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Results from 2016 Annual Report

• Reach 14.9 million people, and micro-, small, 
and medium enterprises with financial services

• Provide 2.0 million hectares of land with 
irrigation services

• Construct or rehabilitate 113,600 kilometers of 
roads

• Generate 4,287 megawatts capacity of 
conventional energy and 2,461 megawatts’ 
capacity of renewable energy

• Recruit or train 6.6 million teachers
• Provide 377 million people with essential 

health, nutrition, and population services
• Cover 32.7 million beneficiaries by social safety 

net programs
• Provide 42.2 million people with access to an 

improved water source
• Provide 16.6 million people with access to 

improved sanitation facilities
• Reduce 588 million tons of CO2 equivalent 

emissions annually with the support of special 
climate instruments

• Support 36 countries in institutionalizing 
disaster risk reduction as a national priority

$64.2 b 
commitments 
in FY16



•Resource 
Sustainability

•Managing water 
quality

•Enhancing ecosystem 
services

•Reducing erosion/ 
siltation

•Managing climate 
risks… 

•Access to basic services
•Poverty Alleviation/Jobs/ 
Livelihoods

•Equity/Gender/ 
Affordability/ 
Vulnerable/Indigenous 
People

•Reducing Resettlement/ 
Migration

•Managing climate stresses…

•Fueling sustainable growth and 
shared prosperity

•Investment net benefits, O&M
•Commodity exports (e.g. power, 
agriculture)

•Reducing imports
•Enhancing regional cooperation…
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A Typical Watershed…

…Need to modernize integrated approaches to enhance sustainability…
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Integrated, Multi-sectoral, Spatial Perspectives…



Information

• Data coverage and quality
• Widespread use of modern analytical 

tools
• Public access to data, tools, and 

knowledge products
• Learning from global good practice

Institutions

• Technical capacity
• Meaningful stakeholder 

involvement
• Decision making
• Collaboration/ Partnerships

Investments

• Investment synergy and coordination in a 
basin/watershed context

• Huge infrastructure deficit
• Inadequate monitoring and forecasting 

systems
• Poor office infrastructure and equipment



Looking ahead…
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• Data and Information 
• Monitoring Systems (bottom-up and top-down) on glaciers, 

weather, snowpack, evapo-transpiration, soil moisture, agriculture, 
flooding, groundwater, land cover, water quality, energy systems, 
etc

• Information management systems (data rescue, spatial information 
systems, data  platforms, open data services)

• Knowledge Services
• Portals, Mobile Apps, interactive e-books
• Knowledge products, online water cadasters and e-atlases, basin 

water accounting
• Forecasting modernization for weather, snowmelt, flows, and 

disasters

• Decision Support
• Planning support (for allocation, new investments, impact 

assessment, climate risk analysis)
• Real-time operations support; alert systems for targeted 

stakeholders such as water infrastructure (dam, irrigation, 
hydropower) operators, farmers, etc.
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Source of most graphics: Innovative Hydrology



 Satellite

Internet

 Terrestrial Radio

Mobile Network

Illustrative Options for Real-time Telemetry



“Space-based Rain Gauge” e.g. GPM

“Space-based Stream Gauge” e.g. AMSR

“Space-based Reservoir Levels” e.g. TOPEX/JASON1&2/ENVISAT

Weather Products

“Space-based Groundwater 
monitoring” e.g. GRACE

+ Snowcover, Glaciers, Soil Moisture, Flooding, 
Temperature, Evapo-transpiration, Landcover, 
Water Quality, Productivity, and much more…
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Radar Floor Analysis

Early Warning Sirens

Visualization and Decision Support Systems

Integration with Satellite Data
Portals/Apps

Illustrative Visualization, Decision Support and 
Communication Tools

Operational Centers





Data 
Repositories

to store and serve
both raw feed and 

processed data
(on Cloud Platform)

In-Situ Monitoring Telemetry
(satellite, GSM, internet – incl. 
cellphone-based systems for manual 
monitoring, Internet of Things…)

Dissemination Platforms

Crowd-sourced / Community Surveillance Data

Earth observation data access 
via suitable mechanisms (e.g. 
Internet, GeoNetCast)

Web Portals/ 
Apps/e-books

Stakeholder Alerts

GIS and other datasets

Data Rescue

Data Management & 
Modeling

Operational 
Control Rooms“Bottom-up” Data Acquisition System

Manual Monitoring Automated Monitoring Radars

Interaction with other Data and Analytical Systems

“Top-Down” Data Acquisition System

Satellite Earth Observation

…that can be integrated into a modern Data to Decision Services Platform (usable at global, regional, national, state, and local levels)



Collaborative 
Workspaces/Internships

Document, 
Map & Digital 
Library

Computer Training Room Audio/Video-Conferencing/ 
Distance Learning/ Helpdesk

Situation/ Decision Rooms

Innovation Marketplace

Knowledge 
Repository

Monitoring 
Hub

Knowledge 
Tools/Products

Targeted 
Research

Outreach & 
Capacity-Building

Institutional 
Support

Collation Analysis Use

Competitions (e.g. Hackathons)



Flood Modeling
e.g. Demonstration of Value of 
Regional Cooperation for flood 
forecasting and warning improvement 
in Sudan, Ethiopia, and Egypt.



CEGIS Flood Info: Lautara 7-Sep-2007 
14:21 ++ (Courtesy Banglalink) 
Here,
 A = Source of flood forecast message 
B = Mauza name 
C = Date 
D = Time of sending message 
E = Rise or fall of water level: One plus 
sign (+) means one bighat (22cm) rise of 
water level, one minus sign (-) means 1 
bighat (22cm) fall of water level. 

F=CourtesytoBanglalink 

Flag hoisted at the community at Bhalkutia 
Mauza, Nagarpur Upazila showing rise in water 
level (blue flag) by 3 bighat

Source: http://pdf.usaid.gov/pdf_docs/PDACL719.pdf 



Flood Coping Actions 
(stakeholder actions to minimize 

loss of life / livelihood)

Flood Early Warning & Recommendations

Flood 
Inundation 
Forecasts

Weather 
Forecasts

Hydrologic 
Forecasts

Surveys
(detailed Digital Elevation Model, 
Soils, Water Infrastructure Status)

Historical Climate, 
Flow, and Flooded 

area Data

“Top-Down” Data
(from remote sensing/ earth 

observation products)

“Bottom-up” Data 
(from field gauges, manual 
reporting, crowdsourcing)

Decision Support

Knowledge

Information

Data

Models
(Seasonal to nowcasting; statistical/ hydrologic systems/ hydrodynamic, …) 

Products & Services
(Formats, Frequency, Messaging, Customization, Media) 

Dissemination
(Stakeholder Channels – DSS, Bulletins, SMS, Radio, TV, 

Social Media, Portals, Apps, Podcasts, phone,  emails, …) 

Go From Decisions to Data: Deciding on Coping with Floods



Earth Observation Data
(e.g. mostly global data and knowledge products 
on weather, land cover, floods, discharge, 
groundwater, etc. from NASA, ESA, NOAA, 
Regional and National Space Agencies, etc.)

Global Spatial Datasets
(e.g. topography, historical climate, hydrology, climate 
change projections, land cover, snow, population, 
administrative areas, gridded GDP, and a range of other 
social, environmental, and economic indicators)

Datasets from Regional 
and Local Institutions
(e.g. information on measured or 
computed detailed datasets on weather, 
flows, agriculture, generation, etc. from 
regional institutions, ministries, 
Universities, NGOs, private sector, etc.)

Other Datasets

(e.g. from publications, model outputs (incl. 
cloud computing, data rescue of legacy 
paper data, crowd-sourcing, research, 
surveys, etc.)
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Packaging into Knowledge Products and Services…
•Public Domain Datasets/Products
•Hardcopy and Interactive Atlases
•Reports/Presentations
•Interactive Collaborative Portals/ 
Websites/ Toolkits/ Infographics

•Mobile “Apps”
•Multi-media, E-Books, …



Climate Variability (within a year)
Visualizing Complex Data



Interactive Map & Data Services
(e.g. web version of Spatial Agent)

Interactive Storymaps
(e.g. synchronized text and 
interactive maps and other 

embeds)

Interactive Graphs

Online Video Gallery

Online Photo Gallery

Interactive Presentation Slides

Interactive Spatial Gateways
(e.g. World Bank financed Projects)

Illustrative 
Elements of 
an E-book

Responsive Design

Text/Hypertext

Interactive 
online 

Models

Example: http://www.appsolutelydigital.com/WatershedTraining/index.html 



Thanks!
Dr. Nagaraja Rao Harshadeep
Global Lead (Watersheds)
The World Bank
1818 H St NW
Washington DC 20433
harsh@worldbank.org 

Download the Spatial Agent App (iOS and Android) at: http://apps.worldbank.org 


