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   Overview   
A category 5 Tropical Cyclone RAI-21 struck the Philippines on the 16th of December 2021, 

causing damage, devastation, and destruction. The Tropical Cyclone RAI-21 made landfall north 

of General Luna city on Siargao Island, the easternmost island of the Philippines, and continued 

westward through the central part of the country.   

 

The Philippines National Disaster Risk Reduction and Management Council (NDRRMC) has 

stated that 2,182,791 families have been affected in 11 out of 17 regions of the Philippines. About 

3M people, ~ 30% of the affected area population – need emergency humanitarian assistance.  

 

According to OCHA, the death toll has reached 177 persons, with more than 275 persons injured 

and 630,000 displaced. More than 159,000 houses have been damaged, 61,900 have been 

destroyed. These figures are likely to rise as the after-effects of the Tropical Cyclone are fully 

realized. 

• Preliminary assessment has shown devastating damage to houses, roads, and bridges 

disrupting aid movement into the affected areas.  

 

• This report summarizes satellite-derived building damage analysis covering the most 

affected areas within Region IV-B (Mimaropa), Region VII (Central Visayas), Region VIII (Eastern 

Visayas), and Region XIII (Caraga) of the Philippines.  

 

 
  

https://monitoring-dashboard.ndrrmc.gov.ph/page/situation/situational-report-for-tc-odette-2021
https://www.unocha.org/story/philippines-un-and-humanitarian-partners-call-us1072m-typhoon-response


UNITAR-UNOSAT | The Philippines Tropical Cyclone RAI-21 | 14th of January 2022 

 

4 

 

Comprehensive Satellite-Detected Building 

Damage Assessment: Overview Map,  

Methodology and Considerations 
  

The United Nations Satellite Centre (UNOSAT), on behalf of the Bangkok office of the Regional 

Office for Asia and the Pacific of the United Nations Office for the Coordination of Humanitarian 

Affairs (OCHA), activated the International Charter on Space and Major Disasters on the 16th of 

December 2021 to support the planning and coordination of emergency response operations with 

satellite analysis, covering the areas affected by the tropical cyclone RAI-21. UNOSAT has 

released a preliminary satellite-derived damage assessment report for Philippines’s Region XIII, 

Region VII, and Region IV-B. In addition, a webmap of satellite-based analysis related to the 

tropical cyclone track and further damage assessment for the affected regions of Philippines have 

been released. 

 

Copernicus Emergency Management Service have also been working to provide a coherent and 

broad overview of the damage caused by the tropical cyclone. In addition, efforts have been made 

to estimate the overall damage caused by the tropical cyclone, particularly concerning the number 

of damaged buildings in Philippines. This report will focus on the four most affected regions: 

Region IV-B (Mimaropa), Region VII (Central Visayas), Region VIII (Eastern Visayas), and Region 

XIII (Caraga). The building damage assessment was conducted using pre and post event satellite 

data covering different areas of interest shown on the GDACS Satellite Mapping Coordination 

System (SMCS) page. The SMCS is a coordination platform where organizations monitor 

mapping activities for ongoing emergencies. 

 

 
Figure 1, the snapshot of GDACS – SMCS, depicts the analysis extent and status of UNOSAT and Copernicus EMS 

https://www.unitar.org/unosat/maps/HTI
https://www.unitar.org/unosat/maps/HTI
https://www.disasterscharter.org/web/guest/-/cyclone-in-cuba
https://disasterscharter.org/web/guest/home
https://www.disasterscharter.org/web/guest/-/cyclone-in-cuba
https://www.unitar.org/maps/map/3416
https://www.unitar.org/maps/map/3412
https://www.unitar.org/maps/countries/82
https://emergency.copernicus.eu/
https://smcs-unosat.web.cern.ch/event/214
https://smcs-unosat.web.cern.ch/event/214
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Satellite-derived analysis 
 

This report describes preliminary building damage analysis covering the region of IV-B 

(Mimaropa), VII (Central Visayas), VIII (Eastern Visayas), and region XIII (Caraga) for a total area of 

541 Km2. A building damage analysis and a rapid assessment of transportation network 

conditions was conducted by comparing a series of satellite imageries acquired from 

the International Charter Space and Major Disasters, before and after the tropical cyclone.   

  
Figure 2. This map depicts 15 zones extents over all regions of interest, 2 analysis extents in the region of IV-B (Mimaropa), 8 analysis extents VII (Central 

Visayas), 1 analysis extent VIII (Eastern Visayas), and 4 analysis extents in Region XIII (Caraga) examined by UNOSAT and Copernicus EMS to determine 

infrastructure damage caused by the Tropical cyclone RAI-21 on the 16th of December 2021.          

The map also illustrates the tropical cyclone track 

 

   

Table 1. Overview of satellite imageries had been used for the damage assessment 

covering 4 analysis areas and its acquisition date 



UNITAR-UNOSAT | The Philippines Tropical Cyclone RAI-21 | 14th of January 2022 

 

6 

 

Analysis summary      

The comprehensive damage assessment identified a total of 22,930 buildings/structures with 
visible damage and potentiall damaged also approximately 22 locations with visible road 
obstacles and/or access constraints within regions IV-B (Mimaropa), VII (Central Visayas), VIII 
(Eastern Visayas), and XIII (Caraga). 

In this comprehensive report, the damaged buildings were identified using a photo-interpretation 
methods by using post-event very high-resolution satellite images. In addition, the number of pre-
buildings were only identified when the analyzed zones had a good quality pre-building footprints 
database. 

  

Figure 3. This map depicts all analysis extents in region of IV-B (Mimaropa), VII (Central Visayas), VIII (Eastern Visayas), and region XIII (Caraga), The Philippines 

examined by UNOSAT, and Copernicus EMS to determine infrastructure damage caused by the Tropical cyclone RAI-21 on the 16th of December 2021. 

  
Table 2. Overview of building/structure damage assessment conducted by UNOSAT and Copernicus EMS. The table gives an overview of the total area and analyzed 

area of each affected region and the potentially damaged and damaged buildings and roads identified during the analysis. 
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Area 1: Region IV-B (Mimaropa) 

The Region IV-B (Mimaropa) has a population of approximately 3,113,900 people and an area of 

26,870 km2. According to Humanitarian Open Street Map data, the pre-event building footprint of 

the Region IV-B (Mimaropa) represent 107,930 buildings. 4,681 of those buildings were located 

within the Areas of Interest (AOIs) analysed by the emergency response teams. 

Area 1 has two AOIs covering approximately 27 km2 in Palawan province.  Analysts conducted 

satellite-analysis by comparing the post-disaster satellite images with available pre-disaster 

images.  

UNOSAT and partners’ preliminary analysis identified 643 buildings/structures with visible 

damage and potentially damaged (~14% of the total building in AOIs) and no visible road 

obstacles and/or access constraints. 

Figure 4. This map depicts the analysis extents in Region IV-B (Mimaropa) examined by UNOSAT to determine infrastructure damage caused by the Tropical cyclone 

RAI-21 on the 16th of December 2021. 

 
Table 3. Overview of building/structure damage assessment in the Region IV-B (Mimaropa). The table gives an overview of the total area and analysed area of each 

affected province of the region and the potentially damaged and damaged buildings and roads identified during the analysis. 
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Building/Structure damage assessment in Region IV-B (Mimaropa) 

Preliminary building/structure damage assessments were conducted through visual interpretation 

by UNOSAT and partners, utilising pre- and post- event very high-resolution satellite images. The 

post-disaster satellite images were acquired after the Tropical cyclone RAI-21 on the 16th of 

December 2021, along with available pre-disaster images. Within the analyzed area, a total of 

277 buildings were identified with significant visible damage.  

 

Figure 5. This map depicts the extent of damaged buildings in Region IV-B. Additional images from Pléiades acquired on 21st of Dec 2021 highlight and visualise the 

extent of damage to buildings within Palawan province. 

Pléiades image copyright: © CNES (2021), distribution by Airbus DS 

Source: Airbus DS  

Google Earth: © 2021 Maxar Technologies 
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Area 2: Region VII (Central Visayas) 

The Region VII (Central Visayas) has a population of approximately 7,898,000 people and an 

area of 14,284 km2. Area 2 has six AOIs covering approximately 393 km2 in Negros Oriental 

province, including Cebu and Bohol. Analysts conducted satellite-analysis by comparing the post-

disaster satellite images with available pre-disaster images.  

UNOSAT and partners’ preliminary analysis identified 15,356 buildings/structures with visible 

damage and potentially damaged. And no visible road obstacles and/or access constraints. 

Figure 6. This map depicts the analysis extent in the Region VII (Central Visayas) of The Philippines examined by UNOSAT and Copernicus EMS to determine 

infrastructure damage caused by the Tropical cyclone RAI-21 on the 16th of December 2021. 

 

Table 4. Overview of building/structure damage assessment in the Region VII (Central Visayas). The table gives an overview of the total area and analysed area of 

each affected province of the region and the potentially damaged and damaged buildings and roads identified during the analysis. 
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Building/Structure damage assessment in Region VII (Central Visayas) 

Preliminary building/structure damage assessments were conducted through visual interpretation 

by UNOSAT and partners, utilizing pre- and post-event very high-resolution satellite images. The 

post-disaster satellite images were acquired after the Tropical cyclone RAI-21 on the 16th of 

December 2021, along with available pre-disaster images. Within the analyzed areas a total of 

9,772 buildings were identified with significant visible damage. Bohol Island had the highest 

number of affected buildings, with over 6,243 damaged buildings detected. 

 

 
Figure 7. This map depicts the extent of damaged buildings in Region VII. Additional images from Pléiades acquired on 21st & 23rd of Dec 2021 highlight and visualise 

the extent of damage to buildings within Negros Oriental, Cebu and Bohol provinces. 

Pléiades image copyright: © CNES (2021), distribution by Airbus DS 

Source: Airbus DS  

Google Earth: © 2021 CNES Airbus 
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Area 3: Region VIII (Eastern Visayas)  

The Region VIII (Eastern Visayas) has a population of approximately 4,385,600 people and an 

area of 20,843 km2. Area 3 has several zones along the coastal approximately 13 km2 in Southern 

Leyte province. Analysts conducted satellite-analysis by comparing the post-disaster satellite 

images with available pre-disaster images.  

UNOSAT and partners’ preliminary analysis shows 501 buildings/structures with visible damage 

and no visible road obstacles and/or access constraints. 

Figure 8. This map depicts the analysis extent in the Region VIII (Eastern Visayas) of The Philippines examined by UNOSAT to determine infrastructure damage 

caused by the Tropical cyclone RAI-21 on the 16th of December 2021. 

Table 5. Overview of building/structure damage assessment in the Region VIII (Eastern Visayas). The table gives an overview of the total area and analysed area of 

each affected province of the region and the potentially damaged and damaged buildings and roads identified during the analysis. 
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Building/Structure damage assessment in Region VIII (Eastern 

Visayas) 
Preliminary building/structure damage assessments were conducted through visual interpretation 

by UNOSAT and partners, utilising pre- and post-event very high-resolution satellite images. The 

post-disaster satellite images were acquired after the Tropical cyclone RAI-21 on the 16th of 

December 2021, along with available pre-disaster images. Within the analyzed area a total of 501 

buildings were identified with prominently visible damage. 

Figure 9. This map depicts the extent of damaged buildings in Region VIII. Additional images from Pléiades acquired on 23rd of Dec 2021 highlight and visualise the 

extent of damage to buildings within Southern Leyte province. 

Pléiades image copyright: © CNES (2021), distribution by Airbus DS 

Source: Airbus DS  

Google Earth: © 2021 CNES Airbus 

Google Earth: © 2021 Maxar Technologies 
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Area 4: Region XIII (Caraga) 

The Region XIII (Caraga) has a population of approximately 2,811,000 people and an area of 

18,776 km2. Area 4 has four AOIs covering approximately 108 km2 in Dinagat Island and Surigao 

del Norte province.  Analysts conducted satellite-analysis by comparing the post-disaster satellite 

images with available pre-disaster images.  

UNOSAT and partners’ preliminary analysis shows 6,430 buildings/structures with visible damage 

and potentially damaged also approximately 22 locations with visible road obstacles and/or 

access constraints.  

 
Figure 10. This map depicts the analysis extent in the Region XIII (Caraga) of The Philippines examined by UNOSAT and Copernicus EMS to determine infrastructure 

damage caused by the Tropical cyclone RAI-21 on the 16th of December 2021. 

 

 
Table 6. Overview of building/structure damage assessment in the Region XIII (Caraga). The table gives an overview of the total area and analysed area of each 

affected province of the region and the potentially damaged and damaged buildings and roads identified during the analysis.  
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Building/Structure damage assessment in Region XIII (Caraga) 
 

Preliminary building/structure damage assessments were conducted through visual interpretation 

by UNOSAT and partners, utilising pre- and post-event very high-resolution satellite images. The 

post-disaster satellite images were acquired after the Tropical cyclone RAI-21 on the 16th of 

December 2021, along with available pre-disaster images. Within the analyzed area a total of 

5,398 buildings were identified with significant visible damage. Dinagat Island had the highest 

number of affected buildings, with over 3,278 damaged buildings detected. 

Figure 11. This map depicts the extent of damaged buildings in Region XIII. Additional images from Worldview-3 acquired on 17th of Dec 2021 and Pléiades acquired 

on 26th of Dec 2021 highlight and visualise the extent of damage to buildings within Southern Leyte province. 

Pléiades image copyright: © CNES (2021), distribution by Airbus DS 

Source: Airbus DS  

WorldView-3 images copyright: © DigitalGlobe, Inc. (2021)  

Source: Maxar, ESRI Basemap 

Google Earth: © 2021 Maxar Technologies 
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UNOSAT LIVE Web map  

UNOSAT Live maps are created by the United Nations Satellite Centre (UNOSAT) and deliver an 

overview of a situation by providing information on damage assessments conducted by the UN 

Satellite Centre (UNOSAT) and partner organisation (Copernicus EMS). All analysis results are 

shared in the webmpa in a geographic format. The added benefit of the live web map is the ability 

to host data from different sources and deliver up-to-date information publicly available across 

browsers and operating systems by citizens and emergency response staffs including on their 

smartphones and tablets. 
 

 

Figure 12. A capture of the UNOSAT webmap interface displaying wind speed zones (red and orange) and cyclone track (red line) following the 
category 5 Tropical Cyclone in The Philippines in all analysed areas (green). The image additionally shows the georeferenced images from UN-

ASIGN are synchronised with the web map.  

 

 

 

 

 

 

 

 

 

https://experience.arcgis.com/experience/0018056aa6284e8e9d4f1e4fcbaae90d/
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Ground photos  

The United Nations Satellite Centre (UNOSAT) combined ground photos from the media and 

residents which illustrate damaged structures impact by the category 5 Tropical Cyclone RAI-21 

on the 16th of December 2021 in The Philippines to present the ground truth, how category 5 

Tropical Cyclone RAI-21 is hazardous.  

 
Figure 13. Residents and destroyed houses triggered by Tropical Cyclone RAI-21 in Talisay, Cebu province, central Philippines.  

Credit photo: Jay Labra/AP Photo, Aljazeera 

 

 
Figure 14. Fallen electric pylons block a road in Cebu City, Cebu province, Philippines.  

Credit photo: Jay Labra/AP Photo, Deutsche Welle (DW) 

 

 
Figure 15. Damaged houses in Cebu Province, Philippines. 

Credit photo: Jay Labra/AP Photo, New York Times 
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Figure 16. Damaged coconut and banana trees along the shoreline in town of Dulag in Leyte province, Philippines 

on 17 December 2021, a day after Tropical Cyclone RAI-21  

Credit photo: Bobbie Alota/ AFP, Aljazeera 

 
Figure 17. A destroyed market building in General Luna town, Siargao island, Surigao del norte province,  

a day after Tropical Cyclone RAI-21 devastated the island.   

Credit photo: Kate Hughes / AFP, Channels Television  

           

 
Figure 18. A damaged building of a small church in Bucas Grande Island, Surigao del Norte province 

Credit photo: Edelito Sangco, Rappler 
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Figure 19. A damaged electricity pylon in Del Carmen town in Surigao del Norte province,  

a day after Tropical Cyclone RAI-21 devastated the town.  

Credit photo: AFP, SHINE News 

 

 
Figure 20. Damaged buildings and affected structures in Bohol province, Philippines 

Credit photo: Bangkok Post 

 

 
Figure 21. Destroyed structures in the coastal village of Fatima in Ubay, Bohol province, Philippines 

Credit photo: New York Times photos  
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The depiction and use of boundaries, geographic names, and related data shown here are not war, ranted to be 

error-free, nor do they imply official endorsement or acceptance by the United Nations. UNOSAT is United Nations 

Satellite Centre, providing satellite imagery and related geographic information, research, and analysis to UN 

humanitarian & development agencies & their implementing partners. This work by UNITAR-UNOSAT is licensed 

under a CC BY-NC 3.0.  

The analysis has not been verified in the field yet; please send your comments and feedback to 

unosat@unitar.org.  
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