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0. Introduction 
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Sequence: 

ÅGeneral assessment of the state-of-the-art of earth 
observation 

ÅMajor trends and developments in the application 
field 

ÅDescription of earth observation solutions 

ÅAssessment of market potential for earth 
observation solutions and marketing instruments 

ÅCapacity building for successful application of earth 
observation solutions 



Earth Observation helps you: 
save money 
save lives 
save the environment 
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Earth observation  
applications 

ÅOn the verge of reaching new user communities 

 

ÅThese new user communities need to be involved 

 

ÅWeakest link / last mile aspects are important 

 

ÅMarketing needed: promotion & capacity building 



Life cycle of  
products & services 

Initialization 

System analysis & design 

Rapid prototyping 

System development 

Implementation 

Post-implementation 
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¢ƘŜ ǘŜǊƳ άǿŀǘŜǊ ǊŜǎƻǳǊŎŜέ may be defined as:  
the wider body of water upon which a water source 
depends  
(This could be rainwater, surface water (e.g. rivers, streams, lakes) or 
groundwater within an aquifer.) 

 

ά²ŀǘŜǊ ǊŜǎƻǳǊŎŜ ƳŀƴŀƎŜƳŜƴǘέ ƛǎ ǘƘŜƴΥ 
the activity of planning, developing, distributing and 
managing the optimum use of water resources 

 

Focus on management of freshwater resources.  
(Flooding will be dealt with in the disaster management toolkit and rainfall in 
the weather toolkit.)  
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Scope 



Assessment of business &  
funding opportunities 

ÅCategories of environmental management products 
& services 

ÅLife cycle phase of product or service 

ÅRegional context, level of technological & economic 
development 

ÅOptimum marketing mix 
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1. International trends & 
    developments in  
    water management 
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Issues & trends  
in water management 

Å Sustainable water resources management, including 
water quality, also with respect to climate change; 

Å Water footprints and pricing; 

Å Risk management; 

Å Community empowerment; 

Å Water, energy, food nexus 
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Drivers 

ÅThe increasing demand for water (agriculture, 
urban),  

ÅEnvironmental factors (including climate change),  

ÅThe availability of water resources,  

ÅDeterioration of water quality, 

ÅPerceived low cost of water, 

ÅIncreased risks: floods, droughts, salinisation. 
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Sustainable water 
resources management 

Å Over the past 50 years global freshwater withdrawals have 
tripled 

Å A quarter of freshwater use exceeds accessible supplies 

Å By 2030 nearly 3.9 billion people will live under conditions of 
severe water stress (OECD) 

Å By 2030 global demand for water will be 40% higher than it is 
today 

Å Open data access and optimal data availability are of cardinal 
importance 

Measuring Water use 

in a Green Economy 



13 

Decision making 

bŜŜŘ ŦƻǊ άƛƴǘŜƎǊŀǘŜŘ ŀƴŘ ŀŘŀǇǘƛǾŜ ŘŜŎƛǎƛƻƴ ǎǳǇǇƻǊǘ ǎȅǎǘŜƳǎ 
ŀōƭŜ ǘƻ ŜȄǇƭƛŎƛǘƭȅ ŀŎŎƻǳƴǘ ŦƻǊ ǎȅǎǘŜƳ ǳƴŎŜǊǘŀƛƴǘȅέ 

Incorporate institutional, political, and economic 
considerations into translating physical science findings into 
relevant information for specific types of decisions within 
specific sectors 

Communication should be perceived by the users as: 
ÅSalient (answering the right questions) 
ÅCredible (coming from a trusted source) 
ÅLegitimate (accurate) 

  

ά²Ŝ Ŏŀƴ ƻƴƭȅ ƳŀƴŀƎŜ ǿƘŀǘ ǿŜ ƳŜŀǎǳǊŜέ 
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Different levels 

ÅUser level: price and technology play a key role (creating 
awareness, charging prices based on full marginal costs, 
stimulating water saving technology) 

ÅCatchment or river basin level: choice on how to 
allocate the available water resources to the different 
sectors of the economy (depends on the value of water 
in its alternative uses) 

ÅInternational trade: water as a global resource (overall 
efficiency)  

ά²Ŝ Ŏŀƴ ƻƴƭȅ ƳŀƴŀƎŜ ǿƘŀǘ ǿŜ ƳŜŀǎǳǊŜέ 

Measuring Water use 

in a Green Economy 



¢ƘŜ ǎǘŀǘŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƭŀƴŘ ŀƴŘ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎ ŦƻǊ ŦƻƻŘ 
and agriculture (SOLAW) ς managing systems at risk (FAO; 
2011)  
 
Measuring water use in a green economy (UNEP; 2012) 
 
Food and water: analysis of potentially new themes in 
water management - future trends and research needs 
(FutureWater; 2010) 
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More information: 
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Water footprints 
and pricing 

Calculating the monetary value of externalities and ecosystem 
resources and services that are currently underpriced or not 
priced at all 

Decoupling concepts: 
Å Resource decoupling:  

reducing resource use per unit of economic activity 

Å Relative decoupling:  
resource use still increases but at a lower rate of economic growth 

Å Impact decoupling:  
scale and character of resource use causes no negative environmental 
impact 

Å Absolute decoupling:  
resource use declines irrespective of the growth rate of the economic driver 

 
Measuring Water use 
in a Green Economy 
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Water footprints 
and pricing 

Water registers  
(as key to fair distribution of access to water) 

Water and ecosystem capital  
(water as natural capital, linked to economy and well-being (UN SEEAW 2007, 
NAMEA)) 

Water scarcity and vulnerability indices  
(per capita, renewal vs withdrawal, etc.) 

Water footprint assessment  
(amount of water consumed per unit of product) 

Life cycle assessment  
(benchmarking for industries) 

Water stewardship  
(quantify corporate water monitoring) 

 

Measuring Water use 
in a Green Economy 



Measuring water use in a green economy (UNEP; 2012) 
 
The water response mechanism ς towards a practical 
approach to assess and reduce a water footprint (CREM; 
2010)  
 
System for environmental-economic accounting for water 
(UNDESA; 2012)  
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More information: 
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Risk management:  
drought 

Å Distinction between meteorological, agricultural, 
hydrological and socio-economic drought; 

Å Need for improved forecasting, early warning 
systems and general information provision on 
droughts; 

Å Need for improved resilience, also with respect to 
the possible effects of climate change; 

Å Sustainable management of natural resources; 

Å Insurance schemes for risk coverage. 

 



Managing drought:  
a roadmap for change in the United States (GSA; 2007) 
 
Drought monitoring and early warning:  
concepts, progress and future challenges (WMO; 2006) 
 
Drought monitoring in France:  
groundwater perspective (BRGM; 2011) 
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More information: 



21 

Empowering  
local communities 

Å Increase insight in and visibility of available resources 

Å Analysis of historical and future use for planning and decision 
making 

Å Mapping of informal settlements, infrastructure and 
resources 

Å Analysis for more efficient use of water resources 

Å Hydropower: assessment of resources, planning & monitoring 

Å instrument for community empowerment 

Å ¦ǎƛƴƎ άƘǳƳŀƴ ǎŜƴǎƻǊ ǿŜōǎέ ŀƴŘκƻǊ άŎƛǘƛȊŜƴǎ ƻōǎŜǊǾŀǘƻǊƛŜǎέ 
for water point mapping and monitoring 



Water security framework (WaterAid; 2012)  
 
HSW final report - Empowering communities in East Africa 
in water service provision through information from human 
sensor webs (UN-HABITAT/University of Twente; 2010) 
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More information: 
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Water-energy-food nexus 

Å Demand for energy, water and food will grow, because 
of economic development; 

Å Access of poor people to energy, water and food needs 
to be improved; 

Å Increasing energy production means increasing demand 
on water resources (and vice versa); 

Å Alternative sources of energy (biofuel) also increase the 
demand for water; 

Å Increased production of biofuel could compete with food 
security; 

Å Finding acceptable trade-offs is important. 



United Nations world water development report 
volume 1: water and energy  
volume 2: facing the challenges (UN WATER; 2014) 
 
Water-Food-Energy Nexus:  
towards a widening of the water agenda  
(FutureWater; 2013) 
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More information: 



Example Europe  

Water resources across Europe - confronting water 
scarcity and drought  
 
ÅDPSIR: framework used for water resources management 
ÅWater exploitation index (ration of annual total water 

abstraction to available long-term freshwater resources) 
ÅAction: water pricing, drought management plans, water 

efficiency and conservation, raising awareness, tackling 
illegal water use, alternative supplies, desalination 

ÅInformation requirements: river basin scale water 
balances based on the UN system of environmental 
economic accounting for water (SEEAW, 2007) & WISE 
(water information system for Europe) 
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DPSIR framework: driving force, 
pressure, state, impact, response 



Africa Water Atlas 
 
Modelling ƻŦ !ŦǊƛŎŀΩǎ ǎǳǊŦŀŎŜ ǿŀǘŜǊ ǎȅǎǘŜƳǎ  
(water balance data), identifying: 
ÅάƘƻǘǎǇƻǘǎέΥ tenuous food security situation 
ÅάhopespotsέΥ potential for rainwater harvesting 
ÅάǿŀǘŜǊ ǘƻǿŜǊǎέΥ areas with upstream water surplus 
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Example Africa 



Africa Water Atlas 
Key Facts 

ÅMillions of people in Africa suffer water shortages throughout 
the year 

ÅWater scarcity is not simply due to geography: population 
growth, poor planning and poverty are significant factors 

ÅMost urban population growth has taken place in peri-urban 
slum neighbourhoods, overwhelming municipal water 
services 

Å64% of people in Africa use improved drinking water sources 
(2010) 

Åhƴƭȅ оу҈ ƻŦ !ŦǊƛŎŀΩǎ ǇƻǇǳƭŀǘƛƻƴ Ƙŀǎ ŀŎŎŜǎǎ ǘƻ ƛƳǇǊƻǾŜŘ 
sanitation facilities (2010) 

Å Increases in access to improved drinking water sources and 
sanitation facilities are not keeping pace with population 
growth 
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Linkages between poverty, water and the environment 
Africa Water Atlas 



Africa Water Atlas 
Action 

ÅProvide safe drinking water + ensure access to adequate 
sanitation 

ÅFoster cooperation in transboundary water basins 

ÅProvide water for food security 

ÅDevelop hydropower to enhance energy security 

ÅMeet growing water demand 

ÅPrevent land degradation and water pollution 

ÅManage water under global climate change 

ÅEnhance capacity to address water challenges 
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Water resources across Europe τ confronting water 
scarcity and drought, EEA Report No 2/2009 (EEA; 2014) 
 
Africa water atlas (UNEP; 2010) 
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More information: 



2. Earth observation applications 
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Earth observation  
for water management 

The water cycle (GEWEX) 
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Earth observation  
contribution 

Å General water resources assessment, for long-term planning 
and climate change scenarios 

Å Hydrologic information systems, for (detailed) run-off 
calculations & (irrigation) system management 

Å Soil moisture modelling, 

Å Drought monitoring, 

Å Water quality monitoring, 

Å Snow cover monitoring, 

Å Water supply utilities, 

Å Others: salinisation monitoring & mapping, sediment 
transport monitoring, erosion monitoring & mapping, 
reservoir monitoring, rainwater harvesting, etc. 



35 

Example water resources  
assessment 

Overview upstream basin boundaries of the Indus, Ganges, Brahmaputra, Salween and Mekong 
river basins (FutureWater) 
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Water resources 
 assessment 

Å Accurate and continuous observation of the long-term 
dynamics of the different key variables governing the energy 
and water cycle processes from global to local scale  

Å For decision making: global synoptic information on water 
resources availability and quality for water governance, 
management and planning (+ adaptation to climate change) 

Å Earth observation complemented with in-situ observations 
for validation, calibration and development of EO-derived 
products 

Å Cost estimate: service 100 - 200 kϵ per river basin,  
data 1 - 10 kϵ per scene, some data at no cost 

Å Main challenges: cost, capacity, reduce uncertainty 



Uses and limitations of observations, data, forecasts, and other 
projections in decision support for selected sectors and regions 
(NASA; 2008): chapter 5 ς decision support for water resources 
management 

Water availability analysis for the Upper Indus, Ganges, 
Brahmaputra, Salween and Mekong river basins (FutureWater; 
2013) 

GEWEX: global and regional energy and water exchanges - research 
programme of the World Climate Research Programme intended to observe, 
comprehend and model the Earth's water cycle 

See also: Advances in Earth observation for water cycle science (Fernandez-
Prieto, van Oevelen, Su, Wagner; 2012) 
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Examples: 
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Example hydrologic 
information systems 

Water balance Danube basin mapped on a webGIS  (source: enviroGRIDS, 2012) 
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Hydrologic 
information systems 

Å Land use and land cover mapping + change monitoring 
Å Water abstraction estimate in respect of crop water demand 

estimates for irrigated areas 
Å Refined land use / land cover mapping 
Å Surface water bodies or water pools (location, extent, 

dynamics) 
Å Digital elevation models and derived products 
Å Estimates of basin-wide evapotranspiration and precipitation 
Å Water and vegetation monitoring (entire aquifer) 
Å Ground subsidence monitoring and its correlation with 

groundwater abstraction 
Å Cost estimate: on case-by-case basis 
Å Main challenges: cost, capacity, data access 



TIGER (ESA) 
Application of satellite remote sensing to support water resources 
management in Africa: results from the TIGER initiative 

GDRC 
Global Runoff Data Centre report series: hydrologic information ς metadata   
UML model of available catalogues 

enviroGRIDS  
Includes hydrological model for the Danube basin 

HYPE: large-scale, high-resolution modelling of water quantity 
and quality 
Hydrological modelling for Europe 
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Examples: 
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Example  
soil moisture modelling 

enviroGRIDS   
soil and water assessment tool (SWAT): 

integration of different maps for soil 
and hydrological modelling 
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Soil moisture  
modelling 

Å Earth observation provides the base layers for soil 
moisture modelling: soil map, land use map, digital 
elevation model, river map 

Å Combination with rainfall data, temperature data and 
evapotranspiration data (derived from or supported with 
EO) 

Å Cost estimate: on case-by-case basis 

Å Main challenges: capacity, access to data 



enviroGRIDS:  
Soil and water assessment tool (SWAT) for soil and hydrological modelling 
 

DRYMON (NEO):  
Detection of soil moisture with satellites: direct measurement of water in the 
soil, based on daily observations, works under all weather conditions 
 

GEWEX 
 

European Space Agency's Soil Moisture and Ocean Salinity 
(SMOS) satellite 
http:// smos.array.ca/web/smos  
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Examples: 

http://smos.array.ca/web/smos
http://smos.array.ca/web/smos
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Example  
drought monitoring 

US drought 
monitor, 

 July 1, 2014 
(Source: USDA) 


