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WATER CHALLENGES 

• Unmet demand 
• Tightly interrelated with food, energy, and 

environment 
• Global change (climate change, population 

growth) catalyze the water security challenge 
 

WATER SECURITY 



PRESSURE POINTS & OPPORTUNITIES 

• Big data (management of various kinds and 
formats of conventional and unconventional 
data from different disciplines and sources) 

• Advanced analytical capabilities that can 
generate insights 

• Improved Technology and Infrastructure 
oNontraditional supplies (wastewater 

recycling) 
• Sustainable Planning and Management  

oWater use efficiency   



The system has three pillars: 
1. Water intelligence system - comprehensive data 

portal with analytical and data visualization 
capabilities 

2. Innovative water technology and infrastructure  
3. Smart solutions for sustainable planning and 

management 
 

SMART WATER MANAGEMENT SYSTEM 



Paradigm Shift:  
 

Satellite Remote Sensing  
of Hydrologic Science 
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Satellite Remote Sensing of Hydrology 

• Fundamentals of Remote Sensing 
 
• Spectrum  

 
• Geostationary vs polar-orbiting satellites 

 
• Active vs passive sensors 
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Fundamentals 
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Electromagnetic Spectrum 

Most Useful Regions: 
 
• Visible and Infrared Remote Sensing 
• Thermal Infrared 
• Microwave  



Geostationary vs Polar-Orbiting 

Geostationary 
 
• ~ 40,000 km altitude 
• Fixed relative to the 

Earth 

Polar-Orbiting 
 
• < 500 km altitude 
• Move North-south 



Active vs Passive Sensors 

 
 
 
Active Sensors Passive Sensors 



Examples of Applications in Hydrology 

Visible and Near Infrared Applications 
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Normalized Difference Vegetation Index 
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Thermal Remote Sensing 



Water Use 



Microwave: 
Soil Moisture Product 



Weather Radar 



Microwave: 
Precipitation 
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Societal Benefits of Rainfall Data 
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Some New Satellite Missions 

GPM SMAP 



Outlook of Power in Africa 
Reservoir Operations for Hydropower Production in Africa 

 More than 30 African countries experience power shortages and 
regular interruptions in service, leading many to rely on very costly 
leased generating plants as an emergency stopgap. 

 
 Majority of energy comes from hydropower, yet existing hydropower 

systems in Africa perform far below their optimal potential, in some 
cases as low as 30% of design capacity. 
 

 New hydropower dam developments are proliferating. 
 

 East Africa Power Pool (EAPP) recently established to enhance the 
interconnected hydropower system operation and coordination 
capabilities.  
 

 President Obama’s Power Africa Initiative will provide funding and 
technical support amounting to $26B over the next 10 years adding 
extra 30GW to the total generated power capacity to the continent.  
 



Objectives 
Reservoir Operations for Hydropower Production in Africa 

• Utilize remote sensing data and seasonal climate 
forecasts in a Decision Support System (DSS) to: 
– optimize and achieve reliable seasonal reservoir 

operations for hydropower production 
– improve performance of hydropower systems in Sub-

Saharan Africa 



Main Components of DSS 
Reservoir Operations for Hydropower Production in Africa 

a) Climate System 
Seasonal (30-180 day) 
Climate Forecast 

c) Optimization System 
Optimal reservoir 
operation solutions 

Updates on actual 
reservoir storage 

Actual reservoir 
operations 

  

Proposed DSS for Hydropower Reservoir Operation 

b) Hydrology & Water 
Resources System 
Watershed modeling 
including reservoirs 



Domain 
Reservoir Operations for Hydropower Production in Africa 

• East Africa Power 
Pool (10 countries 
and 3 will join soon) 

• Blue Nile and Omo-
Ghibe basins in 
Ethiopia 

• Pangani basin in 
Tanzania (Nyumba 
ya Mungu reservoir) 
 



Area 1: Climate System 
• Statistical and dynamical forecasts to improve Seasonal 

climate forecasting 
• Tailoring of seasonal climate forecasts for seasonal river 

flow applications 
 
 

Approach 
Reservoir Operations for Hydropower Production in Africa 

 



Area 2:  Hydrology and Water Resource System 
• Aimed at using the available satellite remote sensing 

observations (rainfall, soil moisture, evapotranspiration, 
vegetation index and Leaf Area Index) in conjunction with 
the seasonal climate forecasts to simulate seasonal 
streamflow flowing into the reservoir.  

 

Approach 
Reservoir Operations for Hydropower Production in Africa 

 



Area 3: Optimization System 
• Nonlinear programming formulation for hydropower 

production 
• Objective function is minimizing loss of the stored 

potential energy. The constraint set includes energy 
demand, turbine capacity, flow continuity, maximum 
storage variation, minimum and maximum storages, 
minimum and maximum power releases, and bounds on 
non-power release. 

 
 

Approach 
Reservoir Operations for Hydropower Production in Africa 



Area 4:  DSS Software 
• DSS software that : 

o automates the entire process (i.e. downloads data 
from the ftp sites, runs the models, applies statistical 
models) to produce results 

o provides options to simulate the system with special 
operation rules defined by the user 

o has a very powerful visualization tool 
o a Graphical User Interface (GUI) to manipulate the 

input data, run outputs, and generate maps, graphs 
and tables.  

 

Approach 
Reservoir Operations for Hydropower Production in Africa 



Reservoir Operations for Hydropower Production in Africa 

AREA 1: 
CLIMATE SYSTEM: Seasonal Forecasts 

Two major initiatives and sources: 
 

1.North America Multi-Model Ensemble (NMME) 
seasonal forecast (with global product) 
– Phase-1: Seasonal-to-Interannual Prediction 
– Phase-2: Intraseasonal Prediction 

 
2. International Multi-Model Ensemble (IMME) 

seasonal forecast 
– European Seasonal-to-Interannual Prediction 

(EuroSIP) in collaboration with NCEP 
 



NMME Seasonal Hindcasts and Forecasts 



Seasonal Analysis Questions 
• What are the accuracies and skills of different 

forecasts in the study region? 
– What are the weights of different forecasts in the multi-

model ensemble forecast estimation for the region? 
– What are effective error correction methods in relation 

to the satellite products? 
– Satellite versus forecast products? 

 
• Does the spatial resolution of the NMME 

forecasts sufficient enough for the intended 
DSS applications?  
– What are the best downscaling options?   

 
 
 
 
 
 



Comparison – Forecast Validation 

 
• Validation datasets: 

– TRMM merged rainfall (TRMM-3B43v7) 
– CPC Unified rain gauge & CMAP (CPC-

CMAP-UGD)   
– GHCN and CAMS temperature (GHCN-CAMS) 
– Experimental networks of rain gauges 

 
 
 
 
 
 



Validation Domains 
• Blue Nile – Omo 

Ghibe (BNOG) 
region in Ethiopia 

• Pangani NYM 
(PNYM) reservoirs 
in Tanzania 

• Upper Blue Nile 
Basin (UBNB) 
region 

• Lower Omo Ghibe 
Basin (LOGB) 
region 
 
 
 
 
 
 



Correlation Coefficient with TRMM-3B43v7 for: 
1-month lead                    6-month lead 

Presenter
Presentation Notes
 The correlation between seasonal hindcasts of different models at x-month lead time and the TRMM-3B43v7 rainfall estimate for the EAPP regional domain.

 The hindcast validation analysis revealed that the older version of the NCAR model was poorly performing in the study region (see Figure e). The seasonal forecasts and hindcasts from this model version is removed from further analysis.

 The correlations are poor in relatively dry parts of the study region.

 The seasonal hindcasts and forecasts for different lead times are very comparable. That means, correlation values are not significantly decreasing with lead time.  




Performance of 
the Seasonal 
Forecast Models 
for the case 
study domains  

Presenter
Presentation Notes
The plots of the validation indices at different lead times aggregated for the case study domains (d03 and d04) have clearly showed that the hindcast errors have portrayed clear disparity in both mean and variability biases. 

 The ensembles seasonal forecast computation is penalized according to the respective biases (RMSE) of each forecast models. 



Monthly NMME forecasts and RS estimates: 

Presenter
Presentation Notes
.  




Blue Nile–Omo Ghibe      vs     Pangani NYM regions 



Upper Blue Nile Basin     vs   Lower Omo Ghibe Basin 



Blue Nile–Omo Ghibe      vs     Pangani NYM regions 



Upper Blue Nile Basin     vs   Lower Omo Ghibe Basin 



Conclusions 
Reservoir Operations for Hydropower Production in Africa 

 
• Satellite remote sensing plays a critical role in hydrology. 
Application, research and education in Africa should use 
this source of information. 
 

• We are developing a new application for the use of 
satellite remote sensing to increase the hydropower 
production in Africa.  



Reservoir Operations for Hydropower Production in Africa 
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