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Abstract Monitoring lake and reservoir water levels is critical for water resource management and flood
risk mitigation. We integrate Sentinel‐3A/B and ICESat‐2 altimetry to reconstruct monthly water levels (2018–
2023) for 7,433 lakes and reservoirs (>5 km2) across Asia and estimate their storage variations. Reservoirs
exhibit a median annual water level change of 0.36 m/yr, far exceeding the 0.05 m/yr observed for lakes,
highlighting their dominant role in surface water dynamics. Eight Asian basins flood events reveal that
insufficient self‐regulation capacity of lakes is the primary flood trigger, while large reservoirs effectively
mitigate flood frequency and intensity through regulation. These findings emphasize the importance of high‐
precision satellite altimetry in surface water assessments and the critical role of reservoirs in modulating
hydrological extremes under climate change.

Plain Language Summary Obtaining high‐precision, long‐termwater level time series for reservoirs
is a necessary prerequisite for understanding how reservoirs regulate regional hydrological cycles. In this study,
we used multi‐source satellite altimetry data to retrieve water level and storage changes for 7,433 lakes and
reservoirs across Asia, and compared the observations with traditional water level measurements. Based on this,
we assessed the overall impact of reservoirs on Asia's hydrological cycle. The results demonstrate that human
activities exert significant intervention on the natural water cycle, especially in low‐latitude and coastal regions.
Reservoirs dominate water storage changes in Asian basins and provide the main seasonal water level variations
within these basins. Proper management of reservoirs can effectively reduce the frequency and intensity of
flooding in local areas.

1. Introduction
Surface water bodies are one of the essential components sustaining diverse and complex ecosystems
(Gleick, 2003; Tranvik et al., 2009), with lakes and reservoirs serving as the primary storage forms of surface
water, holding approximately 87% of the planet's surface freshwater (Bonnema et al., 2022). Formed by natural
forces, lakes exhibit long water exchange cycles, low mobility, and are greatly influenced by natural climate
conditions, making them prone to natural disasters such as floods (Downing et al., 2006). Reservoirs are formed
by human‐made dams on rivers, which influence the hydrological cycle by regulating regional surface water for
purposes such as hydropower generation, irrigation, water supply, and flood control (Han et al., 2024). Asia is the
most densely populated continent in the world, where human activities have a particularly significant impact on
the hydrological system (Wang et al., 2022). Over the past decades, to meet the growing demands for energy and
environmental regulation, the water volume in Asian reservoirs has increased exponentially, accounting for
60.04% of the global total reservoir storage capacity (Lehner et al., 2011; Li et al., 2023; Timpe & Kaplan, 2017;
Zarfl et al., 2015). Improper utilization of reservoirs can cause downstream water shortages, flood disasters, and
other related problems (Deemer et al., 2016; G. Zhao et al., 2022). Therefore, continuous monitoring of water
level and storage changes in reservoirs and lakes is crucial for water resource management and hydrological cycle
studies in Asia.

Due to political and economic factors, long‐term, high‐precision water level observation data for lakes and
reservoirs are severely poor, resulting in a very limited understanding of the extent of human impact on regional
hydrological cycles (P. Chen et al., 2022; Duan & Bastiaanssen, 2013; Ryan et al., 2020). Satellite altimetry
technology can obtain high‐precision, long‐term water level time series for individual water bodies without
relying on ground monitoring stations and operates all‐weather. However, due to fixed orbits and revisit cycles,
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the continuity of the acquired water level time series is limited (Yang et al., 2024), Therefore, global water body
changes based on altimetry satellites mainly focus on annual and seasonal variations, making it difficult to capture
water level changes at shorter time scales (T. Chen et al., 2021; Song et al., 2014). The KF‐MFWL (Kalman
Fusion–MissForest Water Level) algorithm can fuse altimetry data and meteorological data to reconstruct high‐
precision, continuous monthly water level time series for lakes and reservoirs (Jiang et al., 2024), providing a
theoretical basis for obtaining long‐term, high‐precision water level variations of lakes and reservoirs in the Asian
region.

On the other hand, reservoir water level variations not only drive regional lake water levels but also play an
important role in flood regulation. Lake water level changes are primarily influenced by natural factors (such as
temperature, evaporation, and precipitation) and human factors (such as reservoirs). For example, permafrost
thaw induced by global warming has caused rapid lake expansion on the Tibetan Plateau (Ji et al., 2025), while
decreased rainfall and increased evaporation on the Indian Peninsula have led to sustained lake level declines
(Rodell et al., 2018). Globally, lake water level changes are positively correlated with reservoir water level
variations within the basin (Cooley et al., 2021). However, the aforementioned studies only investigated the
impact of natural factors on lake changes, without quantifying the continuous variation characteristics of res-
ervoirs and lakes, nor further exploring the extent of human activities' influence on lakes. Furthermore, flood
disasters caused by rising lake water levels due to extreme rainfall, snowmelt, and other factors result in sig-
nificant annual economic losses (B. Zhao et al., 2024). While individual reservoirs play a notable role in flood
control within small areas (Ryan et al., 2020), there is limited research exploring the regulatory role of reservoirs
in flood mitigation over larger regions. Therefore, it is essential to obtain high‐precision, long‐term water level
variation data for reservoirs and lakes, to distinguish between reservoir and lake changes, to quantify their
continuous variation characteristics, so as to explore the impact of reservoirs on lakes, and investigate the reg-
ulatory role of reservoirs in flood disaster management.

Therefore, we employs the KF‐MFWL algorithm, integrating ICESat‐2, Sentinel‐3A/B satellite data, global mask
data (Pi et al., 2022a), and meteorological data to reconstruct monthly water level and storage time series for 7,433
water bodies across Asia from August 2018 to August 2023. Reservoirs and lakes were classified based on the
water body type labels provided by the GLAKE data set (in general, water bodies influenced by human activities
are classified as reservoirs, while those unaffected by human interventions are categorized as lakes; in the
GLAKE database, reservoirs are labeled as “1” and lakes as “0”). Building on this data set, this study conducted
an in‐depth investigation of the impact of human activities' impact on the hydrological cycle in Asia, categorized
by river basins. Finally, by integrating data from the International Disaster Database, the spatial and temporal
relationship between reservoirs and flood disasters in the Asian region were discussed. Our work would provide
more comprehensive and accurate data support for water resource management, ecological protection, and
disaster prevention in Asia, while also offering new insights and methodologies for hydrological studies under the
context of global change.

2. Data and Methods
2.1. Water Level Retrieval Based on Altimetric Satellite Data

To obtain the water level time series of inland water bodies in Asia, we used the global lake data set provided by Pi
et al. (2022a) as a mask. Water level time series from August 2018 to August 2023 were retrieved for 7,433 water
bodies larger than 5 km2—including 6,517 lakes and 916 reservoirs—based on Sentinel‐3A/B Level‐2B products
corrected with the Improved Narrow Primary Peak Threshold Retracking (INPPTR) retracking algorithm and the
ATL13 (ICESat‐2 ATL13‐Inland Water Surface Height) product from the ICESat‐2 satellite (Figure 1). The 5‐
year monthly water level data set enables the analysis of seasonal patterns and interannual variations, offering
valuable insights into mid‐ to long‐term hydrological dynamics and reservoir operations influenced by human
regulation. However, this time span is insufficient for evaluating long‐term climate‐driven trends—particularly
those associated with multi‐decadal oscillations such as the El Niño–Southern Oscillation (ENSO) and the Pa-
cific Decadal Oscillation (PDO)—which require longer observation records for robust assessment.

The GLAKES (global lake) data set was developed based on the Global Surface Water Occurrence (GSWO)
(Pekel et al., 2016) data set and a deep learning semantic segmentation model (U‐Net), resulting in a global water
body boundary data set that includes approximately 3.4 million water bodies with surface areas ≥0.03 km2.
Sentinel‐3A/B is a satellite constellation consisting of two satellites: Sentinel‐3A, which became operational on
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26 February 2016, and Sentinel‐3B, which was launched on 25 April 2018 (Peng et al., 2025). Due to the
application of delay‐Doppler technology and the increased range migration, their along‐track spatial resolution
has been improved from 2 to 10 km (as in Low Resolution Mode [LRM], altimeters) to approximately 300 m.
Moreover, they possess strong capabilities for minimizing land contamination (Boy et al., 2017). ICESat‐2
satellite was launched in September 2018 and, compared to radar altimetry satellites, can provide higher
spatial resolution and denser sampling frequency, with a footprint diameter of 17.5 m, enabling the monitoring of
small to medium‐sized lakes (Liu et al., 2019; Neumann et al., 2019; Xiang et al., 2021).

2.2. Water Level Time Series Reconstruction and Water Storage Estimation

Due to the limitations of satellite altimetry, such as orbit and revisit cycles, continuous long‐term observation of a
single water body is not feasible. However, continuous high‐precision water level time series are crucial for
monitoring the hydrological cycle. ERA5 (European Centre for Medium‐Range Weather Forecasts [ECMWF]
Reanalysis v5) is the fifth‐generation atmospheric reanalysis data set from ECMWF, covering global climate data
from January 1950 to the present (Muñoz‐Sabater et al., 2021). It has a spatial resolution of 0.1° and provides
hourly estimates of atmospheric, land, and ocean climate variables. By combining meteorological data with water
level data from satellite altimetry, a model can be built to reconstruct water level time series. Therefore, this study
uses the KF‐MFWL algorithm to reconstruct water level time series, combining satellite‐observed water levels
with ERA5 meteorological data to obtain monthly resolution water level time series (Jiang et al., 2024).

Landsat provides continuous water body area change since 1979. The GLAKE database derives accurate global
water body areas using Landsat data. Therefore, in this study, water storage variation is approximated as the
product of water level change and the surface area defined by the water body mask, thereby converting water level
change into storage change. Basin‐scale water storage variation is calculated as the sum of water storage changes
for all water bodies (using the same method for both reservoirs and lakes). The proportion of reservoir storage
change is calculated as reservoir storage change divided by the sum of lake and reservoir storage changes (Cooley
et al., 2021).

Figure 1. The spatial distribution of lakes and reservoirs across Asia is shown. Light blue dots indicate the locations of lakes,
light pink dots represent the locations of reservoirs, and the pentagram denotes the location of the in situ observation station
at Qinghai Lake. Since HOBO gauges are deployed for dynamic monitoring rather than as fixed long‐term observation
stations, their locations are not shown in the figure.
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2.3. In Situ Water Level

To validate the accuracy of the water level time series obtained by the method used in this study, continuous daily
in situ measurements were compared, including data from the Xiasha Hydrological Station in Qinghai Province,
China, for Qinghai Lake from January 2019 to August 2020, as well as continuous in situ data provided by the
National Tibetan Plateau Data Center (https://data.tpdc.ac.cn/home) for Lumajiangdong Co from January 2019 to
August 2020, Longyangxia Reservoir from January 2018 to August 2022, and Xiashan Reservoir from August
2022 to August 2023. The in situ water levels for Longyangxia Reservoir and Xiashan Reservoir were obtained
using Onset HOBO Water Level Data Logger (HOBO) measurements, without fixed observation locations
provided.

2.4. Flood Disaster Data

To investigate the relationship between reservoir water level changes and flood disasters, we obtained area and
location data for 191 flood events in Asia from 2018 to 2021 from the Global Active Archive of Large Flood
Events, 1985–Present (Dartmouth Flood Observatory). The Global Active Archive of Large Flood Events con-
tains the timing and locations of 5,130 large‐scale flood disasters from 1985 to August 2021.

3. Results and Discussion
3.1. Accuracy Validation of the KF‐MFWL Algorithm

We validated the accuracy of the water level retrieval method based on Kalman filtering and multi‐source
altimetry satellite fusion water level (KFWL) and KF‐MFWL algorithms (In Figure S1c in Supporting Infor-
mation S1, KFWL refers only to the 12 red points and does not represent a continuous line overlapping with the
KF‐MFWL results. This is because KFWL is derived solely from the fusion of multi‐source satellite observations.
Due to satellite orbit and revisit cycle limitations, it cannot provide a continuous monthly water‐level time series
for relatively small water bodies. KF‐MFWL, in comparison, is built upon KFWL by employing a machine
learning approach that combines multi‐source altimetry water levels with meteorological data to reconstruct a
continuous time series. Therefore, in Figures S1b and S1c in Supporting Information S1, KFWL appears as
discrete points, (whereas KF‐MFWL constitutes a complete water‐level time series.) using in situ water level
from two lakes and two reservoirs (Table S1 and Figure S1 in Supporting Information S1). Qinghai Lake and
Lumajiangdong Co have complete satellite‐observed water level time series, with the KFWL and KF‐MFWL
time series fully comparable. Therefore, accuracy comparisons between KFWL and KF‐MFWL were conduct-
ed only for Longyangxia Reservoir and Xiashan Reservoir. The RMSE values of KFWL for Qinghai Lake and
Lumajiangdong Co were 0.08 and 0.10 m, respectively, with correlation coefficients (R) of 0.96 and 0.92. These
results demonstrate that the KFWL algorithm can obtain high‐precision water level time series (Table S1 and
Figure S1 in Supporting Information S1). At Longyangxia Reservoir, although the RMSE of KF‐MFWL (1.17 m)
is higher than that of KFWL (1.05 m) and the correlation coefficient R (0.80) is lower than that of KFWL (0.98),
KF‐MFWL provides a more complete and continuous water level time series (Figure S1c in Supporting Infor-
mation S1). At Xiashan Reservoir, since KFWL and the in situ water level data overlap for only 1 month, RMSE
and R could not be calculated. The KF‐MFWL algorithm achieved an RMSE of 0.12 m and an R of 0.83, showing
a high level of agreement with the observed water levels (Figure S1d and Table S1 in Supporting Information S1).
In Figure S1c in Supporting Information S1 (July 2021) and Figure S1d in Supporting Information S1 (August
2022), the KF‐MFWL is higher than the observed minimum water level, indicating an overestimation of the
reservoir's lowest level. This issue was not observed in Figures S1a and S1b in Supporting Information S1.
Therefore, KF‐MFWL may overestimate the minimum reservoir level and underestimate the amplitude of water
level variation, potentially leading to an underestimation of the reservoir's regulation capacity in subsequent
analyses. The results demonstrate that the KF‐MFWL algorithm provides stable and reliable monthly water level
time series, effectively capturing both long‐term trends and seasonal (monthly) variations in water storage.
However, this study is based on a 5‐year data set with monthly resolution, which limits its ability to capture high‐
frequency (e.g., daily or event‐driven) short‐term dynamics. This represents an important limitation. Future work
should integrate multiple data sources—including higher temporal resolution remote sensing products and
regional water storage observations—to enhance the characterization of short‐term hydrological processes,
extreme flood events, and reservoir operation dynamics.
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3.2. Assessment of Reservoir Impacts on Surface Hydrological Changes in Asian River Basins

During the 5‐year period from August 2018 to August 2023, human‐managed reservoirs dominated surface water
changes across Asia. Among Asian river basins, the median annual water level change rate of 916 reservoirs
larger than 5 km2 was 0.36 m/yr, whereas the median annual change rate for 6,517 lakes larger than 5 km2 was
only 0.05 m/yr, significantly lower than that of the reservoirs. A total of 80 reservoirs (8.73%) exhibited an annual
water level change rate greater than 1 m, and 29 reservoirs (3.17%) exceeded 2 m per year. In contrast, only 53
lakes (0.81%) had an annual water level change rate above 1 m, and 25 lakes (0.38%) exceeded 2 m annually.
These findings indicate that the seasonal water level fluctuations in reservoirs are much greater than those in
lakes, and that reservoir operations—such as power generation, irrigation, and storage—have a far greater impact
on basin water volume changes than natural factors.

We also utilized a global watershed data set (Lehner & Grill, 2013) to obtain the boundaries of 83 river basins in
Asia and quantified the impact of human activities on surface hydrology across the continent. This data set
classifies basins into 12 levels based on size, with level 3 used as the standard for river basin classification in this
study. The results show that within Asia, the higher of reservoir water volume in a basin, the greater the median
seasonal water level variation in lakes. Specifically, for every 10% increase in the proportion of reservoir storage
volume relative to the total basin storage, the median seasonal water level variation in lakes rises by 0.02 m
(Figure 2a). Reservoirs exhibit higher seasonal water level variability, and basins with greater reservoir seasonal
water level fluctuations also show higher seasonal lake water levels (Figure 2b and Figure S2 in Supporting
Information S1). This indicates that reservoirs contribute significantly to the main seasonal water level fluctu-
ations within basins, reflecting a notable human intervention in the natural water cycle. This phenomenon is
especially pronounced in coastal basins (Figure S2 in Supporting Information S1, Figures 2b and 2d). Even in
northern high‐latitude regions abundant in surface water resources, human management—primarily through
hydropower operations—still accounts for half of the surface water variations in some basins (Cooley
et al., 2021). For the 10 largest river basins in Asia, the median seasonal water level variation of reservoirs is
significantly higher than that of lakes (Figure 2c). Among them, the Indus Basin (1.45 m) and the Ob Basin
(1.36 m) exhibit the highest median reservoir water level changes, highlighting the substantial impact of human
engineering on regional hydrological dynamics. Overall, from August 2018 to August 2023, reservoirs exerted a
strong intervening influence on surface water changes across Asia, particularly in coastal regions. It should be
noted that since the algorithm used in this study may overestimate the minimum reservoir water levels, the actual
impact of reservoirs on basin surface water variations could be even greater than the results presented here.

3.3. Assessment of Reservoir Impacts on Flooding

The reservoir, while influencing the water volume changes in the main drainage basin, can also alleviate the
frequency and intensity of flooding in localized areas (K. Zhang et al., 2023). By analyzing water level data
alongside flooding data sets, the relationship between reservoirs and flooding in the Asian region can be further
understood and assessed. Most reservoirs release water in advance before the rainy season to empty storage
capacity and reduce flood peak flows. Their water level variations differ significantly from those of natural water
bodies such as lakes, thereby decreasing the likelihood and severity of flooding. For example, in China's Yangtze
River basins, summer rainfall is concentrated, but since the large‐scale development of hydraulic infrastructure
from 1991 to 2020, the death toll, economic loss rate, and affected area rate have all shown significant declining
trends (Table S2 and Figure S3 in Supporting Information S1). The increasingly well‐developed cascade reservoir
systems have further strengthened flood control capabilities in the Pearl River region (Wang et al., 2023).

Across Asia, flooding is strongly correlated with climatic conditions, with a higher frequency of events observed
between 20° and 40° latitude, primarily driven by monsoonal circulation and rainfall distribution (Figure 3).
Overall, the extent of flooding is negatively correlated with the number of reservoirs; areas with higher reservoir
density generally exhibit smaller affected areas (Figure S4 in Supporting Information S1), although this rela-
tionship is influenced by multiple factors such as climate, topography, and human activities. The Indian Peninsula
features numerous reservoirs and significant seasonal variation in reservoir water volume Figure 2d. Compared to
southeastern China and the Southeast Asian Peninsula at similar latitudes, however, the Indian Peninsula ex-
periences a higher frequency of flooding (with the Yarlung Zangbo River experiencing 24 major flood events in
5 years) and a larger affected area.

Geophysical Research Letters 10.1029/2025GL119131
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3.4. Potential Causes and Driving Forces of Regional Flooding

By analyzing the spatial distribution of affected areas together with reservoirs and lakes, the potential causes and
driving forces of regional flood occurrences can be further understood and assessed. Changes in lake and reservoir
water levels reflect the capacity of reservoirs to regulate flooding. Both lakes and reservoirs show interannual
fluctuations, while floods often coincide with peak lake levels. The sharp rise in lake levels during floods indicates
their limited capacity to buffer short‐term heavy rainfall, making them prone to overflow or breaching (Figure 4).

From Figure 4, we can see that flooding are concentrated in the rainy season, and under comparable rainfall
conditions, the frequency of flood events in the Indian Peninsula is significantly higher than in other basins.
Reservoirs in southern China, Southeast Asia, and the Korean Peninsula play a prominent regulatory role, with
reservoir levels fluctuating much more than lake levels. In the Yangtze and Pearl River basins, reservoir levels
dropped significantly after floods, which may reflect water releases for flood control (Figures 4a and 4b). In
Southeast Asia and the Korean Peninsula, reservoir and lake levels exhibit a clear lagged response (lake levels rise
rapidly during intense rainfall and floods, whereas reservoirs, due to their storage capacity and artificial

Figure 2. Impact of reservoirs on different river basins in Asia. (a) Relationship between the proportion of reservoir storage
variation and the median seasonal water level variation of lakes across different Asian river basins. (b) Median seasonal
water level variation of water bodies in various Asian basins; darker colors indicate larger seasonal variations, while lighter
colors indicate smaller variations. Regions are numbered as (1) Amu Darya, (2) Yellow, (3) Syr Darya, (4) Yarlung Zangbo,
(5) Yangtze, (6) Ganges, (7) Amur, (8) Lena, (9) Yenisei, and (10) Ob. (c) Comparison of water level change rates for the 10
largest basins in Asia. The boxplot displays the upper quartile, median, and lower quartile; whiskers extend to 1.5 times the
interquartile range, while outliers are shown as small diamonds. (d) Proportion of annual reservoir water storage variation
across different Asian basins. Darker colors indicate a greater influence of human‐managed reservoirs on surface water
storage, while lighter colors indicate less influence. Gray areas represent basins where no water body data were observed or
where only one type of water body (lake or reservoir) was observed within the basin.
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regulation, increase more gradually with delayed peaks). After each flood event, reservoir levels rise substan-
tially, while lake levels increase sharply for a short period and then begin to fall (Figures 4c, 4e, 4f, and 4h).
Specifically, in the Ganges basin, reservoir water level variations are lower than those of lakes, indicating
insufficient reservoir regulation capacity within the basin. In the Narmada and Ganges basins, reservoir and lake
water level changes are nearly synchronous, lacking the lag effect observed in other basins. This suggests that
reservoirs in these basins are likely not primarily used for flood control (Figures 4f, 4g, and 4i). In contrast, the
Yarlung Zangbo River basin shows reservoir water level variations significantly exceeding those of lakes, with a
certain lag relative to lake levels. However, this basin experiences the highest frequency of flood events among all
basins (Figure 4e and Figure S5 in Supporting Information S1). The causes of this phenomenon include both
natural and human factors. Natural factors involve intense monsoon rainfall that frequently subjects reservoirs to
flood discharge pressures, as well as sudden events such as the glacier collapse in February 2021 that led to dam
failure. Notably, a flooding occurred between August 2018 and August 2023 during the only instance when both
reservoir and lake water levels dropped to their lowest points (Dash et al., 2023).

During each flood event, lake water levels were generally similar, whereas reservoir water levels varied and
continued to rise for some time after the occurrence of floods. This suggests that the excessive rise in lake levels,
resulting from their limited self‐regulation capacity, may be one of the triggers of flooding (Figure 4). We used the
difference between the minimum lake water level during flood events and the minimum lake water level as the
maximum allowable rise in water level, based on which the maximum storage capacity was estimated for the eight
basins mentioned above (Table S4 in Supporting Information S1). It was found that both the number of reservoirs
and their theoretical storage capacity are important indicators affecting local water resource management. The
Yangtze River Basin has the largest storage capacity, totaling 19.69 km3, while the Ganges Basin has the smallest,
at only 1.6 km3. The number and capacity of reservoirs in the Yarlung Zangbo River Basin are much smaller than
those of lakes, accounting for only 21% of lake capacity. This may be a key reason for the frequent occurrence of
flooding in the region, suggesting that increasing the number of reservoirs could effectively reduce the frequency
of flood events.

Figure 3. Locations and extents of flooding in the Asian region from 2018 to 2023. Solid circles represent flooding locations
during this period, larger circles indicate greater flooding areas, and cooler colors signify a higher number of reservoirs at the
flooding location.
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4. Conclusions
This study reconstructed monthly water level time series for 7,743 inland water bodies (including lakes and
reservoirs) across Asia from August 2018 to August 2023 by applying the KF‐MFWL algorithm, through inte-
grating multi‐source satellite altimetry data (ICESat‐2, Sentinel‐3A/B) and meteorological data. The impacts of
reservoirs on Asia's hydrological cycle and flooding are also quantified. We find that the median annual water
level change rate of reservoirs (0.36 m/yr) is significantly higher than that of lakes (0.05 m/yr). Within the same
basin, a higher proportion of reservoir storage is associated with larger seasonal lake water level variations.
Particularly in coastal regions, seasonal reservoir storage changes account for more than 80% of basin‐scale
variability, reflecting strong human intervention in the natural hydrological cycle. In regions with higher
maximum adjustable reservoir storage, the system is likely more resilient to extreme hydrological conditions,
thereby reducing the frequency and intensity of such floods. The regulatory capacity of reservoirs is positively
correlated with the number of reservoirs and their storage volume proportion within a basin. Increasing the
number of reservoirs in the Yarlung Zangbo River Basin can effectively mitigate the likelihood and extent of
flooding. Our work highlights the role of reservoir regulation in regional hydrological cycles and provides high‐
resolution data support for water resource management in Asia. Future research will integrate multi‐source
observational data such as SWOT, GNSS, and GRACE to obtain water level time series for water bodies
smaller than 5 km2, enabling analysis of reservoir impacts on regional water level changes at finer spatial scales.

Figure 4. Timing of flooding and median relative water Levels compared to historical lows for lakes and reservoirs in South Asia (a–h), with vertical lines indicating the
timing of flood events in the figure. Map of the geographic locations of eight South Asian River basins, reservoirs, and flood sites (I), where numbers 1–8 correspond to
subplots (a–h). In panels (a–h), the water level time series are constructed as follows: (1) Each individual water level time series is normalized with respect to its
minimum value using the formula x′(i) = x(i) − min(x), where x′ is the normalized water level and x is the original water level; (2) Based on the normalized series from
step (1), the median water level across all reservoirs within the same basin is calculated at each time step. This results in a basin‐level reservoir water level time series.
The same method is applied to lakes.
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