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Abstract

Dam construction is on the rise in developing nations. Monitoring of these dams is necessary to understand downstream
hydrologic impacts and for better planning and management of water resources. Satellite observations and advancements in
information technology now present a unique opportunity to overcome the traditional limitations of reservoir monitoring. In
this study, a global reservoir monitoring framework is developed as an online tool for near-realtime monitoring and impact
analysis of existing and planned reservoirs based on publicly available and global satellite observations. The framework uses
a mass balance approach to monitor 1598 reservoirs in South America, Africa, and South-East Asia region. The framework
simulated streamflow was validated in 18 river basins and the storage change was validated against in-situ data of 77 reservoirs.
The framework was able to capture reservoir state realistically for more than 75% of the reservoirs. The tool can now be used
to study existing and planned reservoirs for hydrologic impact and operating pattern for short and long term decision making

and policy analysis.
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1. BACKGROUND

+ Future Dams
+ Existing Dams
Human Development Index 2010
[ ] Low - Medium
| Migh- Very High

48% alteration of rivers
Predicted ~ 93% at 2030

Figure 1: Existing dams (Lehner et al., 2011) and under construction future hydropower dams (Zarfl et al., 2014)
Understanding Impact of Dams:

« Manage water-related hazards
« Public safety and infrastructure resilience
. Effects of human alterations on land and hydrology

o Effect on downstream river discharge

« Revising operating pattern

Limitations of Current Reservoir Monitoring:

« Absence of direct measurements
. Simplistic representation of reservoirs

- Untested for operational monitoring and policy analysis

Mass balance approach of reservoirs



Challenges in Scaling Up

Storage Change, AS
» Derivation of Area-Elevation
» Water extent from visible/Infrared

Inflow into Reservoir, 1

» Setting up Hydrological Models
» Calibration and Validation

» Upstream Reservoirs

O=1—E— AS Computational feasibility
Bonnema et al. (2016) v Use of Cloud Computing

Figure 2: The latest available study (Bonnema et al., 2016) on reservoir mass balance



2. CONCEPT

A holistic approach to the global reservoir monitoring

1. Use of the latest earth observation and remote sensing data
2. Benefits of cloud computing and big data
3. Advances in land surface modeling

4. Applicable to ungauged basins

Hydrological Model (e)

Inflow  Evaporation
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Figure 3: The basic concept of satellite data based reservoir mass balance



3. OPERATIONAL MONITORING

The operational workflow of the system

Google Earth Engine API
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Figure 4: Operational workflow of the framework (frontend and Backend)

User request to add new reservoirs
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Inflow Storage Change Outflow

We appreciate your interest on getting information of this reservoir. Unfortunately, inflow into
this reservoir have not been calculated. If you are interested about this reservoir, please let us
know by sending request through the following form. The system will inform you when the
analysis will be completed.

Submit a ticket

Figure 5: User request service to include new reservoirs in the domain




4. APPLICATION

Application of the RAT framework
1. It provides access to near-real-time reservoir behavior and operating rules for 1598 reservoirs over South America, Africa, and
South-East Asia.

2. It helps users and the scientific community to derive a global picture of reservoir monitoring.

3. The tool facilitates the feasibility study of proposed/planned dams.

4. It provides the opportunity to study the impact of harnessing hydropower on river temperature, greenhouse gas emissions.

5. It can be used to minimize the conflict between riparian nations, unbiased in nature.

Link to the Tool (http://depts.washington.edu/saswe/rat_beta/)


http://depts.washington.edu/saswe/rat_beta/

5. STORAGE CHANGE ACCURACY

Performance of Storage Change

Irregularity Index

« Highly Irregular (<0.25)
- Very lrregular (0.25-0.4)
= Irregular (0.4-0.5)

= Regular (0.5-0.75)

< Very Regular (0.75-1.0)
I Highly Regular (>1.0)

Figure 6: Location, size, and irregularity of selected reservoirs over South-East Asia

Reservoir Size
Very Small (<20Km?)
Small (20-50 Km?)
Medium (50-100 Km?)
Large (100-200 Km®)

Very Large (=200 Km’)
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Figure 7: Correlation Coefficient and Normalized Root Mean Square (NRMSE) comparison of reservoirs based on different sizes and irregularity indexes

(dams are shown in figure 6)
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Figure 8: Comparison of tool derived reservoir surface area with Zhao & Gao (2018) generated reservoir surface area
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6. STREAMFLOW ACCURACY

Performance of simulated streamflow

® \alidation Stations
Selected Rivers

AUDI
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Sources: Esn. HERE, Garmin. Intermap. mcrement P Corp., GEBCO, USGS, FAD, NPS. NRCAN, GeoBase, IGN,
Kadaster NL, Ordnance Survey. Esri Japan. METI, Esri China (Hong Kong), (c) Open StreetMap contributors, and the

Figure 9: Selected River Basins and stations
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ABSTRACT

Dam construction is on the rise in developing nations. Monitoring of these dams is necessary to understand downstream
hydrologic impacts and for better planning and management of water resources. Satellite observations and advancements in
information technology now present a unique opportunity to overcome the traditional limitations of reservoir monitoring. In
this study, a global reservoir monitoring framework is developed as an online tool for near-realtime monitoring and impact
analysis of existing and planned reservoirs based on publicly available and global satellite observations. The framework uses
a mass balance approach to monitor 1598 reservoirs in South America, Africa, and South-East Asia region. The framework
simulated streamflow was validated in 18 river basins and the storage change was validated against in-situ data of 77
reservoirs. The framework was able to capture reservoir state realistically for more than 75% of the reservoirs. The tool can
now be used to study existing and planned reservoirs for hydrologic impact and operating pattern for short and long term
decision making and policy analysis.
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