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Abstract. Floods are one of the most significant devastating natural hazards around the globe.
Recent development in remote sensing technology supports faster and low-cost analysis of
flood hazards. This study used the Sentinel-1 SAR data for flood mapping and damage
assessment. We selected the October 2022 flood event in Thua Thien Hue province, Vietnam.
The Change Detection and Thresholding (CDAT) method was adopted to detect the
inundation areas. The results showed that The flood event affected to several districts with
Quang Dien being the worst hit, followed by Phu Loc and Huong Tra. Phu Vang had the
smallest flooded area. The total inundated area was up to 33,384.08ha. The derived flood map
was overlaid onto the current land cover map to conduct an initial evaluation of the potential
flood damage corresponding to each land use category. The damage to the land cover was
estimated that most of the affected areas were in the cropland and accounted for 77.07% of
the total inundated area. The results can assist decision-makers in monitoring and assessing
flood damage in Central Vietnam.
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1. INTRODUCTION

Floods have a significant impact on Vietnam, a country located in a tropical monsoon
region with many rivers and a long coastline. The country is prone to natural disasters such as
typhoons, storms, and heavy rainfall, which often result in floods and landslides. The impacts
of floods in Vietnam include loss of life, damage to property and infrastructure, disruption to
transportation and communication, and long-term effects on the environment and public
health. In recent years, the impact of floods in Vietnam has been exacerbated by climate
change, with more extreme weather events and sea level rise increasing flood risk [1]. The
Vietnamese government has implemented various measures to mitigate flood impacts,
including early warning systems, the construction of flood protection infrastructure, and
community-based approaches [2].

Remote sensing technology has revolutionized the field of natural hazard and flood
management, providing valuable information for understanding and predicting these events.
Remote sensing involves the use of satellite and airborne sensors to collect data about the
Earth's surface, atmosphere, and oceans. This technology can be used to detect and monitor
changes in the environment, such as changes in vegetation, water levels, and land use, which
can be indicative of natural hazards such as floods. The application of remote sensing in
natural hazard and flood management has several advantages, including the ability to provide
rapid and accurate information about the location and extent of flooding, enabling timely
responses and reducing the impact on affected communities. Remote sensing can also support
the development of early warning systems, aid in the assessment of flood damage and assist in
the planning and management of flood-prone areas [3].

Synthetic Aperture Radar (SAR) imagery has proven to be a valuable tool in the
assessment of inundation events. SAR is an active remote sensing technology that can
penetrate cloud cover and provide images day or night, making it an ideal tool for monitoring
flood conditions. The high spatial resolution of SAR imagery allows for detailed mapping of
inundated areas and identification of specific features such as levees, waterways, and urban
areas. SAR can also detect changes in surface water levels, providing valuable information for
predicting and responding to floods [4]. The combination of its ability to penetrate cloud
cover and its high spatial resolution make SAR an essential tool for flood risk management
and disaster response. In recent years, advances in SAR technology and increased availability
of SAR data have enabled more accurate and timely inundation assessments.

The Sentinel-1 SAR satellite has proved to be a valuable tool in the detection and
mapping of inundation events. The high spatial resolution of Sentinel-1 SAR images enables
detailed mapping of flood extents, providing valuable information for flood risk management
and disaster response efforts. This satellite has been used to detect and map inundation events
in various regions around the world, including those affected by monsoon rains and typhoons
[5]. The use of Sentinel-1 SAR in flood detection and mapping provides disaster response
organizations with the timely and accurate information they need to respond effectively to
affected communities [6].

The study aimed to demonstrate how Sentinel-1 SAR data can be used to quickly and
accurately map the extent of flooding and provide valuable information for decision making
and response efforts with a case study of a flood event in October 2022 in Thua Thien Hue
province, Vietnam (Figure 1).
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Thua Thien Hue province has a very diverse river system, most of which are small
watershed from less than 100km? to nearly 3,000km? [7]. The terrain is mainly hills and high
mountains (Figure 2). The plain has only a small area in the downstream [8]. The distribution
of the river network is uniform, but most of them are short and steep and regulated by the
Tam Giang - Cau Hai lagoon system [7].
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Figure 1. Location and land use land cover of Thua Thien Hue province.
(provided by the Ministry of Natural Resources and Environment of Vietnam - MONRE)
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Figure 2. Elevation map of Thua Thien Hue province.
(provided by the Ministry of Natural Resources and Environment of Vietham - MONRE)
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The study area is often affected by storms and heavy rain. The number of storms directly
impacting Thua Thien Hue province tends to decrease compared to the 1970s and 1980s, but
the storm scale tends to increase and usually occurs in September and October with the
probability 34% and 27% respectively [9]. The water level recorded at the Kim Long
hydrological station on the downstream of the study area shows that there are about 4 - 5
floods occurring annually [8]. On October 14 - 15th, 2022, storm Son Ca - the fifth storm to
hit the Vietnamese coast, experienced severe flooding due to heavy rain. Many areas in
central Vietnam have been submerged, including Thua Thien Hue province (Figure 3).

VvN[EXPRESS

Figure 3. A view from above looking across Hue Imperial Citadel, October 15, 2022 [10].

The results of the research will provide insight into the potential of Sentinel-1 SAR in
supporting disaster response organizations in their efforts to respond effectively to flood
events in Thua Thien Hue province and similar regions around the world. The findings of this
research will also inform future efforts to improve flood risk management and disaster
response through the effective use of SAR technology.

2. METHODOLOGY

The study was designed in two main components. The first one is mapping flooded extent
from Sentinel 1 SAR images by Change Detection and Thresholding (CDAT) method. The
second one is flood damage assessment for each district and each land cover types. All these
steps were illustrated in Figure 4.

In the first component, the inundated area was produced by applying the CDAT method
[11] on Sentinel-1 data based on the Google Earth Engine platform (GEE). CDAT is a
valuable method employed in analyzing Sentinel-1 satellite imagery for flood area
delineation. One notable advantage of CDAT lies in its objectivity, offering an automated and
guantitative approach to identify changes in pixel values between different time points. This
objectivity reduces subjectivity and enhances the precision of flood extent assessments. The
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method is particularly well-suited for multitemporal analysis of large datasets generated by
Sentinel-1, enabling the capture of dynamic changes over time [6].
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Figure 4. The workflow of flood mapping and damage assessment.
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- First, a pair of Sentinel-1 SAR images contained during the flood event (15th Oct, 2022)
(Figure 5) and pre-flood (sunny day) (Figure 6) in Thua Thien Hue province was obtained.

- Second, performed pre-processing of the SAR images, including calibration, filtering,
and speckle reduction. Then, applied CDAT method to analyze the difference between the
two periods (Figure 7).

The change detection generated a difference layer (D), which was conducted by
comparing the absolute backscatter values of before - and during - flood event images. The
inundated area was determined by classifying the difference layer using a threshold. The
threshold is defined as less than the mean pixel value minus the standard deviation of the
entire image multiplied by the coefficient k.

IDD < ({Lmean [D]} - kf {Lstdev [D]}) (1)

where Pp is the inundated pixel, Lmean and Lswev are mean and standard deviation of difference
layer. The optimum value of ks is 1.5 [11][12].

The final inundated area was refined by excluding areas having more than 5% of slope
value and pixels having lower than 4 neighbors.

In the second component, the high-precision land cover map, which was provided by the
Ministry of Natural Resources and Environment of Vietnam (MONRE), was intersected with
the flood map to analyze the flood area for each land cover type. Then, each type of land
cover was calculated how much area was inundated by the flood event.

3. RESULTS AND DISCUSSION

The results of flooded extent detection were show in Figure 8. The total flooded area in
the region is 33,384.08ha. The district with the largest flooded area is Quang Dien with
5,470.05ha, followed by Phu Loc with 4,674.76ha, and Huong Tra with 4,495.54ha. The
district with the smallest flooded area is Phu VVang with only 3.55ha.

The Figure 9 represents the flooded areas (in hectares) for a particular land cover type.
The crop land was inundated the most with 25,728.37ha. The land cover types in the region,
in descending order of area covered, are forest (1,967.36ha), built-up (1,528.28ha), resident
(340.84ha), bare (584.04ha), and grass (56.42ha).

The results suggested that flooding event in October 2022 was a significant issue in the
Thua Thien Hue province, with a total inundated area of 33,384.08ha. The district-level
analysis indicated that Quang Dien, Phu Loc, and Huong Tra were the most affected districts,
while Phu Vang is the least affected. The finding that crop land was the most inundated land
cover type in the region (77.07%) was particularly concerning as it could lead to significant
agricultural losses. The data on other land cover types, such as forest and built-up areas, can
also be used to inform flood management and planning efforts in the province. Overall, these
results underscore the need for effective flood mitigation and management strategies in the
region.

1703



Transport and Communications Science Journal, Vol. 75, Issue 04 (05/2024), 1697-1706

107°20'E 107°30°E 107°40°E 107°50°E 108°0'E
w1 T T
Y X Phong Hoa

N

Huyen

- 16°30N

Legend

I Fiooded area
[j Thua Thien Hue

- 16°20'N

Xa Xusn Loc j X L %ﬂ%&m ot

it
NUYEN g [
- “% ey T An Cu

x a2
4 NI 2

G Hurmg I J L f T’,\ HUA Thigy

Phong 7 3 - =

0 45 9 1BKm = YSources : Esti{HERE, Garmin, Ini nerma.s Jincregient §; GEBCO, USGS, FAC RCAN, GeoBased T

fz_ 1 1 1 I 1 1 I . Hra IGN; KadeterND (Ordnance Sirvey, Esri Jsp{p METIEsri China (Hong}ftmgj TE;OpedsueemMsp 4 16°10'N
LU r% A L Sphjuersland the GIS User Gommunity. 3 i 4
107°20E 107°30E 107°40E 107°50E 108°0°E

Figure 8. The flooded extent in Thua Thien Hue in the 15th October, 2022.
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Figure 9. Flooded area (ha) for each land cover type of Thua Thien Hue province.
4. CONCLUSIONS

In conclusion, the study has succeeded in applying Sentinel 1 SAR data to quickly
generate an inundation map and assess its damage for Thua Thien Hue province in flood event

1704



Transport and Communications Science Journal, Vol. 75, Issue 04 (05/2024), 1697-1706

on 15th October 2022. The adoption of the CDAT method facilitated the identification of
inundated areas, revealing a total inundated area of 33,384.08 ha. The flood event affected to
several districts with Quang Dien being the worst hit, followed by Phu Loc and Huong Tra.
Phu Vang had the smallest flooded area. The study further demonstrated the practical
application of overlaying the derived flood map onto the existing land cover map for an initial
evaluation of potential flood damage across different land use categories. Notably, the
assessment revealed that croplands were disproportionately affected, constituting 77.07% of
the total inundated area. These findings provide valuable insights for decision-makers,
offering a basis for monitoring and assessing flood damage in Central Vietnam, and
underscore the efficiency of utilizing remote sensing technology for swift and cost-effective
flood hazard analyses.

ACKNOWLEDGMENT

The authors would like to thank Ministry of Natural Resources and Environment of
Vietnam (MONRE) for providing the land use land cover data, and European Space Agency
for Sentinel-1 SAR images. In addition, we are incredibly grateful to the UN-Spider for the
flood mapping and damage assessment code available on the Google Earth Engine platform.

REFERENCES

[1]. S. J. Duijndam, W. J. W. Botzen, L. C. Hagedoorn, P. Bubeck, T. Haer, M. Pham, J. C. J. H.
Aerts, Drivers of migration intentions in coastal Vietnam under increased flood risk from sea level
rise, Climatic Change, 176 (2023) 1-22. https://doi.org/10.1007/5s10584-022-03479-9

[2]. C. D. Nguyen, F. Ubukata, Q. T. Nguyen, H. H. Vo, Long-Term Improvement in Precautions for
Flood Risk Mitigation: A Case Study in the Low-Lying Area of Central Vietnam, International Journal
of Disaster Risk Science, 12 (2021) 250-266. https://doi.org/10.1007/s13753-020-00326-2

[3]. M. S. Rahman, L. Di, The state of the art of spaceborne remote sensing in flood management,
Natural Hazards, 85 (2017) 1223-1248. https://doi.org/10.1007/s11069-016-2601-9

[4]. B. DeVries, C. Huang, J. Armston, W. Huang, J. W. Jones, M. W. Lang, Rapid and robust
monitoring of flood events using Sentinel-1 and Landsat data on the Google Earth Engine, Remote
Sensing of Environment, 240 (2020) 111664. https://doi.org/10.1016/j.rse.2020.111664

[5]. L. C. Wang, D. V. Hoang, Y. A. Liou, Quantifying the Impacts of the 2020 Flood on Crop
Production and Food Security in the Middle Reaches of the Yangtze River, China, Remote Sensing, 14
(2022) 3140. https://doi.org/10.3390/rs14133140

[6]. H. D. Vinh, L. Yuei-an, Applications of Sentinel -1 SAR Data for Flood Damage Assessment: a
Case Study of Central Vietnam Flooding Event in October 2020, EasyChair Preprint no. 7136 (2021).
https://easychair.org/publications/preprint/sCnH

[7]. H. N. Binh, L. T. V. Ha, Application of ebn to predict the dry discharge in Ta Trach river, Thua
Thien Hue province, Vietnam, Transport and Communications Science Journal, 71 (2020) 1000-1015
(in Vietnamese). https://doi.org/10.47869/tcsj.71.8.10

[8]. L. V. Nghi, H. D Vinh, H. N. Binh, Calculating hierarchical flood in Huong River basin Thua
Thien Hue province, Transport and Communications Science Journal, 47 (2015) 125-129 (in
Vietnamese).

[9]. L. V. Nghi, H. D Vinh, H. N. Binh, B. T. Hanh, Estimation of ability decreased flood of reservoir
system in Huong river basin in Thua Thien Hue province, Transport and Communications Science
Journal, 51 (2016) 31-36 (in Vietnamese).

[10]. Vo Thanh, Hue Imperial Citadel flooded, https://e.vnexpress.net/photo/news/hue-imperial-
citadel-flooded-4523908.html, 2022, (January 16, 2023).

[11]. S. Long, T. E. Fatoyinbo, F. Policelli, Flood extent mapping for Namibia using change detection

1705


https://doi.org/10.1007/s10584-022-03479-9
https://doi.org/10.1007/s13753-020-00326-2
https://doi.org/10.1007/s11069-016-2601-9
https://doi.org/10.1016/j.rse.2020.111664
https://doi.org/10.3390/rs14133140
https://easychair.org/publications/preprint/sCnH
https://doi.org/10.47869/tcsj.71.8.10
https://e.vnexpress.net/photo/news/hue-imperial-citadel-flooded-4523908.html
https://e.vnexpress.net/photo/news/hue-imperial-citadel-flooded-4523908.html

Transport and Communications Science Journal, Vol. 75, Issue 04 (05/2024), 1697-1706

and thresholding with SAR, Environmental Research Letters., 9 (2014). https://doi.org/10.1088/1748-
9326/9/3/035002

[12]. M. Singha, J. Dong, S. Sarmah, N. You, Y. Zhou, G. Zhang, R. Doughty, X. Xiao, ldentifying
floods and flood-affected paddy rice fields in Bangladesh based on Sentinel-1 imagery and Google
Earth Engine, ISPRS Journal of Photogrammetry and Remote Sensing, 166 (2020) 278-293.
https://doi.org/10.1016/j.isprsjprs.2020.06.011

1706


https://doi.org/10.1088/1748-9326/9/3/035002
https://doi.org/10.1088/1748-9326/9/3/035002
https://doi.org/10.1016/j.isprsjprs.2020.06.011

