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Flood dynamics monitoring in China’s rural areas using multi-
temporal Sentinel-1 SAR
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Background

1. Flooding affects more people than any other
environmental hazard and hinders sustainable
development, with enormous casualties, damaged
croplands, and huge economic losses every year.
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2. Under the background of climate change, extreme =
rainfall events are becoming more frequent in some %=
region, increasing the risk of severe floods.
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2022 Pakistan floods

Two severe flood events in 2021

Flood location Death toll

Pakistan 1717 $40 billion
Europe 229 $3 billion

L) ~ -\

2021 European floods 5




What can we do for tflood control?

Dam Reservoir
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Flood emergency
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Fundamental

: - Flood monitorin
for site selection g

Embankment Drainage pipe/ Urban planning



Five approaches for direct flood monitoring

3 Method Advantage Disadvantage Is it appropriate for
1 large river basin?
&
§§ Real-time field survey Good to know where to Dangerous.
™ rescue.
<T
:ﬁ Hydrological station data ~ Good to know water level Could not monitor flooded yes
— and flood frequency; Real area; Density of hydrological
time. station is sparse in rural area.
UAV remote sensing High spatial resolution Could not monitor flood in no
and real time. entire large basin.
Optical Satellite remote Coverage of entire large Relatively low time yes
sensing basin. resolution; Could not work
under clouds.
Radar satellite remote Coverage of entire large ~ Relatively low time yes
sensing basin; Working regardless resolution

of clouds.




Large-scale flood monitoring: Hydrological station V.S Optical satellite V.S Rada satellite

Optical satellite

Water level

Hydrological station

Flood frequency

e Sistemni Agro-Forestal

Departimento Territoro

Flood frequency

.
<< e
n Flood fl
i ood flow
Flooded areas
Flood discharge
Can not monitor floods under clouds
Flood frequency

Can work regardless of clouds I

Flooded areas

Radar satellite

h




Large-scale flood monitoring: Optical satellite V.S Rada satellite

. Flood event in Guilin, China
=0 = Flood peak: June 8, 2020

Flood monitoring?
No
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Radar satellite images of Sentinel-1

Optical satellite images of Landsat 8 Flood regions in Sentinel-1image
Sensing date: June 5, 2020

Sensing date: June 7, 2020
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Radar Data Available

SeaSAT
1978
Legacy: ‘
TanDEM-X
2007
Current: :

SAOCOM
2018

Rada satellites

JERS-1 ERS 1/2

1992-1998 1991-2011

™

e
w:tftc. g /1

Radarsat-2 COSMO-SkyMed

2007 2007

Press | Esc | to exit full screen

ENVISAT
2002-2012

ALOS-1
2002-2012

Sentinel-1
2014

NISAR
2021

Biomass
2021

T

Radarsat-1
1995-2013

PAZ SAR
2018

freely
accessible
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* Advantages of Sentinel-1 SAR data

Sentinel-1

Space mission

High spatial-resolution of 10 meters
Wide swath of 400 km
Short return period (6~12 days)

Full coverage of earth land
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Multi-temporal

Slope correction
and

Radar satellite

Optimized Water body

Optimized Sentinel-1
Sentinel-1 SAR GRD images SAR images

Preliminary water
extraction

Canny edge

Empirical
detection

binarization

1. Executing OTSU algorithm with water body
buffer in optimized Sentinel-1 SAR images to
generate an optimized threshold value.

2. Using the optimized threshold value to
segment the optimized Sentinel-1 SAR images
into water and non-water bodies

Water body frequency

Accumulate

Low frequency

Medium frequency |

High frequency |

* Flood monitoring method (Edge-based OTSU) using Google Earth Engine

Edge of
preliminary water

Bufter
analysis

Water body buffer

> Flood

Seasonal water body

Permanent water body

Otsu, N. A threshold selection method from gray-level histograms. IEEE Trans.
Syst. Man Cybern 1979, 9, 62—66.
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* Flood monitoring method (Edge-based OTSU)

114.2° E 114.4° E 114.6° E
- - e -

Optimal threshold

“1(b)

Frequency
e ----?--

.

: '«;'df:

T
" .
. )
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SR

Water body extraction based on Sentinel -1

Sentinel-1 image. Date: October 29, 2020 :
image and Otsu’s method
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Study area

Why Pearl River Basin?

110°E 1I15°E
Il L

DEM (m, asl) :

2804

Land cover type

Cropland . Water
Forest @ Tundra
Grassland . Impervious surface
Shrubland () Bare tand

Wetland D Snow/lce

Jaeed

(b) R West River Basin

Hydrological stations
® Meteorological stations

North River Basin

-24° N

® Koy cities

Pearl R

wan. CLDETR. WL, G . tf

iver Delta
ultier L LT

=27° N

-24° N

L]
105° E

T
10" E 115°E

Location and hydrological station of the Pearl River Basin (PRB) in China;

Flood-prone area.

Densely populated areas and
economically developed areas.

Suffering economy losses caused by
flood every year.

Pearl River Basin is food barn in South
China. Its food security is under
threat by floods.

Previous studies did not quantitatively
analyze the spatial pattern of flood
area in this basin.

Previous studies did not focus on the
floods in rural area in Pearl River
Basin.

Qiu, J et al. Flood Monitoring in Rural Areas of the Pearl River Basin (China) Using Sentinel-1 SAR. Remote Sensing, 2021. 11




* Footprints of Sentinel-1 images in Pearl River Basin

* More 800 Sentinel-1SAR 1mages sourced from GEE ’X

F iand "N
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Footprint 10
‘ s
Footprint |
o) Footprint 6 l
s

L
-/’ 9 _\Footprint 9. '
L— —~ i

.ﬂ“ S "“ | Footprint 11

300 km
|

Qiu et al.,2021
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Result

300 km
L 1% Flood locations on wetland

Cumulative () 0-40 3 n2- 13 @0 197 - 224
precipitation () 40 75 (@ 13- 170 @ 224 - 250
(mm) ) m-uz @ o197 @ 252- 20

West River Basin

®  Flood locations on cropland

- 279 - 307

150

Flood event
in 2017

25.14°N

25.08° N

25.8° N |

25.5°N

109.8° E 110.1° E 1104° E 110.7° E

* Location with high flood frequencies

Sentinel-1 images
without flood

10.16° E 024" E 1H032°E

Sentinel-1 images
during flood

110.16° E 110.24° E 1032 E

25.14°N

2508° N

Aol 4 7 TN
AN Y

Qiu et al.,2021

Before flood: 12 May, 2020

During flood: 5 June, 2020
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* Flooded land cover maps

(2017) R

0 500
K T

(2018) i/)

(2019)

(2020) f}(

- Flooded grassland - Normal water
Flooded shrubland I:] Flooded tundra - Flooded cropland
[ Flooded wetland [ Flooded building [l Flooded forest
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' Result
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Red part is Beijing
River Basin

* Dynamic mapping of flooded croplands for a

long-duration flood event, in Beijiang River
Basin, 2022

(a)
June 2 - June 27, 2022
’,‘ L]
T
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Bei \~
S, f
j
:?" Feilaixia )’ y
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0 30 60 km B rlo0ded impervious|
1 I 5 100ded bare
ll£°E 1131°E ||4.°E

25°
1

24°
1

23°
1

¥ June 28 - July 27, 2022

112°E 113°E 114°E




June 2 - June 27 June 28 - July 27

®) June 28 - July 27, 2022

'3 o

' Wengjia ‘ : ¥ | : il A8

7)

4N

N

(1} 2 H¥E e e

' I Flooded cropland
-5 I Flooded forest
% [ Flooded grass
D | |Flooded shrub
' IFlooded wetland
& I Normal water
i B Flooded impervious
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~+ Result -« Quantification of flooded areas (accuracy :74%~83%)
Flood areas in Beijiang River Basin, 2022 (unit:km?)

ég Flood period Flooded | Flooded Flooded Flooded Flooded Flooded Flooded
gg cropland forest grassland shrub shrub imperious bare
3
L& June.2-June.27 814.12 853.32 121.95 13.05 24.53 281.90 23.40
70
i
=

June.28-July.17 DE9 39 572.30 83.62 8.02 1757 179.49 157:27

First wave of flood Second wave of flood

Sentinel-2 images
time-series

Images are from Remote — 2022 05 04 2022 06 23 ‘ 2022 06 28 — 2022 07 08
Sensing & 17
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- Discussion

Sentinel-1 images V.S hydrological station data

S

Dipartimento Territorio

Flood monitoring results derived from
Sentinel-1 1images and hydrological data.

286 m
Yangshuo

=SAF oo

0.17m v

Liucheng Huangmian

3.78 m
. 1I9Im @

T

-y
Pingle 0.05m

533 m Xindu
3 Duiting
Ao o e Red and green points are flood location monitored by

e Sentinel-1 images. Yellow points are flood location
0.03 m . . . .
gl 98 i monitored by hydrological station.

435m
¥ Taiping

Dahua

3.69m
Dahuangjiang

L
Iim #

s 3.66m i Flood monitoring results only based on hydrological
s o data would undoubtedly cause deviation in such
regions or river sections with sparse or without

hydrological stations

Xiangqi

- Hydrological stations exceeding

" the warning water level (m)
307 - 450 0-1

Precipitation (mm) .lsnr 224
D -0 @2 -
170 - 107 ([ 252 - 279

e Flood locations on cropland
2-3
150 - 600 1-2 3-4 1-5 » Flood locations on wetland
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229°N 23°N

22.8°N

Sentinel-1 images V.S MODIS 1mages and Landsat images

(a) Using Sentingl-1 lmagesm 2017 (b) Using MODIS irfages #2017

>

| SR

B Flooded cropland
&5 e, Normal water body

115.2° E 15.3°E 154°E

-

Flood monitoring in the coastal region of Shanwei City

- Iood plain
observed by MODIS
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Comparison between the flood locations obtained in this study
and the flood-prone area delineated by government in 2012.

West River Basin

North River Basin

East River Basin

200 km

Flood locations on wetland in Flood locations on cropland in

& Regions prone to floods from
2017, 2019 and 2020 in this study 2017, 2019 and 2020 in this study - the map of Comprehensive Atlas of the Pearl River Basin

20




Implication for the construction of water conservancy facilities

West River Basin

North River Basin

; <
; Where to build?

N >

[ iq“ East River Basin

200 km
J
Flood locations on wetland in Flood locations on cropland in 2  Regions prone to floods from
2017, 2019 and 2020 in this study ® 2017, 2019 and 2020 in this study the map of Comprehensive Atlas of the Pearl River Basin

Comparison of the flood locations obtained in this study and the distribution of embankments

21




Daily highest water level (m)

What 1s the probability of Sentinel 1 successfully detecting floods?

(a) Sensing dates of the Sentinel-1 in the footprints

Sentinel-1 images that

.
cover critical flood regions r'u,,o in
I

hvdrological station
Sensing date: (YOO ¥
2017/6/9

2017/7/3

Guilin is in a steep region, where flood peak duration is

e ynonestuateriovel T Haming weterieve generally about 2 or 3 days. Comparing with the 12 days
::2 A (b) Guilin  return period of Sentinel-1 images, we can know that there
145 ] | is about 20% for Sentinel-1 images to catch a flood event
::: } N\ during flood peak in this region.

142

”s BRSSP USsaant Ll Wuzhou is in a flat region, where flood peak duration is
% / I\ | (©)Wuzhou generally about 5 or 6 days. Comparing with the 12 days
ig \/\/\/ \/v return period of Sentinel-1 images, we can know that there
10 / is about 50% for Sentinel-1 images to catch a flood event
2315;612 | 2017/6110  2017/6/18  2017/6126 2017774 201777112 during flood peak in this region.

Date
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Future perspective
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Sentinel-1 SAR satellite

Identification of flood location
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Estimation of flooded croplands to support flood damage on food security.

T

High-resolution flood map can be the calibration data to improve the
hydrological flood model
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Thank you for your time!
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Abstract: Flood hazards result in enormous casualties and huge economic losses every year in
the Pearl River Basin (PRB), China. It is, therefore, crucial to monitor floods in PRB for a better
understanding of the flooding patterns and characteristics of the PRB. Previous studies, which
utilized hydrological data were not successful in identifying flooding patterns in the rural and remote
regions in PRB. Such regions are the key supplier of agricultural products and water resources for
the entire PRB. Thus, an analysis of the impacts of floods could provide a useful tool to support
mitigation strategies. Using 66 Sentinel-1 images, this study employed Otsu’s method to investigate

::’::":; floods and explore flood patterns across the PRB from 2017 to 2020. The results indicated that floods
are mainly located in the central West River Basin (WRB), middle reaches of the North River (NR)
Citation: Qiu, J.; Cao, B; Park, E.; and middle reaches of the East River (ER). WRB is more prone to flood hazards. In 2017, 94.0%

S T SR A M iraco flood-impacted croplands were located in WRB; 95.0% of inundated croplands (~9480 hectares)
Monitoring in Rural Areas of the 2 . ¢ o T
aunt B ot Sl 3 were also in WRB. The most vulnerable areas to flooding are sections of the Yijiang, Luoqingjiang,
L} wer s N ana, \l"“ & o po= o . ) S5 N = =
Sentinel-1 SAR Remole Sens, 2021, 13, Qianjiang, and Xunjiang tributaries and the lower reaches of Liujiang. Our results highlight the
severity of flood hazards in a rural region of the PRB and emphasize the need for policy overhaul to

1384, https:/ /doi.org/10.339%0/
rs13071384 enhance flood control in rural regions in the PRB to ensure food safety.




