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“*Our core activity Is fundamental science: the
challenge of understanding and predicting
the behaviour of planet Earth as a
complex, multi-component coupled system
using observations from space and “~
mathematical models” |

Alan O'Neill - Director
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Earth Observation data provide new
Insights into the working of the Earths
climate on large and small scales

Earth Radiation budget, Clouds and Water vapour

Ocean surface temperatures, heat content, sea
level and circulation revealed by Ocean Reanalysis

Sea and Land (glacial) ice distributions are changing
Land surface properties (moisture, snow,

vegetation) and feedbacks on atmosphere and
climate models
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Sampling the models in the same way as satellites observe
allows more robust assessment of model errors and
provides the “Observation Operator” for data assimilation.

Observations from CloudSat Radar Equivalent Simulations from the
Met Office Unified Model

x ~ g -~
l.@. 00:00 [ Law_ e ~Google il © © Qo= .0 [&] Law_ Svarnce .Google

L




National Centre for Realising long-term data sets of land
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“Research in NCEO is identifying some of
the key factors that govern the ability to

model evapotranspiration correctly”
John Remedios

Land surface temperature from
AATSR
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Combining Earth Observation with state-of-the-art
Climate Modeling to understand the flow of carbon
between oceans, land and air

Terrestrial Carbon
Land-atmosphere interactions

Ocean Carbon
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2007 Riau Forest Cover:

e o Riau deforestation

Forest on non peatland remaining 2007
Il Forest on peatland lost 1982-2007
Forest on non peatland lost 1982-2007

2083
Total forest cover: 8,448,698 ha (38%)

Non-peat forest:|18sls/& /BIBH9 ha
Peat forest: 8238 51208 ha
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Indonesian tropical peatland forest fires are major
sources of carbon emissions

16th August 2005: “Smoky haze
chokes Southeast Asia .... Again
hundreds of fires burn deep into
the underlying peat spreading
smoke across the region”
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Carbon emissions from fire
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Seasonal variations of atmospheric CO, from space using
FSI-WFM-DOAS, linking emissions with land coverage

SCIAMACHY/FSI CO, -July 2003

=150

CO, Volume Mixing Ratio [ppmv]

<350.00 355.00 360.00 365.00 370.00 375.00 380.00 385.00 >390.00

Michael Barkley, ULeic. (FSI WFM-DOAS v1.2) SCIAMACHY NIR (Fitting Window: 1561.03-1585.39 nm)
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Developing an integrated approach to the analysis of
satellite measurements, to provide new information on
atmospheric composition and its role in climate.
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Libyan oll fire seen from space
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ATMOSFHERE

Bangladesh wetland biogenic emissions are
lofted into the region important to climate by
convection in monsoon circulation

3-D distribution can affect
methane global radiative
forcing

M 18 km

Height of
CH, 1.9 ppm

M 0km
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Improving quantitative understanding of

distributions and emissions &

processes in global chemistry-transport models



Natarial Centra for Monthly ethane (C,H,) distribution in

the upper troposphere from MIPAS

ATMOSPHERE

'V

From tropical biomass burning and northern
hemisphere industrial emissions

C,Hg Peak Rodiance
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ATMOSFHERE

Water vapour and ozone distributions in the tropical tropopause
layer are controlled by complex interplay between convection
and other processes operating at fine scales.

20.07.2003 /8= 420 K H0 (ppmv)
S B ol I 6.0

2.6

R

dfe

4.4

.

-y
- -
-~ =
o
Y. -

R

r

v

5
-

4.0

#) JULICH

Model H,O ~18km — July to Dec’03


http://www.fz-juelich.de/
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Synergistic use of satellite observations

new, integrated approach

trace gases and aerosol in the troposphere and lower

stratosphere

links between climate and to pollution and air quality
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Improve troposphere / stratosphere trace gas
separation e.g. O3, HNO3, NO2 & CH4

Limb-emission sounding

P Nadir-sounding — for vertical profiling
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ATMOSFHERE

Geostationary orbit
~36,000km

Bridging the gap in scales from
satellite to surface networks...

ol
-
Unitad Kingdo m/ =

Greater Londen & Tha

Pyierden

Hatie
3 Barghamaoad

LUenden Colney CEiaten
Fragno'e o Radiett
Fo Bushey
= R § = s .
= Watfc South|O:
'Waoo_r'd o BT xney
5 Abbots{Langley,

[ KingsiLangley S ickmansworth! ser
s = . B =

Sunbury-on-thames
o L

,_;-'Sn epperton o

-

3 g Staines

-.-\G().()é]é




NERC National Centre
for Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

Unlocking the full potential
of Earth Observation f

www.nceo.ac.uk
InNfo@nceo.ac.uk
+44 (0)118 378 6728



National Centrefor - Theme 4. Changing Water
Cycle and Hazardous Weaher

NATURAL ENVIRONMENT RESEARCH COUNCIL

BtienAssatel stathetHolemastinglocking observations of the Earth

Radar Observations

ADJUST MODEL’'S

MODEL’'S PREDICTION
Chan: FIELDS

OF OBSERVATIONS

© Jodsat graphic
media

Ensemble predictions o

COMPARE WITH
OBSERVATIONS
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“Over the last few years, the meteorological community has
been trying to improve the skill of quantitative predictions of
precipitation, with a particular focus on hazardous weather

such as severe thunderstorms and flash floods”
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Deterministic forecast of precipitation rate

Ensemble derived probability of
precipitation at three thresholds

A simple deterministic forecast of precipitation rates over southern UK in
summer 2007 (left panel) determined from the best knowledge available an
hour before; predictions of probability of precipitation rates valid at the same
time (right panels) for three different precipitation intensity thresholds
(0.125mm/h, 1.0mm/h, 5.0mm/h) derived from an ensemble of forecasts.
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Flood Detection in Urban Areas Using TerraSAR-X
Tewkesbury 2003
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Qualitative assessment: data
/z assimilation successfully
\e¢ Introduced erosion along the
Ulverston channel

data assimilation

Modelled change in
Quantitative assessment: data
assimilation improved both the
current bathymetry and the

] predictive performance of the
,, model
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“Extra-tropical cyclones are the main oo
natural hazard of north-west Europe o S — e A
causing large amounts of damage via R S

strong winds and flooding... they can !
also be beneficial, providing the majority
of the precipitation received in the mid-
latitudes and are therefore vital to
activities such as agriculture. The
accurate prediction of these weather
systems is therefore of key importance.” o 1 2 e o 78 9
Lizzie Froude
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Quantifying and understanding marine and land
cryosphere changes

Exploiting satellite observations to constrain Arctic ocean
circulation and global sea-level models

Developing models examining ice and climate
interactions

Setting IPY data into historic and future perspectives
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CRYOSPHERE & POLAR REGIONS

From Polar to ocean to glacier

2006

“The pattern of thinning has both
accelerated and spread inland...i
acceleration continues at its pre
the main trunk of the glacier will

within some 100 years.

Andrew Shepherd




NERC National Centre
for Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL

Unlocking the full potential
of Earth Observation f

www.nceo.ac.uk
InNfo@nceo.ac.uk
+44 (0)118 378 6728



National Centrefor  Theme 6: Dynamic Earth and

Earth Observation

NATURAL ENVIRONMENT RESEARCH COUNCIL G e O h az ard S

Using regional faulting and deformation
modelling to unlock deep activity in
earthquake zones

Volcanic hazard assessment from
deformation, lava, thermal radiation, gas
and particle emission studies

Improving surface deformation
measurements

Realising seismology information from
GPS
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ASSIMILATION

—

Harvesting Earth Observations for computer modelling
through improved Data Assimilation techniques

Creating new data assimilation
techniques for couple, multi-scale Earth
system models

Representing uncertainty in models &
observations

Quantifying the impact of observations
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1. Mathematical

theory and
understanding

2. Development of
- assimilation

algorithms

4. Implementation
In real applications

3. Demonstration
on simple systems
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Efficient nonlinear data
assimilation

DATA ASSIMILATION

—

Traditional and new Particle
Filters techniques applied to
ensemble members.

New Particle Filter applied to
Lorenz 1996 model

.10 L L L L L L L L L
0 100 200 300 400 500 600 700 800 900 1000

“With ever increasing resolution in

numerical models and more advanced
observations the data assimilation problem
IS becoming more and more nonlinear”

Peter Jan van Leeuwen
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DATA ASSIMILATION

M 3

@ Analysis of ozone hole split in September
7 2002 from sparse satellite observations

Dato Assirnilation Research Centre

MIPAS data () E=4 2002
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Supporting the community through

Services provided by
Data acquisition

Pres

NERC's Earl'R'%?Qé’&r\Yation Data Centre
Dissemination
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Over 222 Tb of data « Satellite Data
(A)ATSR Metop AVHRR-3

24 key EO datasets FASIR ESA (A)SAR

ST N 1A

Marine Science

Other

Terrestrial and Fresh Water

Medical/Biological Sciences

Maths/Computing Sciences

Atmosgpheric Chemistry
i — Polar Science

—————=\_parsonal use

Economics

Enginearing

Atmospheric Physics ———y

Serving a diverse
user community

Earth Scignce —

www.neodc.rl.ac.uk
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Data access
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Visualisation

NCEO data visualisation service
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International Space & Innovation Centre at Harwell

“Space is entering a new phase of technical and market
development. Exciting science and commercial opportunities
exist for the UK that demand greater levels of collaboration and
cooperation, nationally and internationally than ever before. By
providing the conditions for innovation and a marketplace for UK
science and technology, ISIC will play a major role in fulfilling
UK ambitions in space.”

Andy Shaw, NCEO
Knowledge Exchange Director
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Centre for Earth Observation Instrumentation

2009-10 developments:
Passive Microwave developments (STFC-RAL with Astrium)
CompAQS UVN compact spectrometer (University of Leicester with
SSTL)
Hollow wave guides for Laser Heterodyne Radiometer (STFC-RAL
with QinetiQ)
GNSS-Reflectometry for measuring sea-surface state (SSTL with
NOC, Universities of Surrey and Bath
Thermal IR detectors and on-board processing (Astrium with Selex
Galileo, STFC-RAL and University of Leicester)

Centre for

et

Instrumentation
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