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Abstract: Enclosure aquaculture (EA) in lakes is one of the primary types of inland freshwater aquaculture, making significant
contributions to food security, employment, and economic growth. However, with the rapid escalation in EA intensity, there is an
observed disruption to the ecological balance of lakes on a gradual basis. It is imperative to develop a profound understanding of the
spatiotemporal dynamics of EA in order to facilitate the preservation and restoration of lake ecosystems. In comparison with field
surveys, satellite remote sensing offers a number of advantages, including large-scale coverage, traceability, and cost-effectiveness,
thus rendering it the optimal choice for the monitoring of lake EA. The present study developed an automatic algorithm for monitoring
EA based on Sentinel-1 SAR data and the U-Net model. The efficacy of the proposed algorithm was assessed through a rigorous
evaluation process involving the utilisation of validation data from ten representative EA lakes. The evaluation yielded a remarkable
extraction accuracy (OPA metric) exceeding 80% across all instances, thereby substantiating the algorithm's effectiveness. Moreover,
the validation results based on long-term random sampling points demonstrated an overall classification accuracy (OA metric) that

exceeded 95%.In addition, the algorithm was employed for the monitoring of EA lakes in the Yangtze-Huaihe River Basin, thereby

2024-09-30 Wk 2025-06-19 YR .
T R SR A 5 AR A T AR =TS (HGKFZ09) %8,
*EIMEH:  jgaol3@hotmail.com; jhluo@niglas.ac.cn



providing insights into the spatiotemporal evolution of EA from 2016 to 2023. The results indicate that a total of 48 lakes (larger than
10 km?) in the Yangtze-Huaihe River Basin are engaged in aquaculture activities. From 2016 to 2023, the area of EA in these lakes
underwent a substantial decrease, with the total area diminishing from 2118.72 km? to 462.94 km?. Of the lakes under consideration,
36 (approximately 77%) have successfully removed their enclosure nets. The findings of the present study offer crucial support for the
evaluation of the dynamics of lake water environments and the transformation of aquatic ecosystems both before and after enclosure
and the removal of EA. Moreover, they proffer a scientific underpinning for the formulation of measures directed towards the
restoration of lake ecosystems, environmental protection, and sustainable development.
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Fig.2 Technical flowchart of the lake enclosure aquaculture extraction algorithm
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Table.2 Model training parameters
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Table 3 Comparison of evaluation index models

P 45 AR 2 BEE R F1 Score BEEFRR SR HH
FCN 0.75 0.78 0.76 0.82 0.68
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DeepLabV3+ 0.87 0.88 0.87 0.89 0.82
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Fig.3 Validation of enclosure extraction results. a—j: corresponding VH/VV images of the lakes; al—j1:
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represent extraction results.
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Table.4 Validation results of lake enclosure sampling points

20164 [H M f # (km?)

FEp 2551 EA Non-EA UA(%) F1 OA(%)
EA 630 18 97.22 0.96
2016 Non-EA 29 323 91.72 0.93 95.25
PA(%) 95.64 91.72
EA 514 22 95.85 0.96
2017 Non-EA 17 447 96.37 0.94 96.57
PA(%) 96.79 96.13
EA 494 17 96.67 0.96
2018 Non-EA 22 467 95.49 0.95 96.12
PA(%) 95.8 96.44
EA 357 20 94.71 0.95
2019 Non-EA 20 603 96.81 0.96 95.93
PA(%) 94.71 96.8
EA 320 19 94.37 0.95
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EA 266 22 92.37 0.94
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PA(%) 95.37 98.13
EA 249 13 95.08 0.96
2022 Non-EA 18 720 97.58 0.97 96.69
PA(%) 93.84 97.59
EA 219 14 93.94 0.95
2023 Non-EA 16 751 97.9 0.97 96.47
PA(%) 93.29 97.98
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Fig.4 Comparison of lake enclosure extraction results. Note: The numbers on the columns represent the relative

error rates of the extracted area compared to the reference area.
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Fig.5 Temporal and spatial distribution of enclosure aquaculture lakes in the Yangtze-Huaihe River Basin. (a)
Spatial distribution of enclosure lakes and the year of enclosure removal for each lake; (b) Changes in the

proportion of lake enclosure aquaculture area; (¢) Changes in the area of enclosure aquaculture in the HRB and



MLY. Note: MLY refers to the middle and lower reaches of the Yangtze River, HRB refers to the Huaihe River

Basin, and lake numbers correspond to those in Append. Tab.I.
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Append. Tab.I EA data in the Yangtze-Huaihe River Basin

NG i
} THIFR AR .
ID EA S 13 iz MAKmMF  HE B (kmFE AL HHRBUR
@ (kmZF

1 IS 112.4 30.44 143.82  MLY  76.1 (2016) 0 52.9% 0

2 P iR 112.51 29.21 83.22 MLY  7.5(2016) 0 9.1% 0

3 L 113.34 29.86 340.06  MLY 164.4 (2016) 2.4 48.3% 0

4 ZRVE DU 113.51 30.82 24.18 MLY 8.1 (2016) 0 33.5% 0

5 L8 113.57 29.99 18.65 MLY  3.5(2016) 0.1 19.2% 0

6 AU 113.71 30.69 88.32 MLY  31.1(2016) 0 35.2% 0

7 2w 113.78 30.18 25.67 MLY  3.2(2016) 0 12.4% 0

8 [l S 114.08 29.95 96.21 MLY  52.1(2016) 0 54.1% 0

9 7= I 114.23 30.02 141.22 MLY  91.2(2016) 0 64.6% 0
10 i 114.36 30.42 44.83 MLY  20.1 (2016) 0 45.0% 0
11 BN 0 114.58 30.38 25.32 MLY  8.2(2016) 0 32.5% 0
12 =il 114.77 30.31 23.97 MLY  12.1 (2016) 0 50.6% 0
13 KB 115.1 30.1 73.65 MLY  43.9 (2016) 0 59.6% 0
14 AR 115.69 29.78 59.43 MLY  23.5(2017) 2.1 39.6% 3.5%
15 T 116.15 29.95 280.47  MLY 173.6 (2016) 0 61.9% 0
16 PN 116.38 30.02 288.62  MLY  83.5(2016) 0 28.9% 0
17 blERE] 116.44 30.17 176.67  MLY  106.2 (2016) 0 60.1% 0
18 DR 117.07 30.8 171.59  MLY  93.5(2016) 0 54.5% 0
19 PARCRL 117.07 30.38 96.09 MLY  31.2(2017) 0 32.5% 0
20 F E 118.88 31.47 21435  MLY 108.1 (2016) 8.1 50.4% 3.7%
21 I 118.96 31.11 197.84 MLY  26.8 (2016) 14.8 13.5% 7.5%
22 K 1 119.55 31.62 83.73 MLY  20.4 (2016) 9.1 24.4% 10.8%
23 T 119.81 31.6 139.03  MLY  18.7 (2016) 0 13.4% 0
24 A 120.19 31.2 2537.16  MLY  49.7 (2016) 0 1.9% 0
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