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Megatrends of our planet: 
More Crowded … More Wealth .. More Inequalities

Source population: UNDESA, World Population Prospects: The 2012 Revision
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Growing & Aging Population. Growing Wealth but Extreme Poverty. “Up to 3B more middle-
class consumers by 2030, boosting demand at a time when obtaining new resources could 
become more difficult and costly.” (McKinsey, Resource Revolution)

Today world population
according to worldmeters.info
7,378,974,564
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More Urban

 Dubai - Source:  Joe McNally, National Geography, pict taken from Burj Khalifa
Source: UN Dep.t of Econ. and Soc. Affairs, 2012; OECD, 2012
Barbara Boyle Torrey (Population Reference Bureau, Urbanization: An Environmental Force to Be Reckoned With, 2004; EURAMET, Megacities, 2013 

Rise of the Urban species: 
50% population urban in 2010, 

70% urban by 2050,

Migration: 
3M moving to cities each week in developing 

world 

Rise of Mega-Cities & Mega-Slums
4 (1975), 18 (2000), 27 (2012), 40 (2025)

More Environmental Mega-Stress
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Source: MetOffice and WFP, 2010 Population undernourished Hunger & Climate Vulnerability 

Water crises 

Food crises 

Main Challenges & Issues  



Hunger often results from water scarcity 

– We consume water 
for drinking and 
sanitation 

– But we need 
much more water 
for food! 

1200 liter
vegetarian

2300 liter
meatHow much water is 

needed to produce  1 
kg of ...?

maize: 900 l beef: 16 000 lSource: EO4Food study

Interconnected Food-Water security
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Climate change impact – floods in Bangladesh 



Need for an integrated view 

Atmospheric Temperature 

Mean Sea-level 

Ocean Heat Content 

Data source: MetOffice (2014), NOAA (2014)  

Heat accumulation into ocean although 
atmospheric temperature did not increase 
significantly over recent decades 



Need for a long-term view – quantify trends 

Data source: HasCRUT4 MetOffice (2014) Plot produced by JW 



Assets in orbit 



GOCE: Gravity and Ocean Circulation 

•  First gradiometer in space 

•  Best geoid ever 

•  5th version of geoid foreseen released in July 

2014, including all GOCE measurements 

•  End of mission declared 21 October 2013 

following depletion of Xenon fuel 

•  Re-entry 11 November 2013 



GOCE – ESA’s Gravity Mission 



GOCE making the first 
Global Moho Atlas 

Dr. Danielle Sampietro 
POLIMI, IT 



Space Perspective on aquifers depletion

Source: GRACE mission, NASA, DLR, UCI, USGS, R. Vijgen, P. Weil, Heads Up! 2012.

Gravity measurements from GRACE highlighting 
that, water tables have fallen in various 
countries, including China, India, and the United 
States, which together produce nearly half of the 
world’s grain. 



=> Depletion of Aquifer-fed irrigation systems 

ESA UNCLASSIFIED – For Official Use 
Source: JT Reager NASA JPL 

Depletion of major Acquifers (GRACE Gravity mission) 



CryoSat: The Ice Mission 

•  First interferometric altimeter in space 

•  Global sea ice thickness measurements 

•  Data used for ice research, but 

increasingly also for oceanography 
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Sea Ice thickness from Cryosat 



CryoSat: Gravity reveals sea floor 

•  First interferometric altimeter in space 

•  Global sea ice thickness measurements 

•  Data used for ice research, but 

increasingly also for oceanography 

•  Mission extension until 2017 

 



–  With GOCE geoid, for the first time, global currents can be extracted 
directly from satellite altimetry data. 

GOCE: accurate ocean currents map 

Water Surface Velocity Ocean Dynamic Topography 



SMOS – Soil Moisture and Ocean Salinity 

•  Data delivery since February 2010 

•  Complete Earth coverage within three days 

•  Outstanding international  

cooperation 



SMOS – Seasonal Soil Moisture 



Current Zambezi Flooding in SE 
Africa  

Credit: USDA FAS 

Credit: USDA FAS, Soil moisture in southern Africa in mid-April 2014.  

SMOS data used to predict drought and improve 
crop yield by US Department of Agriculture 
(USDA) 
Crop Explorer website: http://www.pecad.fas.usda.gov/
cropexplorer/ 

Measuring soil moisture to predict drought 



SMOS - Hurricane Igor  



Soil Moisture and Sea Surface Salinity 

Satellites for emergency relief:  
•  Data acquisition in case of natural or 

man-made disasters 
•  Data delivery to civil protection agencies, 

emergency and rescue services 



Swarm  

•  Three-satellite-constellation, providing the best-ever survey 

of the geomagnetic field and its variation in time 

•  Gaining new insights into the Earth’s interior and climate 

•  Launched November 2013 



Earth’s Magnetic Field from Swarm Data  

 © ESA/DTU 
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Impacts of ground water extraction 

Measuring Ground 
Deformation in  
Mexico City 
from an instrument 
800 km out in space 
 
Combining five 
Sentinel-1 radar 
scans between  
3 October and 
2 December 2014  



  30 Oct 2014 - VH 11 Nov. 2014 - VH 23 Nov. 2014 - VH 05 Dec. 2014 - VH 17 Dec 2014 - VH 

Monitoring Rice crops from Space 

Sentinel-1 time series (Oct.2014-Jan.2015) 
GEOGLAM Asia-RICE Site: An Giang (Mekong River Delta, Vietnam) 

10 Jan 2015 - VH 

Bouvet & Le Toan 
Winter-Spring crop Summer-Autumn crop   Autumn-Winter crop   



Planted	  around	  11-‐12-‐	  2014	  
Planted	  between	  	  11-‐11	  and	  23-‐11	  
Planted	  on	  23	  -‐11	  	  
Harvested	  between	  	  23-‐11	  and	  5	  -‐12,	  and	  	  	  	  	  	  	  	  	  	  	  
planted	  again	  around	  	  5-‐12	  
Harvested	  between	  	  23-‐11	  and	  5-‐12,	  and	  planted	  
again	  between	  5	  and	  17	  -‐12	  
Harvested	  between	  	  17	  -‐12	  and	  10	  -‐01-‐2015	  
 
 

Crop calendar using  
the first Sentinel-1 data 

Crop calendar 

November-December: end of Autumn-Winter crop 
and beginning of Winter-Spring crop  

An Giang province (80x80 km) 

Establishing a Rice Crop Calendar 

Bouvet & Le Toan 



Sentinel-1A: Nepal Earthquake 



Subsidence Berlin 



Ice Streams seen by Sentinel-1A 

Greenland, 
West Coast 
 
January 2015 

Copyright: 
Copernicus data (2015)/ 
ESA/Enveo 



Sentinel-2 
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Agriculture: Irrigation monitoring at field scale 

Marrakesh (Morocco) - Sentinel-2 - 12 July 2015  
Water consumption for irrigation of summer vegetation (in red),  
Hedges around fields/parcel delineation 
 
 

Copernicus data (2015) 

Courtesy: S2AGri, 
UCL, Cesbio, ESA  







The ESA Climate Change Initiative (CCI) 
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ESA Climate Change Initiative & 
relevant Essential Climate Variables (ECVs) 



Anthropogenic  
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Election of   
the Pope .... 

Convergence & 
Integration of 

technologies into 
smart phones .... 



Monitoring 

Attribution 

Prediction 

Planetary 
Boundaries 

Early Warning 
 

Citizen 
Observatory 

Towards a Planetary Management System

Understanding 



Thank you for your attention! 
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