfolio of about 100 potential measures to reduce floods and flood damage, using
both structural and non-structural measures. For each project/measure information is available
about costs for investment and O&M (operation & maintenance), location, implementation time,
effects on the water resources system, etc. With a computer programme provided by the workshop
leader the overall efficiency and secondary impacts of each measure, or combination of measures,
can be calculated. The workshop/game also makes use of maps, a description of roles, game-board
and game-money to pay for investments for planned projects/measures. The participants are
supposed to prepare a flood management masterplan under the constraints of a certain amount of
investment money and time.
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