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Key findings: 

T
his note summarizes the extent of Typhoon Yagi on Myanmar and identifies key Disaster-FCV 

intersections in the context of this flood event. It aims to provide insights to the World Bank and 

partners to enhance the monitoring and assessment of disaster impacts in Myanmar. Given the 

FCV conditions in the country, and limited access to the ground, the World Bank has conducted 

a remote sensing and desktop analysis to assess the exposure1 of critical sectors due to Typhoon 

Yagi, which hit Myanmar in September 2024. The note provides an estimation of the number and value of 

exposed and affected assets but does not provide damage or loss estimations. A detailed methodology note 

is outlined in Annex 1. This report assesses the exposure of people and assets to this event, but does not 

estimate the damage of the event. 

Overall, the analysis points out that nearly 2.4 million people were exposed to flooding caused by Typhoon 

Yagi, in i.e., people that were located in areas with some level of floods, in 192 townships in eight states 

and regions. A little over 1 million built structures were exposed to flooding; about 430,000 hectares (ha) of 

cropland was exposed; and about 2,200 kilometers (km) of road infrastructure was exposed.

-	 Flood exposed population: Nationally, nearly 2.4 million people have been exposed to the floods 

caused by Typhoon Yagi, which is close to 4 percent of Myanmar’s population. 

-	 Affected sectors: Over 10 percent of the built capital stock in Myanmar, or a little over 1 million 

residential and non-residential structures have been exposed to the effects of Typhoon Yagi. It is 

estimated that about 432,000 ha of cropland is exposed, which accounts for about 4 percent of the 

total cropland areas in Myanmar. About 2,200 km of road infrastructure is estimated to have been 

somewhat affected by the typhoon, which represents around 9 percent of the total road infrastructure 

in the country. Built capital stock has the highest number of assets exposed to the effects of the 

typhoon (flood + landslides). 

-	 Spatial distribution: Building exposure is concentrated in Rakhine, Ayeyarwady, Kayin, Magway, 

Bago, Sagaing, and Mon; in these seven states and regions, nearly 16 percent of built structure was 

exposed. Cropland exposure is concentrated in Bago, Kayin, Ayeyarwady, and Nay Pyi Taw; in these 

four states and regions, over 9 percent of cropland area is exposed. Road infrastructure exposure is 

the highest in Mon and Magway, followed by Yangon, Sagaing, and Rakhine; in these five states and 

regions, over 16 percent of road infrastructure is exposed. When combined, Kayin, Ayeyarwady, Bago, 

Magway, Mon, Rakhine, and Nay Pyi Taw are the states and regions with highest asset exposure 

(Figure 1; Figure 2; Figure 3).

-	 Exposure value estimations: The landslide and flood-induced asset exposure value is estimated at 

US$1.94 billion, or around 1.1 percent of the total value of built-up capital, transport infrastructure, 

and adjusted agricultural stock in the country (Table 3). Cropland exposure value is the highest at 

about 4 percent of exposure. 

1	 Exposure in this note refers to the land, population, and assets located in the areas impacted by flood, as detected by satellite 
imagery. It is inclusive of all damage levels, hence does not distinguish between land and assets that are flooded with minimal damage 
from those flooded with partial or full damage that need to be repaired or are lost. 
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For the building stock infrastructure, the analysis presented in this note evaluates only whether or not the 

structures have been exposed to the effects of Typhoon Yagi. The note does not assess physical damage to 

capital stock and does not cover the economic flow losses (e.g., loss in crops, business disruptions, etc.). 

Further, given the extent of the typhoon’s effects, it is likely that the number of residential and non-residential 

buildings that may have been damaged is much higher than the government-reported number of 141,000.2

Comparison with Past Major Flood Events. Myanmar has experienced several major flood events in the 

past decade. Table 1 provides a preliminary comparison of the impact from the three recent major storms and 

flood events. Damage values are at the time of assessment, and due to the drastic changes in monetary values 

over the years, simple comparison of damage values is difficult. 

TA B L E  1

Comparison of 
the impacts of 
three recent 
storm events

Source: Typhoon Yagi = World Bank analysis unless otherwise noted; 
Cyclone Mocha = World Bank. 2013. Extremely Severe Cyclonic Storm Mocha, May 2023, Myanmar: Global 
Rapid Post-Disaster Damage Estimation (GRADE) Report. http://documents.worldbank.org/curated/
en/099010224055035000/P181332176c81f04b1b8af19904a6c281b0; 
Cyclone Komen = Government of the Union of Myanmar. 2015. Myanmar: Post-Disaster Needs 
Assessment of Floods and Landslides, July–September 2015. http://documents.worldbank.org/curated/
en/646661467990966084/Myanmar-Post-disaster-needs-assessment-of-floods-and-landslides-July-
September-2015

a 	 Reports by the Department of Disaster Management, Ministry of Social Welfare, Relief and 
Resettlement. 

b 	 Rakhine, Sagaing, Magway, Mandalay, and Chin regions/states.

c 	 Damage and loss estimates cover productive sectors (agriculture crops, livestock, fisheries, water 
resource management, industry, and commerce), social sectors (health and education), infrastructure 
(housing, electricity, water and sanitation, transport, and communications), and cross-cutting sectors 
(disaster risk management).

d 	 Damage estimate covers residential and non-residential buildings and contents, agriculture, and 
infrastructure.

Typhoon Yagi 
(2024)

Cyclone Mocha 
(2023)

Cyclone Komen 
(2015)

Fatalities >433a 148 - 435 132

Population (exposed population)

2,378,957
5,400,000 1,676,086

Townships 192 39 218

States/Regions 8a 5b 12

Houses (Exposed residential 
+ non-residential 

structures)

1,017,285

242,233 524,000

Estimated Damages 
and Losses 

Unknown -- US $1.51 billionc

Damages -- US $2.24 billiond US $615.58 million

Losses -- -- US $892.90 million

Exposure US $1.94 billion -- --

2	 The Global New Light of Myanmar, “Govt allocated K30 billion plus well-wishers’ support,” 22 September 2024. https://www.gnlm.
com.mm/govt-allocates-k30-billion-plus-well-wishers-support/
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I
n early September 2024, Myanmar experienced devastating destruction from 

a series of flash floods and landslides caused by the remnants of Typhoon 

Yagi. The typhoon caused heavy rainfall and significant landslides in the 

central, eastern, and southeastern parts of Myanmar, primarily affecting the 

states and regions of Kayin, Ayeyarwady, Bago, Magway, Mon, Rakhine, 

and Nay Pyi Taw.3 The heavy precipitations, landslides, and slope failures have 

generated sediment-heavy flooding flowing from the mountains into the lowlands.  

The storm caused death, widespread destruction of houses and infrastructures, 

displacement, road and telecommunication blockages, and worsening food 

insecurity. The ongoing conflicts and political instability in the country, which have 

caused large-scale displacement and rising humanitarian needs in recent years, add 

a complicating dimension to the storm’s direct impacts. The storm and its impacts 

have further exacerbated the living conditions of already vulnerable communities, 

and ongoing insecurity hampers the reach of humanitarian response and recovery 

efforts. 

Disaster Vulnerability 
Myanmar is one of the most disaster-prone countries in the world, highly vulnerable 

to disaster risks and the impacts of climate change, which include cyclones, extreme 

rainfall, flooding, extreme heat, droughts, landslides, and earthquakes. The 2021 

Global Climate Risk Index ranks Myanmar as the second most affected country by 

extreme climate events in years 2000–19 after Puerto Rico,4 and the 2024 INFORM 

Risk Index ranks the country 11th out of 191 countries most affected by natural 

hazards and climate change.5 Between 1980 and 2020, Myanmar experienced an 

average of 56 natural hazard-related extreme events annually, half of which were 

flood events.6 In recent years, major flooding and landslide events were triggered by 

Cyclone Nargis in 2008, Cyclone Komen in 2015, and Cyclone Mocha in 2023, all of 

which caused extensive destruction.  

Introduction 
and Context 01

3	 In Myanmar, the seven states are primarily populated by ethnic minority populations, while the seven regions are 
of majority Buddhist-Bamar populations. Nay Pyi Daw, which houses the capital, is a Union Territory. 
4	 Germanwatch. Global Climate Risk Index 2021. https://www.germanwatch.org/en/19777 
5	 INFORM (Index for Risk Management). 2024. Country Risk Profile: Myanmar (dataset). Disaster Risk Management 
Knowledge Centre. https://drmkc.jrc.ec.europa.eu/inform-index/INFORM-Risk/Country-Risk-Profile/Myanmar 
6	 World Bank. Climate Change Knowledge Portal: Myanmar (dataset). https://climateknowledgeportal.worldbank.
org/country/myanmar/vulnerability 

Introduction and Context 

P.  7

https://www.germanwatch.org/en/19777
https://drmkc.jrc.ec.europa.eu/inform-index/INFORM-Risk/Country-Risk-Profile/Myanmar
https://climateknowledgeportal.worldbank.org/country/myanmar/vulnerability
https://climateknowledgeportal.worldbank.org/country/myanmar/vulnerability


Conflict Conditions 
Typhoon Yagi and exceptional monsoon rains have exacerbated the country’s 

already fragile conditions,. Ongoing conflict along with  recurring climate disasters, 

have led to high levels of displacement, food insecurity, and economic challenges. 

As of September 2024, the number of internally displaced persons (IDPs) reached 

3.1 million, more than 1 million of which were located in flood-affected states/

regions.7 For instance, in Shan (South) State, 20,000 IDPs were reportedly relocated 

due to the flood.8 Reports from United Nations (UN) agencies indicate that these 

are particularly vulnerable to lack of access to shelter and basic services, as well as 

ongoing fighting and moving explosive remnants of war (ERW).9 Parts of Myanmar 

are heavily contaminated by landmines and unexploded bombs due to conflicts, 

with the eastern and northern borders of Kayin, Shan, and Bago states—three of 

the most flood and landslide affected states—being heavily affected. Typhoon-

induced flooding may have shifted the location of landmines and ERW, increasing 

risks for the population, particularly IDPs. Given the situation in the country, data 

collection is particularly difficult.  To overcome data access challenges, this note 

leverages remote sensing data to assess the extent of flood exposure in the month of 

September, during which Yagi impacted the country.

7	 UNHCR. 2024. Myanmar Emergency Overview Map “Number of people displaced since Feb 2021 and remain 
displaced (as of 09 Sep 2024).” https://data.unhcr.org/en/documents/details/111123. 
8	 UNHCR. 2024. “Flash Update on Flooding in Myanmar,” September 28. https://data.unhcr.org/en/documents/
details/111467
9	 UNICEF. 2024. “UNICED Myanmar Humanitarian Situation Report No. 9, 2024,” December 19. https://myanmar.
un.org/en/286216-unicef-myanmar-humanitarian-situation-report-no-9-2024 
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Storm Event02
T

yphoon Yagi, also known as severe tropical storm Enteng, originated 

in a low-pressure area in the Pacific Ocean approximately 540 km 

(330 miles) northwest of Palau on August 30, 2024, and formed into 

a tropical storm on September 1 in the western Philippine Sea. It 

intensified into a severe tropical storm on September 3; and when 

passing over the Philippines, the storm reached a Category 5-equivalent “super 

typhoon” on September 5, with estimated one-minute maximum sustained winds 

of 260 km per hour (km/h), a minimum central pressure of 915 hectopascals, and 

a sharply defined eye of 27.8 km in diameter. Yagi passed through China’s Hainan 

Province and Viet Nam from September 6 to 8, 2024. As it passed inland over Viet 

Nam southwestwards, with between 8.2 and 17 inches of rainfall in 24 hours,10 Yagi 

weakened rapidly and was no longer considered a tropical storm on September 8.11 

On that date, the storm’s maximum winds were below 39 km/h and it was forecasted 

to further weaken and dissipate over the next 12 hours.12 Yagi’s storm system also 

caused flooding in Lao People’s Democratic Republic and Thailand, as well as 

affecting Bangladesh and India. 

After becoming a tropical depression, the remnant storm system passed through 

Myanmar from its northeast border with China in Shan State starting September 8. 

Heavy rains caused flash floods and extensive landslides across regions in Myanmar, 

with the severe weather lasting until September 12.13 Flood water did not recede 

immediately, prolonging the impact of the severe weather event for weeks.

10	 Center for Disaster Philanthropy. “2024 Super Typhoon Yagi: Vietnam”. https://disasterphilanthropy.org/
disasters/2024-super-typhoon-yagi/ 
11	 In Viet Nam, Typhoon Yagi left 334 people dead or missing and 1,929 injured. Damages concentrated in northern 
Viet Nam, and the economic damages is estimated at approximately US$3.31 billion (VND 81.5 trillion). Reuters. 
2024. “Vietnam Estimates Damages of $3.31 bln from Typhon Yagi.” September 28. https://www.reuters.com/world/
asia-pacific/vietnam-estimates-damages-331-bln-typhoon-yagi-2024-09-28/ 
12	 AHA Centre. 2024. “Situation Update No. 1– Combined Effects of Tropical Cyclone Yagi and Southwest Monsoon 
– 8 September 2024.” https://ahacentre.org/situation-update/situation-update-no-1-combined-effects-of-the-
tropical-cyclone-yagi-and-southwest-monsoon-8-september-2024/ 
13	 IFRC. 2024. “Emergency Appeal: Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi.” September 29. 
https://www.ifrc.org/emergency/myanmar-typhoon-yagi 
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Summary of Typhoon 
Impacts 03
A

According to the reports by the Department of Disaster Management 

(DDM) of the Ministry of Social Welfare, Relief and Resettlement, 

floods and landslides as a result of the typhoon affected over 110 out 

of a total 330 townships in Myanmar. The affected townships are 

concentrated in eight states and regions: Nay Pyi Taw, Mandalay, 

Magway, and Bago regions; Shan, Mon, Kayah, and Kayin states.14 Central Myanmar 

(namely Nay Pyi Taw, Shan, and Kayah) was considered the most affected due to 

the flooding of numerous rivers flowing down from Shan Hills.15 According to the 

DDM, the event resulted in 433 deaths and 79 missing as of September 28, 2024, 

though the exact numbers may be much higher – based upon reporting back from 

humanitarian actors throughout the country.16 The typhoon is now considered 

possibly the second-deadliest disaster event in Myanmar after Cyclone Nargis in 

2008, surpassing the casualties from the 2015 Cyclone Komen flooding event (for 

an historical context of cyclones and floods in the country, see Annex 4).17 The flood 

and landslides impact from the Typhoon Yagi storm system added to the already 

dire situation in the country from seasonal monsoon flooding that started in July 

2024.18 As reported by the DDM, it is estimated that over 958,000 people have been 

impacted and over 320,000 people have been displaced. The reported damage is 

likely only a partial reporting of the full impact of the disaster.19 Table 2 provides 

reported impacts and damages from the DDM and other sources, to provide a point 

of comparison with the exposure analysis provided in this report. 

14	 UNICEF and IFRC reports count Shan State as southern and eastern Shan states and exclude Ayeyarwady; the AHA 
Centre Situation Updates treat Shan as one state and includes Ayeyarwady, hence nine states/regions. Department 
of Disaster Management treats eight states to be “affected states/regions.”   
15	 Department of Disaster Management, Ministry of Social Welfare, Relief and Resettlement. 2024. “Widespread 
Flooding Impacted by Typhoon Yagi, as of 13th September 2024 (Situation Report No. 1).” Obtained from https://
www.ddm.gov.mm/ 
16	 Death toll reported on September 28, 2024. Myanmar News Agency. 2024. “Vice-Senior General Soe Win stresses 
full efforts for rehabilitation tasks,” The Global New Light of Myanmar, September 28. https://www.gnlm.com.mm/
vice-senior-general-soe-win-stresses-full-efforts-for-rehabilitation-tasks/; This figure is also cited in: ISP Insight 
Email. 2024. “The Terror Twins of Climate and Conflict.” Vol. 2, No. 6. https://ispmyanmar.com/ie-v02n06/; Saw 
Lwin, 2024, “Myanmar Death Toll Soars Amid ‘Disastrous’ Regime Flood Response.” The Irrawaddy, September 30. 
https://www.irrawaddy.com/news/burma/myanmar-death-toll-soars-amid-disastrous-regime-flood-response.html 
17	 ISP Insight Email. 2024. “The Terror Twins of Climate and Conflict.” (English version), October 29. https://
ispmyanmar.com/ie-v02n06/ The death toll from 2023 Cyclone Mocha is debated: the official toll reported 148 
deaths, but the Mocha GRADE report cites 435 deaths (World Bank. 2023. Extremely Severe Cyclonic Storm Mocha, 
May 2023, Myanmar: Global Rapid Post-Disaster Damage Estimation (GRADE) Report. http://documents.worldbank.
org/curated/en/099010224055035000/P181332176c81f04b1b8af19904a6c281b0). 
18	 FAO. Floods in Myanmar, July-September 2024: The Impact of the Floods on Agriculture and Livelihoods. DIEM-
Impact Assessment. https://storymaps.arcgis.com/stories/81e2f51294ca4b2d9744605ace1d4092 
19	 Lack of access to many of the areas due to ongoing conflict and instability, precarious road conditions, difficult 
terrain, and large swath of territory pose continuous challenges to data access, damage assessment, and humanitarian 
delivery, historically in the mountainous regions, but other regions have experienced intensified conflict in recent 
years and face similar challenges.
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Reports on Directly Impacted States
The hardest-hit areas are located in central Myanmar, where overflowing rivers and 

creeks resulting in flooding and hundreds of shallow landslides caused widespread 

devastation. The states of Shan, Mandalay, Kayah, Kayin, Bago, and Magway were 

reportedly the most impacted. According to authorities, approximately 958,000 

people were affected in the eight most impacted states and regions.20 Reports 

TA B L E  2

Summary 
of reported 
impacts and 
damages from 
the DDM and 
other sources.

a	 Death toll reported on September 28: Myanmar News Agency. 2024. “Vice-Senior General Soe Win 
stresses full efforts for rehabilitation tasks,” The Global New Light of Myanmar, September 28. https://
www.gnlm.com.mm/vice-senior-general-soe-win-stresses-full-efforts-for-rehabilitation-tasks/  

b	 Department of Disaster Management, Ministry of Social Welfare, Relief and Resettlement. “Flood 
situation due to Typhoon ‘Yagi,’ Report No. 8. As of 26 September 2024.” Obtained from https://www.
ddm.gov.mm/.

c	 International Federation of Red Cross and Red Crescent Societies (IFRC). 2024. “Emergency Appeal: 
Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi.” September 29. https://www.ifrc.org/
emergency/myanmar-typhoon-yagi 

d	 Based on figures reported by the authorities as of September 28, 2024. ISP Insight Email. 2024. 
“The Terror Twins of Climate and Conflict.” Vol. 2, No. 6 (English version), p.4. https://ispmyanmar.com/
ie-v02n06/

e	 Myanmar News Agency. 2024. “Govt Allocated K30 Billion Plus Well-wishers’ Support.” The Global 
New Light of Myanmar, September 22. https://www.gnlm.com.mm/govt-allocates-k30-billion-plus-
well-wishers-support/. The breakdown of destruction level is: 2,149 buildings totally destroyed, 3,455 
buildings partially destroyed, and 136,023 buildings submerged.

f	 Food and Agriculture Organization (FAO) Myanmar. 2024. “Impact of Flooding on Agriculture and 
Livelihoods: FAO’s Emergency Response.” Presentation. September 27.

Type of Impact Damage (Source, date)

Fatalities 433 (DDM, 28-Sep)a

Affected Populations 958,969 (DDM, 26-Sep)b

Evacuated Population Over 320,000 (IFRC, 29-Sep)c

Affected Townships 110 (DDM)d

Affected States/Regions 8 (DDM)b

Affected Buildings (including houses, 
public buildings, and schools)17 

Over 141,000 (DDM)e

Affected Houses 117,951 (DDM)d

Affected Schools 538 (DDM)d

Affected Religious Buildings 435 (DDM)e

Damaged Road Networks and Bridges 1,358 (DDM, 28-Sep)a

Damaged Telecommunication Towers 114 (DDM, 28-Sep)a

Damaged Electricity Poles 5,700 (IFRC, 29-Sep)c

Flooded Cropland 2.3 million (FAO, 27-Sep)f

20	 Department of Disaster Management, Ministry of Social Welfare, Relief and Resettlement. “Flood situation due to 
Typhoon ‘Yagi,’ Report No. 8. As of 26 September 2024.” Obtained from https://www.ddm.gov.mm/.
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indicate that the townships of Tachileik, Pekon, Loilen, in southern Shan State, 

Yamethin in Mandalay, Taungoo and Oktwin in Bago State, Magway in Magway 

State, and Kayah’s Loikaw, Demoso and Hpruso townships were among the most 

severely affected. 

Reports from UN agencies suggest major destruction to local markets, health 

facilities, and schools. In total, more than 141,000 buildings, including homes and 

schools, and 1,171 road networks and bridges have been significantly damaged or 

destroyed due to the floods and landslides.21 Additionally, over 110 telecommunication 

towers and 5,700 electricity poles are reported to have been destroyed in these states. 

Access to some flood-affected townships in Kayah, Kayin, and Shan are constrained 

by both poor road conditions and security constraints from conflict.22

The agricultural sector has been severely affected, with reports indicating the loss 

of over 176,000 livestock and damage to more than 838,000 acres of rice paddy and 

other crops.23 The timing of the floods, coinciding with the end of the rice planting 

season, has heightened food insecurity, especially for communities that rely heavily 

on agriculture for their livelihoods. The typhoon has also hit after an exceptionally 

rainy monsoon season in the months of July and August.24

Reports in Indirectly Impacted States
Although Typhoon Yagi did not directly affect them, nearby states have also 

experienced severe flooding, particularly those downstream of major rivers. This 

has worsened an already severe situation caused by heavy monsoon rains from 

late June to August. In Rakhine State, flooding has impacted over 2,000 people in 

Minbya, Mrauk-U, and Toungup townships, heavily damaging croplands and water 

infrastructure.25 In Sagaing Region, over 5,000 people were affected by the flooding 

in July and also by the conflict,26 and Shwebo township was among the most affected 

cropland areas between July and September.27 In Ayeyarwady, over 62 percent of 

households had reported severe damage of cropland due to flooding by August, 

which was exacerbated by the typhoon.28

21	 IFRC. 2024. “Emergency Appeal: Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi,” September 29.  
https://www.ifrc.org/emergency/myanmar-typhoon-yagi
22	 IFRC. 2024. “Myanmar Floods Typhoon Yagi Operation Update, 20 November 2024.” https://www.ifrc.org/
emergency/myanmar-typhoon-yagi 
23	 IFRC. 2024. “Emergency Appeal: Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi,” September 29.  
https://www.ifrc.org/emergency/myanmar-typhoon-yagi 
24	 FAO. Floods in Myanmar, July–September 2024: The Impact of the Floods on Agriculture and Livelihoods. DIEM-
Impact Assessment. https://storymaps.arcgis.com/stories/81e2f51294ca4b2d9744605ace1d4092 
25	 UNHCR. 2024. “Flash Update on Flooding in Myanmar,” September 28. https://data.unhcr.org/en/documents/
details/111467 
26	 UNHCR. 2024. “Flash Update – UNHCR Flood Response, 27 October 2024.” https://data.unhcr.org/en/documents/
details/112171  
27	 FAO. Floods in Myanmar, July–September 2024: The Impact of the Floods on Agriculture and Livelihoods. DIEM-
Impact Assessment. https://storymaps.arcgis.com/stories/81e2f51294ca4b2d9744605ace1d4092
28	 FAO. Post Flood Assessments (July–August 2024). https://fscluster.org/sites/default/files/documents/FAO_
Flood%20assessment%20July_Aug%202024.pdf
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29	 ACAPS. 2024. “ACAPS Briefing Note – Myanmar: Access Constraints in Rakhine State.” Briefing Note. November 
18.  https://www.acaps.org/en/countries/myanmar; OCHA. 2024. “Myanmar – Humanitarian Update No. 40,”August 
16. https://www.unocha.org/publications/report/myanmar/myanmar-humanitarian-update-no-40-16-august-2024  
30	 ACAPS. 2025. “Myanmar: INFORM Severity Index Trends.” Thematic Report, 09 January 2025.  https://www.acaps.
org/en/countries/archives/detail/myanmar-inform-severity-index-trends 
31	 Myanmar News Agency. 2024. “Vice-Senior General Soe Win stresses full efforts for rehabilitation tasks,” The 
Global New Light of Myanmar, September 28. https://www.gnlm.com.mm/vice-senior-general-soe-win-stresses-
full-efforts-for-rehabilitation-tasks/

These less impacted states and regions are nonetheless affected by ongoing conflict 

and political instability as well as the earlier monsoon rains of July and August. 

Conflict and challenging terrain in Rakhine have hindered humanitarian access 

for aid organizations including in Sittwe and Kyaukpyu townships.29 Sagaing and 

Magway regions, which historically had not been affected by conflict, have also 

experienced armed clashes since the 2021 coup, increasing displacements and 

impacting the transportation of supplies.30

The exact number of casualties caused by this disaster remains unclear. The national 

disaster risk management agency—the Department of Disaster Management of the 

Ministry of Social Welfare, Relief and Resettlement—has reported 433 confirmed 

deaths and 79 missing.31 Reports from organizations on the ground suggests that the 

number of people who were lost in the landslides and the floods might be higher.
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Methodology and 
Results 04

Methodology

T
his flood extent note is based on the analysis of: (1) the exposure 

model developed from the previous GRADE assessment for Cyclone 

Mocha, which used capital stock modeling for the residential and 

non-residential buildings and infrastructure, as well as agricultural 

crop value modeling; (2) flood extents in various locations estimated 

from georeferenced satellite imagery flood depth models (Fathom 3); and (3) 

corroboration through damage reports by ground partners and media. The datasets 

employed for the series of analyses, as well as a detailed methodology, are described 

in Annexes 1 and 2. 

To analyze the impact of Typhoon Yagi, the period from September 6 to September 

26, 2024, has been selected to identify areas affected by flooding caused by the 

typhoon as well as the accompanying seasonal monsoon for the aforementioned 

period. Because Sentinel-1 flood map coverage is incomplete (it is missing parts 

of the country in its coverage for some of the dates within the time range), data 

from multiple time points within this period are combined to determine the flood 

instances in the entire period. Parts of the country, particularly in the low-lying 

areas, had already suffered from heavy monsoon flooding prior to Typhoon Yagi 

and was further impacted by the intensified monsoon system that coincided with 

the Yagi storm system. It is difficult to delineate the impact from the Yagi storm 

system from monsoon rains that occurred during September as the data on average 

flooded area from seasonal monsoons are limited. Furthermore, excluding the areas 

that had been impacted by monsoon flooding would lead to underestimating the 

impact of Yagi itself. 

Population, urban areas, cropland, built assets, and infrastructure indicators are 

layered against flood data respectively to understand the extent of the typhoon 

impacts, to determine which areas, population, and built and infrastructure assets 

are impacted by the floods. The analysis only measures the extent of flood-exposed 

(i.e., submerged) areas, population, and assets, rather than determining which 

buildings or assets are damaged or destroyed by the floods. As such, the reported 

impact of floods in this note is likely to be larger than “damages” reported elsewhere 

that measure actual destruction. It also does not report any economic losses, which 

are likely to be high, mainly due to the agriculture sector losses. The analysis 

was cross-checked against various reports from aid organizations, humanitarian 

response updates, news, and flood impact analyses for accuracy. 
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This note does not place monetary value to estimate Yagi’s direct damages, as data 

is limited on different types of buildings and infrastructure, as well as unit costs for 

each category. However, the report provides an estimation of the value of exposed 

and affected assets, that is, located in areas that have been shown in the analysis to 

have typhoon effects (flood and landslides), based on 2023 Cyclone Mocha exposure 

data. The breakdown of estimated flood exposure is reported by numbers of built 

structures, areas (in ha), and lengths (in km), and their estimated value (in USD). As 

such, the impacts are reported only in terms of flood exposure rather than damages, 

losses, or cost of replacing assets. The decision to report only flood extent in terms 

of numbers come with certain limitations. For instance, in certain sectors such as 

agriculture, the impact of a disaster event is much higher in long-term losses after 

the event than the direct damages from the event. Reporting only the flood extent 

may therefore underreport the actual impact of the disaster.

The analysis of flooded areas suggests a wider extent of floods in the country than 

reported by the DDM and other organizations. This can be attributed to two factors: 

(1) the remote sensing analysis picks up monsoon flooding that started prior to 

the typhoon, as well as the monsoon flooding that happened simultaneously with 

Typhoon Yagi, which has a potential to conflate the typhoon effects; (2) since the 

DDM considers eight states and regions as impacted by Typhoon Yagi, other states 

and regions are not counted as Yagi impacts, potentially underestimating the impact 

in DDM reports.32

According to the remote sensing data, during the period from September 6 to 26, 192 

out of 330 townships in the country experienced some level of flooding (in contrast 

to the DDM’s report of 110 townships); among them, 93 townships experienced 

floods larger than 1,000 ha. The maps of flood areas during the same period show 

high concentrations of flooded areas in the basin, especially along the Sittang River 

in Bago Region, along the Irrawaddy River across Mandalay and Magway Regions, 

as well as in the low-lying area of Ayeyarwady Region (Figure A3.1). The map of 

flooded area per township (Figure A3.2) indicates a similar pattern, with high levels 

of flooding in these areas.

Estimated exposure 
The analysis estimates that the landslide and flood-induced asset exposure is at 

around 1.1 percent of the total value of built capital, transport infrastructure, and 

adjusted agricultural stock in the country. 

The most significant exposure happened in the states/regions of Kayin, Ayeyarwady, 

Bago, Magway, Mon, Rakhine, and Nay Pyi Taw. Over 21.6 million people live in 

these seven states/regions, with almost 3 million people living in multidimensional 

32	 The SAC and UN agencies have reported the damaged (or destroyed) houses, buildings, and infrastructures, 
while this analysis reports all assets that likely experienced flooding, regardless of structural damage levels. This is 
applicable to most infrastructure and capital stock, but not to agriculture due to lost crops and livestock.
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poverty (Rakhine and Magway in particular). In these seven states/regions, over 1 

million have been flood-exposed. Impacts in these seven states/regions represents 72 

percent of the total effects of Typhoon Yagi and associated monsoon floods. Other 

states in the country have witnessed severe flooding as well, but to a lesser extent 

and mostly due to the monsoon. 

The total number of people exposed to flooding between September 6 and 26 across 

the country amounts to 2.37 million. Out of 330 townships, 114 townships have more 

than 5,000 people exposed to floods; 70 townships have more than 10,000 people 

exposed to floods; and five townships have more than 50,000 people exposed to 

floods (Figure A3.3). In Mon State, more than 10 percent of the population has been 

exposed, followed by Rakhine, Magway, and Yangon (Table A3.1).

In the analyzed period (September 6–26, 2024), and across the country, a total of 

1,017,285 buildings have been exposed to flood (Figure 1).33 The built capital stock 

(residential + non-residential) nationwide has seen 10.7 percent of the number of 

assets exposed due to the combined Typhoon Yagi effects and the unprecedented 

monsoon rains and floods, which represents around US$1,492 million—1 percent 

of the total capital stock value in Myanmar. The largest capital stock is in Yangon, 

which was minimally affected. The exposure indicates not the damage value of 

US$1.492 million, but the value of assets exposed to the typhoon and monsoon 

effects.

The agriculture sector has been significantly impacted due to the double impact of the 

exceptional monsoon season and the effects of the typhoon (Figure 2). It is estimated 

that at least 432,127 ha of arable land has been exposed, and the value of exposure 

of the agriculture sector is about US$305 million (this includes crops, livestock, 

fisheries, etc.).34 The transport infrastructure sector has also been impacted, with 

around 2,200 km of roads (urban, primary, and secondary) being exposed (Figure 3). 

 This is equivalent to about US$128 million of the transport infrastructure stock. 

There is a level of uncertainty around these exposure values as reliance on satellite 

imagery requires modeling to fill in the gaps. It is likely that the exposed assets are 

not all damaged, and further investigation is needed to determine the extent of the 

damages and losses. Table 3 describes the breakdown of the exposed assets (built 

capital stock, agriculture, and road transport infrastructure) in estimated values by 

state/region. Table 4 offers a breakdown of the extent of flood exposure by state/

region.

33	 The built structure data does not distinguish the types of buildings, inclusive of residential and non-residential 
buildings. This does not imply any level of damage but rather specifies that there was an abnormal presence of water 
observed through satellite imagery during the studied period.
34	 As a point of comparison, FAO estimated that 2.3 million hectares of cropland (21% of the country’s arable land) 
was flooded in September. FAO Myanmar. 2024. “Impact of Flooding on Agriculture and Livelihoods: FAO’s Emergency 
Response.” Presentation. September 27.
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TA B L E  3

Estimated value 
of exposure 
breakdown (in 
millions USD)

State/Region 
Built Capital 

Stock
Agriculture

Road 
Transport 

Infrastructure

Total 
Exposed 

Value (% of 
Baseline)

Kayin 114 19 3 137 (13.9%)

Ayeyarwady 199 99 12 311 (12.2%)

Bago 262 127 15 405 (12.0%)

Magway 304 6 34 344 (9.2%)

Mon 39 11 14 65 (8.3%)

Rakhine 68 0.15 11 79 (8.0%)

Nay Pyi Taw 32 10 3 46 (7.5%)

Yangon 99 5 9 114 (6.2%)

Tanintharyi 18 0.29 2 21 (5.7%)

Sagaing 84 6 17 107 (4.9%)

Mandalay 234 12 10 256 (3.8%)

Kayah 3 1 0.99 4 (2.7%)

Shan 25 5 1 32 (1.2%)

Kachin 5 0.15 1 6 (1.0%)

Chin 0.45 - 0.28 0.47 (0.8%)

Total 1,492 305 138 1,936 (1.1%)

% of national 
baseline value 

1% 4% 0.7%

Source: World Bank analysis.

Methodology and Results 

P.  17



TA B L E  4

Breakdown of 
flood exposure 
extent by 
state/region, 
September 
6-26, 2024.

Cropland (ha)
Built Structures 

(count)
Roads (km)

Bus Stations 
(count)

Railway (km)
Railway 
Stations 
(count)

Airports 
(count)

Flood-affected states/regions (according to DDM)
Nay Pyi Taw 9,618 21,419 51.6 3 0.70 2 0

Kayah 3,400 484 3.2 0 0.20 0 0

Kayin 24,825 54,991 83.5 2 0.00 0 0

Bago 167,481 132,876 171.3 5 9.80 17 0

Magway 5,553 190,822 363.0 8 3.70 16 1

Mandalay 16,787 83,798 185.2 7 4.75 9 0

Shan - Alla 19,483 11,848 29.0 1 0.25 0 0

Shan (South) 19,165 8,229 17.4 1 0.25 0 0

Shan (East) 267 1,080 1.2 0 0.00 0 0

Shan (North) 51 2,539 10.4 0 0.00 0 0

Ayeyarwady 142,845 205,016 209.3 14 1.95 8 0

Total 389,993 701,254 1,095.9 40 21.35 52 1

States/regions less impacted by Yagi
Mon 13,319 47,090 200.2 5 2.25 14 0

Kachin 519 5,955 30.9 0 0.15 1 0

Chin 0 289 1.2 0 0.15 0 0

Rakhine 259 62,782 154.8 6 0.70 2 0

Sagaing 5,553 111,618 177.5 4 2.10 9 0

Tanintharyi 125 17,612 101.2 3 0.15 0 1

Yangon 13,226 70,685 430.3 34 10.60 13 0

Total 42,134 316,031 1,095.8 52 16.10 39 1

National Total 432,127 1,017,285 2,191.7 92 37.45 91 2

World Bank Analysis.

a 	 Only Southern and Eastern Shan are categorized by SAC as affected by the typhoon. 
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F I G U R E  1 F I G U R E  2 F I G U R E  3

Flood exposed buildings by state/region Flood exposed cropland by state/region Flood exposed roads by state/region
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Discussion of results
Typhoon Yagi and the 2024 monsoon season are likely to have affected approximately 

US$1.94 billion worth of the country’s infrastructure and agriculture? stock. The 

main effects of the typhoon have been flooding and landslides, causing widespread 

impacts across the country. The timing and location of the event are likely to lead 

to significant economic losses, especially in agriculture due to crop and livestock 

destruction, which threatens food security. While an estimation of damages was not 

provided using this methodology, it is likely that they are significant, particularly 

in rural areas, with residential assets likely to account for the bulk of the damage to 

the building stock, due to the nature of housing construction in the affected states 

(which are mostly bamboo and wood structures). Telecommunication, energy, 

and water, sanitation, and hygiene (WASH) infrastructure are likely to have also 

sustained damage, although are not accounted for in this estimation.

Agricultural Sector: Between September 6 and 26, 2024, 190 out of 330 townships in 

the country experienced some level of flooded crop areas. Among them, 76 townships 

experienced cropland flooding larger than 1,000 ha. Floods after mid-August have 

had a significant impact on crops, as they have damaged the monsoon harvest that is 

essential food for the winter, as well as led to the loss of fish, poultry, and livestock.35 

While some reports cite that equivalent to 21 percent of Myanmar’s total arable 

land has been flooded,36 the estimates in this analysis are more on the conservative 

side due to the use of the 0.7 threshold for the Normalized Difference Flood Index 

(NDFI), finding that 432,127 ha (4 percent) of cropland flooded nationally during this 

period as a direct effect of both Typhoon Yagi and the monsoon rains (see Annex 1 

for methodology).37

Disaster Response: Access remained challenging in some areas over a month after 

the flood event, hampering assistance delivery.38 Damages to telecommunications 

and energy infrastructure complicated efforts to identify needs, coordinate aid 

distribution, and disseminate information.39 The flood caused the relocation of 

approximately 320,000 people to temporary camps, leading to overcrowding and 

inadequate access to WASH services, as well as loss of crops, seeds, and feeds. The 

Integrated Food Security Phase Classification (IPC) estimates that the typhoon has 

added an additional 1.04 million people to those designated as acute food insecure 

(Phases 3–4). This is likely to continue due to the loss of crops and livelihoods.

35	 FAO Myanmar. 2024. “Impact of Flooding on Agriculture and Livelihoods: FAO’s Emergency Response.” 
Presentation. September 27.
36	 FAO Myanmar. 2024. “Impact of Flooding on Agriculture and Livelihoods: FAO’s Emergency Response.” 
Presentation. September 27. 
37	 If a less conservative 0.6 threshold is used, the exposed cropland jumps to about 20 percent.
38	 UNHCR. 2024. “Flash Update – UNHCR Flood Response, 27 October 2024.” https://data.unhcr.org/en/documents/
details/112171 
39	 IFRC. 2024. “Emergency Appeal: Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi.” September 29. 
https://www.ifrc.org/emergency/myanmar-typhoon-yagi
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Conflict Situations: The typhoon is compounding an already dire security situation 

in the country, particularly in the heavy flood hit states/regions of Mandalay, 

Magway, Kayin, and Shan (south), where intense fighting is (see Figure A3.9).40 This  

has further strained communities’ access to essential goods, clean water, healthcare, 

and sanitation facilities. The typhoon increased humanitarian needs in the impacted 

communities, while aid organizations continue to face challenges with access.

Preparedness: Typhoons, cyclones, and heavy monsoon rains that cause extreme 

flooding in Myanmar are now occurring almost every year. The country’s disaster 

preparedness remains relatively low despite its high climate vulnerability, 

amplifying the social and economic risks associated with these extreme weather 

events. Resources from international development partners that may be invested 

in strengthening disaster resilience are shifted to address immediate humanitarian 

needs of the population, further hampering the protections against future climate 

and disaster events.

40	 IISS. Myanmar Conflict Map: Warscape Analyses. https://myanmar.iiss.org/analysis
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Conflict- and Insecurity-
Exacerbated Disaster 
Risks and Impacts 05
T

yphoon Yagi floods exacerbated the impacts of Myanmar’s pre-

existing FCV conditions on the population through added damage 

to infrastructure, including roads, bridges, power lines, and 

communication networks, as well as accelerating displacement and 

food insecurity. Since the February 2021 military takeover, fighting has 

spread nationally and its impacts on security, the humanitarian crisis, and public 

service have steadily worsened across the country in the past year. The number of 

townships with “high intensity conflict impact” increased in all three indexes to 

71 townships—accounting for 21 percent of all townships in Myanmar—by August 

2024.41 Disasters impact poorer and vulnerable populations disproportionately; and 

the constraints on data and transport access have made humanitarian aid delivery 

difficult.  

As of September 2024, intense conflicts persisted in Mandalay, Magway, Kayin, 

and Shan (South), which also faced major landslide and flood damage from the 

typhoon. Other affected areas have a significant number of conflict-induced IDPs. 

Since February 2021, over 3 million people have been newly displaced in Myanmar, 

accounting for over 90 percent of the more than 3.4 million IDPs.42 The displacement 

and humanitarian needs have further increased in the past year, as the escalation of 

fighting since October 2023 has led to a new displacement of an estimated 1.8 million 

people nationwide.43 These figures are expected to rise as a result of the recent floods. 

For reference, Figure 4 shows the number of conflict incidents between October 

2023 and October 2024 and the flood extent in the country. The relocation of 320,000 

people following the flood event to temporary camps has exacerbated the challenges 

of overcrowding and lack of access to WASH. Some of these people had originally 

been relocated to these areas due to conflict, and they are having to relocate once 

again due to the floods. The UN Office for the Coordination of Humanitarian Affairs 

(OCHA), for example, has identified that around 1,484 houses have been affected at 

IDP camp sites.44 There is furthermore an increased risk of landmines/unexploded 

ordinance contamination in areas previously deemed safe due to their displacement 

by the floods, which requires enhanced community awareness on mine risk and 

safety.45

41	 Based on a study to assess the conflict’s impact on three indexes, namely the Security Risk Index, the Humanitarian 
Crisis Index, and the Public Service Absence Index. ISP-Myanmar. “Impact of Conflict: High Intensity in 21% of All 
Townships.” ISP Mapping. https://ispmyanmar.com/data-gallery/ 
42	 UNHCR. 2024. “Myanmar Emergency Overview Map: Number of people displaced since Feb 2021 and remain 
displaced (as of 07 Oct 2024).” https://data.unhcr.org/en/documents/details/111690 
43	 UNHCR Regional Bureau for Asia and Pacific. 2024. “Myanmar Emergency Update as of 2 September 2024.” 
https://data.unhcr.org/en/documents/details/111180 
44	 OCHA. 2024. “Field Observation Overview – Floods (Sep 2024), as of 2 October 2024.” 
45	 Gender in Humanitarian Action Working Group. 2024. “Gender-Impact Flash Update: Myanmar Flooding No.1 – 1 
October 2024.”; IFRC. 2024. “Emergency Appeal: Operational Strategy. Myanmar, Asia Pacific | Flood Typhoon Yagi,” 
September 29. https://www.ifrc.org/emergency/myanmar-typhoon-yagi
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Conflict incident 
locations 
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– October 2024) 
layered with 
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The ongoing conflict has significantly worsened the economic situation of the 

country, with the 2023 GDP estimate well below pre-pandemic levels: it has contracted 

by 10 percent from what it would have been without the COVID-19 pandemic and 

the military takeover.46 Prior to the flood event, it was estimated that the poverty rate 

was estimated to be 32.1 percent, an additional third of the population were at risk 

of sliding into poverty,47 and more than 18 million people, approximately one-third 

of the population, have been in need of humanitarian assistance in 2024 alone.48 

IDPs are particularly economically vulnerable, with 48 percent poverty rates.49 In the 

nine flood-affected states and regions, between 31 and 60 percent of the population 

was considered vulnerable to disaster risks.50 Conflicts also contribute to worsening 

food shortages and increased food prices, resulting in food insecurity, which has 

increased in the country in recent months. Data suggests that the conflict-prone 

regions experience higher increases in food prices than less conflict-prone areas due 

to transport disruptions, road blockages, and road tolls and checkpoint fees that 

push up food prices.51

46	 World Bank. 2024. Myanmar Economic Monitor: Livelihoods under Threat. http://documents.worldbank.org/
curated/en/099061124195517221/P5006631cca59607d182041fae76ab566cc
47	 Estimate from 2023/24 Myanmar Subnational Phone Survey (conducted from December 2023 to February 
2024). World Bank. 2024. Myanmar Economic Monitor, June 2024: Livelihoods Under Threat. https://hdl.handle.
net/10986/41741 
48	 OCHA. 2024. “Myanmar Humanitarian Needs and Response Plan 2024 Addendum,” June 9. https://www.unocha.
org/publications/report/myanmar/myanmar-humanitarian-needs-and-response-plan-2024-addendum
49	 2023–24 Myanmar Subnational Phone Survey, cited in World Bank, 2024, Myanmar Economic Monitor: Livelihoods 
under Threat. https://thedocs.worldbank.org/en/doc/4a3168f50b0e4e216993c9aa6ab3fe25-0070012024/
myanmar-economic-monitor-june-2024-livelihoods-under-threat 
50	 This figure is slightly lower in Naypyidaw, at 21 to 30 percent. MIMU. Climate, Environmental Degradation and 
Disaster Risk in Myanmar (2022) (dataset). https://themimu.info/environmental-analysis 
51	 World Bank. 2024. Myanmar Economic Monitor: Livelihoods under Threat. https://thedocs.worldbank.org/en/
doc/4a3168f50b0e4e216993c9aa6ab3fe25-0070012024/myanmar-economic-monitor-june-2024-livelihoods-
under-threat 
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Conclusion06
T

his report presents a brief summary of the impact of Typhoon Yagi and 

the 2024 monsoon floods on Myanmar in the month of September 2024, 

focusing on the estimated value of buildings, transport infrastructure, 

and agriculture exposed to flooding and landslides. The analysis is 

based on satellite imagery analysis, flood modeling, and stock value 

of 2023. Findings of the report have been, to the extent possible, corroborated with 

international and national agencies’ reports. Below are the key takeaways:

•	 A combination of flooding and landslides is likely to have caused severe 

damage in the mountain townships and areas; while in the lowlands, 

sediment-heavy river overflow and ensuing rains have likely led to the 

destruction of crops and damage to buildings and road infrastructure. 

•	 The more likely impacted states/regions are in the center of the country 

(Bago, Magway, Nay Pyi Taw and Mandalay), which are home to 12.5 million 

people. The impact, however, is widespread. At least 13 out the 15 states/

regions have seen a level of flooding in their townships. 

•	 The worst impacted townships (in terms of flood exposure) appear to be: 

Thabaung, Nyaungdon, Pantanaw (in Ayeyarwady), Htantabin, Daik-U (in 

Bago), and Sidoktaya (in Magway).

•	 While the Department of Disaster Management reports 433 deaths and 78 

injuries, other sources suggest higher figures, with many missing people.

•	 The conflict is exacerbating the effects of the disaster, impacting conflict 

displaced populations, with blocked access due to security instability, 

increased scrutiny of humanitarian aid, and delayed repairs to damaged 

roads and bridges. The already dire humanitarian conditions due to ongoing 

conflict has worsened in areas affected by floods and landslides; and, despite 

efforts by aid organizations, rapidly changing conflict situations continue to 

pose challenges to aid delivery and disaster recovery.
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Methodology Note 

Annex 

01
Flood Detection for Cyclone Yagi over Myanmar 
(September 2024)

Flood Detection Using SAR Data
Flood detection for Typhoon Yagi in Myanmar during September 2024 primarily 

relied on Synthetic Aperture Radar (SAR) data due to its ability to penetrate cloud 

cover and provide reliable data during extreme weather conditions. The analysis 

focused on the period September 6–26, 2024. Data from the Copernicus Sentinel-1A 

satellite was utilized, encompassing both ascending and descending orbital passes. 

However, it is important to note that the descending orbit did not adequately 

cover the central regions of Myanmar, which posed a limitation in terms of spatial 

coverage.

Data Acquisition

SAR data acquisitions were categorized based on orbital direction (Figure A1.1):

•	 Ascending Orbit Dates (from west to east): September 14/26, 21, 16, 11, 18, and 

13/25.

•	 Descending Orbit Dates (from west to east): September 11, 6, 8, and 15.

F I G U R E  A 1 . 1 .

Data acquired in 
orbit
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Methodology

The flood detection methodology employed the Normalized Difference Flood Index 

(NDFI), which is a widely recognized approach for rapid flood mapping. A threshold 

value of 0.7 was used for NDFI, which is considered conservative by the author to 

ensure accuracy and minimize false positives.52 However, this conservative approach 

may also under-detect certain flooded areas. Adjusting the threshold to a lower value 

can increase the detected flood extent but might introduce noise or inaccuracies. 

The reference period for the analysis (from January 1, 2024, to September 2, 2024) 

relied on pre-flood acquisitions to establish a baseline for comparison.

Limitations

While SAR data offers significant advantages in flood detection, certain limitations 

were encountered during this analysis:

1.	 Temporal mismatch between acquisitions and flood events

The timing of satellite acquisitions often did not coincide with the peak of the 

flood events. For instance, in Kalaw, Sentinel-1 data was captured on September 

8, 2024 and September 20, 2024. This gap in acquisition dates resulted in missed 

detection of floods that occurred around September 10, 2024.

2.	 Challenges in urban flood detection

SAR-based flood detection methods often face difficulties in urban environments 

due to the complex scattering mechanisms of radar signals. Additionally, the 

spatial resolution of the SAR data limits the precise identification of flooded 

areas within densely built-up regions.

Flood Detection Using Optical Data
In addition to SAR data, optical satellite imagery was employed to complement 

flood detection efforts. Optical data is particularly useful for identifying surface 

water under clear-sky conditions. The analysis utilized the Modified Normalized 

Difference Water Index (MNDWI), which is a proven method for detecting water 

bodies.53 

Methodology

The MNDWI was applied with a threshold value of 0.2, as suggested by existing 

literature. This threshold helps delineate water bodies from surrounding land 

surfaces effectively. The analysis included data from a reference period (from January 

1, 2024, to September 2, 2024) to establish pre-flood conditions, against which the 

flood extent was measured.

52	 The methodology draws upon the work of Cian, Marconcini, and Ceccato (2018), which outlines the application 
of NDFI in flood mapping using Earth Observation (EO) data. Cian, Fabio, Mattia Marconcini, and Pietro Ceccato. 2018. 
“Normalized Difference Flood Index for Rapid Flood Mapping: Taking Advantage of EO big Data.” Remote Sensing of 
Environment 209C:712-730. DOI: 10.1016/j.rse.2018.03.006.  
53	 Cian, Fabio, José Manuel Delgado Blasco, and Clara Ivanescu. 2024. “Improving Rapid Flood Impact Assessment: 
An Enhanced Multi-sensor Approach.” Journal of Environmental Management 369 (2):122326. https://doi.
org/10.1016/j.jenvman.2024.122326 
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Limitations

Despite its utility, optical data has inherent limitations that affected the analysis:

1.	 Cloud Coverage:

Persistent cloud cover during and after the cyclone significantly restricted 

the availability of usable optical data. For example, over Kalaw city, the first 

cloud-free Sentinel-3 acquisition after the September 10 was only available on 

September 19. This delay limited the detection of floods that occurred earlier.

2.	 Revisit Time of Satellites:

Medium and high-resolution sensors, such as Landsat 8/9 and Sentinel-2, have 

limited temporal resolution, resulting in infrequent data availability. While 

lower-resolution satellites such as MODIS and Sentinel-3 offer higher revisit 

frequencies, their coarser spatial resolution (>250 meters) reduces the granularity 

of flood detection.

3.	 Spatial Resolution:

The medium and coarse spatial resolution of the most suitable datasets restricted 

the precise delineation of flood boundaries, particularly in smaller or fragmented 

flood areas.

Exposure Assessment
The exposure assessment focused on quantifying the impact of floods on urban 

areas, cropland, transportation networks, and buildings.

Urban Areas

To estimate the flood-exposed urban areas, built-up layer of the Joint Research 

Center ( JRC) Global Human Settlement Layer (GHSL) was overlaid with flood 

detection rasters derived from Sentinel-3 optical data. This approach addressed the 

limitations of SAR methods in urban flood detection. The total exposed area was 

calculated by summing all flooded pixels, multiplying by pixel area, and aggregating 

results at administrative level 1 (ADM1: states and regions) and administrative level 

3 (ADM3: townships).

Cropland

Cropland was assessed using the Myanmar Data Observatory (MDO) land cover 

layer, where classes 3 (cropland) and 12 (rice field) were merged to create a total 

cropland mask. The flooded cropland areas were identified by overlaying this mask 

with the SAR-derived flood detection layer, which is more reliable under cloudy 

conditions.

Annex 01

P.  28



F I G U R E  A 1 . 2 .

Example of the 
Sentinel-3 cloud 
coverage over 
Kalaw area

Annex 01

P.  29



Roads and Railways

The road and railway network data were processed as follows:

1.	 Reprojected to the Pseudo-Mercator projection (EPSG:3857).

2.	 Split into segments of maximum 50 meters.

3.	 Buffered by 10 meters to account for flood proximity.

4.	 Reprojected back to the raster coordinate reference system (CRS) and 

intersected with the flood mask to identify affected segments.

The total exposed lengths of roads and railways were aggregated by administrative 

boundaries.

Buildings

Building exposure was assessed by computing zonal statistics on the flood mask 

raster. Each building was classified as exposed (value = 1) or unexposed (value = 

0). The total number of exposed buildings and their percentage within ADM1 and 

ADM3 boundaries were calculated.

Transportation Assets

Transportation assets—including airports, railway stations, bus stations, and 

ports—were buffered with a 10-meter radius. Zonal statistics were then applied to 

identify assets impacted by flooding.
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02
The analysis relied on various baseline datasets to provide contextual 

information and enhance the accuracy of flood impact assessments. Table 

A2.1 lists the data sources used for geospatial analysis for this note.

TA B L E  A 2 . 1 .

List of 
geospatial 
baseline 
datasets

Data Data source

Administrative 
Division 

Myanmar - Subnational Administrative Boundaries 
(geoBoundaries Global Database of Political Administrative 
Boundaries Database; OCHA, 2017)

Flooded Area UNOSAT Sentinel-1 flood maps, World Bank Group adjusted 
(2024) 

Population Spatial Distribution of Population, Myanmar (WorldPop, 
2020) 

Urban Areas Global Human Settlement Layer (Joint Research Center, 
2023)

Crop Areas UNDP Landcover analysis data (UNDP Myanmar 
Development Observatory, 2023)

Built Structures Microsoft Building Footprint (Microsoft, 2022) 

Infrastructure OpenStreetMap building and roads layers (Geofabrik, 2024)

Land Cover Layer

The land cover information was sourced from two primary datasets: the MDO and 

European Space Agency (ESA) WorldCover 2020 version 2. After careful comparison, 

MDO data was chosen for its higher relevance to the study area, as the cropland in 

Myanmar has been declining steadily in recently years and the MDO data is more 

recent.

Urban Layers

Urban areas were mapped using two datasets: ESA WorldCover 2020 version 2 and 

the JRC GHSL (2022). The JRC GHSL dataset was selected for its closer alignment 

with ground reality in representing the total urban area of Myanmar.
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Building Footprints

Building footprint data was obtained from two sources: Microsoft’s building 

footprint dataset and OpenStreetMap (OSM) buildings data. The Microsoft dataset, 

with over 9 million building footprints, was significantly more comprehensive than 

OSM, which contained approximately 1.5 million footprints. However, the Microsoft 

data lacks validation (the Microsoft data appears to count small structures such as 

small out buildings, as separate assets) and additional attributes, such as building 

types, that are available in OSM data.  

Road Layers

Road network data was compared between MIMU (2022) and OSM. MIMU data 

primarily included major roads (primary, secondary, tertiary) and, while appearing 

to provide data on more recently built roads, offered limited coverage within urban 

areas. In contrast, OSM data included smaller roads and urban streets, making it the 

preferred choice for this analysis.

Railway Layers

Railway data from MIMU and OSM were assessed. While MIMU included more 

recent railways, OSM data was used for consistency with other transportation 

datasets.

Other Transportation Data

Information regarding airports, ports, bus stations, and railway stations was 

extracted from OSM data, providing a comprehensive view of transportation assets 

in the study area.

Data Repositories:

•	 MIMU GeoNode: MIMU Layers (https://geonode.themimu.info/layers/)

•	 OCHA Myanmar: Subnational Administrative Boundaries 

(https://data.humdata.org/dataset/cod-ab-mmr)

•	 OpenStreetMap: Geofabrik Download 

(https://download.geofabrik.de/asia/myanmar.html)

•	 JRC GHSL Data: JRC Data Catalogue 

(https://data.jrc.ec.europa.eu/collection/ghsl)

•	 ESA WorldCover: ESA World Cover (https://esa-worldcover.org/en)

•	 Microsoft Building Footprint: Global ML Building Footprints 

(https://gee-community-catalog.org/projects/msbuildings/)

•	 Population: WorldPop (https://hub.worldpop.org/doi/10.5258/SOTON/

WP00645)
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F I G U R E  A 3 . 1 .

Flood 
detected areas 
(September 
6–26, 2024)
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F I G U R E  A 3 . 2 .

Flood extent (in 
ha), by township

  

Annex 03

P.  34



F I G U R E  A 3 . 3 .

Flood-exposed 
population, by 
township
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F I G U R E  A 3 . 4 .

Number of 
flood-exposed 
buildings, by 
township
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F I G U R E  A 3 . 5 .

Percentage of 
flood-exposed 
buildings, by 
township 
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F I G U R E  A 3 . 6 .

Percentage of 
flood-exposed 
cropland, by 
township 
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F I G U R E  A 3 .7.

Flood-exposed 
roads
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F I G U R E  A 3 . 8 .

Flood-exposed 
roads (in km), by 
township
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F I G U R E  A 3 . 9 .

Conflict 
incidents 
(October 
2023–October 
2024) and 
flooded areas by 
township
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TA B L E  A 3 . 1 .

TA B L E  A 3 . 2 .

Flood-exposed 
population by 
state/region 
(ordered by % 
exposed)

Flood-exposed 
built structures 
by state/region 
(ordered by % 
flooded)

Source: World Bank analysis.

Source: World Bank analysis.

State/Region Population
Exposed 

Population
% Exposed 
Population

Mon 1,988,971 207,055 10.41%

Rakhine 1,977,646 173,725 8.78%

Magway 3,933,221 299,574 7.62%

Yangon 9,040,508 671,692 7.43%

Sagaing 5,749,312 321,577 5.59%

Kayin 1,629,428 87,368 5.36%

Tanintharyi 1,474,137 74,446 5.05%

Mandalay 6,370,071 164,823 2.59%

Bago 5,210,240 133,664 2.57%

Nay Pyi Taw 519,971 11,891 2.29%

Ayeyarwady 6,387,468 141,176 2.21%

Kachin 1,993,899 39,678 1.99%

Kayah 317,503 6,019 1.90%

Shan 8,716,063 63,183 0.72%

Chin 526,951 3,397 0.64%

National 53,976,055 2,378,957 4.41%

State/Region Total Buildings
Exposed 
Buildings

% Exposed 
Buildings

Rakhine 321,752 62,782 19.51%

Ayeyarwady 1,060,358 205,016 19.33%

Kayin 286,297 54,991 19.21%

Magway 1,082,386 190,822 17.63%

Bago 1,022,486 132,876 13.00%

Sagaing 874,788 111,618 12.76%

Mon 426,427 47,090 11.04%

Yangon 797,990 70,685 8.86%

Nay Pyi Taw 283,891 21,419 7.54%

Tanintharyi 235,693 17,612 7.47%

Mandalay 1,389,273 83,798 6.03%

Kachin 358,060 5,955 1.66%

Chin 28,989 289 1.00%

Shan 1,245,026 11,848 0.95%

Kayah 78,484 484 0.62%

National 9,491,900 1,017,285 10.72%
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TA B L E  A 3 . 3 .

Flooded 
cropland by 
state/region 
(ordered by % 
flooded)

Source: World Bank analysis.

State/Region Total Cropland Flooded Cropland
% Flooded 
Cropland

Bago 1,488,803 167,482 11.25%

Kayin 287,845 24,825 8.62%

Ayeyarwady 1,783,715 142,845 8.01%

Nay Pyi Taw 128,595 9,618 7.48%

Kayah 68,183 3,400 4.99%

Mon 301,825 13,319 4.41%

Yangon 556,433 13,226 2.38%

Shan 1,313,033 19,483 1.48%

Mandalay 1,238,249 16,787 1.36%

Sagaing 1,721,611 14,685 0.85%

Magway 1,063,717 5,553 0.52%

Kachin 297,751 519 0.17%

Tanintharyi 74,612 125 0.17%

Rakhine 469,852 259 0.06%

Chin 8,683 0 0.00%

National 10,802,907 432,127 4.00%

Annex 03

P.  43



TA B L E  A 3 . 4 .

Flood-exposed 
infrastructure 
by state/region 
(ordered by % 
exposed roads)

State/
Region

Total 
Roads 
[km]

Exposed 
Roads [km] 

(% Exposed)

Total 
Railways 

[km]

Exposed 
Railways 
[km] (% 

Exposed)

Total Bus 
Stations 
[count]

Exposed 
Bus Stations 

[count] (% 
Exposed)

Total 
Railway 
Stations 
[count]

Exposed 
Railway 
Stations 

[count] (% 
Exposed)

Exposed 
Airports 
[count]

Mon 858.85 200.15 (23.3%) 13 5 (38.5%) 14.4 2.25 (16%) 34 14 (41%) 0

Magway 1,711.00 362.95 (21.2%) 19 8 (42.1%) 25.3 3.7 (15%) 93 16 (17%) 1

Yangon 2,884.90 430.25 (14.9%) 196 34 (17.4%) 32.4 10.6 (33%) 82 13 (16%) 0

Sagaing 1,250.05 177.45 (14.2%) 10 4 (40.4%) 16.7 2.1 (13%) 55 9 (16%) 0

Bago 1,626.30 171.25 (10.5%) 16.00 5 (31.3%) 72.6 9.80 (14%) 74 17 (23%) 0

Rakhine 1,305.00 154.8 (11.9%) 10 6 (60.0%) 4.8 0.7 (15%) 13 2 (15%) 0

Kayin 1,041.25 83.5 (8.0%) 7 2 (28.8%) 0.1 0 (0%) 1 0 (0%) 0

Tanintharyi 1,327.60 101.15 (7.6%) 12 3 (25.0%) 2.3 0.15 (7%) 6 0 (0%) 1

Nay Pyi Taw 733.10 51.55 (7.0%) 39 3 (7.7%) 7.9 0.7 (9%) 15 2 (13%) 0

Mandalay 3,221.95 185.2 (5.8%) 61 7 (11.5%) 36.1 4.75 (13%) 78 9 (12%) 0

Ayeyarwady 3,726.65 209.25 (5.6%) 42 14 (33.3%) 12.4 1.95 (16%) 34 8 (24%) 0

Kachin 730.15 30.9 (4.2%) 14 0 (0%) 5.4 0.15 (3%) 21 1 (5%) 0

Kayah 299.65 3.15 (1.1%) 1 0 (0%) 0.6 0.2 (33%) 1 0 (0%) 0

Shan 3,004.30 28.95 (1.0%) 38.00 1 (2.6%) 14.8 0.25 (2%) 43 0 (0%) 0

Chin 221.30 1.2 (0.5%) 3 0 (0%) 0.2 0.15 (75%) 0 0 (0%) 0

National 23,942.05 2,191.70 (9.2%) 481.00 92 (19.1%) 245.8 37.45 (15%) 550 91 (17%) 2

Source: World Bank analysis.
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Historical Context of 
Cyclones and Floods in 
Myanmar 
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The tropical cyclone season in Myanmar occurs between April and December, with 
cyclones forming in the Bay of Bengal and on average making landfall around once a 
year since 2000. Most frequent landfalls are in the months of April and May, followed 
by the months of October and November. Damages can be triggered by high winds, 
storm surges, floods, and associated landslides. In recent years, the occurrence of 
damaging tropical cyclones shows an increasing trend.54 Major cyclone events that 
brought heavy damages to the country include Cyclone Nargis in May 2008 and 
Cyclone Mocha in May 2023. 

Myanmar’s geographical location means the country is particularly prone to 
cyclones. The Bay of Bengal—with more than 500 million people living on its coastal 
areas—experiences most of the deadliest tropical cyclones in the world. Since 1950, 
12 out of 15 of the deadliest cyclones worldwide have taken place there, including 
the deadliest in history (cyclone Bhola in November 1970, which took more than 
300,000 lives in Bangladesh) and the deadliest so far this century (cyclone Nargis 
in May 2008, with up to 146,000 deaths in Myanmar’s low-lying Irrawaddy delta 
region). Myanmar’s coastline on the eastern side of the Bay of Bengal stretches about 
2,300 km long in total, consisting of three distinct parts: (i) the western Rakhine 
(Arakan) coast; (ii) the southern Irrawaddy (Ayeyarwady) deltaic coast; and (iii) the 
north-south Tenasserium (Tanintharyi) strip. 

With the increasing frequency of intense cyclones, their economic impacts have 
also been increasing. Between 1988 and 2023), the 10 costliest cyclones in the Bay of 
Bengal caused a combined US$52.4 billion in impacts, equivalent to US$70 billion in 
today’s terms, not accounting for increasing exposures over time.55 The 2008 Cyclone 
Nargis alone caused US$1.754 billion in damages and US$2.324 billion in losses 
(equivalent to combined US$5.75 billion in today’s terms) in Myanmar. The May 
2023 Cyclone Mocha caused US$2.24 billion in damages to buildings, infrastructure, 
and agriculture,56 and an additional US$0.605 billion in losses.57 

In addition to cyclones, monsoon season floods create additional damages in 
Myanmar. A significant increase in the effects of these monsoon season floods is 
evident from 2011 onwards. The monsoon floods of mid-July to early August in 2015 
exacerbated the impact of cyclone Komen, bringing about the most severe damages. 
The occurrence of Typhoon Yagi at the height of the monsoon season in early 
September 2024 follows this pattern. High levels of rainfall had been observed since 
the end of May in 2024, with many townships already experiencing flooding prior 
to Typhoon Yagi.

54	 One event in the 1980s, five in the 1990s, eight in the 2000s, and 11 in the 2010s. 
55	 World Bank. 2023. Extremely Severe Cyclonic Storm Mocha, May 2023, Myanmar: Global Rapid Post-Disaster 
Damage Estimation (GRADE) Report. http://documents.worldbank.org/curated/en/099010224055035000/
P181332176c81f04b1b8af19904a6c281b0
56	 World Bank. 2023. Extremely Severe Cyclonic Storm Mocha, May 2023, Myanmar: Global Rapid Post-Disaster 
Damage Estimation (GRADE) Report. http://documents.worldbank.org/curated/en/099010224055035000/
P181332176c81f04b1b8af19904a6c281b0
57	 UNDP. 2023. Myanmar Cyclone Mocha Recovery Needs Assessment. UNDP estimates total damage of Cyclone 
Mocha to be US $2.06 billion. 
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