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Abstract: Reservoir water level (RWL) data are critical for water resource management, but are often inaccessible because of data
sharing restrictions. ICESat-2 laser altimetry offers high-precision measurements, yet its performance under the complex environmental
conditions in China has not been thoroughly assessed. Using ICESat-2 ATL13 data from October 2018 to December 2023, this study
retrieved RWL time series for 847 reservoirs across China based on the Normalized Median Absolute Deviation (NMAD) method, and
systematically examined the accuracy coverage, seasonal amplitudes, and temporal trends of the retrieved RWL data. Validation against
in-situ observations from 93 reservoirs showed high retrieval accuracy (MAE = 0.126 m, R = 0.978, RMSE = 0.164 m), and the method
remained effective even for small reservoirs (< 1 km?). Analysis of RWL anomalies in seven major river basins revealed strong
correspondences between RWL fluctuations and hydro-meteorological events, including abrupt drought-flood alternations and
typhoons. These results confirm the ability of ICESat-2 to monitor extreme hydrological conditions and reservoir regulation responses.

Seasonal amplitudes of RWL exhibited pronounced spatial heterogeneity, with a pattern of higher values in the west and lower values
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in the east; the largest amplitudes occurred in the Southwest Rivers (22.40 m) and the Yangtze River Basin (19.63 m). At the national
scale, RWL showed an overall declining trend of -0.228 m/a. Spatially, RWL changes displayed a zonal pattern of rising in the east and
falling in the west. Significant decreasing trends were detected in the Southwest River Basin and the Yangtze River Basin, while
increasing trends were found in the Pearl River Basin, Haihe River Basin, and Liaohe River Basin. This study confirms the reliability
of ICESat-2 for national-scale dynamic monitoring of RWL, and offers a scientific basis for regional water resource management.
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Fig.1. Overall distribution pattern of reservoirs and dams in China based on GRanD data. Subplots (b)-(e)

showcase the water extents (dark blue) and the tracks of ICESat-2 overpassing water surfaces (yellow) during

the study period for representative large reservoirs such as the Three Gorges
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Fig.6 Seasonal water level fluctuations of (a) Three Gorges, (b) Danjiangkou (Hanjiang River Basin), and (c)
Wugiangxi reservoirs in the Yangtze River Basin, monitored by ICESat-2. The colored vertical bars in the
background indicate major hydrological events: the 2020 Yangtze River Basin mega-flood, the 2021 Han River
autumn flood, and the 2022 Yangtze River Basin drought
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spring consecutive drought and the 2019 Lancang River drought event
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2.4 JKEEIR(IHETE 34T
R RAE B 35 43 B AT SE L, S 2 OR B 22 109 J86 R 4% 2270 3 47 58 B DU ZR 00 ) 7K BERE AR AT 20 A
F 1R T IR S 109 JFEAK FELEW SO BEN BIR AL S i 45 8, A K B SEAR K AL 3 A RN N B¢
B, FARNEN-0.228 m/a, R EKEBRALTRKE TR B 56 N2 _ETHES K ER
THARIL 5368.64 km?, W& T 53 NI TFHEEHN 5201.67 km2 /KRS HA, (BT BB KR KA
WESE B Z e TR SR PR 0 F 3 T P& T3 R J9-0.8714 m/a, Ol Z AT = T LA RUKEE 0.395 m/a [°F
B ETridas . SR RIZL R R BRI AR BT BRI N B
1T ICESat-2 W KR i 43 [ A [RAR K P K R AR A e 35 4t it
Tab.1 Statistics of water level change trends for reservoirs across different river basins in China, based on
ICESat-2 monitoring data

I AR ST B km? b T AR BTk BT AR TR/ AR/
/km? /(m/a) /km? (m/a) (m/a)
B 1944.74 288.97 0.2146 755.77 -0.9199 -0.6061
P R 1A AR X 1108.76 9.64 0.1527 1099.12 -1.107 -1.096
KIT i 2700.59 1196.18 0.2269 1504.41 -1.2284 -0.5838
RN 514.73 406.10 0.5669 108.63 -0.6729 0.3031
M IR 1629.00 1441.67 0.1431 187.34 -0.5892 0.0589
Wi ] B P I X 664.81 196.22 0.2662 468.59 0.1572 -0.0322
PRV IR 1237.24 935.10 0.7819 302.14 -0.3962 0.4942
ORI 995.65 414.40 0.5124 581.25 -0.4262 -0.0356
SURLI N/ 1EC 488.73 369.75 0.5129 118.98 -0.1083 0.3617
P it T X 186.05 110.60 1.4976 75.45 -1.7769 0.1697

%F ICESat-2 Hl A B 5 RS REANRFTNE, AW TR PTG KT, BRIT. 8 L0 R
AN FBE—GRBEAT A T B 12 JBR T RIR RIS K B KA 4 B A 26 2 T AR ARRAE , -3
P “Pim T E—RALE T BIRBUE S

WAL TR PR AT AE R AR F RN T B, P57l 26 9-0.584 m/a. 7E I % /5 1 31 JE/KFEH,
16 B2 FREEBPIKES 15 BEI EABBROKEREHE Y. HTREKES EIBUKER IS
A RIFAE LR, AR E R RN 1504.41km? HAF3 T B 2% N-1.228m/a; b THRIK
ARG /N, 29 1196.18 km?, HAFH) EFHEEN 0227 m/a. Hid, ZHRIEKER KRBT Bl R 5k
7K EE, T REMZEIE-3.646m/a, TR HKEE AL EF# &R HIKEE, 5 2.456 m/a.

TRIT ISR KA Bk 2RI BTSSP RN 0.494 m/a. TEFESHTH 15 BEKPEH, 2
I ETHEB K ESESR 9 B, BIHEIE 935.10km?, T ETHEEER, H 0.782m/a. [ OKENER
TR B R KK, N 1751 m/a. 6 J& T BE YK e LA T AR ARG BB/, 28 302.14 km?, P
FH 2 N-0.396 m/a. AWK FEABRTT I T BEE 3 B KK EE, H-1.239 m/a.

WERTIRAOK KL TERE R BRI EFHESs, PR EEEN 0.303 m/a. TEGIESS 1 9 FRKEF,
H 6 JEKE 2N LA, EARKER ST 406.10 km?, ¥ EAMEN 0.567 m/a. KK
V% XK A FHE R KK, A 1.686 m/a. (A 3 FE/KE R R %, BN 108.63km?,
TR B R RS, SH-0.683 m/a. TSR UK S IR T Bl R KK, N-1.341m/a.

T PRI B KA E 2 R IA LT, 7B E 2 0.362 m/a. TERIE S I 11 BEKEEH,
9 BEKFEE RBUKAL LT, 9 B T RUKE RSN 369.75 km?, “F¥) LFHEZEN 0.513m/a, &
WK R S X A K A T R s KK P, N 1.078 m/a. 1A 2 J/KEE EIL TR Metady, P T REE
B8, N-0.108 m/a.
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Fig.12 Spatial distribution of interannual water level change trends for reservoirs in China. The color and
symbol of scatter points indicate the rate of change (m/a), and the point size represents the reservoir water area
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Tab.2 Pearson correlation coefficients and significance between reservoir water level trends and climatic factor
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Fig.Correlation between different factors and China reservoir level annual rate
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1) ICESat-2 7F /K i 7K A7 W kG 5 A0 78 5 /K RS W 7 T B G AR 95 . ICESat-2 R EUKALE STk
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0.274(0.005~1.289) m. HWIFEH BN ICESat-2 5 Wil 3] 7 4> E 921 /K EE ) 847 g, Xf TR M
/NF 100 km 7K P8 1 78 55 R TIE 92.3%,  {E FR /N KB AR A I 35 HP 3R I HH R 8 R 9 0 S R
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