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Colofon

This synthesis report of the conceptual Yangon City 
Integrated Flood Resilience Strategy 2021-2040 (IFRS) is 
the result of a Technical Assistance (TA) that the World 
Bank is providing to the Government of Myanmar. This TA 
has been supported with funding from GFDRR through the 
Japan-World Bank program for mainstreaming disaster 
risk management in developing countries. This Technical 
Assistance is also related to the Urban Flood Risk 
Management component (Component 2) of the Myanmar 
South-East Asia Disaster Risk Management Project.

The Technical Assistance provides analytical inputs 
to support the City of Yangon in enhancing its flood 
resilience considering the impacts of climate change 
and urbanization, and with a specific focus on vulnerable 
communities who are often disproportionately affected by 
floods.

This synthesis report is accompanied by four Technical 
Notes with detailed technical information (Annex 1).

The consultancy services have been performed by 
Deltares (The Netherlands, lead consultant) and the Asian 
Disaster Preparedness Center (ADPC, Thailand) together 
with the National Engineering and Planning Services 
(NEPS, Myanmar) and RebelGroup (The Netherlands).

Date: February 24, 2021
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Yangon City Integrated Flood Resilience 
Strategy

Background

Myanmar’s city of Yangon is the largest financial and 
commercial centre. It accounts for about 50% of the 
country’s industrial capacity, and is the seat of education, 
art, culture, healthcare, tourism, research and development. 
Population growth and rapid urbanisation are putting 
pressure on infrastructure, natural resources and the 
environment. Furthermore, the impacts of natural hazards, 
especially recurrent pluvial (rainfall related), fluvial (river 
related and most problematic during the monsoon season) 
and coastal flooding (caused by high tides, and periodic 
storm surges), are expected to be exacerbated by climate 
change and sea level rise. 

Flooding is associated with damage to properties and 
assets, disruption of economic activity and causes health 
problems. The proposed Integrated Flood Resilience 
Strategy (IFRS) for Yangon provides a conceptual 
framework for identification of priority flood resilience 
investments in response to the challenges the city is facing 

with regards to the frequent flooding of parts of the city. 
The IFRS comes with an investment package (Program 
of Measures) consisting of structural and non-structural 
interventions that aim to prevent floods expected to occur 
with a specific frequency, and to mitigate the impact of more 
extreme floods that are expected to occur less frequently. 
The investments have been selected to address concrete 
objectives, formulated with YCDC and key stakeholders, 
to create a more flood resilient Yangon by 2040. 

Status of  Flood Risk in Yangon City 

There are several causes of flooding in Yangon City. Coastal 
surges, that coincide with high (spring) tides and high river 
levels during the monsoon season from May to August, 
were found to be the most dominant flood driver leading 
to the highest inundation depths in Yangon City. The city’s 
existing drainage capacity was found to be inadequate for 
serious rainfall events, leading to widespread resultant 
pluvial flooding in low-lying areas. This causes extensive 
traffic jams, and consequential business disruption, 
particularly in the Central Business District (CBD). During 
the monsoon season parts of Yangon along the Bago River, 
Hlaing River, Yangon River and Pazundaung Creek face 
regular flooding caused by the combination of seasonal 
high river levels and spring tides. High river water levels 
also hamper free gravity drainage thereby prolonging and 
exacerbating flooding in low-lying areas that arises from 
rainfall. Clogging of drains by the illegal dumping of solid 
waste is a further cause of flooding.

Flooding is not evenly distributed throughout the city and 
the mechanisms behind flooding differ per location. In 
parts of the city such as Mingalarthaungnyunt, Sanchaung 
and Yankin, excess rainfall is the predominant cause of 
flooding. In contrast, areas along the banks of the Yangon 
River and Pazungdaung Creek, experience flooding from 
high river levels that result in riverbank overtopping, and/
or unregulated back flows through open channels that 
connect to the rivers.

Yangon’s flood risk is projected to rise as a result of 
increasing urbanization (with a population growth of approx. 
1.5-2% per year); accelerating sea level rise (estimated at 
20 cm by 2040); and land subsidence (especially notable 
in the north-eastern area of Yangon and estimated to be 
up to 2 cm/year).

Building a Vision to reduce Flood Risk by 
2040

In consultation with YCDC and other key stakeholders the 
following vision statement for a flood resilient Yangon was 
formulated during the preparation of this IFRS:

“A Flood Resilient Yangon City that has an appropriate 
standard of flood protection and the ability to relieve 
and recover from flooding, in a way that minimizes 
social and economic disruption to an acceptable level 
so that all residents have equal opportunities for a 
prosperous future in a safe, healthy and attractive 
living environment.”

Photo credits: Thu Aung Photo credits: Thu Aung
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This vision’s objectives are therefore:

Objective A:   Minimize the social and economic 
disruption caused by flooding;

Objective B:  Preserve and enhance Yangon’s natural 
environment and cultural artefacts;

Objective C:  Ensure all of Yangon’s residents 
benefit from measures to address flood 
resilience; 

Objective D:  Protect residents from the impacts of 
unavoidable flooding and help them 
recover from its impacts;

Objective E:  Aim at generating co-benefits from flood 
protection investments.

The Integrated Flood Resilience Strategy 
for Yangon – Delivering the Vision

Achieving the objectives will require a combination of 
structural i.e., physical assets, and non-structural i.e., non-
tangible initiatives. Objective A is the primary objective of 
the IFRS and requires a combination of structural and non-
structural actions. Objectives B and C will depend largely 
on non-structural interventions. They can be achieved in 
parallel to A by ensuring the delivery measures (see below) 
are designed to address these objectives. Objective D is 
a wholly non-structural activity that will require appropriate 
measures and mechanisms to be developed and put in 
place. Objective E reflects the implementation strategy for 
targeted structural investments.

Objective A: Minimize the social and economic 
disruption caused by flooding:  Structural measures 
for flood resilience, typically and traditionally include the 
construction of infrastructure such as river embankments, 
drains, pumping stations, tidal gates1 etc. These can 
generally be labelled “large scale infrastructure”. In recent 
years a new smaller, or local scale infrastructure, generally 
called Sustainable Drainage Systems (SUDS2) has been 
adopted in many countries. This involves measures that 
enable retention of excess rainwater, provide local storage 
and enhanced infiltration of rainwater to reduce the direct 
runoff from heavy rainfall. This reduces the capacity and 
cost of large-scale infrastructure required and, in some 
cases, could make them unnecessary. Non-structural 
measures for this aspect of flood resilience include 
i) institutional measures that focus on organizational 
aspects of the relevant government agencies; and ii) 
legal & regulatory measures that aim to strengthen 
rules, regulations and enforcement e.g., for development 
planning and building control.

Objective B: Preserve and enhance Yangon’s natural 
environment and cultural artefacts:  It is possible to 
integrate flood resilience, particularly local scale initiatives 
using SUDS, with the preservation of Yangon’s natural 

assets such as wetlands and other green spaces to 
improve the overall environment and health of Yangon 
citizens. This will require non-structural initiatives covering 
legal and regulatory aspects such as planning or zoning 
regulations that designate particular areas or types of 
natural features for preservation. This will help preserve 
and, in some cases, create new, greener more attractive 
environmental spaces providing amenity for residents 
where they can exercise or relax and enjoy nature. 

Objective C: Ensure all of Yangon’s residents 
benefit from measures to address flood resilience:  
While periodic flooding occurs throughout Yangon and 
affects many residents it are generally low-income 
neighbourhoods, particularly those bordering rivers 
and other water courses, that are most affected. Low-
income neighbourhoods have often grown spontaneously 
without formal planning, or the provision of adequate 
drainage infrastructure. It will be important to prioritise 
the worst affected areas with a view to addressing their 
needs. From the infrastructure perspective this will often 
require a combination of large scale and local scale 
structural interventions. Complementary non-structural 
measures that focus on legal & regulatory measures for 
development planning and building control, particularly 
their enforcement, will be essential. It will also be important 
to address the rights of informal settlers to ensure that 
they do not become worse off as an indirect or unintended 
consequence of flood resilience measures. 

Objective D: Protect residents from unavoidable 
flooding and help them recover from its impacts:  As 
already noted, it will not be possible to protect against 
every flood – it would not be cost effective to do so. This 
will have to be addressed by non-structural measures 
covering i) emergency preparedness, response and 
recovery planning; ii) capacity building to increase local 
knowledge and understanding of aspects related to flood 
resilience; and iii) risk communication aimed to inform the 
public about their potential exposure and encourage them 
to engage and participate in precautionary measures.

1 A comprehensive “Catalog of Measures” was developed as a 
separate Task 1 Technical Note (see Annex 1).
2 SUDS is a generic description used to cover activities such as 
“Nature Based Systems” (NBS) and “Green -Blue Measures” 
which have been adopted in the main part of the report. The 
World Bank SEADRM Project promoted a Sustainable Drainage 
Systems (SUDS) technical assistance initiative that was delivered 
in late 2020 by the DFID funded Hlan Chi Project. In order to 
avoid confusion SUDS is adopted as a generic term for all the 
“local scale measures” proposed. Photo credits: Thu Aung
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Objective E: Aim at generating co-benefits from 
flood protection investments: the economic viability of 
investments in flood protection as well as getting access 
to scarce land for flood resilience infrastructure, becomes 
larger when combining it with other livelihood and spatial 
planning activities such as commercial development of 
the river front, land reclamation, road upgrade or social 
housing projects etc.

Program of  Measures – a Balanced 
Investment Plan for 2021 – 2040

The Program of Measures was formed by selecting the 
most appropriate measures from a Catalog of Measures3 
developed under this assignment that combine structural 
and non-structural aspects as outlined above. A 
preliminary qualitative assessment was done of the extent 
to which the various measures contribute to reaching the 
flood resilience objectives. This provided insight into how 
effective individual and combined measures would be in 
tackling local flood challenges. The Program of Measures 
comprises a balanced set of actions to meet the above 
objectives. From the structural perspective they range 
from: i) Large Scale Infrastructure Investments which 
are relatively expensive but will have a wide-ranging 
impact on the entire city; and ii) Local Scale Infrastructure 
Investments including SUDS Measures and local scale 
traditional infrastructure such as drainage improvements 
and pumps which are less costly and will deliver significant 
and importantly visible benefits at the local/township, block 
and plot level. The non-structural aspects of the measures 
have been designed to complement the specific structural 
activities to ensure that the broad aims of the objectives 
are fully achieved.

Large-Scale Infrastructure Investments at the City Level: 
•   Northwest (Hlaing township and environs): 

embankments/floodwalls/elevated roads, upgrading 
and/or reconstructing of drainage canals and retention 

or diversions of flood waters,
•   Kandawgyi and Inya lake: Embankments and pumping 

stations to make maximum use of local storage of flood 
water,

•   South-West (adjoining Ahlone township): Embankment, 
polder area and pumping stations,

•   South including CBD: Embankment/elevated road, 
pumping stations, renovation/reconstruction of outlets, 
increase the capacity of the existing underground 
drainage system by constructing interceptor drains, 
relief drains and large capacity pumping stations to 
enable floods to be discharged at all tidal stages,

•   South-East (Pazundaung Creek area): tidal barrier, 
embankments and outlets,

•   East (along the Bago South-Western riverbank, 
Pazundaung Creek): Embankment, possible land 
reclamation / property development.

These measures are illustrated in Fig 5.8 of the report. 
The main difference between previous flood alleviation 
proposals included in the JICA Drainage Master Plan of 
2014 and the designs for the CBD being implemented under 
the World Bank funded SEA-DRM Project is the proposed 
extensive adoption of river embankments and a tidal 
barrier. This is largely in response to the recent modelling 

work carried out with support from the Netherlands that 
has revealed the existing and near future threat arising 
from coastal flooding (the combination of storm surges, 
high tides and expected sea level rise). These measures 
need to be complemented by others to increase flood 
retention and to provide drainage and pumping capacity 
to enable floodwaters to be discharged at high tide levels.

Local-Scale Infrastructure Improvements and SUDS 
Measures:
•   Township Level: drain improvements to increase 

capacity and structural integrity, moderately sized 
pumping capacity to increase discharge at all tidal 
states, and tidal gate rehabilitation, often in combination 
with the construction of a river embankment to prevent 
overtopping of river water.  

•   Industrial/port areas: infiltration fields/strips, drainage 
Infiltration transport drains (DIT), green roofs, ditches 
and permeable pavement,

•   Commercial areas: green roofs, bioswales, permeable 
pavers and rain barrels/tanks,

•   Residential areas: bioswales, infiltration fields, rain 
barrels and DIT,

•   Public areas: rain gardens, bioswales and infiltration 
fields,

•   Green areas: surface water, rain gardens and infiltration 
fields.

Although SUDS measures (ranging from green roofs, 
infiltration measures and small retention ponds) are 
individually small, taken together, they can have a 
significant effect on reducing pressure on existing drainage 
infrastructure by slowing down or reducing the flood water 
and as such limiting the extent and duration of flooding. 
A Yangon Resilient Cities Toolbox4  was developed to 
evaluate the applicability and effectiveness of SUDS 
measures in four distinct pilot areas: Hlaing township, 
South Okkalapa township, Ahlone township and the Central 
Business District. These pilots, which are representative of 

Photo credits: Thu Aung3 Task 1 Technical Note (Annex 1) 4 http://yangon.crctool.org
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the range of townships throughout Yangon revealed that 
SUDS measures could make a cost-effective contribution, 
not only to flood resilience but also to improve the quality 
of life of city residents. SUDS measures alone are not a full 
solution to flood alleviation. It was found that they could, 
when applied to the space available, contribute on average 
up to 20% of overall flood resilience requirements. This 
means that traditional drainage infrastructure measures 
such as local retention, increased drainage capacity and 
where necessary pumping are required to provide the full 
capacity necessary to attain the flood risk objectives. It 
may be that by adopting low-cost SUDS measures that 
the life of existing drainage infrastructure can, with some 
modest investment in rehabilitation, be prolonged, thereby 
postponing the need for expensive new investments. 
SUDS can also play a very important non-structural role 
by increasing awareness amongst residents that they can 
all play an important role in contributing to a safer and 
healthier Yangon City.

Not all measures proposed, see Figure 0.1, can be 
implemented by YCDC itself. For some larger scale 
structural (e.g. tidal barrier, potential land reclamation) and 
non-structural measures, cooperation with the Regional 
Government and Union Government level agencies and 

other departments, organizations and the private sector 
is needed. While this may generate opportunities for 
collaboration and knowledge exchange, it is important for 
YCDC to ensure that the measures are optimally aligned 
with Yangon’s strategic urban development plans and 
urban and infrastructure development initiatives.

The implementation arrangements for IFRS will require 
innovative governance approaches to bring together 
all the relevant agencies sharing a mandate related to 
the implementation of the structural and non-structural 
measures. Hence, the proposal for establishing a working 
group (or committee) to address both the short-term 
requirements (project implementations) as longer term 

preferred institutional arrangements determining and/
or reconfirming acceptable safety levels and investment 
packages.

Although flood protection is a collective, or public good, 
there are some opportunities for the private sector to step 
in, e.g. land reclamation and green roofs may qualify for 
innovative financing opportunities. By taking the lead in 
formulating standards, requirements and specifications, 
YCDC can support and guide these developments in the 
right direction, while making sure initiatives contribute to 
the development of a flood resilient, healthy, inclusive and 
prosperous Yangon.

Photo credits: Thu Aung
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Estimated Investment Cost, Projected 
Benefits and Financing

The proposed Program of Measures is estimated to 
cost approximately US$ 620 million, comprising US$468 
million structural measures plus US$139 million for the 
CBD drainage improvement works financed under the 
World Bank SEA-DRM project, and US$13 million for non-
structural measures (refer to Annex 2 for details). 

Indicative annual average benefits arising from costs 
avoided as a result of comprehensive flood mitigation 
measures were estimated at USD1.65 billion. This 

indicates that flood resilience investments in Yangon are 
likely to provide good value for money. As it is unlikely to 
be possible to secure financing for the entire proposed 
program of measures at one time it will be necessary to 
carry out cost benefit analyses on an investment/project 
basis to assess their economic viability and to further 
prioritize them.

Financing of municipal public infrastructure such as 
drainage is usually done through loans, including 
concessional borrowing. As the costs of flood investments 
cannot be recovered directly, other measures would be 
required. Repayments may need to be made from general 

revenues. It could be possible for YCDC to generate 
additional revenue indirectly from flood mitigation 
investments through higher property taxes as the value 
of properties that benefit from improved flood protection 
can be expected to increase. Development of policies 
and securing the necessary approvals for such measures 
would need to be carried out as part of the non-structural 
initiatives.

It should be possible to raise some funding, particularly 
for SUDS measures, from private sector investments in 
property development. This would require complementary 
non-structural measures such as revised planning and 
building regulations and related strict enforcement and 
public information campaigns. It should also be possible to 
integrate flood resilience measures into other infrastructure 
initiatives such as transport or water supply projects and 
mixed public/private developments that could combine 
flood resilience measures with leisure and retail facilities.

Going Forward

Going forward, YCDC is recommended to collect more 
data, improve the existing models and carry out further 
prioritization of investments by means of a multi-criteria 
analysis. This should be followed by the preparation 
of feasibility studies, detailed engineering designs and 
socio-environmental studies which can be used to seek 
investment support.

With numerous on-going and planned development 
initiatives in Yangon, it is important to seize the opportunity 
to incorporate flood resilience measures in broader urban 
development and/or infrastructure plans at an early stage 
of development. Combining efforts may require additional 
time and coordination but incorporating flood resilience 
measures such as SUDS can contribute to overall cost-
effectiveness and may also enhance public support for the 
developments.

5 SWECO-NIPPON KOEI, Detailed Design Report, Drainage 
structure improvements for the 6 townships of Yangon CBD, 
World Bank, South-East Asia Disaster Risk Management project, 
and Yangon City Development Committee, December 2019.

IFRS Program of Measures US$ million
Structural Measures
Large Scale Infrastructure
     Protection against Coastal and River Flooding
          Embankments 81
          Tidal Barrier 100

Sub-Total 181
     Drainage Infrastructure in Townships
          CBD – Interceptor & Relief Drains & Pumping Stations5 139
          Tidal Gates & Gate Pumps 30
          Large Pumping Stations 30
          Increasing retention capacity at Kandagywi & Inya lakes & Pumping Stations 40

Sub-Total 239
Local Scale Infrastructure
     Sustainable Drainage Systems in Townships 187
Non-structural Investments 13

Total 620
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Figure 1.1 IFRS linking water and development policies 

1.1  Combining Flood and Urban 
Solutions

The city of Yangon faces a range of different challenges. 
Population growth and rapid urbanisation are putting 
pressure on infrastructure, natural resources and the 
environment. Yangon is a city familiar with the impacts of 
natural hazards, especially recurrent pluvial, fluvial and 
coastal flooding. Climate Change, sea level rise and land 
subsidence are expected to exacerbate these risks. 

The rapid expansion of Yangon has led to a sub-optimally 
designed and poorly maintained infrastructure protection 
network in and around Yangon. Rapid urbanization has 
also led to reduced infiltration capacity due to constructed 
urban land cover and an inadequate drainage system 
with limited space for retention basins other than existing 
parks, lakes, golf courses and, often paved parking lots. 
Furthermore, human activities hamper the functionality of 
the water system by encroachment of streams and channels 
and through waste disposal, hindering discharge. All these 
aspects, coupled with the hydro-climatic characteristics of 
Myanmar, lead to a reality where urban flooding regularly 
occurs throughout Yangon City. While loss of lives due to 
urban flooding does not occur frequently, other significant 
issues are associated with urban flooding in Yangon, such 
as health problems caused by water borne diseases, 
hampered economic activity due to flood damage and 
traffic jams and general disturbance of livelihoods. 

Addressing this complex flood risk, YCDC is leading an 
Integrated Flood Resilience Strategy (IFRS) for 2021 – 
2040; being an over-arching Yangon City-wide strategy 
to manage current and future flood risk taking urban 
development goals into consideration, prepared in synergy 
with regional and national plans. The IFRS can be used by 
YCDC to guide the dialogue with the national / regional 
government, development partners and private sector in 
prioritizing flood resilience investments and elaborating 
priority investments into engineering design and social 
and environmental assessment studies. The IFRS 
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proposes risk-informed and social inclusive structural 
and non-structural measures, with an emphasis on the 
combination of green and grey infrastructure. Where 
possible, green measures should be considered, additional 
to the more traditional technological and engineering 
solutions, referring to the ecosystem-based (or nature-
based) approach and make use of the multiple services 
provided by natural ecosystems to improve resilience and 
adaptation capacity and create an appealing and healthy 
city. IFRS prioritizes a set of preferred investments that 
could be implemented in an immediate operation.

Photo credits: Thu Aung

Figure 1.2 Residual Flood Risk 

1.2  Flood Resilience

Resilience strategies for flood risk management not only 
aim to resist flood risks, but also to relieve and recover 
from their impacts as well as adapt themselves to next 
floods. As flood risk can never be fully eliminated there is 
a need for YCDC to define the residual flood risk that is 
acceptable for Yangon City. See Figure 1.2. 

A more resilient Yangon City would not only proactively 
implement measures to minimize citizens exposure and 
vulnerability to floods, but also put forward programs that 
increases the ability of citizens to recover from a flood 
event.

Photo credits: www.news.cn
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The City of Yangon is located in Myanmar’s southeast 
Ayeyarwady delta and is built on a low-lying ridge and 
surrounding alluvial floodplains. The city features a lengthy 
wet season from May through October when a substantial 
amount of rainfall is received (and a dry season from 
November through April, where little rainfall is seen).

Figure 2.1  Coastal, Fluvial and Pluvial influences on Yangon City

2.1 Main Flood Hazards of  Yangon City

At high tide spring, river water is high enough to reach 
low-lying areas in Yangon City through undisrupted 
access to open drains and creeks, or mal-functioning tidal 
gates. Flooding is further exacerbated when occurring in 
combination with heavy rainfall as free gravity drainage is 
hampered when river levels are high. 

Coastal surge hazard is caused by the occurrence of a 
combination of tides, seasonal surges (monsoonal set-
up), incidental storm surges (temporary) and sea level rise 
(semi-permanent). At coastal surge return periods of 25 
years and higher, coastal inundation occurs, which can 
result in water levels at Yangon River of approximately 4.5 
m AMSL and higher. Flood water can reach the low-lying 
areas in Yangon City through open drains and creeks, or 
undisrupted through mal-functioning tidal gates. 

Pluvial flood hazard is driven by heavy rainfall in 
combination with the (lack of) capacity of the urban 
drainage system and the downstream river water levels. 

Figure 2.2 Flood extent and maximum water depth corresponding to a 1:25 year coastal surge during spring tide (no sea level 
rise) as calculated with the coupled Regional Delft3D flexible mesh and the 3Di Yangon Flood models.
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A 1 in 10 year rainfall event, in combination with high 
river water levels (either at spring tide or during a surge), 
leads to flooding of low lying areas and directly adjacent 
to the drain as free gravity drainage is hampered and 
the drainage capacity of existing drains is exceeded. For 
Central Yangon, rainfall may lead to flash floods in the 
higher elevated areas (Bahan) or localized flooding may 
occur due to limited extent of drainage infrastructure.

Fluvial flood hazard. The contribution from high river 
discharges to the downstream water levels in Yangon City 
are approximately 0.2 m (which is relatively small compared 
to an extreme surge-induced water level increase plus sea 
level rise, which can be up to 2.4 m).

Coastal surges, when occurring at spring tide, appear to 
be the most dominant flood driver leading to the highest 
inundation depths in large areas in Yangon City (relative to 
its frequency of occurrence) and protection against such 
conditions should be prioritized. Some parts of Yangon 
face regular flooding caused by a combination of high tide 
and monsoonal setup in the period between May-August. 
While these floods occur frequently, they tend to cause 
only localized disruption. Many people in Yangon have 
adapted their way of living to cope with floods while deriving 
economic and social gain. Floods with considerable 
impacts are usually attributed to a storm surge occurring 
in combination with high tide and monsoonal setup. These 
events no longer have a solely localized effect and social 
and economic disruption and damages are considered 
substantial.

Figure 2.3 Maximum water depth as calculated with the coupled Regional and Yangon Flood models: 1:10 year rain event 
during spring tide (no sea level rise).
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2.3  Future Urbanization, Sea Level Rise 
and Climate Change

Given Yangon City’s projected rate of urbanization and 
climate change projections, including sea level rise of 
already 20 cm in 2040, flood risk is likely to increase. In 
addition, ongoing land subsidence may aggravate the 
situation, especially in the North-eastern part of Yangon 
City where areas are sinking with a rate up to 2 cm per 
year, see Figure 2.4.

Figure 2.4 Land subsidence (SkyGeo, 2020 7) 

7 Monitoring land subsidence in Yangon, Myanmar using 
Sentinel-1 persistent scatterer interferometry and assessment 
of driving mechanisms. Remote Sensing of Environment, 217, 
101-110 - November 2018 and confirmed by ED4SD Disaster 
Risk Reduction - City Resilience Program: Terrain Deformation in 
urban areas. Terrain deformation analysis (WB-CRP-01 Service 
Technical Report).
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3.1 Vision

To provide a clear vision for the development of an IFRS, 
a vision statement was formulated as a result of several 
interactive workshops.

The IFRS vision for Yangon City for the period of 2021 to 
2040 is:  

“A Flood Resilient Yangon City 
has an appropriate standard of 
flood protection and the ability to 
relieve and recover from flooding, 
in a way that minimizes social and 
economic disruption to an acceptable 
level so that all people have equal 
opportunities for a prosperous future 
in a safe, healthy and attractive living 
environment.”

3.2  Objectives, Flood Safety, 
 Co-benefits and Target Values

Objectives
The vision for IFRS is translated into objectives, 
manageable components that help achieving the 
overall vision. The objectives not only address flood risk 
management issues but also the health of the ecosystem, 
society and economy,  See Figure 3.1:

•    Objective A: 
     Minimize the social and economic disruption caused by 

flooding;

•   Objective B: 
    Preserve and enhance Yangon’s natural environment 

and cultural artefacts;

•   Objective C: 
    Ensure all of Yangon’s residents benefit from measures 

to address flood resilience;

•   Objective D: 
    Protect residents from the impacts of unavoidable 

flooding and help them recover from its impacts;

•   Objective E: 
    Aim at generating co-benefits from flood protection 

investments.

Flood Safety Level
Objectives for flood resilience are coupled with acceptable 
levels of flooding after the proposed investments are in 
place. The acceptable residual flood risk determines the 
return period of a coastal, fluvial or pluvial flood hazard that 
should be accommodated through enhanced retention, 
flood protection or improved drainage capacity. The IFRS 
considered a 1/25 per year return period for coastal surge 
in combination with spring tide and a 1/10 per year pluvial 
flood a feasible ambition level for 2040. The Program of 
Measures is prepared in accordance to these ambitions. In 
further phases of this project, YCDC may want to assess 
the most suitable safety levels aligning urban planning 
ambitions, latest economic projections, financing options, 
and implementation timeframe.     

FLOOD 
RESILIENT 
YANGON

Economy
Protect and improve 
economic power

Culture
Protect and enhance 

unique cultural heritage 

Environment
Protect and develop 

ecosystem health

People
Protect and strengthen 
communities

Figure 3.1 Co-benefits of Flood Resilient Yangon
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Co-benefits
Besides flood safety objectives, the IFRS strategy strives 
for maximizing co-benefits for the people, economy, 
environment and cultural aspects of Yangon by selecting 
flood resilience measures that create added value such as 
cost sharing, multifunctional use of scarce land available 
for development and increasing the spatial quality of the 
area. For example, in densely urbanized areas with little 
public green and high unemployment rates, flood resilience 
measures can be selected which focus on improving flood 
resilience whilst creating a green, attractive environment 
and generating job opportunities for local communities.  

Target Values 
For each IFRS objective, an indicator target has been 
formulated that can be used to assess to what extent 
the Program of Measures are contributing to reaching 
the objectives. These targets are indicative, based on 
international practices, and provide a first understanding 
of the type and extent of structural and non-structural 
investments needed to achieve the ambitions set forth 
under the IFRS. YCDC may want to further optimize or 
specify the objective targets based on acceptable residual 
risk, available funding and sequencing of short- and 
longer-term implementation. 

The table below summarizes the proposed IFRS objectives, 
indicators, and target values.

Figure 3.2 Proposed IFRS Objectives, Indicators and Target Values

Objective: Indicator: Possible Target Value:

Flood Safety Minimize Storm Surge Flood Probability of exceedance 1 in 25 years

Minimize Pluvial Flood Probability of exceedance 1 in 10 years

Economy Minimize Economic Risk Inundated area per commercial and industrial area Less than 5%

Minimize Risk to Critical Infrastructure Percentage of critical infrastructure affected (hospitals) / 
percentage (roads) 

Less than 5%

People Minimize Risk to Human Health and Life Inundated residential area Less than 5%

Maintain Social Stability and Security Casualties (fatalities, injured, evacuees) No fatalities, injured and 
evacuations

Increase Community-level Disaster Risk Reduction Number of townships with DRR-plan More than 90%

Environment Support Objectives of National Policy Frameworks Qualitative assessment Minimum assessed as ‘good’

Avoid Damage to and Enhance Flora & Fauna and 
Landscape Character

Areas / landscapes of interest affected Less than 10%

Culture Avoid Damage to Religious, Architectural, or 
Archaeological Sites

Number of sites affected Less than 10%
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“Lean & Mean”, 
with focus on affordability and low-cost solutions.

In this Strategic Direction the proposed flood resilience 
measures are selected based on lowest ratio of financial 
investment with regard to benefits to flood safety. The 
“Lean & Mean” Strategic Direction focuses on a set of 
measures that delivers flood resilience at minimal cost. 
The “Lean and Mean” Strategic Direction does not focus 
on delivering co-benefits such as serving other climate 
resilience objectives or boosting the city’s attractiveness 
(e.g. improved waterfront) and liveability. 

“Blue-Green Yangon”, 
with focus on environmental improvement

This Strategic Direction aims at integrating flood resilience 
optimally with Yangon natural assets to improve the 
overall environment and health of Yangon citizens. The 
“Blue-Green Yangon” Strategic Direction works towards 
investment strategies that deliver flood resilience objectives 
by prioritizing the use of Nature-Based Solutions. A Blue-
Green Yangon is a sustainable, eco-friendly and flood-
resilient city that leverages the traditional and still existing 
natural green character of Yangon that is so much valued 
by its inhabitants. 

4.1  Three Strategic Directions

The IFRS objectives can be achieved in a variety of 
ways. To assess suitability of a package of measures in 
achieving the IFRS objectives, the measures follow from 
considering three strategic directions that emphasize a 
particular focus: environmental improvement, affordability 
and low-cost solutions, or on pro-poor and social inclusion.  
Each of the three Strategic Directions differ in their focus 
on how to achieve the objectives, by selecting measures 
that 1) purely serve flood resilience and/or 2) contribute 
to environmental improvement, affordability and social 
inclusion.
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“Safety for All”, 
with focus on social inclusion and fairness.

This Strategic Direction focusses on flood resilience 
measures for all citizens of Yangon, including the most 
vulnerable while improving their living standards. This 
Strategic Direction also focuses on delivering flood 
resilience investments with social co-benefits, for example 
providing job-opportunities for residents, supporting the 
improvement of building standards or increasing health 
conditions by better managing solid waste.

Non-structural MeasuresStructural Measures

4.2  Catalog of  Measures

The Strategic Directions can be used to explore and 
identify a range of suitable structural and non-structural 
measures to increase Yangon City’s flood resilience, and 
to assess these measures on their contribution to meet 
the IFRS objectives. These structural and non-structural 
measures are collected and categorized in a so-called 
Catalog of Measures. This Catalog of Measures is further 
described in the Technical Notes (see Annex 1). 

The structural measures are organized according to their 
physical characteristics:  
i)      keeping water out (e.g. levees, pumping stations, storm 

surge barriers, diversion channels); 
ii)    retaining water locally and enhancing soil infiltration 

(e.g. bioswales, infiltration ponds); 
iii)  storing water and gradually discharging to Yangon’s 

drainage system (e.g. rain barrels, urban water 
squares), or 

iv)  focus on underground storage to slowly discharge 
or infiltrate (e.g. infiltration trench, gravel layers, 
underground water storage tanks). 

The non-structural measures are organized according to 
their level of operation:  
i)     Institutional measures focus on organizational aspects 

of the relevant government agencies; 
ii)    legal & regulatory measures aim at strengthening rules, 

regulations and enforcement; 
iii)   emergency preparedness, response and recovery 

planning; 
iv)  capacity building aims to increase local knowledge and 

understanding of aspects related to flood resilience; 
and 

v)   risk communication aims at informing the public about 
their potential exposure and encourage them to engage 
and participate in precautionary measures.    

Each Strategic Direction comes with a dedicated set of 
structural and non-structural measures, which differs in 
terms of implementation time, cost-benefits, as well as 
their effectiveness in contributing to formulated targets. 
These measures are qualitatively assessed on their 
merits (pros and cons) in how they contribute to achieving 
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the objectives of the IFRS. Based on this qualitative 
assessment, the measures have been further prioritized 
and considered suitable for implementation on the short, 
medium or longer term (Chapter 5).

For example, for the “Lean and Mean” Strategic Direction, 
it is likely that measures are selected that require less of 
an investment in the short term and start with small-scale 
non-structural measures. 

Green options, however, often run in parallel with other 
developments such as the redevelopment of a plot to 
become a high-rise building, where for instance retention 
facilities and perhaps green roofs are implemented. 
It is therefore very likely that implementation of blue-
green options are spread more evenly over time.  As 
such implementations often require extra space their 
effectiveness in addressing the IFRS objectives are limited 
in a densely built urban area.

100% Target

50% Target

Current 
Safety no actionno action

2020 2040
short term medium term

Structural Measures

Non-structural Measures

Flood Resilience Measures

Large

Small 

Large

Small 

20302025
long term

‘Safety for All’ Strategic Direction

‘Blue Green Yangon’ Strategic Direction

‘Lean & Mean’ Strategic Direction
Possible Investment Pathways

Figure 4.1 Illustration of how combinations of large / small and structural / non-structural flood resilience measures (as part 
of a strategy) can reach the target (e.g. probability of exceedance) in 2040. Red line shows a less safe and deteriorating 
situation when no action is taken. Combinations may lead to quick results on the short term (usually less favourable from a 
cost-benefit point of view (          ) or slow initial progress with implementation of larger projects later in time (          ). Usually 
the quick wins are smaller projects (with less problem-solving capacity) and the larger projects first need careful studies and 
take longer to implement.

From a social or economic perspective there may be a 
political drive to deliver the greatest risk reduction on the 
short term. Moreover, the social inclusion strategy combines 
very well with possible COVID-19 response programmes 
in that they can provide livelihood opportunities. This 
would imply that flood resilience investments will have to 
be realized as early as possible. 

100% Target

50% Target
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Safety no actionno action

2020 2040
short term medium term

Structural Measures

Non-structural Measures

Flood Resilience Measures

Large
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Large
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20302025
long term

‘Safety for All’ Strategic Direction

‘Blue Green Yangon’ Strategic Direction

‘Lean & Mean’ Strategic Direction
Possible Investment Pathways
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‘Blue Green Yangon’ Strategic Direction

‘Lean & Mean’ Strategic Direction
Possible Investment Pathways



28

Figure 4.2 Multi-layered Safety Approach

level 1

level 2

level 34.3 Multi-layered Safety Approach

In, the IFRS strategy, the concept of “a multi-layer safety 
approach”, see Figure 4.2, is used to identify suitable 
flood resilience investment options within each Strategic 
Direction. A multi-layer safety approach aims to manage 
the probability and consequence of a flood through three 
types of measures:

Level 1, Prevention of Flood Risk
Level 1 includes all structural and non-structural measures 
needed to prevent the impacts of floods. These measures 
are defined to achieve a particular safety level. The safety 
level can be revised periodically to adapt to emerging 
needs.

Level 2, Mitigation of Flood Impact
Through flood resilient spatial planning: As flood impacts 
are inevitable, it is important to minimize the effects of 
floods at an early stage through means such as securing 
spatial buffers between expected inundation areas and 
urban settlements. Land-use planning is a fundamental 
mitigation tool that can be implemented to address multiple 
purposes, such as nature conservation, recreation and 
infrastructure.

Level 3, Response and recovery
After a flood event, these measures help to respond 
effectively through emergency action and immediate relief 
for affected communities, as well as recovering through 
building back better, through emergency preparedness 
and response.

4.4  Strategic Directions and Multi-
layered Safety Approach

Table 4.1 presents how the combined multi-layer safety 
approach and the three Strategic Directions work out in 
the decision-making process. From Table 4.1 it can be 
seen that the Safety for All strategy appears very effective 
for addressing overall flood protection / prevention layer, 
the Blue Green Yangon strategy provides solutions for 
the flood resilient spatial planning layer and Inner City 
related structural measures, and the focus of the Lean & 
Mean strategy best addresses the disaster management, 
preparedness and emergency response. 
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Table 4.1 Combined Multi-layered Safety Approach with the three Strategic 
Directions (red: limited suitability, yellow: potentially suitable, green: high suitability)

Multi-layered Safety 
Approach Level:

  Blue Green
Integrate flood resilience optimally with 
natural and ecological assets of Yangon

Lean & Mean
Lowest ratio of financial investment vis-à-vis 
benefits to improved flood safety

Safety for All
Flood safety that strengthens social inclusion 
and fairness

Level 1 Prevention – flood 
safety

Nature rehabilitation to restore nature’s func-
tions to increase reservoir retention capacity 
and drainage and infiltration measures (e.g. 
creation of protective natural flood plain 
vegetation).

Single-purpose coastal floodwalls, repair of 
tidal gates, CBD/port land reclamation.

Tidal barrier at Pazundaung Creek and 
pumping stations.

Suitability / 
applicability 
in Yangon City

The morphology of the CBD port area is not 
very suitable for mangrove development of 
an extent that is required to provide effective 
protection during large coastal surges.  

Promising for Yangon City, but land reclama-
tion depends on availability of space, land 
use and commercial requirements, financial 
investors and port relocations.

Promising, but large investment for Yangon.  
It generates safety for all lower income com-
munities in the Eastern part of Yangon City.

Level 2 Flood resilient spatial 
planning

Rain water detention ponds, infiltration fields, 
bioswales, green roofs, permeable pave-
ment. 

Non-structural: improved spatial planning / 
building act guidelines to include green infil-
tration, allocating space for retention in urban 
plans, technical guidelines for building SUDS

Low cost implementations such as remov-
al of pavement, ditches, swales and rain 
barrels.

Non-structural: improved spatial planning / 
building act guidelines to include green infil-
tration, allocating space for retention in urban 
plans, technical guidelines for building SUDS

Realization of parks and playgrounds.

Non-structural: improved spatial planning / 
building act guidelines to include green infil-
tration, allocating space for retention in urban 
plans, technical guidelines for building SUDS

Suitability / 
applicability 
in Yangon City

Flood resilient spatial planning provides a 
great opportunity for implementing typical 
nature-based solutions. However, there is 
limited available space.

Selected drainage and infiltration measures 
should be considered (together with other ur-
ban development projects) but have a limited 
(max. 15 – 20%) effect on flood mitigation.

Affordable and effective measures, but limit-
ed green & social co-benefits. 

This approach overlaps with the blue-green 
one. Applicable in Yangon City with clear 
benefits for health and recreation, but limited 
by available space.

Level 3 Disaster emergen-
cy response and 
recovery

Develop green routes and optimize connec-
tivity.

Solid waste management and declogging 
of drainage canals, emergency response, 
public awareness raising, community-based 
flood forecasting and early warning systems, 
public participation in emergency response 
and recovery.

Prioritize high risk high value areas and low-
cost non-structural measures first.

Solid waste management and declogging 
of drainage canals, emergency response, 
public awareness raising, community-based 
flood forecasting and early warning systems, 
public participation in emergency response 
and recovery.

Extra attention for non-structural measures 
that offer co-benefits to the vulnerable peo-
ple.

Solid waste management and declogging 
of drainage canals, emergency response, 
public awareness raising, community-based 
flood forecasting and early warning systems, 
public participation in emergency response 
and recovery.

Suitability / 
applicability 
in Yangon City

Applicability for blue-green co-creation with 
disaster management, preparedness and 
emergency response is limited.

Cost-effective and no-regret measures that 
have a large return on investment.

Very promising measures to involve the 
Yangon public and raise disaster prepared-
ness amongst poor communities.
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4.5  Guiding Principles

The following Guiding Principles were formulated to 
support the IFRS.

Agree on an Acceptable Level of Agree on an Acceptable Level of 
Flood Safety and Revise RegularlyFlood Safety and Revise Regularly
Yangon requires an acceptable minimum level of flood 
protection to guide the implementation of a safe living and 
working environment, and also communicate residual risks 
effectively to its citizens. The residual risk must be widely 
agreed upon as an acceptable impact to society and 
economy. These safety standards need to be frequently 
revisited to deal with emerging conditions.

Maximize Flood Maximize Flood 
Emergency Emergency 
Preparedness, Response Preparedness, Response 
and Recoveryand Recovery  
An effective flood emergency 
preparedness, response and recovery 
program is fundamental to address 
the residual social, economic and 
environmental impact after a flood event 
by attending the immediate needs of 
impacted citizens and help them come 
back rapidly to the situation prior to 
the flood. A multi-agency approach is 
needed to co-create the main elements 
of a flood emergency program such as 
flood forecasting, early warning systems, 
the preparation of flood emergency 
Plans, post-flood impacts assessments 
as well as to coordinate the delivery 
of immediate technical and financial 
support for relief and recovery.    

Financing to Reduce Flood DamagesFinancing to Reduce Flood Damages
It is important for YCDC to timely allocate the financial resources required to 
support flood resilience measures and maintenance. Moreover, financing 
for incentives programs such as grants are a powerful implementation 
enabler (e.g. YCDC provides grants to communities to help them bring 
their homes up to building standards). Finally, YCDC should develop a 
disaster risk financing strategy including both risk retention and risk 
transfer approaches using a set of financing products (e.g. city disaster 
fund, specific budget allocations or government facilitated flood insurance 
programs). Development partners such as the World Bank have developed 
a contingent financing instruments such as development policy loans 
with Catastrophe Deferred Drawdown Options (CAT DDO) that provide 
immediate liquidity to address disasters such as floods to countries that 
commit to an ambitious program of institutional and policy reforms.   

Public Participation, Education and Public Participation, Education and 
Collaboration for Social InclusionCollaboration for Social Inclusion
Managing flood risk is a shared responsibility that requires the involvement of 
individuals, households, businesses, civil society and different levels of government. 
To the extent that its mandate allows, YCDC can help facilitate participation, 
communication and social inclusion so all Yangon citizens can contribute to and 
benefit from flood risk management. A variety of stakeholders needs to be involved 
in the Flood Risk Management process so they can be informed of their flood risks, 
can share concrete knowledge and reach a common understanding of problems and 
solutions. A special emphasis should be placed on social inclusion, so that those that 
are normally excluded from decision making processes and services, can participate 
on, and receive much needed support in, preparation and response to floods.  

Enabling Institutional FrameworkEnabling Institutional Framework
There are a number of national legal and local regulatory frameworks that have an impact in flood risk 
management, the most important are the National disaster risk management, water resources management, 
coastal management, agriculture, environment and hydro-meteorological frameworks. These National 
Frameworks provide a mosaic of mandates and responsibilities to different agencies at the national, regional and 
municipal level (e.g. wards and village tracts, to townships, YCDC departments, Yangon Region Government 
and line ministries to the Union Government).  It is important for YCDC to enable, support and participate in the 
integration of these frameworks within its mandate, as well as strive for the development of synergies where 
applicable at the national level.
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Align with Urban PlanningAlign with Urban Planning
An IFRS is a focused effort by YCDC that needs to be 
embedded within its overall urban vision and all its 
associated plans. More particularly, an IFRS needs to 
be embedded into the urban development planning, 
include elements such as zoning and building standards 
regulations and help inform the spatial integration of urban 
structural measures (as they might increase or decrease 
flood exposure).  

Synergize with Ongoing or Planned Synergize with Ongoing or Planned 
DevelopmentsDevelopments
Efficiency and effectiveness of implementation of flood 
resilience measures can be increased by identifying 
synergies with ongoing or planned developments. 
Maintenance or repair projects or infrastructural projects, 
urban (re)developments, housing projects and community 
building initiatives are examples of developments of 
which the process, financing or resilience objectives can 
be combined and synergized. Moreover, combining flood 
resilience measures with the planning & design guidance 
of SUDS is important to simultaneously achieve objectives 
from both perspectives. 

Embed IFRS into Broader Planning Embed IFRS into Broader Planning 
ProcessesProcesses
Flood risk management in Yangon is fundamentally 
connected with the overall management of the Ayeyarwady 
Delta, the Ayeyarwady Basin and the coastal zone. 
Embedding IFRS into broader planning processes would 
enable the identification of possible synergies for greater 
impact, for example the identification of a multipurpose 
water resource infrastructure or coordinating regional 
flood management plans (e.g. basin-wide flood planning).  

Adopt a Location-specific Flood Risk Management and Adopt a Location-specific Flood Risk Management and 
Emergency Response ApproachEmergency Response Approach
Since Yangon is a city with many different townships that each have their own identity and physical, 
social and economic characteristics, a location-specific approach is to be adopted when integrating flood 
resilience measures.  Floods for instance disproportionately affect vulnerable communities through three 
main avenues: direct impact (e.g. death from injury, drowning), increasing morbidity (e.g., repeated floods 
leading to chronic disease that can reduce life expectancy), and economic impacts (e.g., reduced income 
leads to negative effects on health including lack of health care and quality food). Hence, dealing with 
floods effectively involves specifically attending to the needs of Yangon most vulnerable inhabitants.

66

Start both Big and SmallStart both Big and Small
YCDC should adopt a dual approach combining both large-
scale measures aimed at providing long-term resilience 
to the city with small-scale measures at the township, 
ward and street level that contribute to the immediate risk 
mitigation, or safety of citizens and communities.

Prioritize No- or Prioritize No- or 
Low-regret Measures Low-regret Measures 
Since the future is uncertain, IFRS proposed 
to focus on flood resilience interventions that 
provide the desired level of flood protection 
in a variety of future circumstances. Quick 
wins with non-structural measures or 
temporary river management approaches 
are advisable.
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4.6 Flood Resilience by Scale

The IFRS identifies three spatial scales at which 
interventions may be active; regional, city and local scales. 
Likewise, within Yangon City different locations experience 
different flood hazards depending on the dominant flood 
driver and the interaction with the urban infrastructure 
and land elevation. Based on the different characteristics 
also the type of resilience measures varies: from large 
infrastructural interventions (embankments, floodwalls 
and tidal barrier) to protect (a large part of) the city from 
high river and coastal waters, to for instance small scale 
interventions to locally improve the storage and drainage 
of rain water. Based on the characteristics of each scale 
level, a balanced set of measures is identified that act at 
city as well as local level.  

Figure 4.3 Scale levels of Resilience

Local Scale

Yangon City Scale

Regional Scale

River Basin Scale

National and Regional Scale Resilience
Flood risks often have their origin outside the Yangon 
juridical borders. Even though the scope of this IFRS is 
on Yangon City, the flood protection of Yangon and its 
causes (and most likely also solutions) outside the city’s 
boundaries is of utmost importance.
  
Yangon City Scale Resilience
The approach on the scale level of the City has a strong 
focus on overall flood protection. Potential measures 
that contribute to this are zoning and building standards, 
development of diversion channels, underground tunnels, 
tidal barriers, pumping stations and heightening of river 
embankments, possibly with river front development.

Local Scale Resilience
In addition to coastal surge and fluvial flood hazard, 
Yangon City also faces pluvial floods. These floods have 
different characteristics and have a variety of socio-
economic impacts on the city. Pluvial flood hazards should 
be addressed on a more local scale as a result of for 
instance local obstructions in the drainage infrastructure 
or lack of drainage infrastructure in parts of the city. 
Local resilience measures can decrease the society’s 
vulnerability to flooding and can create opportunities for 
maximizing co-benefits of these flood resilience measures 
to the township’s or ward’s economy, environment, citizens 
or cultural heritage.
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5.1  Program of  Measures

Measure are selected that meet acceptable and affordable 
safety levels for all citizens of Yangon City for Yangon City 
and at the same time pay full attention to integration with 
natural and ecological assets creating an appealing and 
healthy city. 

Non-structural Measures 

Structural Measures 
at City Scale

Structural Measures at 
Local Scale

Rain Barrels

Permeable Pavement (Storage)

Remove Pavement to Plant Green

Rain Water Detention Pond

Repair of Tidal Gates

Infiltration Fields and Strips with Surface Storage

Ditches and Swales

Public Awareness Campaign

Bioswales (with Drainage)

Public participation in emergency response and recovery

Drainage-Infiltration-Transport (DIT) Drains

Green Roofs with Drainage Delay

Raise budgets/financing instruments for flood risk management

Technical Guidelines / Building Codes for SUDS

Improved Solid Waste Management

Pumping stations & Compartimentalisation

Streamlined Flow Monitoring System for Sewers, Drains and Canals

Flood Early Warning

Community-based Flood Forecasting and Early Warning System

Improved Spatial Planning

Improved Institutional Arrangements and Coordination on Flood Management

Reservoir Retention & Detention in Yangon City

Elevated Castal Road (1.5 m) / Waterfront

Tidal Barrier

Land Reclamation including Coastal Embankment

Fl
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Ri

sk
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n 
Ci

ty

Time / Investment

decreasing flood risk for Yangon City
residual risk 2040

initial risk 2020

Figure 5.1 Residual Risk

5.1.1  Package of ‘large’ infrastructural measures at 
city scale 

Structural Measures: North-West Yangon
For the North-West part of Yangon (Hlaing township and 
environs) the following measures are proposed:
i.    Embankments or elevated roads (viz. Kanner road) 

along the East bank of Yangon (Hlaing) river: about 10 
to 12 km long with heights of minimal 1.5 m, see Figure 
5.2;

ii.   Seven drainage canal outlets to be upgraded/
reconstructed (Ka Thwe Chaung, Pauk Taw Chaung, 
Yoe Gyi Chaung, Padauk Chaung, Aung Chan That 
Chaung, Kamayit Chaung, and Thamine outlet), most 
of them having no tidal gates at present;

iii.  Retention or extra diversions of flood waters in these 
townships.

Figure 5.2 Possible measures North-west

Structural measures Kandawgyi and Ynya lake
Kandawgyi Lake, see Figure 5.3, and Inya lake offer good 
options for flood retention. The storage capacity can be 
increased with embankments around the lakes as well 
as in- and outflow pumping. The project can also include 
wetland development, for instance in the surrounding 
parks, as well as further waterfront development, like 
walkways or a bicycle path.

In order to mitigate Yangon City’s flood-related challenges, 
two typical packages of measures are proposed: a 
package of ‘large’ infrastructural measures at city scale 
and a package of measures at local scale, i.e. at township 
or ward level.  The Program of Measures is composed of 
structural and non-structural measures.

In Figure 5.1 and Annex 2 all considered structural and 
non-structural measures considered are depicted.
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Figure 5.3 Kandawygi Lake

Structural measures South-west Yangon
For the South-west area of Yangon, adjoining the Ahlone 
townships, the following measures are proposed:
i.     Embankment along the SW corner of the city along 

Yangon river (length: 5 km), see Figure 5.4; 
ii.    Optional compartimentalisation, to create a closed 

polder type area for the harbour and industrial activities; 
this would need an embankment or elevated road (extra 
4 – 5 km) on the inside of the area (Kyee Mindaing 
Kanner road), see Figure 5.4;

iii.  Two pumping stations (10 m³/s each) connecting with 
Thit Taw Chaung and Harbi Chaung.

Figure 5.4 Possible measures South-west Yangon

Structural measures South Yangon-CBD area
For the South side of Yangon City, i.e. the stretch along 
the Yangon river bank adjoining Strand Road the following 
measures are considered:
i.    Embankment or elevated road, from Pazundaung 

Creek till Ywar Thit outlet (some 6.5 km) and a small 
stretch along the Ywar Thit Chaung, from the mouth till 
the sluice gate (some 0.4 – 0.5 km);

ii.   Two pumping stations (10 – 15 m³/s each), at Hwar Thit 
Chaung and Phone (or Khone) Gyi outlets;

iii.  Renovation/reconstruction of five outlets (New Strand 
Road/23rd Street outlet, Maha Bendula street outlet, 
Thein Pyu outfall, Botahthaung Pagoda street outlet, 
and the creek/ outlet between 61st and 62nd street) and 
repairs or installation of tidal gates.

For the embankment (or elevated road) along Strand Road 
there may be an attractive alternative, such as reclamation 
of land along the south side of Yangon City/CBD, i.e. the 
northern bank of Yangon River. This may create valuable 
land for property development, residential, commercial, as 
well as riverfront development, see Figure 5.5. It would 
not necessarily compromise existing riverfront activities 
since some of the most important harbour facilities and 
ferry landings can still be accommodated. On the other 
hand, buildings, terminals etc. that presently spoil the 
view on the waterfront along Strand Road could through 
this operation be moved to the harbour/industrial area in 
South-west Yangon. 

Figure 5.5 Possible measures South Yangon-CBD

At the end of 2019 SWECO-Nippon KOEI has produced 
design reports under the SEADRM project covering the 
detailed design of drainage infrastructure in 6 townships 
in the Central Business District, including upgrade of the 
drainage collector drains, interceptors and 4 pumping 
stations.  

Structural measures South-East Yangon city
Flood mitigation measures in the South-east part of the 
city, i.e. the Pazundaung Creek area, are proposed as 
follows:
i.    A movable tidal barrier or sluice in the lower part of 

Pazundaung Creek (somewhere halfway between 
Maya Bandula Road bridge and Thar Kay Thay bridge) 
to protect flooding of PZD creek and environs, including 
Okkalapa, and enabling gravity drainage from the 
townships into the creek by keeping the water level 
relatively low, see Figure 5.6;

ii.  Embankments along the lower part of Pazundaung 
Creek, between the projected tidal barrier and the mouth 
of the creek (in total some 5 km);

iii.  Two outlets, Thae Dyne Chaung and Nhat Chaung, 
debouching into Pazundaung Creek, to be provided 
of outlet structures or pumping stations, depending on 
water levels in Pazundaung Creek, the position of the 
tidal barrier, potential storm water discharges etc.

Figure 5.6 Possible measures South-East Yangon city
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Structural measures East Yangon
Along the Bago South-western river bank, from Pazundang 
Creek mouth upstream an embankment will be needed 
to protect the adjoining townships (Thaketa and part 
of Dagon Myothit). Along this bank there would also be 
options for land reclamation and property development, 
but the revenues will certainly be lower than for the CBD 
as the square meter land price is lower in this part of town. 

5.1.2  Measures at Local Scale

In most townships, the main cause for flooding is intensive 
rainfall. For townships located along the rivers, this cause 
is coupled with high river levels and limited drainage 
capacity at high tides. Therefore, the proposed local 
structural measures focus on collecting, retaining, and 
delayed discharge or infiltration of pluvial waters to the 
rivers. Especially in the densely developed urban areas 
these measures are often relatively small in size and 
need to be integrated into the urban fabric. Nature-Based 
Solutions that create value for people, environment, 
economy and cultural heritage are at the heart of the 
measures proposed. 

The effectiveness of local structural resilience measures 
is demonstrated with a Resilient City Toolbox for four case 
study areas: Hlaing township, South Okkalapa township, 
Ahlone township and Central Business District. The 
case study exercises with local smaller-scale structural 
measures have provided useful insight into which structural 
measures can typically be integrated within the existing 
urban infrastructure of Yangon.

-    Industrial/port areas: infiltration fields/strips, Drainage 
Infiltration Transport Drains (DIT), green roofs, ditches, 
permeable pavement;

-   Commercial: green roofs, bioswales, permeable pavers, 
rain barrels/tanks;

-   Residential: bioswales, infiltration fields, rain barrels, 
DIT;

-   Public: rain gardens, bioswales, infiltration fields, hollow 

roads;
-   Green: surface water, rain gardens, infiltration fields;
-   Urban farms: rain barrels, rain gardens.

The study has provided an overview of promising measures 
that can serve as inspiration and input for the detailed 
development of township-specific development plans and 
should be seen as a starting point for the discussion on how 
to effectively integrate such local measures in planning 
and design. While having maximized the implementation 
of green-grey infrastructure solutions to address improved 
storm water retention, the analysis shows that these 
types of measures only serve between 10-20% of the 
required storage capacity in the case study areas. Hence, 
to reduce flood risk, the largest contribution should come 
from ‘conventional structural solutions’ such as enhanced 
drainage capacity of the urban drainage infrastructure.

Figure 5.7 Resilient Cities Toolbox map tool exercise for the South Okkalapa Township Case Study – opportunity map for 
possible implementation of local structural measures towards a Safe-for-all South Okkalapa Township.

At the same time, it is worth noting that the small-and 
local-scale nature of Nature-Based Solutions make them 
suitable for cash-for-work programs implemented within 
the context of Myanmar Covid Economic Relief  and 
Myanmar Economic Recovery and Reform plans. Besides 
the expected direct impact on the health of people, also 
the indirect socio-economic impacts are tremendous 
for Yangon. It is of utmost importance that in the post-
Covid-19 period Yangon’s economy will be stimulated to 
recover from the pandemics impact soonest. Investing in 
projects that are beneficial to the groups in society that 
suffer most under Covid-19 can be a way of providing job 
opportunities to those who need it most, when it is most 
needed.

A Yangon Resilient Cities Toolbox (RCT) has been 
developed to support integrated resilience planning and 
the multi-disciplinary dialogue between stakeholders. 

In co-creative workshops with YCDC the RCT has been 
used to quantify the effects of measures in a real-time 
online environment. 

The tool has a focus on the use of Nature-Based Solutions 
(NBS) or Green Infrastructure to increase resilience. 
Access the RCT at http://yangon.crctool.org
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North-west Yangon City:
- floodwall
- (coastal) embankment
- tidal gates
-  retention / diversion within 

townships /pumps 

South-west Yangon City:
- floodwall
- (road) embankment
- compartimemtalisation
-  lifting of port area

CBD:
-  floodwall
-  elevated coastal road or port area included with coastal reclamations
- tidal gates
- nature based solutions 

Tidal Barrier:
-  Tidal Barrier / Sluice in 

narrower upstream area
- Early Warning System

- Floodwall
- Coastal Embankment

Kandawgi Lake Storage

- SUDS
-  storage within 

Townships
- pumps

Storage, infiltration, diversion, 
nature-based solutions, 
non-structural measures

(SUDS, RCT, etc)

Figure 5.8 Possible Investment Packages

Ynya Lake Storage
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5.1.3  Non-structural Measures

The non-structural measures require investments in 
the programs that manage and provide key services to 
Yangon and its citizens.  There are different categories 
of interventions that are proposed: i) Institutional 
measures focusing on organizational aspects of the 
relevant government agencies; ii) legal & regulatory 
measures aimed at strengthening rules, regulations and 
enforcement, iii) emergency preparedness, response and 
recovery planning, iv) socially inclusive impact forecasting 
and early warning systems; v) flood hazard mapping; vi) 
capacity building aims to increase local knowledge and 
understanding of aspects related to flood resilience; and 
vii) risk communication aims at informing the public about 
their potential exposure and encourage them to engage 
and participate in precautionary measures.   

The following non-structural and basically no-regret 
measures are considered for immediate implementation, 
some of them are needed to support the structural 
measures:

Improved institutional arrangements and 
coordination on flood management 
As there is a general lack of clarity on the roles and 
responsibilities of the many government agencies, it is 
recommended to establish a working group (or committee) 
with a dedicated mandate on flood management with 
representatives from different ministries and departments 
dealing with issues related to floods. Such a working group 
could discuss integral aspects of flood management, e.g., 
participate in the regular update of local flood mitigation 
plans, determine the current and future desired safety 
level of Yangon, identifying infrastructure projects 
and conservation and restoration of natural systems, 
educational and awareness programs, alignment of 
water infrastructure operation systems and emergency 
response measures. The proposed work working group 
(or committee) on flood management could also allow for 
the free exchange of information and support as required 

by the different national and local agencies. Since there 
is not one agency (e.g. Department of Hydrology and 
Meteorology, Hydro-Informatic Centre, Yangon YCDC, 
National Disaster Risk Management Committee) that has 
all the required information to independently develop the 
type of maps that Yangon requires (combining both river 
and coastal floods. Moreover, technical standards will 
need to be established and clarified to understand and 
interpret the maps (for example how to calculate flood 
return periods, topographic mapping requirements, and 
modelling approaches). Ideally, the results of the maps, 
reports, educational resources, and other tools will also 
be developed to help not only disseminate the results, 
so the communities understand and prepare to manage 
their flood risks, but also to validate the results. Finally, 
the capacity and methodology to lead a coordinated 
effort to collect and disseminate accurate flood data and 
risk information needs to be in place to aid response and 
recovery efforts after a flood disaster occurs and inform a 
Post-Flood Disaster Needs Assessment.

Monitoring plan of sewers, 
drains and canals  
To facilitate a periodically check the state of the infrastructure 
and conduct additional work (e.g. replacement, improving 
or upgrading a streamlined monitoring system for 
sewers, drains and canals is proposed. This will facilitate 
operations and avoid discrepancies in data. Additionally, 
flow monitoring measures with the usage of meters, 
hydraulic capacity analysis of the sewer systems and a 
standardized surface water drainage assets system are 
a few of the approaches that can already be taken into 
consideration. 

Improved 
spatial planning
Spatial planning is an important instrument for flood 
sensitive urban planning. The following can be done to limit 
exposure and reduce vulnerability: a permitting process 
to manage development and activities and application of 
standards and codes (e.g. Myanmar Building Code) to 

reduce the vulnerability of buildings and facilities. YCDC 
can also develop the incentive mechanisms to implement 
such regulations not only to new developments but also 
to existing constructions. To enforce this, it would require 
updating the Myanmar Building Code as well as the Urban 
Development Plan for Yangon. Further, it is recommended 
to require developers to integrate green solutions into 
site development plans and give ample considerations 
to natural habitats. This could be enforced as part of the 
Building Permit process from YCDC. The updated Zoning 
Plan should include important natural systems, water 
bodies and green spaces and provide guidance on their 
conservation.

Establishing a large-scale 
flood early warning system
It is important, in particular in support of the proposed 
structural measures such as a tidal barrier for Pazundaung 
Creek as well as pumps, to establish a dedicated and 
detailed flood early warning system for reliable forecasting 
of pluvial, fluvial and coastal floods and their operation. A 
functional, reliable and effective flood early warning system 
is an essential prerequisite for reducing loss of lives and 
livelihood assets. Such a system focuses on systematic 
data collection, analysis and formulation of warnings, 
including the risk assessment and information sharing. 
In order to properly manage river and coastal flood risks, 
the natural systems and their hazards should be well 
understood by YCDC and properly communicated to the 
public. This is an enormously complex and continuous 
process that YCDC should be involved in together with 
DMH as well as other IWRM and DRM key authorities. 
Flood hazard mapping should be the basis for flood 
management, and it needs to be constantly updated as 
flood hazards change over time due to climate change, 
and new infrastructure development.

Improved solid waste 
management and regulations
Solid waste, particularly plastics, finds its way into the 
drains, especially the secondary and tertiary drains, 
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clogging them. Rapid urbanization coupled with the 
lack of enforcement has further aggravated the waste 
management problem in Yangon, leading to an increased 
risk of flooding. The main issues concerning solid waste 
management are inadequate waste collection, lack of 
facilities, insufficient public participation and the lack of 
enforcement. Expanding access to municipal management 
services to ensure all members of the community have 
access to the minimum level of waste disposal services 
can be done through developing, implementing and 
regulating national waste management standards and 
protocols throughout the city. YCDC can further strengthen 
and enforce its waste management strategies, establish 
strategies to reduce waste to end up in the drainage 
system. 

Public awareness 
campaign
Communities are at the center and should be actively 
involved in the IFRS / flood emergency and response plan. 
Communities should also be continuously informed of their 
flood risk profile and participate in flood hazard and risk 
mapping. It is therefore proposed that YCDC enhances 
its focus on conducting city-wide awareness campaigns, 
evaluate them regarding their effectiveness and actively 
engages with the communities to further support recycling 
and reuse of waste through the 3Rs approach - reduce, 
reuse, recycle. To address the latter a special community 
clean-up campaign (in the form of a cash-for-work 
program) should be considered which also helps in raising 
awareness of how solid waste in urban drains may affect 
flood risk at local level.  Activities should be further aligned 
with the National Waste Management Strategy. 

Raise budgets / financing instruments 
for flood risk management
Increasing the available budget for managing flood risk 
management should increase the level of knowledge and 
preparedness.  YCDC is to consider different options for 
financing and, supported by a more detailed financial 
analysis/modelling and stakeholder consultation, decide 

what the most appropriate source of funding and financing 
instruments are for flood risk management. As part of 
this, it is recommended to conduct a fiscal disaster risk 
assessment together with expenditure review and financing 
gap analysis. It should also be considered to develop 
financial instruments that could be readily available in 
case of a flood disaster, this in order to finance immediate 
response and recovery.  

Technical guidelines and 
building codes for SUDS
As there is a need to balance the trajectory of (re-)
development projects with drainage requirements within 
the catchment a sustainable drainage system (SUDS) 
approach is recommended.  To best integrate sustainable 
urban drainage into urban plans at city and township 
levels YCDC should work with National, State/ Region and 
City level institutions to incorporate SUDS into integrated 
planning by involving a wide range of local stakeholders 
at different stages of the planning process. Specific 
technical guidance on SUDS, demonstrating how to plan 
and implement SUDS, can be provided by Hlan Chi SUDS 
programme. Finally, building codes in general apply not 
only to new constructions but also how to retrofit existing 
buildings and infrastructure.  

Emergency response training and public 
participation in response and preparedness
Vulnerable communities take a longer time to recover from 
disaster impacts, including floods. It is therefore important 
to include the public and particular vulnerable communities 
into emergency response training and enhanced support 
to preparedness towards flood events. It is recommended 
that YCDC will provide knowledge, skills and tools, and 
financial support while developing the skills necessary for 
individuals to be able to respond to emergency situations, 
such as a flood. Regular trainings at defined intervals 
are essential to ensure up to date emergency responses 
and to also provide refreshers training to the community. 
It is also essential that women, children and minority 
groups are included in the emergency response trainings 

as they represent the most vulnerable segment of the 
population during a flood. Additionally, hazard mapping 
should be incorporated into the training in order to build 
local capacity and provide an area specific emergency 
response.  Training by implementation and role-playing 
exercises have proven to be useful as it fosters community 
participation to mitigate flood risk at a local level. Role-
playing also facilitates adaptive and situational decision-
making.

Community-based 
flood early warning systems
To further support vulnerable communities within Yangon 
the establishment of a Community-based flood early 
warning systems through YCDC is recommended.  
Through participation, the urban community members 
know their risk and understand the hazard characteristics. 
This system, addressing risk knowledge, monitoring and 
warning service, dissemination, and response, can be 
integrated with the larger-scale Flood Early Warning 
System.
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5.2  Institutional Implications

The development and finance of some of the proposed 
flood resilience projects require coordination with a number 
of different agencies. For example, all levies constructed 
in the Greater Yangon Region are under the responsibility 
of the Irrigation and Water Utilization Management 
Department (IWUMD), while the management of these 
levees is under the Greater Yangon Region and YCDC, 
depending on the location. For elevated roads with a 
flood protection function, however, responsibilities are not 
clear. River bank protection is the prime responsibility of 
the Directorate of Water Resources and Improvement of 
River Systems (DWIR) and the Ministry of Construction is 
responsible for highways and structures crossing the river. 
Many of the waterfronts are managed by the Myanmar 
Port Authority (MPA) and possible re-alignments and 
embankments need to be discussed with many local port 
users. For tidal barriers the responsibility is with a national 
department (IWUMD or DWIR). Major rivers, creeks 
and canals (i.e. Yangon River, Bago River, Hlaing River, 
Ngamoeyeik Creek, Pazundaung Creek, Pan Hlaing 
River and Twantay Canal) are managed by the Ministry of 
Agriculture and Livestock.

For Yangon City related projects there is also no singular 
body for flood risk management and even within YCDC 
flood management is spread over different departments. 
Small rain structural projects such as water detention 
ponds, infiltration fields, bioswales, green roofs and 
permeable pavement can be handled by YCDC (together 
with the townships, wards and village tracts).

The implementation arrangements for IFRS will require 
innovate governance approaches to bring together all the 
agencies sharing a mandate related to the implementation 
of the structural and non-structural measures.  Hence, the 
proposal for establishing a working group (or committee) 
to address both the short-term requirements (project 
implementations) as longer term preferred institutional 
arrangements.

5.3   Technical Performance 
Analysis

In a technical performance analysis (with the coupled 
Yangon Flood Model and the Regional Model) a first 
analysis was carried out to investigate the flood risk 
reduction of the measures.

Package Model scenario

1 Effect of controlled low wa-
ter level in the Pazundaung 
Creek on the drainage 
towards the Creek (this 
requires a closure of the 
barrier during low tide)

1 in 10 years rain event

2 Combined effect of 20% 
storage and infiltration in 
Yangon City + retention in 
Ynya lake and Kandaw-
gyi Lake (and 15 m3/s 
pumping to both lakes 
from the adjacent flood 
prone areas and from 
the start of the rain event 
onwards) + closure of all 
tidal gates, Tidal barrier in 
Pazundaung Creek and 1.5 
m high floodwalls around 
Yangon City

1 in 10 years rain event 
combined with a 1 in 25 
years coastal surge

In Figure 5.9 to 5.12 the effect of the above two packages 
with measures on the water depth and flood duration is 
given. Package 1, with only a tidal barrier in place and low 
water level in Pazungdaung Creek shows some impact 
on water depth reduction (0.2 – 0.5m) and reduced flood 
duration (up to 1 to 4 hours) in a relatively small area. The 
effect of drainage of water to Pazundaung Creek at lower 
water levels in the creek, with only a tidal barrier in place, 
appears to be limited.  

Table 5.1 Packages and Model Scenarios

Package 2 with most structural measures in place, 
however, shows significant reduction in water depth and 
flood duration in all flood prone areas. It appears that a 
tidal barrier, in combination with embankments / floodwalls 
can be very instrumental in protecting the coastal affected 
areas in Yangon City against the combination of high tides, 
monsoonal set up and coastal surges. Maximum water 
depths in the entire flood prone area reduces with 0.2 
to 1.0 m on average and duration of floods also reduces 
significantly (4 – 12 hours). 
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Figure 5.9 Effect Package 1 (water depth)

Figure 5.11 Effects Package 1 (duration)

Package 2, however, is less effective in mitigating the effects 
of intense rainfall, as infiltration, detention / retention after 
rain events simply require time to become effective. Many 
additional and retention areas and drainage capacity need 
to be developed to temporarily store and / or divert the 
flood water instantly within the first 3 hours of an extreme 
rain event. As there is little to no space available in the 
densely developed Yangon City, underground options such 
as tunnels in a network of storm drains and extra pump 
capacity need to be investigated. Given the relative short 
duration of the intense rainfall, pumping will always have a 
delayed effect and as such, floods may still occur though 
less prolonged in time and at reduced water depths.

Figure 5.13 Resulting flood situation (maximum water 
depths) after implementation of package 2

Figure 5.10 Effect package 2 (water depth)

Figure 5.12 Effect Package 2 (duration)
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5.4   Costs, Benefits and Funding 
Options

5.4.1  Summary

The proposed investment package (Program of Measures) 
is estimated to cost approximately US$ 620 million. When 
comparing this amount with the estimated flood damage 
risk reduction of USD 27 billion over a thirty-year period it 
can be concluded that the proposed investment costs can 
be easily recovered through the benefits of flood avoidance, 
even taking into account the inherent uncertainty of the 
flood risk estimates. A cash flow analysis of an illustrative 
investment schedule shows that a phased implementation 
of measures is feasible within the YCDC’s budgetary 
capacity: annual investment costs of on average 5% of 
YCDC’s current annual  budget  would be sufficient to 
implement the identified package.

5.4.2  Costs and Benefits

Flood protection is a collective or public good. This 
means that the benefits of the proposed measures in the 
IFRS, see Annex 2, accrue to the entire community. The 
collective good character creates a funding challenge. 
However, investments in enhanced flood resilience are 
often among the most economically profitable investments 
in public infrastructure that can be made. In a cost-benefit 
analysis the costs and benefits of a public investment 
project are weighed against each other. If the benefits 
outweigh the costs, then the public investment project 
will increase the economic welfare of the community and 
should be implemented. The costs of the flood protection 
scheme as described in Annex 2 are the total costs for 
the implementation of the measures in the period 2020 
till 2040. The primary benefit of implementing the IFRS 
is the avoidance of damages and casualties caused by 
floods. In addition to the avoidance of flood damages 
a flood resilience scheme may have co-benefits like 
creating a green, attractive environment and providing job 

opportunities for local communities. This in turn not only 
leads to enhanced flood resilience, but also to a more 
attractive and liveable Yangon. 

The proposed package may also have some impact for 
more severe floods than the design protection level. While 
the protection scheme cannot avoid these severe floods 
from occurring, it may mitigate some of the damages, 
see Figure 5.14. While the protection measures cannot 
avoid these severe floods from occurring, it mitigates their 
damages. In other words, the flood protection scheme 
causes a downward shift of the damage return-period 
function.

Average annual flood damages prior to flood risk reduction 
investment are estimated at 1.65 billion USD. The present 
value of expected flood damages over a thirty-year period 
(taking into account population and economic growth, 
but not climate change) amounts to 27 billion USD. The 
proposed package of measures offers a protection level 
towards flood events with a frequency of once every ten 

Figure 5.14 Assessment of avoided flood risk

years as well as more frequently occurring smaller floods. 
This means that the expected value of avoided flood risk 
substantially exceeds the estimate of the investment costs 
(about USD 620 million). In addition, the proposed package 
may also have an impact for more severe floods than the 
design protection level. While the protection measures 
cannot avoid these severe floods from occurring, it 
mitigates their damages, as shown in Figure 5.14. In other 
words, the flood protection scheme causes a downward 
shift of the flood risk function.

The city of Yangon is largely self-supporting regarding 
current local government expenditures and draws most of 
its revenues from local taxes. Especially the property tax is 
used for the recovery of the costs of the provision of public 
services.  Aa specific tax instrument already exists to fund 
investments in public infrastructure, including drainage 
and flood protection. However, the current level of property 
taxes is very low (0.03 per cent of GDP in 2013, i.e. some 
2 USD per inhabitant, and well below the rates observed 
in all middle-income countries in the region), severely 
restricting the provision of additional public infrastructure 
and services. In the current situation not all properties 
pay taxes yet and many properties are undervalued. 
This means that the present resources of YCDC seem 
inadequate for the funding of the IFRS measures proposed 
in this study. However, from the above it can be concluded 
that by improving the value assessment and the collection 
of the property tax, revenues can be increased significantly 
(a tenfold increase would be equivalent to more than USD 
100 million per annum). This would not require a legal 
reform, nor result in an excessive tax burden on local 
residents and property owners, provided that the proceeds 
are used for the efficient provision for public services and 
infrastructure. 

YCDC is recommended to accelerate implementation of 
priority investments in flood protection and resilience as 
benefits largely outweigh the costs for these infrastructure 
works while Myanmar has still access to attractive financing 
options (concessional loans):
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-    The benefits of the flood resilience scheme are so large 
compared to the costs that any delay of implementation 
is economically inefficient. The first-year rate of return 
rule for the timing of projects states that a project should 
be carried out as soon as the first-year benefits are 
larger than the cost saving of delaying the project by 
one more year. The latter are approximately equal to 
the project investment costs multiplied by the discount 
rate. The project investment costs are some USD 481 
million (for the entire package) and the discount rate 
equals 11%. This implies that as soon as the benefits 
of the entire project exceed USD 55 million, the entire 
project should be implemented as fast as possible. 
The flood risk reduction benefits of the entire project 
are conservatively estimated at USD 1.65 billion per 
annum. This estimate is characterized by a large 
degree of uncertainty due to insufficient input data for 
the flood hazard and damage modelling. However, even 
if the annual benefits would only be only one twentieth 

of this estimate (USD 80 million), it would already be 
economically advantageous to implement the full project 
as soon and fast as possible. 

-    Financing permits to accelerate investments while 
spreading the financial burden over a long period. 
Myanmar benefits from concessional loan conditions. In 
recent months, for instance, loans have been extended 
at interest rates of 0.01% (JICA for urban infrastructure, 
railways and energy projects, among other) and 2% 
(World Bank for power plants). Maturities were 40 years 
(JICA) and 30 years (World Bank). These interest rates 
are significantly below the current level and short-term 
prediction of the rate of inflation, which is 6% per annum 
(IMF). The consequence is that it is less expensive to 
borrow and carry out the works immediately, than fund 
the projects from the current budget and spread them 
over a long period (given the budget constraints). The 
inflation costs of the latter option exceed the interest 
costs of the first option.

The conclusion is that there are no economic nor financial 
reasons to postpone the works and spread the investments 
over a long period, and integration of flood related 
infrastructure with other infrastructure investments / urban 
planning developments will help the implementation. 
However, there are some practical reasons to adopt a 
more gradual implementation scheme:
-    It is in practice impossible to carry out the investment 

projects all at once and in a short period of time, for 
various reasons: the need for preparatory studies, 
planning and permitting procedures (especially for 
the larger structural measures), the capacity of the 
procurement department and the capacity of contractors.

-    The supply of concessional loans is not limitless. The 
multilateral and bilateral development institutions 
that provide concessional financing must spread their 
resources over projects in many countries and sectors, 
many of which have equally compelling benefits.

When projects must be prioritized due to resource 
constraints then the primary economic ranking criterion 
is the benefit/cost ratio. The projects with the highest 
cost/benefit ratio should be implemented first so that the 
larges possible benefits are achieved with the available 
resources. In this project the data are lacking to determine 
the benefit/cost ratio of individual projects and measures 
(only an estimate of the benefits of the entire project can 
be made). Therefore, the priority ranking of the projects 
has been based on a set of qualitative criteria that reflect:
i)      the expected benefits of each project for various 

objectives; 
(ii)   project cost; and 
(iii)  various practical considerations such as environmental 

impact, social acceptability and implementation 
difficulties. 

The approach and results of this multi-criteria analysis are 
presented in the next chapter. It yields a ranking of the 
projects in three categories in function of the implementation 
timeline: short term (2020 – 2025), medium term (2025 – 
2030) and long(er) term (2030 – 2040).Photo credits: Thu Aung
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Table 5.2 Investment Scenario Assumptions

Timing Source of funding 
and financing

Investment amount 
(USD million, 2020 price level)

General All measures implemented 
in 20 year period
YCDC budget = USD 160 
million (2020 price level)
6% inflation rate for costs 
and YCDC budget

Total: 481,4

Phase 1
All proposed non-structural 
measures

Years 1-5
Many of these measures 
are necessary for the effec-
tiveness of the structural 
measures

To be funded from current 
budget (no financing)

13,0

Phase 2
Short term structural mea-
sures

Years 1-20
These measures can be 
implemented gradually 
and jointly with other public 
infrastructure works

To be funded from current 
budget (no financing)

144,3

Phase 3
Medium term structural 
measures

Years 6-10
Years 1-5 are used for 
preparation (studies, pro-
curement)

Loan with 2% interest rate 
and repayment period of 20 
years starting after comple-
tion of works
Repaid by YCDC

143,6

Phase 4
Long term structural mea-
sures

Years 16-20
Postponed in order to 
spread budgetary impact

Loan with 2% interest rate 
and repayment period of 20 
years starting after comple-
tion of works
Repaid by YCDC

180,5

5.4.3  Investment Planning

A practical investment scenario has been defined on the 
basis of multicriteria project ranking8  (Annex 1) and the 
assumptions explained in Table 5.2. 

Figure 5.15 Investment in 2020 prices

Figure 5.15 shows the resulting phasing of investment 
expenditures in 2020 price level. All projects are considered 
completed in 20 years.

Figure 5.16 Investment in current prices (including 6% 
inflation)

Figure 5.16 shows the investment expenditures in nominal 
terms (including 6% inflation).

8 Task 2 and 3 Technical Notes, Annex 1.
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Figure 5.17 shows the cash flow impact for the government 
budget. The government is in this case YCDC in first 
instance, but MPA, DWIR and others may also contribute 
to the protection measures along the river. The cash flow 
impact for the government equals the investment costs 
of the projects that are directly funded from the budget 
(phases 1 and 2) and the debt service of the projects that 
are financed by loans (phases 3 and 4).

Figure 5.17 Government (mainly YCDC) expenditures 
in current prices (costs of directly funded projects + debt 
service of financed projects)

Figure 5.18 shows the percentage share of the above 
expenditures in the current YCDC budget (USD 160 million) 
under the assumptions that (i) YCDC is responsible for the 
entire costs (no contribution assumed by other government 
entities) and (ii) the YCDC budget equals USD 160 million 
and is not increased except for inflation. The percentage is 
an approximate indicator of the financial affordability of the 
flood protection scheme.

Figure 5.18 Share in YCDC budget (assuming USD 160 
million budget with inflation of 6% and no increase in real 
terms)

Even without an increase in the YCDC budget, the 
budgetary impact would be relatively modest. A reasonable 
increase of the rate of the property tax should be able to 
cover the expenditures of the flood protection scheme. The 
taxpayers would also be the main recipient of the benefits 
of the scheme.

Other scenarios with a different prioritization of projects are 
also possible. Even a further acceleration of investments 
appears feasible.. 

5.4.4 Possible Private Sector Funding

Private sector investments in flood protection are 
relatively rare. They mainly occur where there is a direct 
relation between the investment and the protection of 
private property (for instance the protection of industrial 
installations or of residential islands).

Private co-funding of flood protection can be feasible for the 
measures with a mixed use: on the one hand a collective, 
protection use and on the other hand a commercial use. 
If the commercial value is sufficiently high, then part of 
this value can be reserved for defraying the costs of the 
flood protection strategy. Examples of such mixed use of 
flood protection infrastructure are a combination of land 
reclamation and flood protection; dike body serving as 
foundation for a toll road and parking under an embankment 
or serving as retention area.

In the case of Yangon, the combination of flood protection 
with land reclamation may be an interesting option for some 
locations. The land prices in Yangon are high: some 2,400 
USD per m². This exceeds the investment costs of land 
reclamation. Moreover, in some areas the space is lacking 
to raise the river embankments, so that construction of an 
embankment in the river may be an option. The revenues 
from the land development could then be sufficient to cover 
the relative high cost of the embankment so that the flood 
protection is achieved “for free” (and perhaps even with a 
surplus that can be invested in additional flood protection 
measures).

At a much smaller scale, the government can come up with 
regulations that require private developers to incorporate 
water retention and drainage facilities in the design of their 
plot, and cover the costs for this infrastructure. This in 
particularly applies to application of SUDS. 
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As Yangon City further urbanizes, the flood risk is expected 
to increase due to increasing stormwater flow volumes and 
increased run-off. In addition, ongoing land subsidence 
may further aggravate the situation. Moving towards 
implementation IFRS, YCDC will need to carry out the 
following activities:

•    Additional data collection – Additional data collection 
is required for local water depths and flood duration. 
More data is also required for affected population; 
property losses – their extent and value; and on the 
relationship between flood inundation and duration with 
damage. In addition, more data should be collected on 
local implementation costs of flood mitigation measures 
e.g. from the recently bid contracts for the CBD, and all 
existing local development plans to identify opportunities 
for co-developments. 

•   Modelling – In follow-up modelling studies more 
attention needs to be given to reducing uncertainties 
(e.g. regarding surge estimates, wave set-up and design 
rain events) and combined probabilities of fluvial, coastal 
and pluvial flood events and the timing of such events. 
In general, future modelling scenarios and simulations 
should be more focused on addressing (and calibrating) 
higher frequency events, (probability of) alternative 
rainfall design events and effectiveness of / impacts 
of large-scale local solutions.  Given the very high 
uncertainty in the existing flood damage estimations, 
more data needs to be collected on the affected 
population and property losses, and relationships 
between flood inundation and duration with damage. 
With the current high benefits of the considered package 
of measures there are no economic or financial reasons 
to not consider large scale local measures.

•   Feasibility studies, more detailed multi-criteria 
analysis and detailed designs for the highest 
priority investment proposals – assess final 
investment packages of measures addressing the 
effectiveness in reaching flood resilience objectives 

versus the total costs and projected benefits of the 
measures.

        -  Large-scale infrastructure measures – prepare 
spatial plans that aim at maximizing co-benefits 
to reduce the direct costs, develop specific 
(technical and financial) feasibility and detailed 
technical design studies. The strategic social 
and environmental context of some of the large 
structural measures proposed require dedicated 
studies per measure. With informal settlement 
and vulnerable communities present at numerous 
locations throughout Yangon, this is of the utmost 
importance. Social inclusiveness and sustainable 
development should be the pillars of all bespoke 
local flood resilience initiatives and should guide the 
planning and detailed design of the measures. 

        -   Local-scale measures – seek to integrate SUDS 
measures into urban design to maximize the use 
of available land for flood resilient solutions and to 
realize other environmental co-benefits.  Prepare 
requirements for implementation of quick-win low 
cost SUDS measures throughout the city, where 
conditions permit and taking account of possible 
integration with private sector developments.

•   Budgeting and finance – based on required feasibility 
and design work more detailed cost estimates need 
to be prepared for the program of measures and also 
for related operation and maintenance requirements, 
including any improvement found to be necessary for 
existing facilities.

•   Embedding resilience practices in urban 
development plans – incorporate flood resilience 
measures in plans for large-scale urban and infrastructure 
developments where possible.

•   Monitoring and Evaluation – prepare a plan to 
monitor effectiveness of measure implementations and 
regularly evaluate the safety levels.

When moving from an overall IFRS strategy towards 
action planning and implementation, potentially conflicting 
or overlapping responsibilities need to be addressed, as 
related to flood safety targets, land use and land ownership, 
responsibilities on construction and future operation 
and management, alignment of drainage systems with 
emergency response management, funding, etc. Given 
the general lack of clarity on the roles and responsibilities 
of the various government agencies it is recommended to 
establish a working group (or committee) with a dedicated 
mandate on flood management, with representatives from 
different ministries and departments dealing with issues 
related to floods. Such a working group could discuss 
integral aspects of flood management, e.g., participate in 
the regular update of local flood mitigation plans, determine 
the current and future desired safety level of Yangon, 
identifying infrastructure projects and conservation and 
restoration of natural systems, educational and awareness 
programs, alignment of water infrastructure operation 
systems and emergency response measures.

Increasing the available budget for managing flood risk 
management and enhancing Yangon’s resilience will 
increase the level of knowledge and preparedness, but 
also the expectations.  For instance, currently operation 
& maintenance of drainage facilities is essentially limited 
to cleaning of existing canals before the rainy season. 
The reorganization in YCDC, wherein drainage and road 
activities are placed in separate departments, will improve 
the budgeting and O&M planning for drainage and future 
flood risk management infrastructure and operations in 
Yangon City.  At the same time, it should be realized that 
following the same path that’s been trodden in dealing 
with flood risks simply won’t deliver the step change that’s 
needed. YCDC will have to leapfrog to latest technologies 
and capacitate its staff.

There are great opportunities for Yangon to develop into a 
more resilient city and for YCDC to take the lead into the 
implementation of the IFRS strategy. 
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Task 0 Technical Note 

This report includes the flood narrative for Yangon based 
on the evaluation of a number of combined coastal, fluvial 
and pluvial scenarios simulated with the Yangon Flood 
Model.  

Task 1 Technical Note

This report includes the identification of Objectives, a 
description of three distinct Strategic Directions and a 
Catalogue of Measures.

Task 2 Technical Note 

This report combines the components of Task 1, i.e. 
Identification of Objectives, Three Strategic Directions 
and the Catalogue of Measures with the Formulation 
of Conceptual Inputs for IFRS and a Selection of 
Representative Flood Prone Areas.

Task 3 Technical Note

This report builds upon the finalized Task 1 and Task 2 
Technical Notes and includes the Program of Measures 
for Four Representative Flood Prone Areas and an 
Assessment of the Program of Measures.

RCT Background Note

The RCT Background Note is an additional volume to the 
Task 3 Technical Note which contains detailed information 
on the application of the Resilient City Toolbox (RCT) and 
its use for the IFRS.
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

1 Protection against 
coastal and river 
flooding*1 

Around 
Yangon City 

Phased coastal & river 
protection (1:25 years coastal 
surge protection): 

Costs variable, 
depending on 
type 

Total: 37 km 
 

 
 

   a) North-West: 10 km 
elevated highway (Kanner 
road) 

a) per stretch: 4 
MUSD per km  

 40 
 

1% 
 

(Nichols et al., 2013) 

   b) South-West (Ahlone) 5 km 
embankment 1.5 m height 
 
Optional: compartment, 5 km 
embankment inside/road 

b) per stretch: 2 
MUSD per km 
 
Optional: 1 MUSD 
per km 

 10 
 

1% 
 

(Nichols et al., 2013) 
 
 
5 MUSD optional 
 

   c) South-CBD: 6.5 km 
floodwall type 2 or 
embankment 1.5 m height, 
plus 0.5 km along Ywar Thit 
Chaung 

c) per stretch 1.5 
MUSD per km 
 

 10.5 
 

1% 
 

(Nichols et al., 2013) 
 

   d) South-East: 2 * 2.5 km 
elevated road (simple) along 
lower Pazundaung creek 

d) per stretch 1 
MUSD per km 
 

 5 
 

1% 
 

(Nichols et al., 2013) 
 

   e) East/Bago river: 10 km 
elevated road (simple), 1,5 m 
height 

e) per stretch 1.5 
MUSD per km 
 

 15 
 

1%  (Nichols et al., 2013) 
 

2 Tidal barrier Large, 
Pazundaung 
Creek 

Water level control works in 
the narrower upstream area 
of Pazundaung Creek 

Estimate: 75 to 
100 MUSD  

  100 5%   

3 Repair of tidal 
gates*3 

Around 
Yangon City 

# of outlets with tidal valves  30 times 1 MUSD 
per tidal gate*3 

  30 3% Additional to 
SWECO-NP project 

4 Pumping stations / 
compartimen-
talisation 

Large, around 
Yangon City 

Creation of storage ahead of 
rain event / enhanced 
discharge of rain volume to 
river.   

Four pumping 
stations, inlets 
structures, etc. (in 
total 30 m3/s): 7.5 
MUSD per pump 

  30 3% Pumps in the CBD 
are included in the 
SWECO-NP project 

5 Land reclamation 
including coastal 
embankment 

Large, CBD or 
Thaketa  

For 6,5 km * 50 meter wide 
reclamation, + 6,5 km 
embankment 

Reclamation 12 M 
US$, embankment 
13 MUSD; 
additional 
works/revetment 
etc: 25 MUSD 

  -  Optional, not to be 
included in project 
costs 

6 Reservoir retention 
/ detention in 
Yangon city 

Surroundings 
of Kandawgyi 
lake / Inya 
Lake 

Upgrade to retention for 0.5 
m water level set-up 

Estimate 5 MUSD 
per lake 
 
Four additional 
pumping stations   

  10 
 
 
30 

3%   

7 Bioswales (with 
drainage) 

Applied in 
Yangon City 
townships 
that are 
medium to 
severely 
floodprone   

Average cover / township: 
35,000 m2.  

12.6 MUSD / 4 
case study areas 
 
  
  
  

Conservative 
price level 
conversion*4 0,4 

33.7 0.34   

Construction cost/m2: 90 USD 
(NL) 
Maintenance cost per year as 
percentage of construction 
cost: 1 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (4 RCT case study areas * 
6.72) 

8 Drainage-
Infiltration-
Transport (DIT) 
drains 

City-wide Average cover / township: 
19,500 m2.  

16.2 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

43.6 1.77   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
percentage of construction 
costs: 4,06 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

9 Infiltration field and 
strips with surface 
storage 

City-wide Average cover / township: 
15,500 m2.  

4.4 MUSD / 4 case 
study areas  

Conservative 
price level 
conversion 0,4 

11.8 0.098   

Construction cost/m2: 71 USD 
(NL)  

Maintenance cost per year as 
percentage of construction 
costs: 0,83 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

10 Rainwater 
detention pond 
(wet pond) 

City-wide Average cover / township: 
67,500m2.  

12.1 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

32.7 0.163   

Construction cost/m2: 45 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,5 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

11 Green roofs with 
drainage delay 

City-wide Average cover / township: 
32,500 m2.  

12.4 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

33.2 1.99   

Construction cost/m2: 95 USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 6 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  

Table A2.1 Overview of proposed structural and non-structural measures
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 
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Around 
Yangon City 
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road) 
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MUSD per km  

 40 
 

1% 
 

(Nichols et al., 2013) 

   b) South-West (Ahlone) 5 km 
embankment 1.5 m height 
 
Optional: compartment, 5 km 
embankment inside/road 

b) per stretch: 2 
MUSD per km 
 
Optional: 1 MUSD 
per km 

 10 
 

1% 
 

(Nichols et al., 2013) 
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embankment 1.5 m height, 
plus 0.5 km along Ywar Thit 
Chaung 

c) per stretch 1.5 
MUSD per km 
 

 10.5 
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   d) South-East: 2 * 2.5 km 
elevated road (simple) along 
lower Pazundaung creek 

d) per stretch 1 
MUSD per km 
 

 5 
 

1% 
 

(Nichols et al., 2013) 
 

   e) East/Bago river: 10 km 
elevated road (simple), 1,5 m 
height 

e) per stretch 1.5 
MUSD per km 
 

 15 
 

1%  (Nichols et al., 2013) 
 

2 Tidal barrier Large, 
Pazundaung 
Creek 

Water level control works in 
the narrower upstream area 
of Pazundaung Creek 

Estimate: 75 to 
100 MUSD  

  100 5%   

3 Repair of tidal 
gates*3 

Around 
Yangon City 

# of outlets with tidal valves  30 times 1 MUSD 
per tidal gate*3 

  30 3% Additional to 
SWECO-NP project 

4 Pumping stations / 
compartimen-
talisation 

Large, around 
Yangon City 

Creation of storage ahead of 
rain event / enhanced 
discharge of rain volume to 
river.   

Four pumping 
stations, inlets 
structures, etc. (in 
total 30 m3/s): 7.5 
MUSD per pump 

  30 3% Pumps in the CBD 
are included in the 
SWECO-NP project 

5 Land reclamation 
including coastal 
embankment 

Large, CBD or 
Thaketa  

For 6,5 km * 50 meter wide 
reclamation, + 6,5 km 
embankment 

Reclamation 12 M 
US$, embankment 
13 MUSD; 
additional 
works/revetment 
etc: 25 MUSD 

  -  Optional, not to be 
included in project 
costs 

6 Reservoir retention 
/ detention in 
Yangon city 

Surroundings 
of Kandawgyi 
lake / Inya 
Lake 

Upgrade to retention for 0.5 
m water level set-up 

Estimate 5 MUSD 
per lake 
 
Four additional 
pumping stations   

  10 
 
 
30 

3%   

7 Bioswales (with 
drainage) 

Applied in 
Yangon City 
townships 
that are 
medium to 
severely 
floodprone   

Average cover / township: 
35,000 m2.  

12.6 MUSD / 4 
case study areas 
 
  
  
  

Conservative 
price level 
conversion*4 0,4 

33.7 0.34   

Construction cost/m2: 90 USD 
(NL) 
Maintenance cost per year as 
percentage of construction 
cost: 1 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (4 RCT case study areas * 
6.72) 

8 Drainage-
Infiltration-
Transport (DIT) 
drains 

City-wide Average cover / township: 
19,500 m2.  

16.2 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

43.6 1.77   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
percentage of construction 
costs: 4,06 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

9 Infiltration field and 
strips with surface 
storage 

City-wide Average cover / township: 
15,500 m2.  

4.4 MUSD / 4 case 
study areas  

Conservative 
price level 
conversion 0,4 

11.8 0.098   

Construction cost/m2: 71 USD 
(NL)  

Maintenance cost per year as 
percentage of construction 
costs: 0,83 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

10 Rainwater 
detention pond 
(wet pond) 

City-wide Average cover / township: 
67,500m2.  

12.1 MUSD / 4 
case study areas  
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price level 
conversion 0,4 

32.7 0.163   

Construction cost/m2: 45 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
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Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

11 Green roofs with 
drainage delay 

City-wide Average cover / township: 
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12.4 MUSD / 4 
case study areas  
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USD (NL)  

 
  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

1 Protection against 
coastal and river 
flooding*1 

Around 
Yangon City 

Phased coastal & river 
protection (1:25 years coastal 
surge protection): 

Costs variable, 
depending on 
type 

Total: 37 km 
 

 
 

   a) North-West: 10 km 
elevated highway (Kanner 
road) 

a) per stretch: 4 
MUSD per km  

 40 
 

1% 
 

(Nichols et al., 2013) 

   b) South-West (Ahlone) 5 km 
embankment 1.5 m height 
 
Optional: compartment, 5 km 
embankment inside/road 

b) per stretch: 2 
MUSD per km 
 
Optional: 1 MUSD 
per km 

 10 
 

1% 
 

(Nichols et al., 2013) 
 
 
5 MUSD optional 
 

   c) South-CBD: 6.5 km 
floodwall type 2 or 
embankment 1.5 m height, 
plus 0.5 km along Ywar Thit 
Chaung 

c) per stretch 1.5 
MUSD per km 
 

 10.5 
 

1% 
 

(Nichols et al., 2013) 
 

   d) South-East: 2 * 2.5 km 
elevated road (simple) along 
lower Pazundaung creek 

d) per stretch 1 
MUSD per km 
 

 5 
 

1% 
 

(Nichols et al., 2013) 
 

   e) East/Bago river: 10 km 
elevated road (simple), 1,5 m 
height 

e) per stretch 1.5 
MUSD per km 
 

 15 
 

1%  (Nichols et al., 2013) 
 

2 Tidal barrier Large, 
Pazundaung 
Creek 

Water level control works in 
the narrower upstream area 
of Pazundaung Creek 

Estimate: 75 to 
100 MUSD  

  100 5%   

3 Repair of tidal 
gates*3 

Around 
Yangon City 

# of outlets with tidal valves  30 times 1 MUSD 
per tidal gate*3 

  30 3% Additional to 
SWECO-NP project 

4 Pumping stations / 
compartimen-
talisation 

Large, around 
Yangon City 

Creation of storage ahead of 
rain event / enhanced 
discharge of rain volume to 
river.   

Four pumping 
stations, inlets 
structures, etc. (in 
total 30 m3/s): 7.5 
MUSD per pump 

  30 3% Pumps in the CBD 
are included in the 
SWECO-NP project 

5 Land reclamation 
including coastal 
embankment 

Large, CBD or 
Thaketa  

For 6,5 km * 50 meter wide 
reclamation, + 6,5 km 
embankment 

Reclamation 12 M 
US$, embankment 
13 MUSD; 
additional 
works/revetment 
etc: 25 MUSD 

  -  Optional, not to be 
included in project 
costs 

6 Reservoir retention 
/ detention in 
Yangon city 

Surroundings 
of Kandawgyi 
lake / Inya 
Lake 

Upgrade to retention for 0.5 
m water level set-up 

Estimate 5 MUSD 
per lake 
 
Four additional 
pumping stations   

  10 
 
 
30 

3%   

7 Bioswales (with 
drainage) 

Applied in 
Yangon City 
townships 
that are 
medium to 
severely 
floodprone   

Average cover / township: 
35,000 m2.  

12.6 MUSD / 4 
case study areas 
 
  
  
  

Conservative 
price level 
conversion*4 0,4 

33.7 0.34   

Construction cost/m2: 90 USD 
(NL) 
Maintenance cost per year as 
percentage of construction 
cost: 1 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (4 RCT case study areas * 
6.72) 

8 Drainage-
Infiltration-
Transport (DIT) 
drains 

City-wide Average cover / township: 
19,500 m2.  

16.2 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

43.6 1.77   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
percentage of construction 
costs: 4,06 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

9 Infiltration field and 
strips with surface 
storage 

City-wide Average cover / township: 
15,500 m2.  

4.4 MUSD / 4 case 
study areas  

Conservative 
price level 
conversion 0,4 

11.8 0.098   

Construction cost/m2: 71 USD 
(NL)  

Maintenance cost per year as 
percentage of construction 
costs: 0,83 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

10 Rainwater 
detention pond 
(wet pond) 

City-wide Average cover / township: 
67,500m2.  

12.1 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

32.7 0.163   

Construction cost/m2: 45 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,5 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

11 Green roofs with 
drainage delay 

City-wide Average cover / township: 
32,500 m2.  

12.4 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

33.2 1.99   

Construction cost/m2: 95 USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 6 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  



54

 
  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

1 Protection against 
coastal and river 
flooding*1 

Around 
Yangon City 

Phased coastal & river 
protection (1:25 years coastal 
surge protection): 

Costs variable, 
depending on 
type 

Total: 37 km 
 

 
 

   a) North-West: 10 km 
elevated highway (Kanner 
road) 

a) per stretch: 4 
MUSD per km  

 40 
 

1% 
 

(Nichols et al., 2013) 

   b) South-West (Ahlone) 5 km 
embankment 1.5 m height 
 
Optional: compartment, 5 km 
embankment inside/road 

b) per stretch: 2 
MUSD per km 
 
Optional: 1 MUSD 
per km 

 10 
 

1% 
 

(Nichols et al., 2013) 
 
 
5 MUSD optional 
 

   c) South-CBD: 6.5 km 
floodwall type 2 or 
embankment 1.5 m height, 
plus 0.5 km along Ywar Thit 
Chaung 

c) per stretch 1.5 
MUSD per km 
 

 10.5 
 

1% 
 

(Nichols et al., 2013) 
 

   d) South-East: 2 * 2.5 km 
elevated road (simple) along 
lower Pazundaung creek 

d) per stretch 1 
MUSD per km 
 

 5 
 

1% 
 

(Nichols et al., 2013) 
 

   e) East/Bago river: 10 km 
elevated road (simple), 1,5 m 
height 

e) per stretch 1.5 
MUSD per km 
 

 15 
 

1%  (Nichols et al., 2013) 
 

2 Tidal barrier Large, 
Pazundaung 
Creek 

Water level control works in 
the narrower upstream area 
of Pazundaung Creek 

Estimate: 75 to 
100 MUSD  

  100 5%   

3 Repair of tidal 
gates*3 

Around 
Yangon City 

# of outlets with tidal valves  30 times 1 MUSD 
per tidal gate*3 

  30 3% Additional to 
SWECO-NP project 

4 Pumping stations / 
compartimen-
talisation 

Large, around 
Yangon City 

Creation of storage ahead of 
rain event / enhanced 
discharge of rain volume to 
river.   

Four pumping 
stations, inlets 
structures, etc. (in 
total 30 m3/s): 7.5 
MUSD per pump 

  30 3% Pumps in the CBD 
are included in the 
SWECO-NP project 

5 Land reclamation 
including coastal 
embankment 

Large, CBD or 
Thaketa  

For 6,5 km * 50 meter wide 
reclamation, + 6,5 km 
embankment 

Reclamation 12 M 
US$, embankment 
13 MUSD; 
additional 
works/revetment 
etc: 25 MUSD 

  -  Optional, not to be 
included in project 
costs 

6 Reservoir retention 
/ detention in 
Yangon city 

Surroundings 
of Kandawgyi 
lake / Inya 
Lake 

Upgrade to retention for 0.5 
m water level set-up 

Estimate 5 MUSD 
per lake 
 
Four additional 
pumping stations   

  10 
 
 
30 

3%   

7 Bioswales (with 
drainage) 

Applied in 
Yangon City 
townships 
that are 
medium to 
severely 
floodprone   

Average cover / township: 
35,000 m2.  

12.6 MUSD / 4 
case study areas 
 
  
  
  

Conservative 
price level 
conversion*4 0,4 

33.7 0.34   

Construction cost/m2: 90 USD 
(NL) 
Maintenance cost per year as 
percentage of construction 
cost: 1 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (4 RCT case study areas * 
6.72) 

8 Drainage-
Infiltration-
Transport (DIT) 
drains 

City-wide Average cover / township: 
19,500 m2.  

16.2 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

43.6 1.77   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
percentage of construction 
costs: 4,06 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

9 Infiltration field and 
strips with surface 
storage 

City-wide Average cover / township: 
15,500 m2.  

4.4 MUSD / 4 case 
study areas  

Conservative 
price level 
conversion 0,4 

11.8 0.098   

Construction cost/m2: 71 USD 
(NL)  

Maintenance cost per year as 
percentage of construction 
costs: 0,83 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

10 Rainwater 
detention pond 
(wet pond) 

City-wide Average cover / township: 
67,500m2.  

12.1 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

32.7 0.163   

Construction cost/m2: 45 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,5 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

11 Green roofs with 
drainage delay 

City-wide Average cover / township: 
32,500 m2.  

12.4 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

33.2 1.99   

Construction cost/m2: 95 USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 6 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  

 
  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

1 Protection against 
coastal and river 
flooding*1 

Around 
Yangon City 

Phased coastal & river 
protection (1:25 years coastal 
surge protection): 

Costs variable, 
depending on 
type 

Total: 37 km 
 

 
 

   a) North-West: 10 km 
elevated highway (Kanner 
road) 

a) per stretch: 4 
MUSD per km  

 40 
 

1% 
 

(Nichols et al., 2013) 

   b) South-West (Ahlone) 5 km 
embankment 1.5 m height 
 
Optional: compartment, 5 km 
embankment inside/road 

b) per stretch: 2 
MUSD per km 
 
Optional: 1 MUSD 
per km 

 10 
 

1% 
 

(Nichols et al., 2013) 
 
 
5 MUSD optional 
 

   c) South-CBD: 6.5 km 
floodwall type 2 or 
embankment 1.5 m height, 
plus 0.5 km along Ywar Thit 
Chaung 

c) per stretch 1.5 
MUSD per km 
 

 10.5 
 

1% 
 

(Nichols et al., 2013) 
 

   d) South-East: 2 * 2.5 km 
elevated road (simple) along 
lower Pazundaung creek 

d) per stretch 1 
MUSD per km 
 

 5 
 

1% 
 

(Nichols et al., 2013) 
 

   e) East/Bago river: 10 km 
elevated road (simple), 1,5 m 
height 

e) per stretch 1.5 
MUSD per km 
 

 15 
 

1%  (Nichols et al., 2013) 
 

2 Tidal barrier Large, 
Pazundaung 
Creek 

Water level control works in 
the narrower upstream area 
of Pazundaung Creek 

Estimate: 75 to 
100 MUSD  

  100 5%   

3 Repair of tidal 
gates*3 

Around 
Yangon City 

# of outlets with tidal valves  30 times 1 MUSD 
per tidal gate*3 

  30 3% Additional to 
SWECO-NP project 

4 Pumping stations / 
compartimen-
talisation 

Large, around 
Yangon City 

Creation of storage ahead of 
rain event / enhanced 
discharge of rain volume to 
river.   

Four pumping 
stations, inlets 
structures, etc. (in 
total 30 m3/s): 7.5 
MUSD per pump 

  30 3% Pumps in the CBD 
are included in the 
SWECO-NP project 

5 Land reclamation 
including coastal 
embankment 

Large, CBD or 
Thaketa  

For 6,5 km * 50 meter wide 
reclamation, + 6,5 km 
embankment 

Reclamation 12 M 
US$, embankment 
13 MUSD; 
additional 
works/revetment 
etc: 25 MUSD 

  -  Optional, not to be 
included in project 
costs 

6 Reservoir retention 
/ detention in 
Yangon city 

Surroundings 
of Kandawgyi 
lake / Inya 
Lake 

Upgrade to retention for 0.5 
m water level set-up 

Estimate 5 MUSD 
per lake 
 
Four additional 
pumping stations   

  10 
 
 
30 

3%   

7 Bioswales (with 
drainage) 

Applied in 
Yangon City 
townships 
that are 
medium to 
severely 
floodprone   

Average cover / township: 
35,000 m2.  

12.6 MUSD / 4 
case study areas 
 
  
  
  

Conservative 
price level 
conversion*4 0,4 

33.7 0.34   

Construction cost/m2: 90 USD 
(NL) 
Maintenance cost per year as 
percentage of construction 
cost: 1 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (4 RCT case study areas * 
6.72) 

8 Drainage-
Infiltration-
Transport (DIT) 
drains 

City-wide Average cover / township: 
19,500 m2.  

16.2 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

43.6 1.77   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
percentage of construction 
costs: 4,06 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

9 Infiltration field and 
strips with surface 
storage 

City-wide Average cover / township: 
15,500 m2.  

4.4 MUSD / 4 case 
study areas  

Conservative 
price level 
conversion 0,4 

11.8 0.098   

Construction cost/m2: 71 USD 
(NL)  

Maintenance cost per year as 
percentage of construction 
costs: 0,83 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

10 Rainwater 
detention pond 
(wet pond) 

City-wide Average cover / township: 
67,500m2.  

12.1 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

32.7 0.163   

Construction cost/m2: 45 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,5 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

11 Green roofs with 
drainage delay 

City-wide Average cover / township: 
32,500 m2.  

12.4 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

33.2 1.99   

Construction cost/m2: 95 USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 6 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,85 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

13 Rain barrels City-wide Constructed / township: 15 0.025 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0.066 - Maintenance is 
assumed to be done 
by local people  

Construction cost: 415 USD 
per barrel (NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

14 Ditches and swales City-wide  Average cover / township: 
650m2.  

0.462 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

1.24 0.009   

Construction cost/m2: 178USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0,74 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

15 Remove pavement 
to plant green 

City-wide Average cover / township: 
750m2.  

0.099 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0,266 0.0097   

Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

subtotal     468 MUSD  12.7 
MUSD/year 

  
  

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 

-   
  
  

   
 

8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,85 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

13 Rain barrels City-wide Constructed / township: 15 0.025 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0.066 - Maintenance is 
assumed to be done 
by local people  

Construction cost: 415 USD 
per barrel (NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

14 Ditches and swales City-wide  Average cover / township: 
650m2.  

0.462 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

1.24 0.009   

Construction cost/m2: 178USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0,74 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

15 Remove pavement 
to plant green 

City-wide Average cover / township: 
750m2.  

0.099 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0,266 0.0097   

Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

subtotal     468 MUSD  12.7 
MUSD/year 

  
  

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 

-   
  
  

   
 

8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
 

 
  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,85 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

13 Rain barrels City-wide Constructed / township: 15 0.025 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0.066 - Maintenance is 
assumed to be done 
by local people  

Construction cost: 415 USD 
per barrel (NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

14 Ditches and swales City-wide  Average cover / township: 
650m2.  

0.462 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

1.24 0.009   

Construction cost/m2: 178USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0,74 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

15 Remove pavement 
to plant green 

City-wide Average cover / township: 
750m2.  

0.099 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0,266 0.0097   

Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

subtotal     468 MUSD  12.7 
MUSD/year 

  
  

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 

-   
  
  

   
 

8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,85 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

13 Rain barrels City-wide Constructed / township: 15 0.025 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0.066 - Maintenance is 
assumed to be done 
by local people  

Construction cost: 415 USD 
per barrel (NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

14 Ditches and swales City-wide  Average cover / township: 
650m2.  

0.462 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

1.24 0.009   

Construction cost/m2: 178USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0,74 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

15 Remove pavement 
to plant green 

City-wide Average cover / township: 
750m2.  

0.099 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0,266 0.0097   

Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 

-   
  
  

   
 

8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
 

  
  

Total   481 MUSD  20.9 MUSD/year 
 

 

Table A2.2 Investment Program Non-structural Measures
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  Structural measure Location Characteristics & 

Assumptions  
Indication of 
costs (in MUSD) 

Units / 
conversions   

Investment 
(MUSD) 
*2 

Maintenance 
and operation 
(MUSD/year) *2 

Comments 

12 Permeable 
pavement (storage) 

City-wide Average cover / township: 
14,000 m2.  

11.6 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

31.3 0.266   

Construction cost/m2: 208 
USD (NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 0,85 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

13 Rain barrels City-wide Constructed / township: 15 0.025 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0.066 - Maintenance is 
assumed to be done 
by local people  

Construction cost: 415 USD 
per barrel (NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

14 Ditches and swales City-wide  Average cover / township: 
650m2.  

0.462 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

1.24 0.009   

Construction cost/m2: 178USD 
(NL) 
Maintenance cost per year as 
a percentage of construction 
costs: 0,74 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

15 Remove pavement 
to plant green 

City-wide Average cover / township: 
750m2.  

0.099 MUSD / 4 
case study areas  

Conservative 
price level 
conversion 0,4 

0,266 0.0097   

Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 

-   
  
  

   
 

8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
 

  
  

Total   481 MUSD  20.9 MUSD/year 
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Construction cost/m2: 33 USD 
(NL)  
Maintenance cost per year as 
a percentage of construction 
costs: 3,64 (NL) 
Implementation in entire 
medium to urgent floodprone 
area (*6.72) 

  Non-structural 
measure 

Location Characteristics Cost indication Conversion 
factor 

Total MUSD Total 
MUSD/year 

Considerations 

1 Flood early warning Yangon & 
region 

Forecasting of pluvial, fluvial 
and coastal floods and 
operation of pumps & tidal 
barrier 

5 MUSD   5 0.5 
 

2 Improved solid 
waste management 

Yangon Develop and implement 
national waste management 
standards and develop 
coordination, establish 
strategies to reduce waste in 
the drainage system  

5.5 MUSD/year     5.5 Annual 
maintenance 

3 Streamlined flow 
monitoring system 
for sewers, drains 
and canals 

Yangon A streamlined monitoring 
system for sewers, drains and 
canals 

Estimated costs     5 0.5 
 

4 Technical 
Guidelines/ 
building codes for 
SUDS 

Yangon YCDC should work with 
National, State/ Region and 
City level institutions to 
incorporate SUDS into 
integrated planning. Technical 
guidelines to follow from Hlan 
Chi SUDS program 

         

5 Raise 
budgets/financing 
instruments for 
flood risk 
management 

Yangon Consider different finance 
options, Public expenditure 
review, 

       
 

PPP frameworks 
6 Public awareness 

campaign 
Yangon & 
region 

City-wide awareness 
campaign on floods as well as 
solid waste 

0.5 MUSD    2 years 1  
 

7 Improved Spatial 
planning 

Yangon & 
region 

Updating Myanmar Building 
Act to include guidelines and 
for green filtration systems for 
new developments and 
allocation of space for 
temporary storage of drainage 
water/Reform Building 
Permits/Update Zoning Plan 
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8 Improved 
institutional 
arrangements and 
coordination on 
flood management 

Yangon & 
region 

Establishing a working group 
with a dedicated mandate on 
flood management with 
representatives of different 
departments and ministries 
dealing with flood 
management 

0.5 Million USD / 
year 

    0.5 
 

9 Community-based 
flood forecasting 
and early warning 
system 

Yangon Introducing CBFEWS across 
communities in Yangon 

2 MUSD    2 0.2 
 

10 Public participation 
in emergency 
response and 
recovery 

Yangon Training to vulnerable 
communities on response and 
preparedness for flood events 

1 MUSD / year     1 
 

subtotal   13 MUSD  8.2 MUSD/year 
 

  
  

Total   481 MUSD  20.9 MUSD/year 
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Remarks with Table

*1  
Re. :
1a)   Relative complex and high elevated highway, with 

crossings, fly-overs, drainage outlets, etc.; from 
south to north, Kanner road or another close to the 
river bank;

1b)   Two options: Embankment on the outside of the 
harbour area, along the Yangon river bank, or inner 
side. Optional is to do both and implement separate 
compartments;

1c)   On the south side of Yangon city, CBD area, a com-
bined flood wall type with embankment seems most 
realistic along Strand Road, with a walkway on top, 
and recreational stands at regular distances. Option-
al would be land reclamation and an embankment 
directly on the river bank, in which case the land 
value for residential and/or commercial development 
will pay for the whole flood protection at this area; 
However, given the port complexity this may be diffi-
cult to realize.

1d)   Flood protection will be needed along the lower side 
of Pazundaung Creek, downstream of the projected 
storm surge barrier. There are roads on both sides, 
parallel to the shore at a distance of about 200 me-
ters. These could be used as flood protection line by 
implementing a simple elevated road of approx..1.5 
m high. An option is to build embankments directly 
along the shore, in which case the construction will 
have to be more expensive.

1e)  For the larger part along Bago river (west) bank there 
is an existing road (Seik Khan Thar road) that can 
be elevated in a relatively simple way, to a height of 
approx. 1.5 meter.   

Re. Infrastructural measures 2) Annual maintenance is 
included for improved solid waste management. That 
should allow YCDC to set up a business model that will 
pay for improved solid waste collection, transport and 
processing.

*2  
Based on literature and expert judgement
Nicholls R., A. Handson and J. Hickel, 2013. Cost of ad-
aptation to rising coastal water levels. ADB (conservative 
estimate for wave exposed sea dikes)
Hillen, M.M., S.N. Jonkman, W. Kanning, M.Kok, M.A. 
Geldenhuys and M.J.F. Stive, 2010. Coastal defense cost 
estimates. TUDelft ISSN 01696548

*3 
In total there are some 70 floodgates (40 protected by tid-
al barrier in Pazundaung Creek, 30 outside tidal barrier), 
> 80% requires maintenance or upgrading. It has been 
assumed that all 30 tidal barriers outside Pazundaung 
Creek require full upgrading (repair of tidal valves). Per-
sonal communication RHDHV.

*4 
Assumed price level conversion relative to The Nether-
lands. With a price level index less than 1, Myanmar is 
relatively cheap (labour and material costs) compared to 
The Netherlands. 

Above measures can be implemented on the short term 
(2021 – 2025), medium term (2025 – 2030) or longer 
term (2030 – 2040) to meet the flood protection targets. 

Additional Note

For the extrapolation of the case study area lessons to 
Yangon City, the assumption was made that the package 
of measures for the case study areas (which are a 
representation of various different land-use types) should 
be applied to the townships that are deemed medium or 
high urgency for flood management action. This urgency 
estimation was based on expert judgement. An assessment 
was made of all Yangon City townships, scoring the main 
types of land-use (based on the land-use map), and the 
severity and spread of pluvial flooding (based on pluvial 
flood depth map 1/10 years). The townships were scored 
for localized, widespread or severe flooding. For the 
townships with severe flooding and a flood prone area 
similar to the case study areas, the relative urgency for 
action (in terms of local flood measures) was deemed 
high. For townships with widespread flooding, similar flood 
prone area to the case study areas and a high population 
density, the relative urgency for action was deemed 
medium.

In order to include packages of measures to be 
implemented in the medium and high urgency townships, 
it was assumed that the average land-use and available 
space in those townships was similar to the four case 
study areas, so that the same package of measures 
would be applicable there. The area of the medium to high 
urgency flood prone townships is a factor 6.72 larger than 
the total of four case study areas. Knowing the average 
cover per structural measure in the 4 case-study areas, it 
was possible to arrive at an estimation of total cover per 
structural measure for all medium to high urgency flood 
prone townships (4 case study areas * 6.72).




