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Key Points: 

 A novel field survey-independent approach is developed to determine the bathymetry 

and water storage of reservoirs. 

 The approach is tested for 48 representative reservoirs which are selected worldwide 

and applied for basin-scale water storage estimation. 

 The approach enables to estimate large-scale reservoir water storage and to provide 

the 3-D bathymetry for various applications. 

 

Abstract 

Estimations of reservoir bathymetry and storage are of great significance due to their 

substantial impacts on hydrological processes and water resource management. However, 

existing approaches for reservoir bathymetry construction often rely on field measurements, 

which restricts their application at regional and global scales. This study proposes a novel 

Approach for Determining the BAthymetry and water storage of channel-type Reservoirs, 

hereafter referred to as ADBAR, for which only open-access digital elevation model (DEM) 

and satellite images are required. The basic idea of ADBAR is to utilize the geomorphological 

similarity and topographical continuity of the reservoir inundation area with its lateral valleys 

and upstream/downstream regions to predict underwater bathymetry. Forty-eight reservoirs 

with different topographic and geometric characteristics were selected for method validation. 

The selected reservoirs were all impounded after the year 2000, so the modeled reservoir 

bathymetry can be validated by the “reference” reservoir storage calculated using the exposed 

topography in SRTM DEM and the mapped water extents from spectral images. The difference 

between the estimated and reference storages is approximately 13.23% on average. 

Furthermore, the modeled results in two selected basins with dense reservoir distributions, the 

Upper Yellow River Basin, and the Tocantins River Basin, are comparable with the 

documented effective storage capacities. The validations for both individual reservoirs and the 

two large basins demonstrate that ADBAR is a robust tool for estimating reservoir bathymetries 

and storage capacities, and thus facilitates the modeling of reservoir impacts on water budgets 

at large and global scales. 

Keywords: Reservoir; Bathymetry; Water storage; DEM; Satellite imagery. 
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1 Introduction 

Reservoirs play essential roles in water resource managements by facilitating flood 

control, hydroelectric power generation, and water supply (van Bemmelen et al., 2016). To 

satisfy the emerging need for water use and regulation from human beings, a large number of 

reservoirs have been constructed since the late half of the 20th century, and the booming 

reservoir impoundments may last in the next several decades (Busker et al., 2018; Zhu et al., 

2020). Given that reservoir impoundments and their operations have substantial impacts on the 

terrestrial water budget, the characterization of reservoir bathymetry and storage capacities 

from catchment to global scale is of great interest to hydrologists, geomorphologists, climate 

scientists, hydraulic engineers, and policymakers (Grill et al., 2019; Yigzaw et al., 2018; Zhao 

& Gao, 2019). 

The International Commission on Large Dams (ICOLD) has maintained a global 

register that comprises more than 58,000 large dams and reservoirs worldwide. Despite this 

quantity and the availability of many attributes, the registered dams are missing geographic 

coordinates and thus are not applicable to spatially-explicit assessments on hydrological 

processes (Gao, 2015). Several other inventories, such as the Global Lakes and Wetlands 

Database (GLWD) and the Global Reservoir and Dam Database (GRanD), provide important 

reservoir properties such as water storage capacities as well as explicit spatial locations (Lehner 

et al., 2011; Lehner & Döll, 2004). However, these databases emphasize the largest reservoirs 

in the world, and are lacking records of newly dammed reservoirs particularly in developing 

countries. The rapid advancements of satellite remote sensing techniques have substantially 

facilitated the monitoring of reservoirs from regional to global scales (Chen et al., 2016; 

Langhorst et al., 2019). Thus far, reservoir studies using remote sensing have mainly focused 

on characterizing the variations in water level, inundation area, and water storage. For example, 

reservoir water levels have been be retrieved by the expanding constellation of satellite radar 

or laser altimeters (e.g., TOPEX/Poseidon, Jason-1/2/3, Sentinel-1/3, and ICESat and ICESat-

2) (e.g., Ryan et al., 2020; Song et al., 2013; Zhang et al., 2011). Reservoir inundation extents 

were mapped using multi-mission optical sensors such as Landsat MSS/TM/OLI, MODIS, and 

Sentinel-2 MSI (e.g., Yao et al., 2019; Zhan et al., 2019; Zhang et al., 2019). The combination 

of both water level and extent measurements have been used to calibrate reservoir hypsometries 

(i.e., area-level curves) which then allowed the derivation of reservoir storage variations (e.g., 

Duan & Bastiaanssen, 2013; Gao et al., 2012; Salami & Nnadi, 2012; Wang et al., 2018; 

Weekley & Li, 2019; Zhang et al., 2017). 
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In comparison, estimating the reservoir storage (volume or the full storage capacity) is 

relatively difficult because the bathymetry cannot be directly observed by satellite sensors. 

Currently, in situ or low-altitude surveys based on Sonar and LiDAR sensors or depth meters 

can measure reservoir bathymetric information, but these surveys are time consuming and 

practically infeasible for broad-scale applications. Some indirect estimations, such as optically-

derived water depths based on reservoir bottom reflectance (Jay & Guillaume, 2014; Ma et al., 

2020; Pacheco et al., 2014) are, however, limited to shallow waters with favorable visibility 

(Legleiter & Overstreet, 2012). A more practical and commonly-applied method is to establish 

the level-storage curve or area-storage curve for the studied reservoir (van Bemmelen et al., 

2016). For example, Yigzaw et al. (2018) proposed a new storage-area-depth dataset covering 

6,800 reservoirs after determining the optimal geometric shape for each reservoir. However, 

the determination of reservoir geometric shapes in their method rely on documented reservoir 

volumes or dam heights which are often unavailable. 

Apart from field surveys and existing remote sensing methods, modeling the 

underwater bathymetry by utilizing the exposed topography surrounding the reservoir can be 

an alternative approach. The reservoir inundation area and its peripheral terrain can both be 

acquired by remote sensing measurements. Such information was applied by Messager et al. 

(2016), Cael et al. (2017), and Ding (2019) to enable global-scale estimations of lake mean 

depth and volume. Furthermore, Getirana et al. (2018) constructed reservoir bathymetry by 

combining visible bathymetry, linear extrapolation technique and riverbed elevation. These 

studies still require in situ water depth data or observed riverbed bathymetry to constrain the 

extrapolation of surrounding topography, and thus are dependent on field surveys to some 

degree and limited to specific cases. More recently, Li et al.  (2020) proposed an approach for 

constructing reservoir bathymetry by deriving Area–Elevation relationships which were further 

applied to the Surface Water Occurrence data. This approach can achieve high accuracy for 

reservoirs with large dynamic areas, but is still limited to the altimetry data coverage and has 

major errors in unexposed areas. 

This study aims at developing a novel Approach to Determine the BAthymetry and 

water storage of channel-type Reservoirs, hereafter entitled as “ADBAR”. We here emphasize 

channel-type reservoirs (also termed as “on-stream reservoir” or “river-type reservoir’) which 

were constructed by damming the rivers and have a direct impact on the downstream river 

systems (Chen et al., 2019; Lehner & Grill, 2013). The proposed ADBAR is based on the 

geomorphological similarity and topographic continuity between the reservoir’s underwater 
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bathymetry and the peripheral terrain. The rationale of our method takes into account the 

topography surrounding the reservoir channel in both longitudinal (upstream and downstream) 

and cross-sectional (lateral valleys) directions. In this sense, off-stream reservoirs such as 

elevated natural lakes (e.g. Lake Victoria), agricultural ponds, and dammed/leveed lagoons in 

coastal areas are not suitable for the application of ADBAR. The objectives of this study are to 

introduce the basic design and processing scheme of ADBAR, and to assess its accuracies of 

modeling reservoir bathymetry and estimating reservoir water storage (rather than water 

storage changes). Our method was assessed on both individual reservoirs and the aggregated 

reservoir storage at basin scales. Meanwhile, ADBAR only requires open-access multi-source 

remote sensing data, thus making it flexible and potentially applicable to channel-type 

reservoirs worldwide. 

2 Materials and study sites 

2.1 Study materials 

Two data sets were required to implement ADBAR, including the digital elevation 

model (DEM) for providing basic topographic information and reservoir inventory for 

determining the water inundation extent. With the development of remote sensing technologies, 

several global open-access DEMs have been available, including the Shuttle Radar Topography 

Mission (SRTM) DEM and its improved dataset MERIT DEM (Yamazaki et al., 2017), 

ASTER GDEM, ALSO AW3D30 DEM, and the TanDEM-X DEM. The advantage of SRTM 

DEM, which was selected for this study, is that this dataset was acquired in the earliest period 

(February 2000) among these DEMs. Thus, SRTM DEM captures the bathymetries of 

reservoirs impounded after the year 2000, and these exposed bathymetries can be employed to 

evaluate the performance of ADBAR. Specifically, we here used the one arc-second SRTM-1 

DEM with a mean error (ME) of 0.11 m and a mean absolute error (MAE) of 3.50 m, which 

was validated in High Mountain Asia (Liu et al., 2019). 

The reservoir spatial locations and water extents are also necessary. In this study, we 

used the Global Dam and Reservoir Inventory (GDRI) as the reference dataset. The current 

version of GDRI was generated by merging five georeferenced international and regional dam 

inventories (Walter et al., 2018, 2019). The georeferenced dam points were then used to retrieve 

the reservoir polygons from the UCLA Circa-2015 Lake Inventory (Sheng et al., 2016), which 

was produced from 30-m-resolution Landsat-8 OLI imagery and had gone through rigorous 

quality assurance and quality control. In total, GDRI documents 83,767 reservoirs for a total 
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surface area of 754,551 km2. Considering that in-situ bathymetry is limited at a global scale, 

the newly impounded reservoirs after the year 2000 were chosen as the testing cases. For each 

of these reservoirs, its bathymetry was revealed by SRTM DEM acquired in 2000, and was 

later used to validate the reservoir bathymetry and storage estimated by ADBAR. To 

distinguish the newly impounded reservoirs in GDRI, the JRC Global Surface Water (GSW) 

dataset, which maps the global surface water dynamic during 1984–2015 (now updated till 

2018) at 30 m resolution, was adopted (Pekel et al., 2016). GDRI provides the attribute of the 

dam’s completion year, which in many cases is identical to or close to the commission year. In 

addition, we also referred to the GSW dataset to ensure that our selected reservoirs were indeed 

impounded after 2000. GSW provides a valuable reference for monitoring the changing 

trajectories of lakes and reservoirs over the past decades. Among all the GSW layers, we used 

the “water occurrence change intensity” which quantifies the probability or intensity of surface 

water increase or decrease between the two epochs of 1984–1999 and 2000–2018. The 

reservoirs constructed after 2000 could, therefore, be easily verified as the pixel clusters with 

high increasing water intensities.  

2.2 Study sites 

2.2.1 Selected individual reservoirs 

From the newly impounded reservoirs in GDRI, we selected 48 channel-type reservoirs 

for developing and testing ADBAR. The selected reservoirs represent different characteristics 

in terms of location, area, shape, water level, and surrounding topography. As shown in Figure 

1, these reservoirs are distributed in all continents except Antarctica, and found in a large range 

of elevation (from <200 to >3000 m above sea level) implying the variety of their surrounding 

terrains. The area of the largest reservoir (Pasak Chonlasit) is 153.26 km2, and that of the 

smallest one (Cotter) is only 1.47 km2. The variation is also reflected in the geometry of the 

reservoir surface (Figure 1b). These variations allowed the robustness of ADBAR to be well 

explored and tested on the global reservoir with different characteristics. Table S1 provides the 

basic information of the selected reservoirs. 
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Figure 1. Spatial distribution and basic information of selected reservoirs from GDRI 

2.2.2 Basin-scale assessment 

In addition to the 48 individual reservoirs, two drainage basins with dense reservoir 

distributions, the Upper Yellow River Basin in China and the Tocantins River Basin in Brazil, 

were also selected to assess the ability of ADBAR in estimating basin-scale reservoir storages. 

The Yellow River is the second-longest river in China, with a drainage basin covering 

approximately 752,000 km2. The selected regions in the Yellow River Basin include two 

portions: the Upper Yellow River Basin upstream to Qingtongxia (37.99°N, 106.13°E) and the 

Weihe River Basin which defines the catchment of the tributary Weihe in the south central part 

of the Yellow River Basin. The reservoirs located in the main stem of the Yellow River are 

mainly used for hydropower generation because of the steep channel gradients (Deng et al., 

2020). 
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The Tocantins River Basin in Brazil covers a drainage area of more than 960,000 km2. 

The Tocantins River originates from the central plateau in the Goiás state of Brazil and drains 

into the Atlantic Ocean. The elevation of the Tocantins River Basin varies from the 200 to 500 

m in most of its portion. The average annual precipitation in this basin is about 1870 mm, much 

higher than that of the upper Yellow River region. In total, we identified 18 channel-type 

reservoirs in this basin, of which the largest are the Tucuruí Reservoir and the Serra da Mesa 

Reservoir. It is worth noting that our goal of selecting these two basins was to assess the 

ADBAR’s accuracy in estimating total reservoir storage at the basin scale (rather than 

individual reservoir bathymetries), so there was no need to further distinguish the reservoirs 

impounded after 2000 from those impounded earlier.   

3 Methodology 

3.1 Basic idea 

We aimed to develop a generic method that is applicable to modeling the bathymetries 

and water storages of channel-type reservoirs worldwide. The basic idea was to exploit the 

expected geomorphological similarity and topographic continuity between the reservoir’s 

underwater and surrounding terrains. The considered surrounding terrains include both the 

lateral valley in the cross-sectional direction and the upstream/downstream river section in the 

longitudinal direction. River channel morphology is caused by a cascade of driving factors 

from tectonic controls to climate and hydrology, representing different evolution/gradation 

stages and regional differentiations of the natural environment (Chen et al., 2019). Although 

river channel morphology represents spatial heterogeneity in different regions, it often exhibits 

topographic similarities at local (e.g., small catchment) scales. The geomorphological 

similarity supports the underlying assumption that the original topography beneath the 

impounded reservoir is spatial related to the nearby region, in both longitudinal (i.e., along-

river) and lateral (i.e., cross-sectional) directions (Hollister & Milstead, 2010; Hollister et al., 

2011; Messager et al., 2016). Hence, reservoir bathymetry construction is conducted in two 

directions by considering along- and cross-channel directions. The bottom elevations within 

the reservoir area can be interpolated based on the surrounding topography which is also 

supported by topographic continuity. Generation of the along-channel section is simple because 

the river longitudinal profile follows a linear or approximately linear descending tendency 

(Section 3.2.2). By contrast, the topographic prediction in the cross-channel section is relatively 

complex, depending on the reservoir geometric profile, and is constrained by the predicted 
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elevation value in the along-channel profile. The basic idea of this work is illustrated in Figure 

2. 

 

Figure 2. Basic idea of ADBAR. (a) and (b) show the topography of the reservoir region before and after damming 

based on satellite imageries acquired in 2000 and 2015, respectively. SRTM-1 DEM provided a topographic 

reference for testing ADBAR's performance. (c) As observed in SRTM DEM, the river longitudinal profile 

follows an overall  linearly descending pattern. (d) The upstream and downstream channel elevations were used 

to interpolate the river longitudinal profile. (e) Assuming geomorphological similarity, the cross-sectional 

geometry of the upstream channel  was used to infer the type of cross-sectional geometry of the reservoir channel. 

(f) Elevations observed from the channel laterals and interpolated along the river profile were used to construct 

the reservoir underwater topography (i.e., bathymetry). The reservoir’s cross-sectional geometry derived from the 

upstream region determines which kind of method is used in the spatial construction. 

3.2 Implementation scheme 

We implemented the above-described idea of ADBAR using Python scripts, by 

following the schematic procedure illustrated in Figure 3. Details are given in the next sections. 
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Figure 3. Flowchart of the proposed approach 

3.2.1 Generalizing reservoir geometric features 

Our first step was to configure the skeleton of the channel segment on the reservoir. The 

skeleton consists of the centerline along the channel and the orthogonal lines across the 

channel. These features helped us capture the longitudinal and lateral topographic profiles 

using the SRTM-1 DEM. The along-channel section were generated by integrating drainage 

networks and reservoir centerlines. The drainage network extraction based on SRTM-1 DEM 

contained a sequence of hydrological processing, namely, filling sinks, flow direction, flow 

accumulation calculations, and the raster calculation with a given drainage threshold (i.e., 5 

km2 in this study). The extracted drainage networks were further used for determining 

tributaries based on the intersection points between rivers and reservoirs. In this step, manual 

judgment was recommended to remove redundant points because certain tributaries are too 

small in length (Figure 4a). After determining reservoir tributaries, centerline extraction was 

conducted for mainstream and tributaries by a two-step process. First, the reservoir boundary 

was split into multiple arcs on the basis of the intersection points so that the Euclidean 

allocation algorithm can be used; this algorithm identifies the cells that are to be allocated to 

an arc based on closest proximity (Figure 4b). After turning proximity regions into polygons, 

centerlines were determined as shared boundaries (Figure 4c). 

Apart from the along-channel section, delineating the cross-channel sections is another 

important aspect of determining reservoir bathymetry. For each pixel in the reservoir 

centerline, its upstream and downstream points with a certain pixel distance (five pixels were 

used in this study) were selected to calculate the along-channel direction. Subsequently, the 
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cross-channel section was extended from the center pixel with the calculated orthogonal 

channel directions (Figure 4d). After processing all the pixels in the reservoir centerline with a 

certain cross-channel interval, cross-channel sections could be finalized completely as shown 

in Figures 4e and 4f. The influence of cross-channel interval on bathymetry construction is 

discussed in Figure S1.  

 

Figure 4. Procedure of reservoir structural features extraction. (a) Extracted drainage networks and 

intersection points based on the 5 km2 channelization threshold; (b) After removing the redundant 

intersection points, all cells were allocated to the nearest lines; (c) Shared lines were regarded as reservoir 

centerlines; (d) Cross-channel sections were generated based on the along-channel points and orthogonal 

flow directions; (e) Generated cross-channel sections using five-pixel cross-channel intervals; (f) Generated 

cross-channel sections using one-pixel cross-channel interval;  

 

3.2.2 Spatial construction of reservoir bathymetry 

The spatial construction of underwater topography was conducted in the along- and 

cross-channel sections based on the elevations above the water level. Theoretically, river 

longitudinal profiles are generally featured by a concave-up shape, whereas a linear fitting 

curve can match well with the original (before impoundment) riverbed elevation measurements 

at small scale for the 48 testing cases, as illustrated in Figure. 2c and 2d. This strategy is simple 

for single reservoirs, whereas special processing may be required for reservoirs with multiple 

tributaries. After determining the elevations of mainstream centerlines, the elevation values of 

the intersection points between sub-centerlines and mainstream centerlines can be interpolated. 
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In this case, the obtained upstream topographic information, and the calculated elevation of 

intersection points were used for determining the along-channel section for each tributary.  

 

Figure 5. Diagram of river morphology. (a) Longitudinal profile from the river headwater to the ocean; (b) 

Three typical river cross-sectional types. 

The along-channel section can be regarded as the terrain skeleton, which constrains the 

lowest elevation value for each cross section. Given each pixel in the reservoir centerline, the 

elevations of the valley sides above the water level can be obtained. The obtained valley 

information and the lowest elevation in centerlines were used for determining underwater 

topography. Apart from the obtained elevation information, determining the optimal shape for 

each reservoir is also important for cross section processing. Generally, all reservoir cross-

channel profiles can be divided into three types: V-sharp, U-sharp, and Flat-shape (Figure. 5). 

V-sharp reservoirs are mainly located in the headwater (upper-reach) regions with high 

gradients and strong downward erosion. U-shape reservoirs are mostly in the middle reaches 

where the stream valleys broaden and reach a graded condition (thus no longer needing to 

down-cut). The flat-shape reservoirs are commonly found in the lower reaches or flood plains 

where rivers have low gradients and often meander with lateral migration (leading to wide and 

flat channel bathymetry).  

In this study, three different prediction modes were defined for these three reservoir 

types. For the V-sharp reservoir, the linear fitting curve is suitable for describing valley 

morphology. Hence, the linear fitting function was adopted for the spatial prediction of valley 

sides based on the observed elevations above the water level and the reservoir maximum depth 

javascript:;
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constrained by the centerline elevation (Figure 6a). As for the U-sharp reservoir, the 

polynomial fitting function was used for predicting the underwater topography. The modeling 

of the flat-shape reservoir is more complex than that of the V-shape and U-shape reservoirs 

and was implemented in two steps. The first step was to extend the valley morphology into the 

underwater region. The polynomial fitting of the lateral elevations was used for this step. In 

other words, the fitting curve simulated the topographic continuity from the above-water terrain 

downward to its inundation zone. The vertical extension of the fitted curve were, however, 

constrained by the elevation (depth) of the centerline point. Thus in the second step, the portion 

of the polynomial fitting curve below the maximum reservoir depth (as estimated by the 

centerline elevation) was truncated in order to comply with the flat-shape geometry. The 

remaining unprocessed area can be regarded as flat-floored riverbeds which were linearly 

interpolated using the centerline point and the lowest points of valley sides as illustrated in 

Figure 6c. 

 

Figure 6. Spatial construction methods for cross-channel section generation. (a) Linear fitting function was used 

for V-shape reservoir; (b) Polynomial fitting function was used for U-shape reservoir; (c) Spatial construction of 

flat-shape reservoir was conducted in two steps. The first step was to extend the river valley based on the 

polynomial fitting function and only the predicted points higher than the corresponding point in the along-

channel section were kept. The second step was to construct the riverbed by using linear interpolation.  

Before processing reservoir cross-sectional profiles, the reservoir geometric type 

should be determined in order to implement the above prediction methods. Assuming 

geomorphological similarity at local scale, reservoir types can be inferred by the topographic 

profiles of the reservoir upstream and downstream regions. After generating a set of river cross 

sections in the river upstream and downstream regions, the final prediction mode could be 

determined by a qualitative judgment. As illustrated in Figure 7, cross-channel sections with 

10-pixel intervals were generated in upstream and downstream regions. Each section contains 

13 unknown pixels which are similar to the mean width of the reservoir. Twenty pixels 

representing valley sides were also included. Three spatial prediction methods were applied to 

all sections. The MAE was calculated based on the differences between the predicted value and 
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the reference elevation derived from SRTM-1 DEM. The geometric type with the lowest MAE 

was used to represent the cross-channel section within the reservoir extent. In this case, the V-

shape was determined as the optimal geometric type based on the upstream and downstream 

validation (Figure 7b), and the unknown points in the underwater region were then predicted 

using the V-shape method (Figure 7c).  

  

Figure 7. Determination of reservoir type based on geomorphological similarity in the upstream and downstream 

regions of the reservoir. (a) Cross-channel sections within upstream and downstream regions are created. (b) Three 

predicted methods are used for all training sections and V-shape profile with the lowest error is determined as the 

optimal type. (c) Underwater points are predicted using the V-shape method.  

After obtaining the predicted elevation values for each sampling point, a TIN-based 

surface was constructed and further converted to gridded reservoir bathymetry DEM using 

natural neighbor interpolation. Reservoir volume estimation was further conducted based on 

the bathymetry. DEM-derived water levels were used in this study which considered the 

reservoir shoreline as a contour. All pixels within the flat portion (slope value less than 1°) 

were selected. After removing outliers based on the three-sigma rule, water level was 

determined by adopting the medium elevations of the remaining pixels. 

3.3 Assessment of reservoir storage estimation 

SRTM-1 DEM, which captures the bottom topography before reservoir impoundment, 

was applied to assess the accuracy of the modeled bathymetry and storage estimation. Two 

metrics were calculated, including ME and MAE (Equation 1). For each reservoir, 

approximately 10% pixels were randomly selected and provided a sufficient validation sample 

by comparing the differences between the constructed bathymetry and SRTM-1 DEM. 
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where n is the number of sampling points, x is the value of the modeled bathymetry value, and 

y is the value of SRTM-1 DEM. To assess the accuracy of the reservoir storage revealed by 

our reconstructed bathymetry, we calculate the percentage error between the storages derived 

from the constructed bathymetry and the SRTM-1 DEM. 

4. Results and discussions 

4.1 Assessment of the reservoir storage estimates of individual reservoirs   

 The reservoir bathymetries for the 48 selected reservoirs that are widely distributed in 

different continents were modeled by using ADBAR and were further used for calculating 

water storage. As shown in Figure 8, three reservoir cases representing different types of cross-

channel topography features were selected to demonstrate the bathymetry construction 

performance. In general, the three bathymetry cases maintain the continuity of terrain surface 

in both along- and cross-channel sections. Approximately 10% of the total pixels within the 

reservoir area were sampled randomly for further accuracy assessment. The elevations derived 

from the reservoir bathymetry show good correlations with those from SRTM-1 DEM, with R2 

> 0.6 for all three cases (Figure 9). Further quantitative evaluation is conducted for all the 48 

reservoirs based on the calculated ME and MAE. Note that the bathymetry accuracy assessment 

is relatively acceptable compared with SRTM-1 DEM which also includes its own errors. The 

mean values of the ME and MAE for all 48 reservoirs are 0.95 and 7.24 m, respectively. 

Although the MAE seems to be somewhat high, its applicability in water storage estimation 

could been proven by the low ME value. The low value of ME indicates that the overestimation 

and underestimation of topography can be offset to a great extent.  
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Figure 8. Constructed bathymetry of three typical reservoirs. (a) AF3 with V-sharp cross-channel section, (b) 

AS3 with U-shape reservoir, and (c) AS6 with flat-shape cross-channel section. 

 

 

 

 

 

 

 

 

 

Figure 9. Linear correlation between reservoir bathymetry constructed by the ADBAR and SRTM-1 DEM. (a) 

AF3, (b) AS3, (c) AS6.
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Table 1. The estimation results for 48 random selected reservoirs all around world. 

Reservoir ID 

and name 

Latitude/Longi

tude 

Are

a 

(k

m2) 

wa

ter 

de

pth 

(m) 

Impou

nded 

year 

Cross 

sectio

n 

type 

Me

an 

err

or 

(m) 

Estim

ated 

Volu

me 

(108 

m3) 

Refer

ence 

Volu

me 

(108 

m3) 

GRa

nD  

Res

ults 

(108 

m3) 

Ratio 

of 

Differ

ence 

AS1 (Zhikong) 30°00'31″N/ 

91°51′38″E 

13.

58 

25 2003 Flat-

shape 

-

0.1

0 

1.87 1.88 3.93  -

0.34% 

AS2 

(Gaolehan) 

44°49′45″N/11

8°19′32″E 

5.3

1 

9 2007 U-

shape 

-

0.7

9 

0.40 0.34 1.57  19.37

% 

AS3 

(Doghmush) 

37°15′53″N/ 

47°33′17″E 

6.3

2 

31 2004 U-

shape 

-

0.3

5 

1.36 1.31 1.86  4.08% 

AS4 (Maliba) 24°25′53″N/ 

97°59′18″E 

6.3

3 

20 2008 Flat-

shape 

0.3

4 

0.80 0.84 1.87  -

3.99% 
AS5 (Pasak 

Chonlasit) 

14°58′56″N/10

1°03′24″E 

153

.26 

9 2000 Flat-

shape 

0.8

5 

7.64 7.91 42.1

0  

-

3.46% 

AS6 

(Dashimen) 

43°01′38″N/11

7°16′26″E 

9.2

5 

20 2010 Flat-

shape 

-

1.5

2 

1.84 1.73 2.70  6.22% 

AS7 

(Sunkesula) 

15°52′59″N/ 

77°46′31″E 

11.

60 

5 2006 V-

shape 

-

0.6

1 

0.52 0.44 3.37  19.11

% 

AS8 

(Shiquanhe) 

32°32′09″N/ 

80°14′28″E 

18.

10 

18 2006 Flat-

shape 

-

0.1

5 

2.03 2.04 5.21  -

0.53% 

AS9 (Xiabandi) 37°49′52″N/ 
75°27′22″E 

18.
19 

72 2008 Flat-
shape 

-
2.8

2 

8.25 7.81 5.24  5.66% 

AS10 

(Honghuaerji) 

48°18′29″N/12

0°04′46″E 

18.

41 

20 2010 Flat-

shape 

1.2

9 

1.89 2.06 5.30  -

8.64% 

AS11 

(Pangduo) 

30°14′05″N/ 

91°20′58″E 

33.

14 

59 2012 Flat-

shape 

-

2.1

2 

11.06 10.58 9.41  4.56% 

AS12 (Jilintai) 43°49′26″N/ 

82°57′34″E 

45.

02 

128 2006 U-

shape 

1.9

8 

19.29 18.58 12.7

0  

3.85% 

AS13 (Taishir) 46°41′34″N/ 

96°46′22″E 

47.

60 

29 2010 U-

shape 

0.5

5 

8.47 8.75 13.4

2  

-

3.26% 
AS14 (Baishi) 41°44′04″N/12

0°55′47″E 

48.

23 

18 2010 Flat-

shape 

-

0.5

4 

6.73 6.44 13.5

9  

4.50% 

AS15 

(Qiapuqihai) 

43°15′06″N/ 

82°23′48″E 

59.

47 

22 2005 Flat-

shape 

-

5.5

9 

33.08 29.66 16.6

8  

11.51

% 

AF1 (De Hoop) 24°58′56″S/ 

29°55′36″E 

12.

64 

54 2013 U-

shape 

-

1.2

1 

2.76 2.56 3.67  7.83% 

AF2 

(Chongwe) 

15°09′43″S/ 

28°25′22″E 

5.5

7 

10 2003 Flat-

shape 

-

3.5
4 

0.42 0.25 1.65  71.09

% 

AF3 

(Lumwana) 

12°12′58″S/ 

25°55′02″E 

5.9

6 

20 2002 V-

shape 

-

1.6

9 

0.56 0.46 1.76  21.92

% 

AF4 (Tilesdit) 36°21′06″N/ 

04°03′28″E 

7.2

6 

59 2004 U-

shape 

0.2

7 

1.53 1.57 2.13  -

2.73% 
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AF5 (Biri 

Stage) 

17°29′47″S/ 

30°12′59″E 

13.

00 

22 2001 V-

shape 

0.8

3 

1.03 1.12 3.77  -

8.42% 

AF6 (Koudiat 

Acerdoune) 

36°27′38″N/ 

03°31′37″E 

13.

95 

77 2009 U-

shape 

0.1

5 

5.05 5.31 4.04  -

4.99% 

AF7 (Roudi) 13°10′55″N/ 

01°25′12″W 

19.

15 

10 2012 Flat-

shape 

-

0.5

4 

1.01 0.91 5.51  11.33

% 

AF8 (Seguiet) 27°06′17″N/ 

13°06′24″W 

19.

86 

14 2004 U-

shape 

1.1

4 

1.15 1.38 5.71  -

16.63

% 

AF9 (Lela) 12°54′14″N/ 

13°54′50″W 

23.

31 

7 2000 V-

shape 

0.2

9 

0.63 0.69 6.67  -

9.15% 

AF10 (Soum) 12°36′15″N/ 

02°13′34″W 

29.

06 

4 2010 Flat-

shape 

0.5

1 

1.18 1.32 8.28  -

10.18

% 

AF11 (Beni 

Haroun) 

36°30′38″N/ 

06°16′11″E 

35.

53 

51 2005 U-

shape 

13.

40 

4.21 8.91 10.0

8  

-

52.70

% 

EU1 (Irganai) 42°38′58″N/ 
46°54′05″E 

16.
92 

92 2006 Flat-
shape 

8.6
2 

8.37 9.76 4.88  -
14.28

% 

EU2 (Pajares) 39°06′12″N/ 

07°08′06″W 

2.1

9 

23 2000 V-

shape 

1.7

8 

0.16 0.20 0.66  -

18.11

% 

EU3 (Do 

Abrilongo) 

36°52′25″N/ 

03°28′54″W 

2.3

7 

8 2000 Flat-

shape 

-

0.7

4 

0.80 0.79 0.71  1.94% 

EU4 (Rules) 38°40′03″N/ 

21°51′28″E 

2.4

7 

89 2003 Flat-

shape 

1.4

3 

1.11 1.12 0.74  -

0.22% 

EU5 (Evinos) 38°31′10″N/ 
05°00′23″W 

4.6
4 

57 2003 V-
shape 

-
0.0

7 

0.59 0.57 1.38  2.06% 

EU6 (La 

Colada) 

39°08′24″N/ 

22°05′22″E 

5.3

3 

36 2003 V-

shape 

9.5

5 

1.07 1.50 1.58  -

28.93

% 

EU7 

(Smokovo) 

41°59′08″N/ 

01°15′02″E 

12.

14 

54 2003 Flat-

shape 

-

3.3

4 

3.29 2.85 3.53  15.21

% 

NA1 (Presa 

Gobernador) 

23°11′56″N/10

3°14′50″W 

11.

85 

16 2000 V-

shape 

0.1

3 

1.12 1.14 3.44  -

1.37% 

NA2 (Barrigon) 08°35′43″N 
/82°18′20″W 

2.2
4 

19 2004 U-
shape 

2.7
6 

0.43 0.48 0.68  -
11.74

% 

NA3 (Pine 

Coulee) 

50°09′54″N/11

3°44′42″W 

5.7

2 

11 2000 V-

shape 

2.1

3 

0.58 0.67 1.69  -

12.88

% 

NA4 

(Changuinola) 

09°11′57″N/ 

82°29′02″W 

8.9

1 

24 2011 U-

shape 

15.

69 

2.76 4.36 2.61  -

36.71

% 

NA5 

(Buckhom) 

49°36′27″N/ 

71°12′05″W 

28.

05 

6 2000 Flat-

shape 

0.8

5 

10.24 10.32 8.00  -

0.80% 

OC1 (Cotter) 35°19′03″S/148

°55′30″E  

1.4

7 

70 2000 U-

shape 

8.4

5 

0.36 0.48 0.45  -

25.96
% 

SA1 

(Domingos) 

20°01′39″S/ 

53°12′35″W 

17.

32 

16 2012 V-

shape 

0.6

6 

2.63 2.01 4.99  30.96

% 

SA2 (Rerito 

Velho) 

18°47′56″S/ 

52°11′30″W 

5.6

5 

9 2009 V-

shape 

-

2.1

5 

0.92 0.99 1.67  -

7.42% 
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SA3 (Puclaro) 30°00′27″S/ 

70°49′50″W 

6.7

9 

53 2000 Flat-

shape 

-

4.7

9 

2.16 1.90 2.00  13.43

% 

SA4 

(Caracoles) 

31°29′09″S/ 

68°59′52″W 

6.8

4 

75 2009 V-

shape 

8.5

8 

1.45 1.86 2.01  -

22.20

% 

SA5 
(Potrerillos) 

32°58′09″S/ 
69°10′10″W 

13.
19 

133 2003 V-
shape 

-
2.4

0 

6.23 5.91 3.82  5.33% 

SA6 (Cacu) 18°29′17″S/ 

51°10′49″W 

13.

33 

6 2010 U-

shape 

4.2

0 

2.44 2.97 3.86  -

17.88

% 

SA7 (Santa 

Clara) 

25°38′12″S/ 

51°54′02″W 

18.

74 

59 2005 U-

shape 

1.2

0 

4.98 5.18 5.39  -

3.90% 

SA8 (Bandeira) 13°01′14″S/ 

40°52′53″W 

20.

83 

18 2007 Flat-

shape 

0.5

4 

2.04 2.16 5.98  -

5.49% 

SA9 (Uhe 

Espora) 

18°37′56″S/ 

51°54′59″W 

24.

64 

17 2003 U-

shape 

-

7.5

6 

5.94 4.18 7.05  42.09

% 
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 Reservoir volumes were further estimated based on the 3-D bathymetry modeled by 

ADBAR (Table 1). To evaluate the performance, the reference volumes were simulated based 

on the SRTM-1 DEM and the same water inundation mask of impounded reservoirs. The MAE 

of the 48 selected reservoirs is 13.23%. More than 80% of the reservoirs achieve good 

performances with biases of less than 20%. The estimation accuracy of half of the reservoirs is 

greater than 90%, suggesting that ADBAR may be applicable for global-scale reservoirs 

regardless of the great diversity in terms of size, geometry, and surrounding landforms. A 

comparation was also conducted with the estimated results using area-volume relationship 

derived from GRanD dataset: 

                                                           0.9578V =30.684A                                                            

(2) 

where V is reservoir volume in 106 m3; A is reservoir area in km2. The MAE of the selected 48 

reservoirs is 152.01% which indicated that the water volume estimation based on 

empirical equation own poor applicability. The area-volume relationship cannot achieve 

accurate reservoir storage, especially in the global-scale study. We also focus on examining the 

reservoirs with relatively large biases in bathymetry and water storage estimates which can be 

ascribed to the three main causes. The first error source stems from the generation of the along-

channel section where the elevation errors in the upstream and downstream regions can 

influence the predicted elevation values of centerline in the reservoir area. Given that the along-

channel section provides the topographic constraint information for the cross-channel section 

prediction, the error of the along-channel section can be propagated to the entire reservoir 

region. The second error is misclassification of the reservoir geometry. Not all reservoirs can 

be well represented by the above-mentioned three modes. For example, the geometric types of 

certain reservoirs are between the U-shape and the flat-shape which are difficult to match 

perfectly. Other reservoirs exhibit multiple cross-section types, with V-sharp in the upstream 

and flat-shape in the downstream. The third error is mainly due to the complex geometric 

structure of the reservoir inundation. For some multi-tributary reservoirs, the spatial 

construction is difficult to conduct for the river confluence reaches where cross sections cannot 

be generated.  

4.2 Assessment of reservoir storage estimates at basin scales 

The above assessment demonstrated that the developed approach can be applied to 

reservoirs individual regardless of their size, bottom geometry, and surrounding landscapes. 

Further investigation mainly focuses on assessing its validity in regional-scale estimation. All 
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the channel-type reservoirs more than 1 km2 were selected without any subjective choice which 

can release the possible concern that the validation assessment may be influenced by subjective 

sample selection. The maximum water extent for each reservoir was derived from the GSW 

dataset, so that the maximum actual reservoir volume can be estimated. The estimation results 

for the Upper Yellow River Basin and Tocantins River Basin are listed in Tables 2 and 3, 

respectively. The estimated total reservoir volume in the Upper Yellow River Basin is 

283.10×108 m3. Approximately 65% of this total storage is contributed by the Longyangxia 

Reservoir. The Liujiaxia Reservoir and the Lijiaxia Reservoir own the second and third largest 

water storages (Figure 10a). All the three reservoirs together with several smaller reservoirs 

comprise the cascade reservoir group, making the Upper Yellow River Basin a ladder-type 

river system. 

The reservoir storage in the Tocantins River Basin was estimated at approximately 

997.47 ×108 m3. Two large reservoirs Serra da Mesa (457.49 × 108 m3) and Teucrium (405.67 

× 108 m3) contribute approximately 90% of the total volume. Serra da Mesa is located in the 

river headwater, whereas Tucurui is seated at the river estuary with a nearly flat valley. This 

condition explains why the inundation area of Tucurui Reservoir is larger than that of Serra da 

Mesa Reservoir, whereas the latter has a large water storage (Figure 10b). This contrast 

suggests the necessity of bathymetry information for estimating reservoir volume, rather than 

using reservoir areas only as in prior studies.  

Considering that the basin-scale reservoir estimation contains reservoirs constructed 

before the year 2000, SRTM-1 DEM cannot be used for simulating actual water storage. In this 

case, we collected the total storage capacity for each reservoir from published materials or other 

reservoir inventories. Noted that such documented materials do not cover all reservoirs (Tables 

2 and 3). Information for a few small reservoirs is still lacking. Typically, reservoirs are not 

100% filled due to usage and the regional climatology. In this study, we adopt an empirical 

value of 85% to calculate the effective capacity (Chao et al., 2008). The comparison analysis 

is based on the effective capacity and the estimated reservoir volume by ADBAR. For all the 

reservoirs with recorded storage information, the calculated storages for Upper Yellow River 

Basin and Tocantins River Basin are 282.09 × 108 m3 and 995.04 × 108 m3, respectively; the 

results are rather comparable with their recorded effective capacities 312.35 × 108 m3 and 

980.83 × 108 m3. The estimation biases at basin scales are less than the results of reservoir 

individuals owing to the offsetting effect of underestimated and overestimated elevations of 

the reservoir bathymetry. The basin-scale experiments indicate that the proposed ADBAR is 

an effective tool in regional- or even global-scale water storage estimation.  
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Table 2. The estimation results for all channel-type reservoirs in the Upper Yellow River Basin. 

Reservoi

r ID 
Reservoir name Latitude/Longitude 

Area 

(km2) 

Wate

r 

level 

(m) 

Estimate

d 

Volume 

(108m3) 

Effective 

capacity

* 

(108m3) 

YR1 Longyangxia 
36°01′53″N/100°43′02″

E 

361.9

4 

2590 182.04 204.00 

YR2 Liujiaxia 
35°49′06″N/103°11′34″

E 

120.8

9 

1738 55.79 48.45 

YR3 Lijiaxia 
36°09′06″N/101°45′11″

E 
29.70 

2178 11.13 14.03 

YR4 Gongboxia 
35°54′38″N/102°04′09″

E 
22.28 

2007 5.87 5.27 

YR5 Jiudianxia 
34°48′29″N/103°48′48″

E 
16.95 

2202 5.43 8.02 

YR6 Eling 
35°05′52″N/ 

97°51′40″E 
16.90 

4271 0.72 0.84 

YR7 Fengjiashan 
34°36′00″N/107°10′59″

E 
14.82 

711 3.20 3.51 

YR8 Jishixia 
35°50′40″N/102°34′04″

E 
8.74 

1852 1.15 2.24 

YR9 Nazixia 
37°36′41″N/101°03′51″

E 
12.24 

3194 5.31 6.23 

YR10 Wangjiaya 
34°26′42″N/107°14′36″

E 
8.54 

601 0.87 0.80 

YR11 Laxiwa 
36°05′48″N/101°03′22″

E 
7.43 

2430 3.69 9.17 

YR12 Shigouxia 
35°50′36″N/102°52′56″

E 
6.82 

1780 0.79 0.41 

YR13 Suzhi 
35°52′19″N/102°17′57″

E 
5.56 

1900 0.40 0.38 

YR14 Kangyang 
36°04′53″N/101°54′32″

E 
4.57 

2033 0.16 0.24 

YR15 Moduo 
35°19′24″N/100°07′54″

E 
4.18 

2857 0.45 0.64 

YR16 Heiquan 
37°13′45″N/101°30′23″

E 
3.92 

2872 1.38 1.55 

YR17 Dongxia 
35°32′52″N/105°47′45″

E 
3.89 

1722 0.47 0.73 

YR18 Yangmaowan 
34°33′07″N/108°03′33″

E 
3.80 

644 0.46 0.44 

YR19 Dacang 
33°34′11″N/101°32′39″

E 
3.61 

3576 0.24 0.27 

YR20 Shikouzi 
36°15′23″N/105°57′39″

E 
3.28 

1684 0.56 0.44 

YR21 Shixiakou 
36°48′49″N/105°54′30″

E 
3.20 

1456 0.02 - 

YR22 Ganheerku 
34°32′36″N/108°32′00″

E 
1.01 

475 0.02 - 

YR23 Shitouhe 
34°08′49″N/107°38′45″

E 
2.85 

791 0.94 1.25 

YR24 Weihedaqiao 
34°19′34″N/108°42′36″

E 
2.76 

380 0.01 - 

YR25 Libaocun_East 
36°58′03″N/105°53′37″

E 
2.63 

1325 0.08 - 

YR26 Huangfeng 
35°52′31″N/102°23′17″

E 
2.63 

1874 0.24 0.50 
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YR27 Baojixia 
34°23′36″N/107°00′30″

E 
2.50 

636 0.13 - 

YR28 Bajiazui 
35°42′45″N/107°29′56″

E 
2.43 

1114 0.50 - 

YR29 Nina 
36°04′05″N/101°14′27″

E 
2.43 

2235 0.16 0.22 

YR30 Ganhe 
34°31′48″N/108°24′21″

E 
2.17 

543 0.23 0.55 

YR31 Maojiawan 
34°01′31″N/108°11′16″

E 
2.16 

551 0.14 1.70 

YR32 
Zhoudongxincun_Eas

t 

34°27′03″N/108°09′09″

E 
1.68 

561 0.20 0.33 

YR33 Hasacun_North 
34°36′32″N/103°59′24″

E 
1.52 

2248 0.01 - 

YR34 Tuanjiecun_East 
34°20′14″N/109°01′14″

E 
1.41 

377 0.04 - 

YR35 Lizitan_West 
34°38′24″N/103°13′38″

E 
1.39 

2674 0.02 - 

YR36 Xiajiacun_North 
34°26′50″N/109°31′10″

E 
1.36 

399 0.16 - 

YR37 Shitouyaoxian 
35°52′27″N/106°37′29″

E 
1.24 

1473 0.06 0.14 

YR38 
Zhangjiagoucun_Nort

h 

34°21′42″N/107°08′58″

E 
1.11 

583 0.02 - 

* Effective capacity is calculated as 85% of the total capacity. 
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Table 3. The estimation results for all channel-type reservoirs in Tocantins River Basin 

Reservo

ir ID 
Reservoir name Latitude/Longitude 

Area 

(km2) 

Wate

r 

level 

(m) 

Estimate

d 

Volume 

(108m3) 

Effectiv

e 

capacity

* 

(108m3) 

TO1 Dian polis_West 11 30 22 S/46 57

56 W 

20.54 408 0.81 - 

TO2 Novo Jardim_West 11 47 48 S/46 46

24 W 

5.58 449 0.56 - 

TO3 Novo 

Jardim_Sourthwest 
11 52 35 S/46 46

18 W 

1.73 398 0.05 - 

TO4 Malhada 

Alta_Northwest 
12 6 07 S/46 46

47 W 

14.74 367 0.36 - 

TO5 São Domingos_West 13 24 53 S/46 21

49 W 

1.39 609 0.16 - 

TO6 Barbosilândia_East 14 16 42 S/46 11

05 W 

4.11 683 0.07 - 

TO7 São Jos _Northeast 14 21 12 S/46 8

51 W 

3.39 704 0.29 - 

TO8 São Jos _Northwest 14 21 53 S/46 18

10 W 

1.32 569 0.03 - 

TO9 Estreito 7 11 54 S/47 37

59 W 

461.86 158 35.55 45.90 

TO10 Luis Eduardo 

Magalhaes 
10 29 29 S/48 25

18 W 

769.52 209 53.55 43.35 

TO11 Cana Brava_Sourth 13 31 15 S/48 8

51 W 

123.93 335 2.14 - 

TO12 Strass 

Burger_Northwest 
14 36 19 S/47 16

16 W 

5.00 471 0.26 - 

TO13 Pedras_Northeast 16 28 05 S/51 22

24 W 

6.98 453 0.37 - 

TO14 Sao Salvador 12 55 08 S/48 11

22 W 

84.81 289 7.93 8.09 

TO15 Peixe Angical 12 25 09 S/48 14

19 W 

250.13 264 15.71 23.29 

TO16 Isamu Ikeda 10 44 16 S/47 47

15 W 

6.91 273 0.08 - 

TO17 Cana Brava 13 28 44 S/48 8

44 W 

104.75 333 16.38 19.55 

TO18 Serra da Mesa 14 9 40 S/48 31

35 W 

1240.6

7 

447 457.49 462.40 

TO19 Tucurui 4 16 35 S/49 35

09 W 

2618.5

4 

71 405.67 378.25 

* Effective capacity is calculated as 85% of the total capacity. 
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Figure 10. Reservoir volume estimation in two typical basins. (a) Upper Yellow River Basin and (b) Tocantins 

River Basin 

 

5. Discussions 

5.1 Influences of reservoir geometry expression on bathymetry construction 

          To make the proposed ADBAR become a general choice in global-scale research, the 

influences of reservoir geometry expression on bathymetry construction should further 

discussed in terms of tributary choice, longitudinal-profile, and cross-channel section 

optimization.  

 A reservoir comprises a mainstream and a variable number of tributaries. Although the 

intersection points between extracted rivers and reservoir represent the potential distributions 

of tributaries, further judgment should be conducted on basis of whether tributaries own enough 

length and upstream area. AF3 reservoir was selected to illustrate the influence of reservoir 

choice on bathymetry construction. In this case, 2 km2 was used to generate the drainage 

network, so that the lower right tributary can own enough upstream river length. The 

constructed bathymetry using three, one, and no tributaries are shown in Figure 11 (two-

tributary result is illustrated in Figure 8a). Evidently, the bathymetry with three tributaries 

achieves the most reasonable results because of the homogeneous distribution of predicted 

points within the underwater region. By contrast, the simplified cases can maintain realistic 

patterns in the mainstream region, however, the predicted bathymetry in tributaries, which have 
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not been considered in centerline extraction, seems unnatural. The tributary choice is a process 

of map generalization which should balance accuracy and efficiency.  

 

Figure 11. Influences of tributary choice on bathymetry construction. (a) Constructed bathymetry using 

three-tributary information; (b) Constructed bathymetry using one-tributary information; (c) Constructed 

bathymetry only based on predicted points along the mainstream. 

 Based on mainstream and selected tributaries, the corresponding centerlines were 

further extracted as longitudinal profiles. A key issue is to determine the predicted method so 

that the longitudinal profiles of mainstream and tributaries can be used for constraining the 

underwater topography estimation. We adopt the linear interpolation method based on the 

underlying assumption that most reservoir longitudinal profiles are close to straight which is 

supported by a global-scale investigation of river profile geometric characters. The simplified 

processing of the longitudinal profile results in an increase of efficiency and robustness but a 

litter loss of accuracy. To evaluate the necessity of the method optimization in longitudinal 

profile generation, the Difference of Steam Gradient (DSG) between upstream and downstream 

is defined as Equation 3: 

                                       -
up down

up down

DH DH
DSG =

Length 1000 Length 1000 
                                        

(3) 

where ∆𝐻𝑢𝑝 and ∆𝐻𝑑𝑜𝑤𝑛 are elevation differences in upstream and downstream, respectively. 

𝐿𝑒𝑛𝑔𝑡ℎ𝑢𝑝 and 𝐿𝑒𝑛𝑔𝑡ℎ𝑑𝑜𝑤𝑛 represent river lengths.  

DSG is negative if the profile is concave, and positive if the profile is convex. When 

DSG approaches to zero, the profile is close to straight. As illustrated in Figure 12b, the 

histograms of DSG based on the selected 48 samples show that most reservoirs fall within the 

range of ±2.5 m/km. The linear processing is suitable for such reservoirs because of the small 

differences in stream gradients between upstream and downstream regions. However, certain 
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reservoirs relatively exhibit strong heterogeneity in stream gradients. For example, EU7 

achieves the largest value with a DSG of −17.89 m/km, whereas AS1 obtains a DSG of 22.33 

m/km.  As for the remark concave or convex profile, the quadratic fitting curve is believed to 

be more reasonable than linear processing.  

 The third factor worth discussed in reservoir geometry expression is the reservoir cross-

channel type. We illustrate the workflow to determine the optimal type based on the given 

profiles in upper and lower reaches. However, the geomorphological similarity cannot maintain 

that all cross-channel sections in the study regions are consistent. The valley morphometry 

within reservoir regions may be close to that in upstream regions, resulting in different reservoir 

shapes if the judgment is conducted separately in upstream and downstream regions. In this 

case, manual assistance is beneficial to determine the optimal method for cross-channel section 

prediction. 

 In conclusion, the simplified expression of reservoirs improves the efficiency of 

ADBAR in handing large-scale studies, but accuracy is limited due to the inaccurate 

representation of reservoirs diversity. The given results based on the automatic processing in 

this study can be optimized with the manual interpretation in expressing reservoir geometry. 

Hence, if users are insensible to time cost, or applied samples are insufficient, manual-assisted 

processing is promising to achieve more reasonable results than those reported in this study. 

 

Figure 12. Schematic of different longitudinal profile. (a) The blue one is a concave profile which own a 

positive DSG (stream gradient in upstream is larger than that in downstream); the red line is a straight profile 

and the blue one is convex. (b) Calculated DSG values of all 48 reservoirs. 

5.2 Advantages and limitations 

 The generation of the 3-D bathymetry of reservoirs is a popular topic in recent studies.  

Although remote-sensing based approaches are emphasized to overcome the high cost and low 

efficiency, previous studies still rely on survey data which restricts application in large-scale 
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or even global-scale studies. More recently, Li et al. (2020) propose a new approach for 

bathymetry construction solely based on freely available satellite data. However, they claimed 

two limitations. One is the dependency on satellite altimetry datasets which are restricted by 

their spatial-temporal coverages. The other is that the accuracy of projected underwater 

topography is lower than that in water-fluctuating regions. Compared with existing attempts in 

reservoir bathymetry construction, the main contribution of the present study is to propose a 

general approach that can be used for deriving the full bathymetry of channel-type reservoirs 

worldwide. The application of ADBAR has no data restrictions, and is demonstrated to be an 

effective tool in modeling underwater topography based on geomorphological similarity.  

Reservoir storage estimation is the main application of the constructed 3-D bathymetry. 

Compared with existing studies aim to model the area–volume relationships at global scale 

(van Bemmelen et al., 2016; Yigzaw et al., 2018), the proposed ADBAR provides a new 

solution to supplement the existing datasets which are limited by the temporal-spatial coverage 

of satellite altimetry. Moreover, the spatially explicit model of reservoir bathymetry promotes 

various studies across different regions including such as hydrodynamic process modeling (Xia 

et al., 2019), sedimentation rate estimation (Minear & Kondolf, 2009), water quality modeling 

(Lindim et al., 2011), and submersed aquatic vegetation assessment (Zhang et al., 2015).  

Nonetheless, some limitations of the proposed ADBAR should be noted. For the along-

channel section generation, elevations derived from SRTM DEM cannot reflect the riverbed 

topography submerged by natural rivers, making elevations in the longitudinal profiles higher 

than those in actual riverbeds. Hence, the calculated reservoir volumes tend to be 

underestimated, excluding natural river storage capacities. In fact, the original river channel 

storage only constitutes a small proportion of the total storage after reservoir impoundment. In 

addition, the sedimentation effect is not considered in the proposed approach and thus may 

bring an overestimation for certain old reservoirs with serious sedimentation.  

Finally, we hope the validation conducted in this paper can provide a reference for its 

application in the other region. However, the error and error range involving the proposed 

approach depends on complex conditions. When the proposed approach is used in a large 

region, two methods are recommended to investigate its modeling error. One is based on the 

newly impounded reservoirs which are employed in this study. Another method is building 

several virtual reservoirs in the vicinity of modeled reservoirs which is inspired by the previous 

study for deriving area-volume relationships at a global scale (van Bemmelen et al., 2016). 

Both newly impounded reservoirs and virtual reservoirs can be used for testing the 
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performances and provide an approximate error range within the application area due to the 

regional similarity. 

6. Summary 

This study presents a novel approach called ADBAR to model the bathymetry for 

channel-type reservoirs only using open-access DEM data and satellite imagery. The main idea 

of ADBAR lies on the geomorphological similarity and topographic continuity of the reservoir 

bathymetry in both along-channel and cross-channel profiles. The spatial reconstruction of 

reservoir bathymetry is enabled by utilizing the topography information in longitudinal (upper 

and lower reaches) and lateral directions. Three modes (U-shape, V-shape, and Flat-shape) are 

designed for different types of reservoirs by referring to the surrounding river morphology. The 

performance of the proposed approach has been tested on 48 randomly selected reservoirs and 

two typical basins, with a relative error of 13.23% on average. 

Compared with previous commonly-used storage–area–depth relationships for 

reservoir volume estimation, the model of generating reservoir underwater bathymetry is 

efficient and robust. Due to the unavailability of field measurements of underwater topography, 

the proposed approach is crucial for large-scale estimation of water storage for various 

reservoirs with different geometric and topographic features. Generally, ADBAR shows two 

remarkable advantages. First, this method is completely independent of field measurements 

and thus is applicable to basin-scale or global-scale studies. Second, this approach can fully 

capture the underwater topography rather than only focuses on the dynamic areas.  

The proposed approach is expected to achieve better performances together with the 

recently launched space altimetry missions (i.e., ICESat-2 and Sentinel-3) and the forthcoming 

Surface Water Ocean Topography (SWOT) satellite mission. For example, SWOT will provide 

the global-coverage observations of both elevation and inundation extent of water bodies in a 

21-day orbit cycle with an unprecedented spatial resolution and accuracy. Benefiting from 

these observations, the constructed bathymetry by ADBAR for the water-active areas can be 

further optimized based on existing methods (Feng et al., 2011; Li et al., 2019, 2020) which 

can increase the overall accuracy of the bathymetry. The bathymetry constructed by ADBAR 

can promote the applications in modeling long-term and high-frequency freshwater availability 

stored in channel-type reservoirs and a better understanding of regional and global water 

budgets. 
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