
                          SERVIR Applied Sciences Team Project 
 
 
 
  27 
Satellite-Based Early Warning, Mapping, and Post-Disaster Visualization System for Water Resources of 
Low-Lying Deltas of the Hindu Kush-Himalaya Region 

 

 
 

Why is the AST pursuing this project? Low lying deltas of the Hindu Kush-
Himalaya (HKH) region are vulnerable to a range of water resources 
problems, ranging from floods due to glacial melting and heavy rains to 
shortages from drought or upstream water extraction by dams. Both 
extremes lead to crop damage. The vulnerability is felt more acutely 
downstream because of the heavy population density and the water-
intensive agricultural economy of the low-lying deltas. It is important to build 
resilience against these vulnerabilities by developing accurate tools for 
assessing water cycle factors and predicting crop damage. 

What does this project do? This project develops, calibrates, and validates a 
prototype satellite-based water resources and water hazard mapping, early 
warning, and post-disaster assessment visualization system for two river 
basin systems in the HKH region: the Ganges-Brahmaputra-Meghna (GBM) 
and Indus.* The visualization system will be developed progressively, 
beginning with Bangladesh and the GBM system and moving on to the Indus, 
in such a way that it can be easily replicated for other SERVIR regions.  

The basic project deliverables will be (1) a hydrological modeling system set 
up for the GBM and Indus river basin systems for SERVIR-HKH, (2) historical 
and IPCC AR5 projection-based simulations of hydrologic fluxes for the two 
basin systems, (3) a modular, satellite-based water resources and water 
hazard mapping, early warning, and post-disaster assessment tool 
prototyped for Bangladesh, and (4) improved resilience of the Bangladesh 
government (as a model for other nations in the HKH) against water 
resources vulnerability.  

How will the AST perform this project? The project team will assimilate multiple NASA datasets for mapping and 
characterizing the dynamically varying water resources of the HKH region based on  

• Variable Infiltration Capacity (VIC-3L) land surface hydrological model for the GBM and Indus river basin systems to 
allow long-term historical simulation of hydrologic fluxes, particularly streamflow. The team will integrate the VIC 
model with satellite data (gravimetry, altimetry, precipitation, land cover, temperature, soil wetness) and include 
long-range projections based on Coupled Model Intercomparison Project Phase 5 (CMIP5) climate scenarios provided 
by another AST project (see “Leveraging CMIP5 and NASA GMAO Coupled Modeling Capacity for SERVIR East Africa 
Climate Prediction”). 

• Climate scenarios and impacts on water resources of the basin systems; assessment of climate adaptation strategies 
for the HKH. 

• Hydrologic Engineering Center- River Analysis System (HEC-RAS) hydraulic assessment of the entire river system of 
Bangladesh, including calibration with measured water level data from selected river gauging stations. (HEC-RAS is a 
computer program that models the hydraulics of water flow through rivers and other channels.) 

• Altimetry-based long-range flood forecasting (which takes into account the topography – important  because the 
majority of Bangaldesh is very flat and flood-prone).  

• Land use/land cover and Outlook Extraction for Bangladesh at relevant time-scales for visualization by SERVIR. 
• Regional Assessment of Forecast Accuracy against observations of streamflow, ground water table depth, and rainfall. 

To improve the Bangladesh government's resilience against water resources vulnerability, the project will conduct capacity 
building workshops and staff education and, through these interactions, identify feasible ways to institutionalize satellite-
based EO data in decision making. Capacity building workshops will be held not only in Dhaka but also at ICIMOD in Nepal to 
transfer these skills to other regional stakeholders. 

 
 

Prototype web architecture (front-end GUI) 
for proposed visualization system with four 
key functionalities for the low-lying HKH 
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*According to the United Nations' Food and Agriculture Organization (FAO), the Ganges-Brahmaputra-Meghna (GBM) river 
basin is a transboundary river basin with a total area of just over 1.7 million km2, distributed between India (64 percent), 
China (18 percent), Nepal (9 percent), Bangladesh (7 percent), and Bhutan (3 percent). Nepal is located entirely in the Ganges 
river basin, and Bhutan is located entirely in the Brahmaputra river basin. The GBM river system is the third largest 
freshwater outlet to the world’s oceans, exceeded only by the Amazon and the Congo river systems. The Indus river basin is 
also transboundary. It has a total area of 1.12 million km2 distributed between Pakistan (47 percent), India (39 percent), China 
(8 percent) and Afghanistan (6 percent).  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PI: Faisal Hossain, TTU  (fhossain@tntech.edu, p: 931-372-3257) 
Where is this project used? Hindu Kush-Himalaya low-lying deltas in Bangladesh, India, Nepal, and Pakistan. 
When will it be available? 2016  

     Who are the co-developers? Xu Liang at  the  University of Washington developed VIC. 
Who are the contributors/partners? Bangladeshi Centre for Environmental and Geographic Information Services (CEGIS)  

      and Bangladesh  Institute of Water Modeling (IWM), which are key water resources operational agencies of the Bangladesh Government; 
      Tennessee Tech  University (TTU); SERVIR AST PI Pete Robertson is providing the Coupled Model Intercomparison Project Phase 5 
      (CMIP5) climate scenarios  

Who uses it? Water Ministries in Bangladesh, Nepal, Pakistan 
What Earth observations and NASA products contributed to this application? Tropical Rainfall Measuring Mission (TRMM)  

     precipitation data, Moderate Resolution Imaging Spectroradiometer (MODIS) temperature/snow extents, radar/laser altimetry for 
     lake/river water levels and Himalayan mountain glacier elevation changes, Gravity Recovery and Climate Experiment (GRACE) estimates 
     of glacier storage change, and MODIS/Landsat derived land cover changes of agricultural crop land 

For more information:  
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