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Multiple sectors, multiple institutions, linked by water and natural resources...
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Scales

Micro-Watershed/Micro-Catchment

Sub-Watershed/Sub-Catchment
Watershed/Catchment

Sub-Basin

River Basin

Transboundary Water Contexts:
* River Basins

* Lake/Inland Sea Basins

* Groundwater Aquifers

* Marine Areas

* Precipitation-sheds

e



What’s Broken?

Information Institutions Investments
* Data coverage and quality * Technical capacity * Infrastructure deficit (storage, power,
* Widespread use of modern analytical * Meaningful stakeholder transport, agriculture, sustainable land
tools involvement management, ...)
* Public access to data, tools, and * Decision making * Inadequate monitoring and forecasting
knowledge products * Collaboration/ Partnerships systems

* Poor office infrastructure and equipment
* Investment coordination



Modernizing Approaches to Address these Challenges...
The 3 Is...

nstitutions
& Policy




Information & Analysis

* Resource Information Base (standards;
harmonization; data rescue; monitoring;
comBrehensive spatial, temporal and other
databases; improved use of satellite data; documents)

* Knowledge Products/Special Studies (maps, Atlases,
interactive toolkits, surveys)

* Access and Outreach mechanisms (data services,
publications, web portals, Apps with public access to
open data services, technical/ success stories, multi-
media documentation)

* Analytical Tools (models/Decision Support Systems
for planning/operations support in an integrated
systems context)




Institutions & Policy

» Strengthening Institutions (office modernization,
stakeholder participation, capacity development and
training incl. distance learning, improved links with
academia, internships, visiting experts, professional
networks/ communities of practice; forumes,
competitions)

» Strengthening Policies (streamlining institutional
design/policy/mandates, improving synergy, economic
instruments, decentralization)

* Innovative Instruments (e.g. knowledge-driven
facilitated diplomacy, policy instruments, incentive
frameworks)



Investments & Operations

* Preparation of a new generation of modern investments (with adequate attention to
technical, environmental/climate, social, economic, and institutional aspects) —
upgrading existing infrastructure and building new infrastructure analyzed in a
systems context and reflecting innovation and climate-smart development

* Implementation facilitation, monitoring, and lessons (adequate technical assistance,
ownership, services, M&E)

* Infrastructure planning and operational coordination



There are many ongoing changes...
Urbanization

Rising Expectations Disruptive Tech



“DISRUPT”
DECISION SUPPORT

Data Collection: Monitoring/Surveys (in-situ sensors/IoT, Earth
Observation, UAVs, crowdsourcing...); Digitization

Data Management (telemetry, cloud services, open data services,
Blockchain, ...)

Data Analysis (Big data, Geospatial/Al/Machine Learning, modeling,
script repositories ...)

Data Access (open data APIs, data visualization, gamification, mixed
reality-AR/VR, ...)

Outreach: Platforms/Portals/Apps/e-books/Competitions




“DISRUPT” PRODUCTION

e 3D printing/additive manufacturing
e Automation/Robotics/automated transport

e Advanced materials/nanotech/biotech/clean tech/ smart energy/ smart farms...




“DISRUPT” INTERACTION

Social Media

Knowledge/Learning Platforms
Crowdsourcing, gamification, competitions
Mobile money, Fintech

Maker movement/DIY/Tech Incubators

Sharing economy




All Companies will be Data Companies...

90% of the World’s data has been produced in the last 2 years...

Two-thirds of the jobs todays kids will pursue haven’t even been invented yet...

* loT can add US$2.7-6.2 trillion annually by 2025...

* Autonomous transportation could have a USS$7 trillion annual revenue stream...
* Blockchain will deliver US$3.1 trillion in value by 2030...

* Al will add USS$15 trillion to the global economy by 2030...

* AR/VR will disrupt a US$30 trillion industry...

* 3D printing will disrupt the US$30 trillion manufacturing sector...
* Robots could disrupt the US$15.5 trillion construction industry...
* Clean energy tech could be a USS$50 trillion industry...

* The sharing economy could be $335 billion by 2025...

* Nanotechnology is already a USS1trillion industry...

* Fintech eyes US$124 trillion of transfer payments...










A new world of “Disruptive Technology”

“Disrupt” decision making

e Data Collection: Monitoring/Surveys (in- “Disrupt” interaction

situ sensors/loT, Earth Observation, UAVs, “Disrupt” production , o
crowdsourcing...); Digitization e 3D printing/additive * Crowdss)t.Jrcmg, gamification,
manufacturing competitions (e.g.

e Data Management (telemetry, cloud _ . hackathons, appathons)
services, open data, Blockchain, ...) * ?aut::onr:\az:’zz/’::::;::t « Mobile money, Fintech

e Data Analysis (Big data, e Advanced e Maker movement/DIY/Tech
Geosp?tlaI/AI-/Machm(-a Le-arnmg, materials/nanotech/ Incubators/OLC
modeling, script repositories ...) biotech/distributed e Sharing economy, Mobile

e Data Access (open data APIs, data energy/green tech... learning
visualization, gamification, mixed reality-
AR/VR, ...)

e Outreach: Platforms/Social
Media/Portals/Apps/e-books/Competitions



World Bank e-book on Disruptive Tech (draft)
http://www.appsolutelydigital.com/dt/




Benefits o using emerging technology Risks of using emerging technology
* Cheaper, faster, better, ... * Traditional jobs becoming obsolete

* More participatory, information-based decisions * Changes in decision making
* Do things not possible before, smaller world... * Privacy, Cybersecurity, Accelerated pace of change...



Disruptive tech could change Development

Making “smart development” wrt climate, water and natural

e . Online Services
resources, energy, food, waste, mobility, knowledge, services,

networks...
Green Energy
Broadband & Apps, e-services & e-learning
Smartphone Access
Planning
Access to a new world of
Data, Information,
Knowledge and Services )
3D Printed Infrastructure Drones/UAVs

Sensors/loT (e.g. for monitoring,
(e.g. for soil moisture) seeding, delivery)



Fundamental Project Design Implications

Solar-covered Canals

“Floto-voltaics”



Disruptive Tech can change individual “sectors”
Doing things differently...




Il(

Disruptive Tech can change individual “sectors”

e.g. Agriculture

Doing different things...

Platforms






Many multi-sectoral implications (incl. for the Amazon!)

A third of global agricultural ~

. I .
water use is for fodder! 3 o2 14 mi

70% of agricultural land is
used for pasture (~28m km?)!

Water Use GHG Emissions Land Use Production Cost



Livestock:
*Supports 1.3 billion people
*40% of global value of agricultural output

USDA and FDA Announce a Formal
Agreement to Regulate Cell-Cultured
Food Products from Cell Lines of
Livestock and Poultry

Department of Agriculture’s (USDA) Food Safety
and Inspection Service (FSIS) and the U.S.

Press Release
Release No. 0027.19

Department of Health and Human Services” (HHS) USDA Media and Consumer Inquiries:
Food and Drug Administration (FDA) today USDAFSIS Office of Congressional and
announced a formal agreement to jointly oversee Public Affairs, Press (202) 720-9113

the production of human food preducts derived

from the cells of livestock and poultry. FDA Media Inquiries:

Megan McSeveney, 240-402-4514,
FSIS and FDA released a formal agreement to megan.mcseveney@fda.hhs.pov




* Ant Financial is the most valuable fintech company globally
e >300m users of Ant Forest app
* Planted >13m trees planted ~ 1.5m tons CO,



Many new Innovations

Software/Analytical & Visualizaton Tools

Interactive Documents

Innovative Hardware
(e.g. Tablets) Online Portals



Data Rescue

Digitizer

Scanner



Building on curated public-domain datasets...

Climate Change (IPCC,

Irrigated, Rainfed Areas (IWMlI, FAQO) Historical Climate (CRU/UEA) TNC/WB)
Climate/Flow data (KNMI, GRDC, ... Gridded GDP (Yale, NOAA) DEM (SRTM, ASTER)
000
CO2 emissions (EDGAR-JRC-PBL, ...) Flood/Drought (DFO
C Biomass (Winrock) GDACS, UNEP...)

Biodiversity (Cl, WWEF, IUCN...)

Landcover (ESA, USGS, ...) Population (CIESIN, Landscan, ...) Soils (UNESCO, FAOQ, ...)



“Bottom-up” Monitoring Systems

Explore e-book we have created:
http://appsolutelydigital.com/MonitoringSystems/hydrology.html

Crowdsourcing Monitoring










Detailed Monitoring Information
(incl. Community Monitoring in Tana-Beles Project, Ethiopia)

Ethiopia: Tana and Beles Integrated Water Resources Management Project
Thanks JB for some of the photos!



Potential to use Modern Technology

Free Satellite Data & Cloud Computing

Global Services (e.g. hydrologic forecasts)

Heliborne Geophysical Surveys

Online Modeling Platforms High-resolution Subscription Services (based on Satellite, UAV, 10T, Analysis...)



“Top-Down” Data Acquisition System

Satellite & UAV Earth Observation

GIS and other datasets
Data Rescue

Data Management

Analytics/Models

Big Data Platforms

Cloud
Services

Machine Learning/Al Crowdsourcing

Web Portals/Apps/e-books

Stakeholder Alerts

Operational Control Rooms

Y

Manual Monitoring

Automated Monitoring

“Bottom-up” Data Acquisition System = loT







Data Value Chain: Coping with Floods

Flood Coping Actions
stakeholder actions to minimize los
of life / livelihood)

Decision Support

Dissemination
Stakeholder Channels — DSS, Bulletins, SMS, Radio, TV, Socia
Media, Portals, Apps, Podcasts, phone, emails, ...)

Flood Early Warning & Recommendations

Knowledge

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

Flood
Inundation
Forecasts

Weather Hydrologic

Information
Forecasts Forecasts

Models

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

Historical Climate, Surveys “Top-Down” Data “Bottom-up” Data (from
Flow, and Flooded area (detailed Digital Elevation Model, (from remote sensing/ earth field gauges, manual
Data Soils, Water Infrastructure Status) observation products) reporting, crowdsourcing)

Data




Example: Deciding on Water Infrastructure Investments (New, Rehabilitation)

Water Investments
(e.g. Dams, Irrigation Systems,
Hydropower, Water Supply, ...)

Decision Support

7

Knowledge

Implementation
(Investment Preparation, Financing, Notification, ...)

Integrated Basin Plans
(information, institutional, and investments)

Planning Process
(Analytical and Stakeholder Inputs to assess impacts, trade-offs)

Resource Investment (New/ Rehab) & System

Management Issues/ Operation Issues/ Options/
Options/ Goals Objectives

Models

(Water balance, Systems Simulation/Optimization, Multi-Criteria, climate resilience)
Data Historical Climate, Flow, and Surveys Bra|nstf>rm|ng
other temporal and spatial data (e.g. Groundwater, Glacier, Options

Topography, Soils, Water (investments, system
Infrastructure) operations)




Basin Planning
Envisioning the Future

Point A: Point B:
Current Situation Future Vision

Institutions

Information Investments

Support Program



Analytical & Stakeholder Tracks to Multi-sectoral Spatial Planning...

s < &
Decisions—> & P

Stakeholder
Involvement =2

Analytical >



Water Use

Precipitation : 7
* Evapo—Transpiration

lncreased
v, %
apo Transpiration

Proposed new
ater Use

FLERL 36 Downstream wetlands
(e.g. drip irrigation)

impacted with changes in
hydrology & water quality
/ Possibly degraded
- surface and
- = groundwater quality

Flow reduction
downstream

Changein
il return flows
il and recharge

Surface
ater : 5
Outfigy, Possible reduction

in availability to
other water uses

Source: Good Practice Note on Water Use (ESS3) - forthcoming



Planning
Modeling Tools

e.g. Eastern Nile Planning Model Project

Simulation

Optimization

Multi-Criteria Analysis



Many free systems modeling tools
available today: Some Examples...

Watershed Conservation Screening Tool

P o

Watér

Variable Infiltration Capacity (VIC) Macroscale Hydrologic Model

GAMS

Water = oy )
Ev::]l.cljation W E E ‘;.,j‘ \ p
Planning . Early Draft Model Primer e-book (World Bank)

http://www.appsolutelydigital.com/ModelPrimer/cover.html




Complex Water Systems Models
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Source: Zara Khan, Planet, Presentation at World Bank Disruptive Tech in Agriculture & Watersheds Workshop, May 2019
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Big Data — on the ground...
Wisdom of the Crowd

In-Situ Sensors: Now when a tree falls
in a forest, you can actually hear it! egi

Citizen Science

Citizen Engagement
E-Surveys/Service Ratings
“OK Cards”



Big Data & Analytics

WBG DEC Open-Source Global Geospatial Biodiversity Database
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Climate Variability (within a year)



Climate Extremes...

& Climate Change...



lllustrative Decisions to be Supported



Illustrative Interactive Dashboards
Example for Dam Operation

Decisions to be Supported: When to release? How much to release?

Climate Flows System Levels
o Rainfall in upstream watershed Current and historical flows (from Current and historical levels
(GPM, in-situ gauges/radar, in-situ observations, satellite of this dam’s reservoir as

CHIRPS, ...) — current & historical estimates where possible) well as other storages in
Weather forecasts (short-term, Dam inflow forecasts (e.g. from system (e.g. from satellite,
seasonal); Storm tracks GEOGLOWS Global Streamflow in-situ gauges)...
Snowmelt estimates (if Forecasting, local forecasts)...

relevant)...

Downstream Other Data & Analytics

Irrigation status (crops, crop Inundation forecasts
stage from earth observation Systems water infrastructure needs

and in-situ) Systems model to explore
Soil and sub-surface soil implications of alternative dam

moisture, groundwater (from operations

earth observation and in-situ)... Hi-resolution Satellite data
Crowdsourced data

Need to draw upon global and other accessible data and analytic services to make interactive maps, graphs, and analytics for such
decision support dashboards that are accessible on portals, apps, e-books, touchscreens, etc.



O
Esri, HERE, Garmin, FAO, NOAA | Source: GEOGLOWS, BYU, ESRI esr[\




Improving Seasonal
Hydrologic Forecasts

63



Value-Added Services: ET Applications for Irrigation Management

Sonia Salas, Western Growers Martin Mendez-Costabel, E & J Gallo

PRESENT Model for deployment of
Satellite-Based applications

= Desktop and mobile based — information delivered to
growers real time via mobile applications

* Use of ‘Landsat web services' Using UAV (Drones) to monitor ET
and cloud computing systems via: .
- Amazon S3 Prof. Ortega-Farias

= Google Earth Engine
= Custom mobile applications for:
= Viewing
= Editing
= Collection
= 24-HOUR DELIVERY

Forrest Melton, NASA ARC-CREST Custom Irrigation Schedules

Satellite Irrigation Management = Growers get access to authoritative content
Support (SIMS) Web Services (Maps/Apps — real time information)
. = Mobile-based
= Farming to tier & specific stress index

NDVI

% cover
crop coeff

B

13

Source: International Workshop on Evapotranspiration Mapping for Water Security
(organized by NASA and World Bank, 2015)



Estimating Evapotranspiration

2012

L

2016

Changes of Changes of ET Reduction of Irrigated Land
Crop Pattern



India

National Remote Sensing Center

Information Support (e.g. geospatial analysis, Apps)
for 500 m ha of watershed improvement

http://bhuvan.nrsc.gov.in/projects/iwmp/

Other Popular Farmer

Apps: http://claroenergy.in/top-10-
apps-revolutionizing-indian-agriculture/

Karnataka Watersheds



Text/Hypertext

Online Photo Gallery

Responsive Design

NASA-WB e-book on EO for WRM (on OLC)

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

Interactive Presentation Slides

lllustrative
Ele me nts Of Online Video Gallery
an E-book

Interactive Graphs

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

embeds)

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



Situation/ Decision Rooms

Competitions (e.g. Hackathons)

Modernizing Institutions

Collaborative
Workspaces/Internships

Audio/Video-Conferencing/

Computer Training Room
Distance Learning/ Helpdesk

Document,
Map & Digital
Library

Innovation Marketplace

Collation Analysis Use
> <€ > <€ >

Knowledge Targeted Outreach & Institutional
Tools/Products Research Capacity-Building  Support

¥

Knowledge Monitoring
Repository Hub
il

)




Competitions

Water Appathon

Water Hackathon

Data Jams

X-Prize

Internships

E-books, Designs, Products, Processes...



Water Events/EXpos o beos Teinne e

Learning from national and global
good practices
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Topics from Global Experts Participation; e-learning



Disrupt or Be Disrupted!

harsh@worldbank.org




