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Rapid Construction of Reservoir Storage Capacity Curve Based on Sentinel-2 Satellite Multi-
Spectral Remote Sensing Image

HAN Guang
(HanDan Design and Research Institute of Water Conservancy and Hydropower, Handan 056000, China)

Abstract: As a set of automated process has not yet been formed for constructing reservoir capacity curves using remote sensing
technology, it is proposed to determine the optimal threshold with the inflection point method of the cumulative frequency curve based
on the water body index method. The edge of the water body is optimized by the regional seed growth algorithm, so as to construct a
complete set of automated process to quickly construct the reservoir capacity curves. With Sentinel-2 remote sensing images as the
data source and Chegu Reservoir in Wuan City, Handan City, Hebei Province as the research object, this paper uses five land and water
image metrics, namely, NDWI, MNDWI, RWI, MBWI, and AWEInsh to extract the area of the water body, construct the reservoir
capacity curve, and compare it with the results of the measurements in 2017. The results are as follows. The extraction accuracy of
NDWI and RWI water body index is high. The average error of Chegu water body area extraction is 2. 5%. The relative error is =7. 3%~
5. 8% and —6. 2%~4. 7%, and the R? is 0. 993 36 and 0. 990 49, respectively. The range of the relative error of the reservoir capacity
is =9. 4% to —1. 8% and 9. 3% to —1. 7%, respectively. The study shows that the cumulative frequency curve inflection point method
is highly applicable and stable in determining the optimal threshold of water body index, with a simple and feasible principle. The

regional seed growth algorithm can effectively eliminate the discontinuity at the edge of the water body, reduce systematic error, and
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further improve the accuracy. The cumulative frequency curve inflection point method provides a new idea for remote sensing water

body extraction, serving as a reference for the batch construction of national small and medium-sized reservoir capacity curve

extraction.

Keywords: sentinel-2; water Index; inflection point method of the cumulative frequency curve; growth algorithm; storage capacity

curve; Chegu Reservoir
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Fig. 1 Cumulative frequency curves
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Tab. 1 Characteristic data of Chegu Reservoir

KO EBY MXEK | Kb mBY XK

m km? /7 m? m km? /7 m?
681 0.413 0 695 0.782 838
683 0.475 89 697 0.853 1002
685 0.529 189 699 0.911 1179
687 0.574 300 701 0.991 1368
689 0.621 419 703 1.058 1573
691 0.672 548 705 1.132 1792
693 0.731 688 707 1.203 2026
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Fig. 3 Temporal matrix of selected satellite remote sensing

images
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Tab. 2 Results of water area extraction

e L
A e TR T e ST R 2 b
Eﬁz e te % Tt JBN S R (4 Rz T JBN S R @ Rz
RS ARG MM T L T
NDWI 73 100 -9.4~2.0 4.6 0.99240 73 100 -7.3~5.8 2.5 0.993 36
MNDWI HAE 66 90. 4 -16~-0.1 9.4 0.98254 69 94.5 -7.3~4.2 2.9 0.99219
RWI 73 71 97.3 -12.3~1.4 5.9 0.98485 72 98.6 -6.2~4.7 2.5 0.99049
MBWI e 70 95.9 -13.4~4.2 7.6 0.97902 70 95.9 -6.7~5.5 2.6 0.99180
AWEInsh i 68 93.2 -17.3~0.6 9.2 0.97497 71 97.3 -7.7~7.9 3.1 0.98983
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Tab. 3 Results of water area extraction for typical periods
TR R . SRR I 2 P31k N D S A KB
11 — KgAK \ \ ‘
KA /m T /km? fi% {5 T /km? X IR 2% T /km? AHXT 1R 22/%
NDWI 0.061 0.384 -7.1 0. 385 -6.9
MNDWI -0.010 0.376 -9.1 0. 385 -6.9
20160622 681.01 0.413 RWI -0. 201 0.397 -4.0 0.398 -3.7
MBWI -4 040 0.39%4 -4.7 0. 388 -6.0
AWEInsh -5822 0.383 -7.4 0. 387 -6.5
NDWI 0.074 1. 074 -3.5 1. 086 -2.4
MNDWI 0. 008 0.972 -12.6 1. 070 -3.9
20170518 704.51 1. 113 RWI -0. 162 1.042 -6.4 1. 086 -2.4
MBWI -3 848 1.076 -3.3 1.111 -0.2
AWEInsh -6 603 1.072 -3.6 1. 092 -1.9
NDWI -0. 037 0. 895 0.7 0. 896 0.8
MNDWI 0.018 0. 807 -9.2 0. 869 -2.2
20180408 698. 21 0. 889 RWI -0. 209 0. 864 -2.9 0. 883 -0.7
MBWI -3 591 0. 849 -4.5 0. 884 -0.6
AWEInsh -5313 0. 842 -5.3 0. 875 -1.6
NDWI 0.013 0.582 -6.2 0.597 -3.8
MNDWI 0. 042 0. 547 -11.9 0.595 -4.2
20200904 688. 99 0. 621 RWI -0.208 0.580 -6.6 0. 602 -3.1
MBWI -2901 0.559 -9.9 0.597 -3.9
AWEInsh -3143 0. 542 -12.7 0.593 -4.5
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Fig. 8 Results of water level-area fitting for Chegu Reservoir
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Tab. 4 Effect of water level—area fitting

XS /%
KR 5L -
SRR LRk g i 2 A K AR
NDWI -1.5~-10.8 1.8~-9.6
MNDWI —-6.7~-15.0 1.4~-10.7
RWI -2.9~-10.7 2.1~-9.5
MBWI -4.3~-12.5 1.6~-9.4
AWEI —-6.2~-16.0 1.1~-10.5
F351%
IKIRFEHL
EY AL TS IEERES IASEEYES LEER =TS
NDWI 5.2 2.9
MNDWI 10.0 3.4
RWI 6.5 2.9
MBWI 8.0 3.0
AWEIL 9.9 3.5
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Tab. 5 Effect of extracting storage capacity from water level

2017 AF 0 NDWI MNDWI RWI MBWI AWEInsh
i HAXTEE X AEXFER O AEXTRE AR MR MR AR AEXRR S MR AR
HOTm®  HJTm? 221% 2517 m? /% 207 m? 1% 207 m? 1% 2507 m? 251%
681 0 0 0 0 0 0
683 89 80 -9.4 79 -10.6 81 -9.3 81 -9.3 80 -10.3
685 189 172 -9.0 170 -10.0 173 -8.8 172 -8.9 171 -9.9
687 300 275 -8.1 273 -9.0 276 -7.9 276 -8.1 273 -9.0
689 419 390 -6.9 387 -7.6 392 -6.6 390 -6.8 387 -7.7
691 548 517 -5.7 514 -6.3 519 -5.4 517 -5.7 513 -6.5
693 688 656 -4.7 652 -5.2 658 -4.3 656 -4.7 651 -5.4
695 838 808 -3.7 803 -4.2 810 -3.3 807 -3.7 801 -4.4
697 1002 972 -3.1 967 -3.6 975 -2.7 971 -3.2 964 -3.8
699 1179 1149 -2.6 1143 -3.1 1152 -2.3 1147 -2.7 1140 -3.3
701 1368 1339 -2.1 1332 -2.6 1342 -1.9 1337 -2.3 1329 -2.8
703 1573 1542 -2.0 1534 -2.5 1546 -1.8 1539 -2.2 1531 -2.7
705 1792 1759 -1.8 1750 -2.4 1762 -1.7 1756 -2.0 1747 -2.5
707 2026 1990 -1.8 1979 -2.3 1993 -1.7 1986 -2.0 1976 -2.5
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