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Expanding European Observing Capability

European SpaceEuropean SpaceEuropean Space European Space 
AgencyAgencyAgencyAgency



Confronting Model 
with Observations

Make the most of EO data …..

Mr. EO

Miss
Mr. 
Modeller

Miss.
Science & 
Applications

Data Assimilation

“No one trusts a model except the man who wrote it; 
Everyone trusts an observation except the man who made it.” 

H l Sh lHarlow Shapley



Monitoring Weather



Operational Integrated Observing System for Weather

Courtesy WMP Space Office



“EO i th i l t i t t t f

Numerical Weather Prediction (NWP)

“EO is now the single most important component of 
the global observing system for NWP “
Jean-Noel Thepaut , Head of Data Analysis, ECMWF 
(European Center for Medium-Range Forecast)

Weather Forecast Skill

Day 5
Day 3

Day 7
y

Southern Hemisphere
8+ Millions radiance assimilated per day 
representing 95% of total data used! 
and 6% of total data screenedand 6% of total data screened.

Heterogeneous Data Streams
Diff i liDifferent meaning, sampling, error 

Data Assimilation
OI, Variational, Kalman handle 

Observing Operators
Temperature  Spounding
(TOVS) di(TOVS) radiance
Fly the satellite into the model



Soil Moisture Ocean Salinity (SMOS)

From Brightness Temperature ………… 
to Soil Moisture (50km) &SSS (0.1psu?, 200km) ….

•Remote
•Sensing
•Laboratory

NRT exploitation of soil
Moisture by Met offices
(e g Assimilation

Universitat 
Politècnica de 
Catalunya 

(e.g.Assimilation 
@ ECMWF)

Watch out
RFI! In L-band



A t m o s p h e r i c  R e a n a l y s i s  ( E R A ,  N C E P ,  … )

4Dvar with bias correction

Helps spotting problems 

In EO data

Courtesy ECMWF



Observing System Experiments (OSEs) 

OSSEs using synthetic data

Courtesy Niels Bormann - ECMWF



Operational Oceanography - 4D vision of the ocean

SST AVHRR

Courtesy LEGI

ASAR ENVISAT

Courtesy LEGI

ASAR RA

Revolution of high-precision altimetry
ASAR RA

Sensor Synergy SST, SSH, 
Ocean Colour

Roughness, Wind, 



L1b gravity gradients (e g Uxx)

Gravity Field & steady-state Ocean Circulation (GOCE)
L1b gravity gradients (e.g. Uxx) 

from GOCE @ 260+km altitude since 2009
1-2cm geoid 100km resolution

GOCE Main Objectives
global ocean circulation and 

transfer of heat … to a global picture of the 

+ physics of the Earth’s interior 

+ sea level records, ice sheets 
and sea level change

GEOID of 
unprecedented details

The Missing Link ..



Monitoring Climate

•Long-term
•Global•Global
•Accurate
•Stable
•Error Bar

Suitable Sampling Frequency
To capture trends and cycles

Courtesy Scripss Inst, NOAA



Vital Sign of Change: Global Mean Seal Level Rise

Satellite Era

Church et al., 2004, 2006



Sea temperatureVital Sign of Change: Global Ocean Warming

AATSR
High Accuracy 
0 3K0.3K
Needed to
Capture
Climate Signal



Collapse of Larsen B ice shelf, Melting of Greenland 

Vital Sign of Change: Ice melting on land and ocean
p

Antarctica ice sheet

Courtesy 
Eric Rignot, Kanagaratnam

Melting / Thinning 
of sea-ice

31-01-2002

2/3 loss due to 
dynamic thinning

05-03-2002
“Greenland’s contribution to sea-level rise

© NASA, NSDIC
Greenland s contribution to sea-level rise

has been doubling between 1995 and 2005” 
Eric Rignot



GCOS Requirements - Climate Vital Signs
UNFCCC (article 4.1g) has long recognised need for global obs of climate for science (IPCCC) and climate policy 

Domain Essential Climate Variables

( g) g g g ( ) p y
(adaptation & mitigation). GCOS articulates the UNFCCC information requirements (GCOS-82, 2003). 45 ECV resulting 
from scientific concensus, (feasible, high impact). 35 ECV with strong EO component.

Atmospheric 
(over land

Surface:
Air temperature, Precipitation, Air pressure, Surface radiation budget, Wind speed
and direction, Water vapour.

Earth radiation budget (including solar irradiance), Upper‐air temperature
(including MSU radiances),Wind speed and direction, Water vapour,(over land, 

sea and ice)
Upper air:

(including MSU radiances),Wind speed and direction, Water vapour,
Cloud properties

Composition:
Carbon dioxide, Methane, Ozone, Other long‐lived greenhouse gases, Aerosol

properties

Oceanic

Surface:
Sea‐surface temperature, Sea‐surface salinity, Sea level, Sea state, Sea ice,
Current, Ocean colour, Carbon dioxide partial pressure.

Sub‐surface:
Temperature, Salinity, Current, Nutrients, Carbon, Ocean tracers, Phytoplankton

Terrestrial

River discharge, Water use, Ground water, Lake levels, Snow cover, Glaciers and ice caps, Permafrost and
seasonally‐frozen ground, Albedo, Land cover (including vegetation type), Fraction of absorbed
photo‐synthetically active radiation (FAPAR), Leaf area index (LAI), Biomass, Fire disturbance,
Biomass, soil moisture



Drivers for Space Agencies

Courtesy 
Mark Doherty



Inadequacies of Climate Observing System

SUB-OPTIMAL OBS SYSTEM FOR CLIM (GCOS-82)
Multi-purposes obs do not necessarily meet:
• GCOS monitoring principles (best practices)
• Stringent requirements for climate monitoring

IMPLICATIONS
• Potential Irreversible Gaps (e.g. continuity)
• Miss-out signal (e.g. too small)
• Miss-interpret signal (artifact)

GCOS Implementation Plan (GCOS-92, 2004) 

NEED TO RE-PROCESS
- Context of new knowledge (algorithms)
- New data
- Better calibration
ESA CCI climate change initiative



ESA Climate Change Initiative (CCI): Objectives

The objective of Climate Change Initiative is to realize the full potential of the long-term 
global Earth Observation archives that ESA together with its Member states have 
established over the last thirty years, as a significant and timely contribution to the ECV
databases required by UNFCCC.databases required by UNFCCC. 

It will ensure that full capital is derived from ongoing and planned ESA missions for 
climate purposes, including ERS, Envisat, the Earth Explorer missions, relevant ESA-
managed archives of Third-Party Mission data and, in due course, the GMES Space 
Component.

CCI P f ll i Mi i t i l C il i 2008CCI Programme following Ministerial Council in 2008, 
about 75MEUR over 6 years

First step focus on 11 ECVs



CCI Steps

R i hi
Re-processing ex archive
(e g calibration)

Long Term Archiving Programmes
Multi-mission infrastructure

INPUT FROM

Re-processing ex archive
(e.g. calibration)

(e.g. calibration)

Feedback Loop“Gather”

ECV generation
(e.g. validation & bias)

“Deliver”

DATA

ALGO

ECV assessment
OUTPUT TO

Deliver

IMPACT
FOR USER
(e g evaluation models)

“Exploit” International Climate Programmes
EC & MS R&D Programmes

IPCC Process, UNFCCC

(e.g. evaluation models)

SCIENCE!
Education & Awareness

“Show”

SCIENCE!



CCI Elements of a Programme
CSAB CCI Project CMUG

Guidance Production Integration

Clim System Perspective

User Prototype

Algo (retrieval, merging), 
Round Robin
Validation



Specialised 
Clim Research 

Group

Specialised 
Clim Research 

Group

Climate 
Modelling 
Community

Specialised 
Clim Research 

Group
GCOS
User

PRODUCTION INTEGRATION

Group
1

Group
2

CommunityGroup
11

User 
Communities

CCI Project CCI Project CCI Project CMUG
Climate Models 

AssimilationAlgo + FEEDBACK

PARTNERSHIP

CCI Project
ECV 1

CCI Project
ECV 2

CCI Project
ECV 11

CMUG
Forum

Assimilation,
Data toolboxesFusion tech

CCI Climate 

• Clim Res.   
Data  Package

• Cal / Val Data Tools (e.g. algorithms, models)

Data Stream (e.g. FCDR, ECV, Level 1b)

Information (e.g. Requirements, Feedback)

Data Base

• Climatology
• ATBD

ESA CEOS agencies Reanalysis In-Situ
Level x

INTERNATIONAL COOPERATION
ESA programme links with CEOS, SCOPE-CM, EU FP7, EUMETSAT, NASA, EEA…



CCI Challenges - International Scientific Collaboration

Courtesy 
Kevin Trenberth
Modified fromModified from 
Observational 
needs for 
climate 
prediction and 
adaptation, 
WMO Bulletin 
57(1), January 
2008)

Earth Explorers ENVISAT/ERS National Missions Meteo Missions
(EUMETSAT)GMES Sentinels

Data Access

Collaboration with Climate Research Programmes, CEOS agencies, GEO, EC (FP7), 
National Programme, WMO WCC3, Met Offices, 



Data Set Proliferation issue, need for D.O.I, Netcdf CF format, openDAP, e.g. CMIP5 models

CCI Challenges – Product Traceability & Transparency
, , , p , g

Labels

Products

Tools & Format

Storage / Access



CCI Challenges - Characterisation of Errors
Detect Characterise ExplainDetect – Characterise - Explain, 
Correct Errors …

(e.g. aliasing, diurnal sampling, 
correlation Cov Matrix Ground

Courtesy 
Roger Saunders

correlation Cov Matrix, Ground 
Truth, ….)



The need to Confront Models 
with Observations

CCI Challenges – Confrontation with Climate Models

Courtesy Cox & Stephenson, C t Ti P l J li SliCourtesy Cox & Stephenson, 
Science

Courtesy Tim Palmer, Julia Slingo,
NCAR, ECMWF, Metoffice



Different Levels of Data ...
CCI Challenges – Confrontation with Climate Models

Retrieval Algo
, Cloud Screening 

Fusion 
Algo

CCI 
proj

on

Ancillary Data

Level 3
(gridded)

Level 2
(geophysical)

Level 1
(radiance)

od
el

 C
on

ta
m

in
at

io

Integration Tools
(e.g. DA)

Obs Operator
(e.g. RT)

CMUG

Is
su

e 
M

o

Reanalysis
(e.g. Lev 1 Ozone)

Climate Models
• Validation

B d C diti
Statistical Models

• Trend analysis 
• Attribution

• Boundary Condition
• Synthesis
• Prediction 
(e.g. Init + Constraint)

Courtesy PP Mathieu



Climate Services
Ad t tiAdaptation

WCC-3 
WMO
GlobalGlobal
Framework
for 
Climate 
ServicesServices



Monitoring Dykes, The Netherlands

Blue, 
below sea 
level

Plastic horizontal sliding
level

90% dykes monitored

(1992-2005),

17000 km of water barriers: 3565 km 
primary water barriers (big rivers, sea, 
Ij l M k ) 14000 k

(1992 2005),

Ijsselmeer, Markermeer), 14000 km 
regional water barriers

Courtesy   R. Hansen Delft Institute of Earth Observation and Space Systems



Coastline Change,  Bangladesh Coastal Erosion, Bangladesh

• Technically challenging (large tidal effects to de-couple)

• Project completing, preliminary results (under evaluation),j p g p y ( )

• High dynamic land loss & gain; trend towards erosion in East

• 2 separate studies, use of Landsat, SPOT, QuickBird, IKONOS



Coral Reef Health & Stress,  Caribbean 

• Health indicators : reef extent reef rugosity coral and macro-algal cover coral population

Coral reef & Community Remote Sensing  
Health indicators : reef extent, reef rugosity, coral and macro algal cover, coral population 
structure, coral mortality, coral bleaching, coral diseases, herbivorus,

• Stress indicators : Sedimentation, pollution, coastal development, over-fishing, ocean 
acidification, thermal stress

SST patterns (ATSR)

a. Average

b Mi hl

Characterisation of 
Thermal stress regime

b. Min monthly mean

c. Max monthly mean

d. Std Dev

g

Wave exposure map (fromWave exposure map (from 
shape of basin, wind-speed & 
direction (ERS Scatt)

Courtesy Peter Mumby, Uni Exeter



Decadal Prediction & Food Security



Climate Services
Miti tiMitigation



Offshore Wind Energy

Denmark  (Horns Rev)

High-res
Regional

Wind rose Industry 
software

Radar

Low-res
Global
Scattero

t

Courtesy RISOE

meter



WHY MONITORING CLIMATE? 
To support applications ....

Solar Energy & the GRID

When a new market is opened, a site evaluation 
is not available, as usually other PV-operators do 
not publish their production values. We are now 
expanding into countries like Germany, Italy and 
Spain where we have no operation experiences.Spain where we have no operation experiences. 
Investment costs of about 5 to 12 million Euros 
are planned. To assure the flow back of these 
investments we must be sure that we build the 
PV systems at locations with enough solar 

di ti Th f ill d t llit d i dradiation. Therefore we will need satellite derived 
irradiance data.

Robert Kröni, Edisun Power AG director

Courtesy DLR, CGS



Snow Cover Extent (ENVISAT/MERIS)Digital Elevation Model

Hydropower Plants
Snow Cover Extent (ENVISAT/MERIS)Digital Elevation Model 

Land Cover (ENISAT/SAR)
Weather Condition (MSG)

Hydrological Model

Run Off Forecast

Courtesy ENVEO



Reducing Emissions from Deforestation & Degradation

1990 (baseline) 2002 (Landsat)

GMES Forestry service in 
Europe (e.g. change detetction)

1990 2006

Standardised High 
Resolution EO Products

and also

REDD pilot projects , 
Cameroon (member StateCameroon (member State 
of COMIFAC (Central African 
Forestry Commission)



Carbon Capture & Storage (CCS)

• Demonstrate potential of high-res 
SAR Interferometry for storage site 
motion monitoring in compliance with 
EU directive for CCS operation,

• Service trial in progress for gas 
storage site in Central Europe with a 
major O&G company and industry 
standards organisation.



Climate Services
Att ib tiAttribution

SCIAMACHY NO2concentration, 2008 mean, Courtesy IUP



Identifying Pollution Sources 



ATMOSPHERIC REMOTE SENSING of CARBON
Satellite Missions for CO2/CH4 concentration
Multi purposes Satellite missions

Quantifying Carbon Sources / Sinks
Multi-purposes Satellite missions
• SCHIAMACHY / Envisat (ESA)
• IASI / Metop – AIRS (NOAA)

Dedicated Satellite research missions
• GOSAT  [CO2] (JAXA) launched 2009
• OCO 1 [CO2] (NASA), launch 2009 failed, 
• OCO 2 [CO2] (NASA) to be launched 2013
• CHARM [CH4] (CNES/DLR) lidar to be launched 2014

Courtesy IUP



© Eric

Closing Budget
© Eric 
Rignot, 
JPL

Attribution?
Ice melting?

vs.
O iOcean warming



Understanding Causal Relationship



Conclusions



• Modelling & Prediction

Satellite Data as a tool to support climate change study
Modelling & Prediction .. 

Through provision of CDR of ECVs
• Mitigation … g

Through Clean Energy resources assessment & REDD
• Adaptation (planned) …. 

By better management of changes
• Attribution … 

Th h id tifi ti f d i kThrough identification of sources and sinks   
• Quantify Uncertainties .. 

Better Characterisation of Errors And truth ?Better Characterisation of Errors .. And truth ?

New Global Framework to make it happen .. pp
…..  GCOS, CEOS, UNFCCC, WMO CC3 ….



GMES user-driven Sentinels
The Sentinel Era – Observing Revolution ?

Sentinel 1 – SAR imaging
All weather, day/night applications, interferometry

Sentinel 2 – Multispectral imaging
Land applications: urban, forest, agriculture, etc Continuity of Landsat, SPOT 

data

Sentinel 3 – Ocean and global land monitoring
Wide-swath ocean color, vegetation, sea/land surface temperature, altimetry

Sentinel 4 – Geostationary atmospheric
Atmospheric composition monitoring, trans-boundary pollution

Sentinel 5 – Low-orbit atmosphericSentinel 5 Low orbit atmospheric
Atmospheric composition monitoring

FREE and OPEN Data Policy!FREE and OPEN Data Policy!



ESA Missions – Launch Schedule



Many thanks for your attention … 

htt // i t/http://www.esa.int/eo


