
Journal of Robotics and Automation Research

   Volume 3 | Issue 2 | 209

Satellite-Based Flood Inundation and Damage Assessment 
Review Article

C B Mata1*, O F Balderama2 L A Alejo3 JL R Bareng4 S A Kantoush5 

*Corresponding author

J Robot Auto Res, 2022 www.opastonline.com

Abstract
Because recurring floods in the Philippines have become more damaging throughout time, risk assessments, quantifying, and 
visualizing flood damages as accurately as possible become imperative. To deal with an up-todate database and a practical 
assessment tool, a satellite imagery-based method was used which aimed to map flood inundation and estimate damages brought 
by the flood during Typhoon Ulysses. This paper presents a framework for an integrated flood risk management in a river basin 
context with the following components as follows: 1) collection of the comprehensive database containing information relevant 
for flood analysis; 2) use of a satellite-imagery based method for flood inundation map using Google Earth engine; 3) validation 
of map accuracy through quick post-flood participatory approach. Analysis of the recent flood inundation event in November 
2020 in Cagayan Valley, Philippines showed the inundation of an extensive area of 620.88 km2 affecting the Cagayan province 
at 55.91% and Isabela province at 44% share of inundation. The flood severely affected approximately 614.05 km2 of the total 
croplands. Using a participatory validation approach, the overall accuracy of datasets used is 97.78% while flood extent is 95%. 
Through this study, the framework, approach, and methodology can be replicated in other locations in the Philippines and in 
other countries which recurrently experience flooding. 
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Introduction 
Floods are one of the most destructive natural disasters in terms of 
socio-economic damages, both globally and in the Philippines. Due 
to geographic location and diverse topography, many countries es-
pecially in Asia including China, Bangladesh, Japan, India, and 
Philippines have been severely affected and suffered from floods. 
Over the last half-century, more than 80% of natural catastrophes 
in the Philippines are accounted for typhoons and floods. 

The recent flooding in the Philippines 2020 was brought about 
by the succeeding occurrences of six (6) tropical cyclones in the 
country, the last of which is Typhoon Ulysses, bringing unprece-
dented rains to the Cagayan Valley region resulting in unexpected 
floods heights and extensive inundation to the provinces of Isa-
bela and Cagayan. Flood risk assessment and decision-making 
necessitate the most precise quantification of flood risk damages 
feasible [2-4]. The availability of a detailed spatial database for 
damage assessment can potentially improve the ability to generate 
high-resolution flood damage maps. However, just extracting and 
mapping these resources alone is laborious while the adoption of 
the traditional approach is time-consuming and expensive. Flood 

damage estimate using GIS and RS has become a useful instru-
ment for developing a near real-time flood mapping and effective 
flood risk mitigation policy [5-6].

Many attempts have been made in the past to map flood vulnera-
bility in the Philippines using LiDAR but unfortunately, the cover-
age for a sufficiently high accurate Digital Terrain Model (DTM) 
is not complete, especially in the river basin context [7-8]. Flood 
management based on water level forecasting is ineffective in pro-
viding a spatial flood region for mapping flood events [9-10]. The 
limitations of the hydrological model-based method are addressed 
by satellite-based flood extent monitoring [11]. In the Philippines, 
suggest the use of Google Earth Engine (GEE) in post-disaster re-
covery monitoring in Leyte brought by Typhoon Haiyan in 2013 
[12]. GEE also offers a rapid and direct flood damage estimation 
with the default embedded data and script in GEE [3,13,14]. 

One of the satellite data in GEE is the Sentinel-1. Apart from mul-
tiple applications of Sentinel-1, it uses a wide area coverage with 
near real-time data acquisition making it a more feasible tool al-
lowing for more efficient and cost-effective use. Over the last few 
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decades, a considerable number of studies have been through on 
the SAR flood mapping method in combination with other Remote 
Sensing (RS) imageries whereas other researchers suggest the use 
of Sentinel-1 radar image to calibrate or validate the extent derived 
using other models [1, 15,16]. 

All flood mapping-related research in the Philippines is useful in 
giving a geographic representation of the distribution of flooded 
regions however, no studies have yet been conducted to evaluate 
and map the actual flooding of the entire Cagayan River Basin 
using different datasets. GEE can offer an estimation of flood 
damages but in very low-resolution datasets (MODIS land cover 
500m, JRC Population 250m) thereby affecting the accuracy of 
reports. With the readily available, free, up-to-date, and high-res-
olution data accessible in OpenStreetMap (OSM) and obtainable 
from National Mapping and Resource Information (NAMRIA), a 
comprehensive database containing information relevant for flood 
analysis was collected and analyzed in this study. Since GIS and 
RS have proven their capability in flood mapping, the study is very 
timely and significant, especially in the case of the Philippines.  

Hence, this paper aimed to 1) collect the comprehensive database 
containing information relevant for flood analysis; 2) use a satel-
lite-imagery-based method for flood inundation map using GEE; 
3) validate map accuracy through a quick post-flood participatory 
approach. This resolution will exhort the Disaster Risk Manage-
ment Council and the Cagayan Valley Regional Disaster Man-
agement Council in the Philippines to expedite the restoration of 
typhoon-damaged regions and provide basic needs to significantly 
affected people. The study's findings will be beneficial in devel-
oping flood risk reduction policies and preventive measures for 
future flood events.  

Materials and Methods 
Figure 1 depicts the overall methodological framework used in the 
study. Two validations were performed: for datasets and flood ex-
tent. A post-flood survey was conducted to determine the threshold 
for estimating flood extent in GEE. Flood maps and flood-risked 
resources were quantified and tabulated. Validation of map accu-
racy through a quick post-flood participatory approach was done. 
A step-by-step procedure was presented for future replication of 
the study. 
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Figure 1: A summary of the overall methodological framework used in the study

Data Collection, validation, and accuracy 
A comprehensive and up-to-date database containing information 
relevant to flood analysis was collected. Data is characterized by 

different sources and dates depending on the latest and finest data 
there is. Flood damages were evaluated in the following features 
(Table 1).

https://www.opastonline.com/


   Volume 3 | Issue 2 | 211J Robot Auto Res, 2022 www.opastonline.com

Table 1: Definition of features and sources of data where damages were evaluated
Class Feature Definition Data Reference
Population The number of people living in a place Philippine Statistics Authority (PSA). 

2020.
Annual Crop Cultivated with crops with a growing cycle under one year, which 

must be newly sown or planted for further production after harvest-
ing.

National Mapping and Resource Informa-
tion Technology (NAMRIA). 2015.

Built-up Composed of areas of intensive use with much of the land covered 
with structures. Individual buildings or groups of connected build-
ings 

NAMRIA 2015
OpenStreetMap (OSM). 2020.

Inland Wetland Aquatic influence environments are sometimes referred to as fresh-
water and inland water/water bodies but also include brackish water 
located within land boundaries

NAMRIA. 2015.

 

matrix which is commonly used to calculate thematic accuracy based on the results of 

validation (validation through ancillary maps and field). It provides three measures of 

accuracy – user accuracy, producer accuracy, and overall accuracy. During the post-flood 

survey, on the other hand, data thru questionnaire surveys were conducted at the selected 

barangays in Cagayan River Basin. Eighty-four (84) locations (Figure 2) and households 

(Figure 3) were surveyed for the highest actual flood depth and flood duration. The data was 

used to determine the threshold value of flood extent using GEE. Figure 4 shows some 

pictures taken during the post-flood field survey.  

 
  

Figure 2: Locations of households (green dots) interviewed during the post-flood survey of typhoon 

Ulysses showing the flood depths. Those with a zero value indicate that no flooding happened in 

that specific location.   

   

Figure 2: Locations of households (green dots) interviewed during the post-flood survey of typhoon Ulysses showing the flood depths. 
Those with a zero value indicate that no flooding happened in that specific location.
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Figure 3: Ground photographs of sites where households were asked information such as flood duration and flood height to indicate 
water levels during flooding.

Flood inundation using GEE and damage assessment 
Detailed workflow of flood extent derivation using GEE is shown 
in Figure 4. The workflow was based on the recommended practice 
developed by [13]. Flood inundation was derived using a change 
detection approach on Sentinal-1 (SAR) data. The Sentinel 1AVH 
polarization images were retrieved during the pre-flood period 
(October 20, 2021) and during the flood period (November 13-

16, 2020). The various pre-processing techniques including radio-
metric calibration, removal of noise, and orthorectification were 
performed. The threshold of 1.10 was applied to deduce the flood 
hazard in the lower basin. The Global Surface Water dataset (2018, 
30m resolution) was used to mask areas covered by water for more 
than 10 months. 

 

 
  

Figure 4: Workflow of flood inundation using GEE and damage assessment in ArcGIS. The 

high-resolution datasets like DTM for slope and land cover maps were the two main inputs 

altered from the default dataset used by GEE.  

 

In this study, IFSAR DTM of 5-m resolution was used to derive slope instead of World 

Wildlife Fund WWF HydroSHEDS hydrologically conditioned DTM which is based on 

Shuttle Radar Topography Mission (SRTM) and has a spatial resolution of 3 arc-seconds. To 

estimate the damage that occurred due to flood, elements discussed earlier like population, 

built-up, croplands, and inland wetland were intersected. The area and/or count of each 

Figure 4: Workflow of flood inundation using GEE and damage assessment in ArcGIS. The high-resolution datasets like DTM for 
slope and land cover maps were the two main inputs altered from the default dataset used by GEE.
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In this study, IFSAR DTM of 5-m resolution was used to derive 
slope instead of World Wildlife Fund WWF HydroSHEDS hy-
drologically conditioned DTM which is based on Shuttle Radar 
Topography Mission (SRTM) and has a spatial resolution of 3 
arc-seconds. To estimate the damage that occurred due to flood, 
elements discussed earlier like population, built-up, croplands, and 
inland wetland were intersected. The area and/or count of each 
inundated land cover was calculated and tabulated. This was done 
for all barangays affected. It should be noted that the damages 
were evaluated in a river basin context. 

Quick post-flood participatory approach 
Department of Public Works and Highways Region 2 in collab-

oration with Hdronet Consultancy, Inc. and barangay officials, 
mapped flood extents where they were instructed to assign appro-
priate colors to each region of their barangay-based on Typhoon 
Ulysses' results. Important areas wherein floodwater originates 
(Cagayan River, Pinacanuan River, and open drainage system) 
were explained to the participants for easier mapping. When they 
finished assigning colors and identifying important facilities and 
routes in their respective barangays, they were then tasked to list 
the priority areas which are usually flooded. Figure 5 shows the 
barangay personnel identifying the extent and time concentration 
of flood during typhoon Ulysses. 
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Figure 5: Representatives from barangays (a), (b), (c) identify the subsidence and duration 

time in their area, and a sample color-coded flood depth map (d)  

  

  

Figure 5: Representatives from barangays (a), (b), (c) identify the subsidence and duration time in their area, and a sample color-coded 
flood depth map (d)

Source: Department of Public Works and Highways (2021) Consulting Services for the Drainage Master Plan of Tuguegarao City

The consulting agency carefully digitized the output maps in Goo-
gle Earth producing laid-out maps in JPEG format, which were 
then georeferenced by our group for flood extent validation us-

ing GEE. Figure 6 shows the georeferenced photos and sampling 
points for validation of flood extent using GEE. 
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Figure 6: Tuguegarao City featuring the (a) georeferenced flood maps and (b) sampling points (circle dots) for validation of flood extent 
(light blue) using GEE.

Results and Discussion 
The flood was caused by continuous and excessive rainfall in No-
vember from 1 to 13, 2020. The pre and postflood datasets were 
determined based on rainfall data. As a result, an inundation map 

(Figure 7) dented by blue overlaid on the administrative boundar-
ies of the region and the affected land cover map (Figure 8) were 
created with a total area of 620.88 km2. The flood was most dense-
ly distributed along the low-lying stretch of the Cagayan River.  

              
  

  Figure 7: Final flood inundation map of typhoon Ulysses using GEE showing the terrain and 

provinces    affected   

   

Figure 7: Final flood inundation map of typhoon Ulysses using GEE showing the terrain and provinces affected  
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other hand, Kalinga (0.545 km2), Ifugao (0.043 km2), and Apayao (0.0002 km2) had minimal 

damage of less than a square kilometer flooded area due to their safer site and situation. The 

use of satellite-based flood inundation analysis like GEE will aid in the identification of the 

Figure 8: Affected land cover in Cagayan River Basin during the flood due to Typhoon Ulysses

To estimate flooded area and damages per province, the final flood 
inundation (slope and GSW deducted) was used. As shown in Ta-
ble 2, two provinces in the region were greatly affected by a series 
of typhoons in November 2020. Cagayan was the most affected 
(347.128 km2) with about 11.98% of its area flooded, followed 
by Isabela (273.162; 3.10%). On the other hand, Kalinga (0.545 
km2), Ifugao (0.043 km2), and Apayao (0.0002 km2) had minimal 
damage of less than a square kilometer flooded area due to their 

safer site and situation. The use of satellite-based flood inundation 
analysis like GEE will aid in the identification of the worst-affect-
ed districts in terms of submerged areas. Of the land classes listed, 
annual cropland was the most affected (98.90% of the total inunda-
tion), followed by built-up (1%) which affected a large population 
(~ 225,634). Therefore, it is critical to focus on lowering damage 
in annual croplands. 

Table 2: Area and percentage distribution of inundation per province and affected land cover in Cagayan River Basin after in-
tersecting inundation map using GEE

Prov-
ince

Provincial 
Area (km2)

Flooded 
Area (km2)

% Area wrt 
province

% Area of 
inundation

Annual 
Crop (km2)

Built-up Inland Wet-
land (km2)

Population 
Affected

% Affected 
Population Count Area (km2)

Cagayan 2,897.67 347.128 11.98% 55.91% 344.36 4,355 2.19 0.55 113,636 50.36%
Isabela 8,813.95 273.162 3.10% 44.00% 269.10 2,981 4.03 0.03 111,959 49.62% 
Kalinga 10,276.73 0.545 0.01% 0.09% 0.55 36 37 0.02%
Ifugao 2,503.45 0.043 0.00% 0.01% 0.04 4 3 0.00%
Apayao 3,913.88 0.0002 0.00% 0.00% 0.00 2 1 0.00%
TOTAL 28,405.68 620.879 2.19% 100.00% 614.05 7,378 6.22 0.58 225,634 100.00%

Two provinces are most affected: Cagayan (Table 3) and Isabela 
(Table 4). In Cagayan, Amulung has the largest total area affected 
in Cagayan Province and has the most population affected by the 
flood. Tuguegarao, the capital 139 city is the 5th most affected 

with a total area of 24.91 km2 flooded and 29,041 estimated affect-
ed population. There are 140 18 out of 28 municipalities affected 
in Cagayan Province.
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Province Annual Crop 
(km2) 

Built-up Inland Wetland 
(km2) 

Population Total (km2) 
Count Area (km2) 

Amulung 81.40 702 0.29 0.00 17,101 81.70 
Solana 71.32 745 0.11 3 71.44 
Alcala 44.84 755 0.79 0.43 10,505 46.07 
Enrile 38.19 401 0.07 10,248 38.26 
Tuguegarao City 24.75 366 0.15 29,041 24.91 
Gattaran 17.97 266 0.19 0.00 3,725 18.16 
Iguig 17.97 131 0.15 5,285 18.11 
Lasam 17.12 230 0.18 3,763 17.30 
Lal-Lo 16.30 236 0.09 3,271 16.43 
Baggao 6.18 153 0.06 2,337 6.24 
Santo Niño 4.64 114 0.04 1,126 4.68 
Piat 1.13 47 0.00 42 1.13 
Tuao 1.08 85 0.01 448 1.09 
Camalaniugan 0.59 36 0.02 190 0.61 
Aparri 0.57 47 0.01 0.08 619 0.66 
Peñablanca 0.28 32 0.01 114 0.29 
Rizal 0.03 4 3 0.03 
Allacapan 0.02 5 3 0.02 
Cagayan 344.36 4355 2.19 0.55 111,959 347.13 

Table 3: Summary of flooded areas and damages per municipality in Cagayan

Province Annual Crop 
(km2) 

Built-up Inland Wetland 
(km2) 

Population Total (km2) 
Count Area (km2) 

Ilagan 44.48 590 0.77 0.02 20,734 45.27 
44.48 590 0.77 0.02 20,734 45.27 

Santo Tomas 26.94 124 0.20 10,666 27.14 
Delfin Albano 26.21 243 0.53 5,738 26.73 
Santa Maria 24.50 166 0.12 8,724 24.62 
Tumauini 23.78 189 0.58 10,963 24.36 
Cabagan 23.31 146 0.25 14,655 23.56 
Cauayan City 21.66 215 1.04 11,126 22.70 
Reina Mercedes 14.70 61 0.23 7,452 14.93 
Quirino 12.18 208 0.02 2,020 12.20 
Gamu 10.23 142 0.05 3,968 10.27 
Naguilian 9.14 72 0.03 4,372 9.16 
Angadanan 6.28 134 0.02 1,984 6.31 
Burgos 5.42 85 0.00 1,819 5.42 
San Pablo 4.84 44 0.12 3,355 4.96 
Luna 4.57 40 0.00 1,128 4.58
Alicia 4.01 185 0.04 986 4.05 
San Isidro 2.40 110 0.00 1,169 2.41 

 Table 4: Summary of flooded area and damages per municipality in Isabela 
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Santiago City 1.42 60 0.01 1,405 1.44 
Echague 0.78 34 0.01 766 0.79 
Benito Soliven 0.45 14 49 0.45
Roxas 0.39 29 0.00 79 0.39 
San Mateo 0.31 24 0.00 130 0.31
Cabatuan 0.23 12 155 0.23 
Ramon 0.20 14 0.00 0.01 36 0.21 
Quezon 0.19 8 0.00 17 0.19 
San Manuel 0.16 6 47 0.16
Mallig 0.15 13 45 0.15
Aurora 0.10 8 28 0.10
Cordon 0.07 5 0.00 17 0.07
Isabela 269.10 2,981 4.03 0.03 113,633 273.16 

Isabela province, on the other hand, has a total flooded area of 
269.1 km2 and more than 100 thousand people affected. Ilagan as 
the capital city is the most affected with an area of 43.27 km2 and 
a 20,734 estimated population affected. There are 30 of 34 munic-
ipalities of Isabela affected by the flood. 

Tuguegarao City and Ilagan City, two of the most populated river-
ine towns in the region are located approximately 50-600 m away 
from the Cagayan River. Cagayan River Basin (CRB) is the larg-
est river basin in the Philippines but is densely populated along 
the flood-hit areas resulting in a high number of casualties. The 
spatial variation in the extent of floods can be attributed to many 
factors such as the precipitation, land cover types, and topographic 
conditions. Since Cagayan province is surrounded by the Sierra 
Madre mountain range to the east while the western boundaries are 
generally hilly and the central area is dominated by a wide valley, 
the province forms the lower basin of the Cagayan River therefore 
receiving a higher volume of floodwater. In the Philippines, from 
June to October, the southwest monsoon brings heavy rainfall. 
This heavy rainfall extends up to the early part of November. The 
successive days of rain exacerbated by typhoons led to flooding. 

Validation of flood extent using the data from the survey reveals 
95% accuracy. In many studies, Sentinel 1 (SAR) was demonstrat-
ed suitable for mapping flood areas due to its ability to penetrate 
cloud forms among others. This result are in line and supports 
the findings of previously conducted researches [3,17]. conclud-
ed that GEE algorithm performs well with an optimum accuracy 
of 96.44%. monitored flood events using multi-temporal Sentinel 
1 images [17]. The accuracy ranges from 92.8%-96.2% with an 
overall accuracy higher than 90%. Sentinel 1 perfectly separates 
the distinction of submerged areas to non-flooded areas allowing 
an accurate flood mapping possible. GEE that uses Sentinel 1 with 
medium-high resolution can therefore be used for rapid mapping 
of events with high accuracy. The assurance of high accuracy and 
more specific information embedded in local data is the prima-
ry benefit. The damage estimates provide useful information, not 
only in the form of numerical statistics but also in multi-boundary 

maps that can assist the decision-makers in visualizing areas that 
need the most help. This advantage of utilizing more detailed geo-
spatial data and readily available for processing makes it appropri-
ate for a rapid source of information. 

Conclusion and Recommendation 
This study has developed a methodology to determine the ex-
tent of damages not only in the area but also in number by inte-
grating high-resolution datasets that are readily available in the 
Philippines. The use of these data instead of the default materi-
als used by GEE may be utilized by local flood mappers without 
difficulty. The flood inundation and damage maps created using 
ArcGIS provide improved visualization of disaster severity across 
communities. The concurrent flood study imposes adopting an in-
tegrated approach with an emphasis on disaster risk mitigation, 
preparedness, and streamlining of the relief distribution system, 
with an emphasis on self-reliance on Local Government Units and 
Non-Governmental Organizations. Future work will be aimed to 
use the workflow applied in assessing flood damages for other ty-
phoon events in the Philippines. A set of technical and institution-
al recommendations are to be firmed up in consultation with the 
Cagayan River Basin Management Council and the Cagayan Val-
ley Regional Disaster Management Council. Through this study, 
the framework, approach, and methodology can be replicated 
across a range of geographical case studies arising due to floods. 
Further validations and comparisons against future similar studies 
are encouraged.   The framework is also recommended to be ap-
plied in diverse catastrophic scenarios, i.e. storm surges, tsunamis, 
and flash floods.  The framework could assist local authorities in 
estimating disaster impacted land features in a practical means. 
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