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Impacts of Land Subsidence on Flood Inundation: An
Example of the '2022.8" Levee-Breach in Raoyang River of Liaohe

Delta
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Technology (Beijing), Beijing 100083, China
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Abstract: Since the beginning of the flood season in 2022, nearly 90% of the area of the Raoyang River Basin
has experienced torrential to heavy rainfall, causing the largest flood in this basin since 1951. A levee-breach flood
of the Shusi section of the left embankment of the Raoyang River occurred at 10:30 am on 1 August, triggering
widespread flooding and inundation, and causing serious damage to houses, crops and oil production facilities in
cities along the river and their surrounding areas. In addition to the huge amount of rainfall brought by the heavy
rainfall, land subsidence may have been an important factor contributing to the inundation of the "2022.8"
levee-breach flood in the Raoyang River. Objectives: Analyzing the spatial and temporal distribution of land
subsidence in the Liaohe delta, and investigating its impacts on the inundation extent of the "2022.8" levee-breach of
the Raoyang River. Methods: We adopted the coherence-based SBAS (Small Baseline Subset, SBAS) method to
process the time series of ALOS-1 and Sentinel-1 SAR data, and combined with the levelling data to obtain the
distribution and evolution of land subsidence in the study area in different historical periods. We used surface
deformation monitoring data from two GNSS continuous stations in the study area to validate the accuracy of the
InSAR-derived surface deformation. Based on three GF-3 SAR acquisitions, we applied the water index to extract
the levee-breach flood inundation of Raoyang River and to compute the affected area. The distribution of land
subsidence was superimposed on the inundation extent of the flooding to emphasize the importance of taking into
account land subsidence in the assessment of flood risk. Results: (1) oil extraction caused an elliptical land
subsidence funnel in Shuguang oilfield, with a maximum rate of -212 mm/a at the subsidence center. (2) the
Raoyang River passes through the Shuguang oilfield subsidence funnel area, the flood inundation extent caused by
this dike breach highly overlaps with the ground subsidence area, and the rate of subsidence at the breach of the
embankment is -150 mm/a. Conclusions: Land Subsidence plays an important role in the occurrence of
levee-breach and flood development. On the one hand, the elevation loss caused by land subsidence destroys the
safety and stability of embankment, makes it easier for the oil pipeline to be immersed under the water level, and
causes seepage damage on the joint surface of the pipeline through the embankment, which triggers the occurrence
of the breach; on the other hand, the elevation loss caused by land subsidence results in the formation of a
subsidence funnel on the land surface, and reduces the river's capacity to discharge floodwaters, which leads to water
more easily to get out of the river, and to be retained in the subsidence funnel basins, increasing the extent and depth
of flood inundation. Our study highlights the importance of considering surface subsidence in flood risk assessment,

providing a scientific reference for regional flood protection and planning.

Keywords: Raoyang River levee-breach; land subsidence; oil extraction; flood inundation; flood risk
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Fig.1 Distribution of oil extraction plants in the Liaohe Delta.The red polygons show the location of Shuguang, Huanxiling and Jinzhou oilfields.

1.2 SEPA3T«“2022.8 MR MK B AE R

H 2022 ALK, I REGEE 2 k1258, FEODM TR AL I EE BRI .
18 6-7 H, T CRGFHRIREG 1 1 3 S XM R W RS, RPN RIAR 541.0 mm, iE
R AR YRR 234.1 mm, 78 7 50 R 3 A e g s U SR B ST B sl S KL 6 A 29 H A 8
H 27 BtA2 AR E S mo kA L b, b 7 A 31 HE 8 H 4 HE & IS8 E KM%, 7 H
31 H I8 B, sKAE B mE, BN E 1951 4 LRI R K %08, a0 s g aoR, #mW
BOK A S R FREER A AR 5, HKTE B X VO R R0 Nt AR v i 25
i, BEEEIRSE, N N ORI TRECAE A, KR s R B B BRI, T KA T, IR KRR



FE IR T IGE MBS 7. Behh, BUKIRE SR T R sh g a2 2%, MK S B KIE K
Vb ST TR, IR T AT IE AR AR 1A

2 GERHI<2022.8 SR ALTE AN IR AR KK MR S DA B TE AN S8 ok B SR,
Fig.2 Drone aerial imagery of the "2022.8" levee-breach in the Raoyang River and photographs of part of the flooded site. Aerial drone images from

literature [19].
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Tab.1 Data sets used for land subsidence extraction and analysis
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Tab.2 GF-3 dataset used for the inundation analysis of the "2022.8" levee-breach flood disaster in the Raoyang River.
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Fig.3 GF-3 SAR intensity image of the Raoyang River region
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Fig.4 Land subsidence rates over the Shuguang oilfield. Rate contours are plotted in the figure with a contour interval of -10 mm/a and labelled at

every -20 mm/a. The red triangles in the figure (c) show the two GNSS site locations. The red line in the figure shows the extent of the thick oil block in



the Shuguang oilfield, and the white line shows the Raoyang River.
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Fig.5 Inundation extent map of the "2022.8" levee-breach flood in the Raoyang River. (a) Inundation map on 2-August 2022. (b) Inundation map on

4-August 2022. (c) 2-August to 4-August 2022 flood inundation expansion map. (d) 2 August to 4 August 2022 flood inundation trend map.
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Fig.6 The impact of land subsidence on flood inundation
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Fig.7 Land subsidence and elevation profile of the Raoyang River Basin. A, B, C and D are the locations of the centre of the rate of land subsidence



along the Raoyang River (green boxes in Fig.7a), and the corresponding high-resolution optical images of these four areas are shown in the upper right

corner. The white box in Fig.7 indicates the location of the "2022.8" levee-breach on the Raoyang River.
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Fig. 8 Overlay of cumulative land subsidence (2007-2023) in Shuguang oil field and flood inundation of the "2022.8" levee-breach of the Raoyang

River. The yellow dots in the figure indicate the locations of oil wells.
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