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Welcome from the RSPSoc, NCEO and CEOI-ST 
Organising Committee 

It is our pleasure to welcome you to the 2015 RSPSoc, 
NCEO and CEOI-ST Joint Annual Conference. The 
conference promises to host a great selection of workshops, 
presentations, exhibitors, networking and social events. 

This year, two separate annual meetings (RSPSoc, NCEO 
and CEOI-ST) have been brought together for the first 
time, with the aim of bringing together the two major 
communities representing Earth observation in the 
UK. The focus of this year’s conference is the European 
Commission and ESA’s Copernicus Programme, with the 
conference theme “Earth Observation in the Sentinel Era”.

This year will be a remarkable year in Earth observation history as two of the Sentinel satellites 
(2 and 3), part of the Copernicus programme, are planned for launch. The RSPSoc, NCEO 
and CEOI-ST annual conference is timely in relation to the Copernicus programme and 
Sentinel series of satellites, allowing the international EO community to learn more about 
the opportunities, data and products from the Sentinels, demonstrate exciting application 
ideas, and share recent advances in methods to process and analyse these datasets. These are 
exciting developments in a year which marks the 50th Anniversary of NERC, and where the 
increasing role of EO within environmental science is to be celebrated. Within the conference 
programme there is a continuous stream of parallel sessions that cover various remote sensing 
topics. There is also a dedicated exhibitor and poster viewing session, which we recommend 
for all to attend. 

This years’ conference is being held by Geography and Environment at the University 
of Southampton, and together with RSPSoc, NCEO and CEOI-ST we welcome you to 
Southampton. We hope that during your stay in Southampton you enjoy the social events and 
get to see all that the city has to offer. 

We would like to thank RSPSoc, NCEO and CEOI-ST for allowing us to bring the conference 
to Southampton, and the sponsors, exhibitors, keynotes and delegates for supporting the 
conference this year. 

We wish you a productive and enjoyable few days in Southampton.

The RSPSoc, NCEO and CEOI-ST Organising Committee
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Welcome from the RSPSoc Chairman  

Welcome to RSPSoc 2015 and the University of Southampton. 
This is a momentous occasion where RSPSoc has teamed up 
with NCEO and CEOI-ST for the first time to co-host the Annual 
Conference of the Remote Sensing and Photogrammetry Society. 
The Conference is the flagship event in the Society’s calendar, and 
is the ideal opportunity to enjoy and engage in academic, business 
and social activities across the week, even more so this year with 
the extended community present in Southampton.

The organising team has worked tirelessly to arrange an 
impressive schedule, with six notable keynote speakers and a 
strong scientific programme. For many, the Conference will 

start with a technical workshop; these are an ideal way of getting to grips with a new or 
fascinating field with some like-minded people who have an interest in remote sensing and 
photogrammetry. Meanwhile, the social calendar boasts events including an ice-breaker at 
the Ageas Bowl cricket stadium and an evening cruise around the Solent, culminating in the 
Annual Dinner and Awards Ceremony at the De Vere Grand Harbour Hotel.

I would like to express my gratitude to the exhibitors and sponsors whose ongoing support 
and presence help to make each Annual Conference a fulfilling experience. I am looking 
forward to a busy and stimulating event in Southampton, and I sincerely hope that you find 
RSPSoc 2015 rewarding, entertaining and motivating.

Don’t forget, on Thursday we have the RSPSoc AGM at 13:45 and on Friday at 13:00 we will 
have Chairman’s half hour where you can provide me with feedback on RSPSoc in an open and 
informal forum– I encourage you all to come along!

Finally, it might be a year away, but I am already working with Stephen Grebby and Doreen 
Boyd on RSPSoc 2016, which is being co-hosted by the British Geological Survey and the 
University of Nottingham – we look forward to welcoming you to Nottingham a year from 
now. If you have any thoughts or suggestions for the event, now is the time to come forward 
and let us know.

Colm Jordan
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Remote Sensing and Photogrammetry Society   

The Remote Sensing and Photogrammetry Society (RSPSoc) is the UK’s leading Society for 
remote sensing and photogrammetry and their application to education, science, research, 
industry, commerce and the public service. As a charity, its remit is to inform and educate 
its members and the public. It supports networking between the University, business and 
government sectors. An international society, RSPSoc is also active in Europe and on the 
world stage.

The RSPSoc gives you access to the world of remote sensing and photogrammetry. The 
Society is involved with:

•	 the co-ordination and promotion of activities in remote sensing and photogrammetry;

•	 relationships and discussion with other related societies;

•	 the encouragement of commercial and government participation in remote sensing  
 and photogrammetry;

•	 supporting education and training at all levels.

The Society fosters links between commercial, industrial, academic and international 
organisations and gives its members wider opportunities to exploit available technology and 
to combine their knowledge and skills. Its activities are relevant to individuals and groups 
interested in the:

•	 application of remote sensing and photogrammetric data to real world problems in  
 design and development of new instrumentation, sensors and platforms for remote  
 observation and measurement;

•	 development of novel techniques and methods for analysing remotely sensed and  
 photogrammetric data;

•	 integration of remotely sensed and photogrammetric data with other spatial data;

•	 development of the commercial market for remote sensing and photogrammetric  
 products and services;

•	 promotion of education in remote sensing and photogrammetry.

A key feature of the RSPSoc is the focus that it provides for the exchange of knowledge and 
expertise in remote sensing and photogrammetry.

The Remote Sensing and Photogrammetry Society is a charity, registered in England and Wales (Charity No. 292647). 
It is an incorporated company (registered in London, number 01436807) and limited by guarantee.

For more information speak to any committee member during the conference, 
or contact: Karen Laughton, The Remote Sensing and Photogrammetry Society, 
c/o Department of Geography, The University of Nottingham, University Park, 
Nottingham, NG7 2RD, United Kingdom

Website: www.rspsoc.org.uk , 
Email: rspsoc@rspsoc.org, Tel: +44 (0)115 951 5435, Fax: +44 (0)115 951 5249
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NERC National Centre for Earth Observation

The National Centre for Earth Observation (NCEO) is a NERC research centre with more 
than 80 scientists distributed across leading UK universities and research organisations 
and led by Professor John Remedies at the University of Leicester. We provide the UK with 
core expertise in Earth Observation science, data sets and merging techniques, and model 
evaluation to underpin Earth System research and the UK’s international contribution to 
environmental science.

Our scientists work strategically with space agencies, play significant roles in mission 
planning, and generate internationally-recognised data products from 20 different satellite 
instruments. Our scientists publish more than 300 research articles every year and contribute 
to major environmental science reports.

We have world-class capabilities in processing and analysing the vast quantities of data 
generated by satellites, aircraft and ground-based instruments to monitor and understand 
global and regional environmental change. Our research centre is unique in Europe in bringing 
together a wide base of Earth Observation (EO) data experts with scientists who model the 
Earth’s system to improve research into current and future environmental conditions.

Our scientists have key expertise in transforming raw data into useful geophysical products 
for cutting-edge science; in confronting models of the Earth’s system with observations to 
improve models; and in combining datasets with models to improve predictions. We have 
dedicated infrastructure for processing and storing data and performing model comparisons.

We act as a champion for the UK scientific community in its use of EO and have strong 
associations with other NERC Centres. Our scientists provide training and access to remote 
sensing instruments on the ground and on aircraft. NCEO staff work with the EO academics, 
engineers, industry and space agencies to plan new satellite missions.

We provide a range of services and facilities to UK scientists, acting as the NERC lead for 
various EO international programmes and for UK research access to observational data 
and new missions. We work closely with the UK Space Agency, the European Space Agency, 
EUMETSAT, meteorological agencies, government departments and business.

Our facilities include the Centre for Environmental Data Archival at the Rutherford Appleton 
Laboratory; NERC EO Data Acquisition and Analysis Service Plymouth and Dundee; and the 
Field Spectroscopy Facility at Edinburgh.

For information contact The Director, National Centre for Earth Observation, 
Michael Atiyah Building, University of Leicester, University Road, Leicester LE1 7RH, 
0116 2522016, or email info@nceo.ac.uk. 
Web: www.nceo.ac.uk. Twitter @NCEOscience.



8

Centre for Earth Observation Instrumentation and 
Space Technology 
With a vision to develop and strengthen UK expertise and capabilities in EO instruments, the 
Centre for EO Instrumentation and Space Technology is helping to position the UK to win 
leading roles in future international space programmes.  Satellite instruments are essential 
tools to improve our understanding of the processes driving the climate, to provide a health 
check and to monitor the changes to the environment in which we live. 

The development of new EO instruments and technologies is the main objective of the 
Centre, including projects carried out by the CEOI-ST partners and those selected through a 
series of Open Calls. These are held around once per year, resulting in participation of many 
industrial and academic groups throughout the UK. In all the CEOI-ST has funded more than 
50 projects, through a series of major developments and through smaller ‘Pathfinder’ projects.  
The CEOI-ST also provides support to project teams through the knowledge exchange 
programme, to identify potential spin-out into non-space applications. In the 7 years since its 
inception the CEOI-ST has made great progress in technology developments and in improving 
the cohesion of the UK EO community.

Challenge Workshops run by the Centre bring together technologists and scientists to identify 
future priorities for Earth observation instrumentation. The CEOI-ST has a close working 
relationship with the National Centre for Earth Observation (NCEO), whose scientists play 
a key role in the success of the Challenge Workshops, resulting in a list of indicative high 
priority national, European and international bilateral EO missions. In total the CEOI-ST has 
held 20 Challenge Workshops and more than 300 scientists and technologists have attended.

The Centre was created in 2007 and is funded by the UK Space Agency and industry, with 
the aim to develop key capabilities through the teaming of scientists and industrialists. The 
CEOI-ST is a partnership led by Airbus DS together with the University of Leicester, STFC/
Rutherford Appleton Laboratory and QinetiQ.

More information is available at www.ceoi.ac.uk, 
or from the CEOI-ST Director:
Mick Johnson, c/o Airbus Defence and Space, 
Gunnels Wood Road, Stevenage, SG1 2AS, UK
Email: mick.johnson@astrium.eads.net 
Tel: +44 (0)1438 774421
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Welcome to Southampton ‘Cruise Capital of Europe’   

Southampton is known as the cruise capital of Europe, hosting over four million visitors a 
year. With impressive cultural tourism attractions including museums, music venues and 
art galleries, to award winning parks and the general hustle and bustle of a diverse city with 
fantastic shopping facilities, Southampton is a fantastic venue for the RSPSoc, NCEO and 
CEOI-ST Joint Annual Conference. 

Southampton is the largest city within Hampshire on the South coast. The award winning 
parks make Southampton the greenest city in Southern England and Southampton Common 
has over 300 acres of flora and fauna for you to enjoy. The New Forest National Park is also a 
stone’s throw away from the city.

Archaeological evidence 
indicates a history of 
human occupation in 
the area dating back 
over many thousands 
of years, including a 
Roman port and, later, 
the Saxon settlement of 
Hamwic. Today, the Old 
Town contains a wealth 
of historical attractions 
including the Bargate 
which was originally built 
as the main gateway to 
the medieval city. The 
Bargate is over 800 years 
old and is a prestigious 
entrance to the Old 
Town, where you will find the third longest stretch of unbroken medieval defensive walling in 
England.  

Southampton has an important aviation and maritime heritage. Henry V marched his troops 
through the Westgate to sail for France and the battle of Agincourt. The Mayflower sailed 
from Southampton taking settlers to the New World of America and the Titanic embarked 
from Southampton on its fateful maiden voyage. Southampton was also home to some of the 
first flying boats, and it is thought that the term ‘air port’ was first used in reference to the city. 
Local resident RJ Mitchell designed the Spitfire with its maiden flight taking off from what 
is now Southampton airport. The port also served as a critical base for American soldiers 
amassing in secret for the D Day landings.

The city has a strong higher education sector, with the University of Southampton and 
Southampton Solent University combined having a student population of over 40,000. The 
University of Southampton, which was founded in 1862 as University College at Highfield, 
received its Royal Charter as a university in 1952. 
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Southampton University / Geography and Environment  

The University of Southampton in a world class research institution, ranked among the top 1% 
of universities worldwide. Students from more than 135 different nations study here and our 
network of university partnerships span the globe.

The university dates back to the founding of the Hartley Institution in 1862. In 1902, the 
Institution became the Hartley University College, with degrees awarded by the University of 
London. On 29 April 1952, the institution was granted a Royal Charter to give the University of 
Southampton full university status. 

Geography and Environment

We are one of the UK’s leading centres for Geography; our state of the art facilities and 
thriving research culture support our students and staff in tackling some of the key challenges 
affecting our world.

•	 The Complete University Guide ranks us joint 13th for 2016, a significant rise of 8 places.

•	 The quality of our research 
places us 11th amongst other UK 
Geography departments (REF 2014)

•	  We are top 5 in the UK for our 
research outputs (REF 2014)

•	 Our overall student satisfaction 
is at 92%, rising for the 4th 
consecutive year (NSS 2015)

In 2014 Geography and Environment 
celebrated its 100 year anniversary. 
Since 1914, our courses have covered 
all aspects of geography, combining 
our distinctive blend of theory and 
application to make our graduates 
among the most employable in the 
country. Many alumni will recall our 
innovative approach to teaching 
that has characterised Geography 
at Southampton, exemplified by our 
field course to Arolla in Switzerland 
which is now in its   46th year.
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Global Environmental Change and Earth Observation Research Group (GECEO)

The Global Environmental Change and Earth Observation research group focuses on the 
development and application of models and algorithms for retrieving information from earth 
observation data from airborne and satellite platforms, field instrumentation and surveys. 
We also develop geographical information systems (GIS) and computational models that 
represent global-change impacts on society and natural resources at multiple spatial scales. 
We have strong geocomputational and technical skills and work closely with the Institute of 
Complex Systems Simulation.

We apply our research to environmental management and policy-decision support and have 
research projects in Europe, the US, South America, Africa and Asia. Our use of geospatial 
technologies for public health and environmental applications is closely allied to the agendas 
of development programmes and international charitable foundations.  We lead the UK 
element of the prestigious Erasmus Mundus international Masters Programme, which brings 
students from around the world to study remote-sensing and geospatial techniques.
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Conference Venue 

The conference is being held at 
the main Highfield Campus of 
the University of Southampton. 
The main exhibition centre is 
located within Garden Court 
and the adjacent marquee, where 
registration, lunch, tea and coffee 
breaks exhibitors and poster 
sessions will all be held. 

The sessions will be held in three 
venues, Building 2: Arts Annex, 
Building 6: Nuffield Theatre and 
Building 32: EEE. The session 
buildings are no more than a few 
minutes’ walk from the central 
location of Garden Court.  

For delegates residing at the 
Glen Eyre halls of residence, 
this is located 5 -10 minutes’ 
walk away from Highfield 
campus. 

For the social events, 
coaches will be provided for 
all delegates, departing from 
the Highfield Interchange 
and will return to campus 
and the end of the evening.
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Delegate Information
Registration
Delegate registration will be located within the entrance to Garden Court. Registration will be 
open between the following times:

08:00 – 17.00: Tuesday 8th September
08:00 – 17:00: Wednesday 9th September
08:00 – 17:00: Thursday 10th September
08:00 – 12:00 Friday 11th September

All enquiries should be made via the Registration desk where staff will be available to assist you.

Exhibition
The exhibitors are located within the marquee outside Garden Court on the main Highfield 
Campus. Lunch, tea and coffee breaks and the poster session will also taking place within 
Garden Court and the marquee. The exhibition hall is open between 9:00 and 17:00 from 
Wednesday 9th to Friday 10Th September.

Opening of the Conference
The conference will be officially opened on Wednesday 9th September by Professor 
Judith Petts, CBE, the Pro Vice Chancellor of Research and Enterprise. 

Professor Judith Petts has been a consultant and policy advisor for 
the Environment Agency, Department of Health, Health and Safety 
Executive, BIS, DEFRA, DECC, and government committees. This includes 
participation in the Council of the Natural Environment Research Council 
(2000-6) and the Royal Commission on Environmental Pollution (2005-
11). She is a currently a member of DEFRA’s Science Advisory Council 

and co-chairs the BIS Sciencewise Steering Group. She was awarded a CBE for services to 
scientific research in 2012.

Professor Petts was previously Dean of the Faculty of Social, Human and Mathematical 
Sciences, and she still holds the Chair in Environmental Risk Management within Geography 
and Environment.

Sessions
Sessions are to be held in Building 2A: Arts Annex, Building 6: Nuffield Theatre and Building 
32: EEE. The campus maps indicate the locations of each session. All keynote presentations 
will be within Building 32: EEE. Please see the full programme for the room numbers. All 
lecture theatres will be sign posted and staff will be available to guide you around campus.

Oral presentation upload
Delegates are asked to ensure that their presentation is uploaded to a USB stick, and on the 
morning of your assigned session uploaded to the laptop at the registration desk.  Please 
ensure that the presentation is uploaded correctly to the computer in their assigned session 
before the session starts. 
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Poster Sessions
The poster sessions will be held in the marquee and Garden Court. Posters are to be mounted 
on the display boards on the morning of Wednesday 9th September ahead of the dedicated 
poster session. There will be a drinks reception at the poster session on Wednesday which is 
sponsored by NCEO.

All posters have been assigned to a theme and you are asked to mount posters within the 
appropriate section. A member of the conference team will be available to help assist 
delegates with their posters. All posters must be removed by 14.00 on Friday 11th. Any posters 
not removed by this time will be removed by conference staff.  

Catering
Delegates staying within the Glen Eyre university halls of residence are to have their breakfast 
at Garden Court. Breakfast will be served between 7.30 and 8.30 am.  

All conference lunches and tea breaks are to be provided at Garden Court and the marquee. 
Please inform staff of any special dietary requirements if you have not already done so.

Delegates that are attending the evening social events will have catering provided. Delegates 
that are not attending the social events can purchase food at the Students Union, in 
Portswood or Southampton City Centre, where there are a variety of restaurants and pubs 
available.

Accommodation
Delegates that are staying within the Glen Eyre Halls of Residence are asked to report to Glen 
Eyre reception on arrival. Please note that check in on Monday is after 3pm. Check in from 
Tuesday onwards is available at all times. Car parking is available at Glenn Eyre, this is on a 
first come first serve basis. Car parking passes are avialble. If you do not have a car parking pass 
please go to the conference registration desk at Garden Court and inform a member of staff. 
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Internet Access
Delegates attending from academic institutions in the UK are able to use the Eduroam 
network to connect to the internet. If you do not have access to this service please go to the 
conference registration desk and request a guest log in for the university network. 

Conference Helpers 

Conference staff will be available throughout the conference. There will be one member of 
staff available at each session to assist the speakers and session chair. A member of staff will 
be located at the registration desk between 8:00 and 17:00 every day. If you have any questions 
please ask a member of staff or email the conference team at RSPSoc2015@soton.ac.uk 

Delegate badges
Delegates are asked to wear their delegate badges at all times during the conference. 

Banking Facilities
The closest ATM facilities are located outside the SUSU shop.  At the top of Highfield campus 
on Burgess Road there is also a Post Office, Santander, Lloyds Bank, and Barclays with ATM 
facilities. Portswood and Southampton City Centre also have branches of the majority of the 
main UK banks.  

Parking
There is limited car parking available at Glen Eyre and at Highfield campus. If you require a car 
parking permit please inform a member of staff at the registration desk. Please complete the 
pass with your details and place on the dash board of your vehicle.  Please note parking is on a 
fist come first served basis and is not guaranteed. 

There is a Pay and Display Car Park at Highfield, but visitors should be aware that it fills up 
early in the day and space is on a first come first served basis. The car park is next to building 
32. Please see the included Highfield campus map for location.  

Car Park charges are:

Up to 1 hour £1

Up to 2 hours £2

Up to 3 hours £3

Up to 4 hours £4

Up to 5 hours £5

Up to 6 hours £6

Up to 7 hours £7

More than 7 hours £8

Twitter and Facebook
Users of twitter can follow the conference twitter account @RSPSoc2015 and make 
comments using the hashtag #RSPSoc2015. For Facebook, please post on the conference page 
at www.facebook.com/RSPSoc2015
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Luggage
If you require luggage to be stored during the conference, please ask a member of staff at the 
registration desk.  

Conference transport
Transport is being provided from the conference to the social events for all delegates, these 
are to depart from the Highfield interchange. 

Local Transport
Transport to the University of Southampton (UoS):

Southampton International Airport and Southampton Airport Parkway (Southampton, 
Hampshire SO18 2NL)

Trains operate between Southampton Airport Parkway and Southampton Central every 10-15 
minutes. Alternatively, taxi’s are available at the airport. It is approximately 2.2 miles to the 
Highfield campus of UoS and 4.5 miles to the centre of Southampton.

Southampton Central Railway Station, Blechynden Terrace, Southampton, SO15 1AL (City 
Centre Train Station)

Trains operate between London Waterloo and Southampton Central every 15 minutes and 
take approximately 1.5hours.

Local transport links:

The Unilink bus service operates throughout the city and stops at the University of 
Southampton buildings and Southampton Airport.

Taxi Services:

Radio Taxi’s : 02380 666666

West Quay Cars : 02380 999999
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Social Events 
Icebreaker Reception

Tuesday 8th September

Venue Location: The Ageas Bowl, Botley Road, West End, Southampton, Hampshire, SO30 3XH

Time: 18.00 – 22.00 

Delegates are invited to attend the ice 
breaker reception at the Ageas Bowl on 
Tuesday 8th September. The reception 
will be catered with a drinks reception 
and canapés on arrival. 

The event includes an optional tour 
of the Ageas Bowl reflecting on the 
history of the stadium and cricket in 
Hampshire. The tour will be split into 
two groups, the first beginning at 18.30 
and the second at 19.00.

Taylor and Francis Presentation
Taylor and Francis will be giving a presentation following the tours entitled:

‘Publishing in Academic Journals: Tips to help you succeed’ by Dr Andrew Kelly, 
Managing Editor, Taylor & Francis

Abstract: In this short talk, Andrew will provide some useful information to help you 
understand the publishing process, from choosing an appropriate article type; to selecting 
the right journal; preparing your paper, “publishing dos and don’ts”; and navigating the peer-
review process. Andrew will mention some ‘tips’ to give you the best possible chance of having 
your article accepted, as well as the top-10 reasons for rejection. Finally, Andrew will look at 
ways in which you can maximise the impact of your paper once it has published, including 
using social media and Altmetrics to promote your work.

Transport:

We ask all delegates to wait at the Highfield Interchange for coaches to the Ageas Bowl. 
Coaches will be leaving the University at 17.00. 

The return coaches will be leaving the Ageas Bowl to return to theuniversity in stages. Further 
information will be given at the event.  
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Social Event
Evening Cruise

Wednesday 9th September

Venue Location: Blue Funnel 
Cruises, Ferry House, Ocean Village, 
Ocean Way, Southampton, SO14 3FJ

Time: 19.00 – 22.00

Delegates are invited to attend the 
evening cruise around the Solent 
on Wednesday 9th September. The 
reception will be 
catered for with a 
buffet.

The cruise will begin 
at the Southampton 
docks and will sail 
down the Solent 
taking in the views of 
the coast and the city. 
This will be a great 
networking event 
for all delegates and 
a chance to discuss 
the first day of the 
conference.

Transport:

We ask all delegates 
to wait at the 
Highfield Interchange 
for coaches. Coaches 
will be leaving the 
University at 18.00 to 
arrive at the docks. 

The cruise will end 
at 22.00 and coaches 
will be provided 
to return to the 
University. 
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Social Event
Taylor and Francis Reception and Annual Conference Awards Dinner 

Thursday 10th September

Venue Location:  De Vere Grand Harbour Hotel, West Quay Road, Southampton, Hampshire, 
SO15 1AG

Time: 19.30 – 12.00 Midnight 

Sponsor: Taylor and Francis 

The RSPSoc Annual 
Conference Awards Dinner 
is being held at the De Vere 
Grand Harbour Hotel. 

On arrival there will be a 
drinks reception sponsored 
by Taylor and Francis.

The night will be memorable 
with event with the RSPSoc 
Annual Awards commencing 
at 8pm. The Cordicella 
String Trio will be playing 
throughout the dinner, and 
following the RSPSoc Aards 
Dinner Tradition, we have 
arranged for a barn dance 
with the Cottage Industry 
group.

Transport:

We ask all delegates to wait 
at the Highfield Interchange 
for coaches. Coaches will 
be leaving the university at 
19.00 to arrive at the De Vere 
Hotel. 

The return coaches will be leaving the De Vere to return to the university in stages. Further 
information will be given at the event.  
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RSPSoc Annual Awards
The RSPSoc Award
For ‘services to Remote Sensing and/or Photogrammetry’ through 
sustained and distinguished contributions to furthering the science 
and applications which use remote sensing or photogrammetry. The 
terms of the award state that it is “to be awarded on an occasional basis 
and never more than once in any year”. This award consists of a suitably 
inscribed Gold Medal and Honorary Membership of the Society for Life. 

Awarded to:  Professor David Bowers.   For services to remote sensing.

The Len Curtis Award
For an outstanding technical paper published in the International Journal of Remote Sensing 
(IJRS) during the preceding calendar year.   It consists of a certificate and books to the value 
of £200 sponsored by Taylor and Francis.  Nominations are considered by the Awards & 
Professional Standards Committee, and the award is confirmed by Council. 

Awarded to: Tae-Sung Kim, Kyung-Ae Park, Xiaofeng Li and Sungwook Hong (2014) 
for the paper: “SAR-derived wind fields at the coastal region in the East/Japan Sea and 
relation to coastal upwelling”,  International Journal of Remote Sensing, 35:11-12, pp. 
3947-3965.

The Taylor and Francis Remote Sensing Letters Award 
Awarded for the best letter published in the Remote 
Sensing Letters publication during the previous 
calendar year. The award winner receives a certificate 
and one year’s free subscription to the IJRS/RSL or a 
£100 book token. The award is sponsored by Taylor and Francis.   Nominations are considered 
by the Awards & Professional Standards Committee, and the award is confirmed by Council.

Awarded to: Zhenfeng Shao, Yingjie Tian and Xiaole Shen  for their Letter: “BASI: a new 
index to extract built-up areas from high-resolution remote sensing images by visual 
attention model”, Remote Sensing Letters (2014), 5:4, 305-314.

E H Thompson Award
Awarded to the author(s) of the paper in The Photogrammetric Record (TPR) which most 
merits the award.  The award will be made primarily for the originality of the content and the 
value of the paper to photogrammetry.  It will be made from all those eligible papers published 
in the one-year period up to and including April of the year in which the award is to be made.  
The award usually  takes the form of a certificate and £100.  Nominations are considered by 
the Awards and Professional Standards Committee, and the award is confirmed by Council.
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Awarded to: Rafael Caduff  and Dirk Rieke-Zapp  for their paper: “ Registration and 
visualisation of deformation maps from terrestrial radar interferometry using 
photogrammetry and structure from motion”, The Photogrammetric Record  (2014) 29: 
146, pp 167–186.

The Student Awards
The Society makes two student awards annually for the best Doctoral and Masters Theses, 
on the subjects of remote sensing and/or photogrammetry, accepted by a university during 
the previous calendar year.  The submission of the theses should be made by the student’s 
supervisor, who is required to write a supporting letter.  The thesis should be 
submitted in a softcopy format where possible. 

The Doctoral award is restricted to student members of the Society, and 
the award comprises a certificate and £500.  The Masters award is open to 
any student who submits a thesis on the subject of remote sensing and/or photogrammetry, 
and the award comprises a certificate and £250.  Non-members to be given one year’s 
concessionary membership of the Society.  Usually sponsored by Leica Geosystems.

This year’s winners are:

PhD Award

Dr Robin Wilson (University of Southampton) for: “Developing a novel method to 
retrieve high spatial resolution Aerosol Optical Thickness (AOT) from satellite data”.

MSc Award

Mr Andrew MacLachlan (University of Southampton) for: “An assessment of 
earthquake vulnerabilities in Kathmandu, Nepal, for identification of optimal 
immediate aid sites”.

President’s Prize 2014
Awarded for the best oral presentation, not including keynote addresses or invited lectures, 
made at the Society’s Annual Conference.   The award is determined by a combination of a 
secret ballot of conference attendees and chairs of the sessions at the annual conference.  
The award is sponsored by the Society and consists of a certificate and the engraving of the 
winner’s name on the President’s Cup trophy.  The President’s Cup was awarded at RSPSoc 
2014 – New Sensors for a Changing World –  to:

X Wan, J Liu and H Yan for the presentation: “Vision-based UAV navigation based on 
illumination-insensitive image matching”.
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Poster Paper Award 2014 

 For the best poster paper displayed at the Annual Conference of the Society as judged by the 
Awards and Professional Standards Committee.  The awards consist of a main award and up to 
two runner-up merit awards.   The award takes the form of a certificate and cheques for £100 
(main award) and £25 (runner-up merit award). Sponsored by the Society, and usually EXELIS 
and Whittles publishing.

The following were awarded at RSPSoc2014 –  New Sensors for a Changing World:

Main Award (£100): M Black, P Casanovas, P Convey and P Fretwell: “High resolution 
mapping of Antarctic vegetation communities using airborne hyperspectral data”.

Merit Award (£25):  T Warner: “On the relationships between first and second order 
image textures”.

Merit Award (£25):  M Gibson, A Rowan, N Glasser, D Quincey and T Irvine-Fynn: 
“Himalayan glacier debris cover from remote sensing and fieldwork”. 
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Sponsors of the RSPSoc, NCEO and CEOI-ST 
Conference 2015
Conference Sponsor:

 

Awards Drinks Reception Sponsor:

 

Conference Bag Sponsors:

 



Pioneering the future together
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Pioneering the future together

Throughout 2015 Taylor & Francis are pleased 
to offer members of the Remote Sensing 
and Photogrammetry Society (RSPSoc) 
the opportunity to publish their paper fully and 
permanently Open Access online in International 
Journal of Remote Sensing (IJRS) or Remote 
Sensing Letters (RSL) for a reduced article 
publishing charge (APC) of £485 / €667 / $800. 

This offer represents a discount of over 72% on 
the standard Open Access APC and represents 
a great opportunity for RSPSoc members. This 
APC is lower than any other major remote sensing 
journal, including fully Open Access journals.

To find out more, please visit our landing page at:  
explore.tandfonline.com/content/est/rspsoc  

Publish your  
Remote Sensing 
research Open Access 
with Taylor & Francis and the RSPSoc

If you’re not a member of the 
RSPSoc, don’t worry. You 
can visit the RSPSoc website 
today at: www.rspsoc.org.uk 
and become a member of the 
society today to be eligible for 
this Open Access discount.

SAVE 
OVER
72% 

ON THE STANDARD  
OPEN ACCESS  

APC
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The UltraCam Eagle ultra-large format camera system is the only photogrammetric 
digital aerial sensor that features a user-exchangeable lens system. From national 
mapping to urban data collections to engineering surveys, a single UltraCam 
equipped with multiple lens systems gets the job done. 

• UltraCam Eagle can be used for a large variety of applications of varying altitudes 
• On-site exchange by trained personnel 
• No recalibration required after lens exchange 
• Photogrammetric grade accuracy maintained even after multiple lens exchanges

UltraMap Subscription Plan – Cost-effective, just-in-time UltraMap processing

Microsoft is now offering a fl exible subscription plan for its UltraMap photogrammetric work-
fl ow software. UltraMap allows rapid generation of quality data products from an UltraCam fl ight. 
The UltraMap subscription plan offers licensing UltraMap modules literally on a monthly basis.

Microsoft UltraCam Group   |   Vexcel Imaging GmbH   |   Anzengrubergasse 8, 8010 Graz, AUSTRIA
www.iFlyUltraCam.com   |   mpsinfo@microsoft.com

For sample imagery and subscription pricing, contact the UltraCam sales rep for your region 
www.iFlyUltraCam.com/contacts

© 2014 Microsoft Corporation. All rights reserved. Microsoft, UltraMap, UltraCam, UltraNav and UltraMount
are either registered trademarks or trademarks of Microsoft Corporation in the United States and/or other countries.

80mm 
PAN focal length - 

when lowest possible 
fl ight altitude 

is required

100mm 
PAN focal length - 
when lean at the 
image edges is a 

determining criteria

210mm 
PAN focal length -
for high altitude 

ortho image 
collection
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Microsoft is now offering a fl exible subscription plan for its UltraMap photogrammetric work-
fl ow software. UltraMap allows rapid generation of quality data products from an UltraCam fl ight. 
The UltraMap subscription plan offers licensing UltraMap modules literally on a monthly basis.
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Effi ciency through Flexibility
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Photogrammetric grade accuracy maintained even after multiple lens exchangesPhotogrammetric grade accuracy maintained even after multiple lens exchangesPhotogrammetric grade accuracy

80mm

©
 se

ka
rb

 - 
Fo

to
lia

.c
om

Effi ciency through Flexibility

26



SUPPORTING DIGITAL 
INNOVATION IN THE 
GEOSPATIAL ARENA

Working on something innovative in  
the spatial world?  

The OS External Research Programme 
could provide you or your students with 
typical awards of up to:
• £1k for an MSc.
• £10k for an individual PhD.
• £100k for post doctoral research.
 

What support do we offer you?
• A central point for help and support at: 

universityenquiries@os.uk
• Data supply through EDINA’s Digimap 

service.
• Additional data products and  

third-party access.
• Student summer placement schemes.

A place on the Geovation Programme and £20k funding! 
Enter at: geovation.uk/challengeWIN 

Learn more at: os.uk/research

The UltraCam Eagle ultra-large format camera system is the only photogrammetric 
digital aerial sensor that features a user-exchangeable lens system. From national 
mapping to urban data collections to engineering surveys, a single UltraCam 
equipped with multiple lens systems gets the job done. 
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UltraMap Subscription Plan – Cost-effective, just-in-time UltraMap processing

Microsoft is now offering a fl exible subscription plan for its UltraMap photogrammetric work-
fl ow software. UltraMap allows rapid generation of quality data products from an UltraCam fl ight. 
The UltraMap subscription plan offers licensing UltraMap modules literally on a monthly basis.

Microsoft UltraCam Group   |   Vexcel Imaging GmbH   |   Anzengrubergasse 8, 8010 Graz, AUSTRIA
www.iFlyUltraCam.com   |   mpsinfo@microsoft.com

For sample imagery and subscription pricing, contact the UltraCam sales rep for your region 
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Exhibitors 
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Exhibition Plan – Marquee
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Workshops and Annual Meetings
The workshops and meetings will run as parallel sessions on Tuesday 8th September, prior to 
the opening of the conference. 

Workshops

Geological Remote Sensing Special Interest Group – 10:00 – 16:30 

Nuffield Theatre - Lecture Theature B (1081)

The GRSG are hosting a workshop using ENVI software 
and datasets focusing on the recent disaster in Nepal. 
The earthquake led to many landslides which of course 
led to the destruction of homes and infrastructure. 

Please bring a laptop to this workshop. 

The challenge: To find elements at risk from Landslides in Nepal.

Data: High resolution optical imagery (hopefully before and after the earthquake from Digital 
Globe) and terrain models

Software: ENVI and in particular the feature extraction tool

The main ideas are that the feature extraction tool in ENVI can be used to identify houses, 
roads etc. These can then be combined with relief from the DEM to understand which are at 
risk. A comparison with post event imagery might be used to assess the quality of the map 
produced in the first step

Programme:

10:00 – 12:00: Introduction to task,

10:30 – 10.45: Installation of software

10:45  – 12.15: Training on how to use ENVI Feature Extraction

12:15 – 13.30: Lunch

13:30 – 15.30: Work on the task

15:30 – 16.30: Wrap up

For further information regarding the GRSG workshop please contact Luke Bateson at lbateson@bgs.ac.uk
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Land Cover Land Use Special Interest Group – 14:00 -16:00

Nuffield Theatre - Lecture Theature C (1083)

The Land Cover Land Use SIG will host an open workshop / brain storming session focused 
on the Copernicus Land Services (http://land.copernicus.eu/). 

The session will include some short presentations, opportunities to examine some real data 
and plenty of time for discussion. 

For further information please contact Geoff Smith at geoffsmith@specto-natura.co.uk

3D Laser Mapping Workshop  ‘Terrestrial Laser Scanning – Making the most of 
Waveform’  – 13.00 – 15.00

Shackleton Building 44 – Room 1061 (PC Suite)

Main goal of the workshop is to show principle and basis of 
an online waveform digitising in RIEGL Terrestrial Laser 
Scanners. It will be done in a form of short presentation, 
exercises and final discussion. Online wave form digitising has 
many advantages in different areas of application which will be 
shortly described.

It is planned that about half of the workshop will be devoted to practical cases using RIEGL’s 
hardware- V-Line Laser Scanners and software- RiSCAN PRO.

The following topic will be evaluated:

•	 Introductions to RIEGL VZ-Line Laser Scanners with Online Waveform Processing

•	 Calibrated reflectance/amplitude

•	 Reflectance & Deviation filter

•	 Multi Target Capability

•	 Comparison between discrete return and waveform sensors
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Annual Meetings

Conservation and Indigenous Communities (ConICom) SIG Meeting – 15.00 – 17.00 

Nuffield Theatre - Lecture Theature F (1129)

Please contact Christopher Lavers at christopher.lavers@plymouth.ac.uk or RSPSoc2015@soton.ac.uk

NCEO Meeting: Divisional Directors and Capability Leaders – 12.00 onwards 

Nuffield Theatre - Lecture Theature A (1077)

Please contact Jan Fillingham at jan.fillingham@nceo.ac.uk

UKSpace EO Committee Meeting – 14.00-17.00

EEE Building 32 – 3077 (Meeting room)

Please contact Mick Johnson at mick.johnson@astrium.eads.net

TLSIIG Forum

Thursday 10th September 2.00-2.45pm

Arts Annex Building 2A - Lecture Theatre J (2077) 

The Terrestrial Laser Scanner International Interest Group (TLSIIG) is an informal network 
of researchers with a common interest in the technology and applications of terrestrial laser 
scanning (TLS) in the environmental and ecological sciences. The group was formed at the 
2012 SilviLaser conference in Vancouver, Canada, and is spearheaded by Professor Alan 
Strahler from Boston University, US. In 2013 the group conducted a ground-breaking TLS 
inter-comparison study at forest test sites near Brisbane, Australia, and this was followed by 
a workshop with field excursions based at the University of Salford, UK, in 2014. In 2015 the 
US National Science Foundation funded a Research Collaboration Network based around 
TLSIIG and this RSPSoc Forum forms part of the effort to disseminate the activities of the 
group. Professors Crystal Schaaf (University of Massachusetts Boston) and Mark Danson 
(University of Salford) will introduce TLSIIG, highlight some of the key outputs to date, and 
invite participants to contribute to the network of activities. All delegates are welcome. More 
information on TLSIIG may be found at:  http://tlsiig.bu.edu/
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Keynote Speakers
Wednesday 9th September 9.00 
EEE Building 32 –Lecture Theatre 1015
Professor John Remedios,  Head and Professor of Earth Observation 
Science (EOS), Department of Physics and Astronomy. Director of the 
National Centre for Earth Observation, University of Leicester

Professor John Remedios is Director of the National Centre for Earth Observation, hosted 
within the Earth Observation Science group at the University of Leicester. He is a Physicist but 
works closely with colleagues across the disciplines of Chemistry, Geography and Biology. His 
particular experience is in satellite data for observing the Earth: climate, air pollution, ocean 
temperatures, land-atmosphere coupling. He is Principal Investigator for the Along Track 
Scanning Radiometers (ATSRs) and plays major roles in a number of other satellite missions. He 
has also helped to develop instrument concepts for new satellite missions. He has recently been 
involved as a core group member and lead author on the Royal Society’s project on “Observing 
the Earth - Expert views on environmental observation for the UK” which was published in 
summer 2015.

Professor Remedios has been involved for a considerable time in advising the UK Space Agency 
and the European Space Agency. He has been an expert adviser to ESA through ESA’s Earth 
Sciences Advisory Committee and Future Technology Panel. He has also chaired the UK Space 
Agency Earth Observation Advisory Committee and EO Mission Advisory Group. He is working 
closely with Defra on Copernicus and GEO.

Professor Remedios has worked with a range of industrialists. Many of his projects 
involve collaborations with businesses throughout the space supply chain, including large 
multinationals and small businesses. He has worked with the Centre for Earth Observation 
Instrumentation (CEOI), including challenge reports on EO technology for the UK, co-
ordinating the multi-University CEOI training programme, and also participation in CEOI 
projects. He has been a Director of G-STEP at Leicester working with a range of businesses in the 
downstream market. Most recently, he has worked within the UK Space industry’s Innovation 
and Growth Strategy Board developing its report to government. He therefore has high level 
experience of some of the needs of industry for the future, including trained graduates.

Building on the successes of Earth Observation science in the UK

Abstract: The UK has enjoyed considerable successes in the last decade. Scientific discoveries have 
focussed attention on climate and environmental change.  Research missions through ESA have led 
to the Copernicus programme. New implementations of technology have advanced surveying and 
mapping from ground-based, UAV and aircraft platforms. Our achievements as a community need to 
be understood, promoted and shown to be of value. This talk will highlight some of the most significant 
research and technology developments and use them to illustrate the opportunities that are available 
to the community. Future developments will be set in the context of  EO Centres such as NCEO, the 
Royal Society report on Environmental Observations, the Copernicus programme and the new ESA 
strategy for Science and Society. Suggestions will be made on strategies for demonstrating the value of 
Earth Observations; the purpose is to encourage a debate on how we identify and progress the best of 
the science and technology whilst demonstrating its real impact on society in quantifiable terms. 
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Wednesday 9th September 14.00 
EEE Building 32 –Lecture Theatre 1015
Dr Frederic Baret 
INRA-EMMAH/ UMT CAPTE, Avignon, France
baret@avignon.inra.fr

F. Baret received a PhD in the use of Remote sensing for crop monitoring in 
1986. He is currently research Director at INRA, leading the remote sensing 
team. He coordinated several National and European projects. He is involved 
in the development of radiative transfer models at several scales (soil, leaf, 
canopy) and their use for the retrieval of biophysical variables. He developed 
retrieval algorithms (CYCLOPES, GEOV1, GEOV2, GEOV3) from satellite 
and airborne sensors as well as close range remote sensing. He is deeply 
involved in the validation of remote sensing products and chaired the CEOS/

LPV working group. He recently expanded his activity on high throughput phenotyping with 
the development of measurement systems as well as interpretation methods. He is in charge 
of the development of phenotyping methods in field conditions within the PHENOME 
project. He authored more than 190 research papers (h=46 from WoK).

How to optimally exploit S2 for agriculture and environment monitoring

Abstract: The S2 mission is expected to provide both the spatial and temporal sampling required for 
decision making at the local to regional scales for resource management and environmental issues. The 
current approaches are mainly based on indicators built with simple vegetation indices or estimates of 
some biophysical variables such as the green area index, the Green Fraction, the fraction of radiation 
intercepted by the canopy or the chlorophyll and water contents. The limits of the current techniques 
to derive the biophysical variables considered are first illustrated. Specific approaches as opposed to 
the currently used generic approaches are expected to improve the accuracy or the retrievals.

Nevertheless, the information derived from reflectance observations is limited. It should be augmented 
by other available sources of information that may be integrated within models describing the 
functioning of the vegetation, thus its dynamics. Such models that will be called Dynamic Specific 
Vegetation Model (DSVM) have been developed in particular for agriculture applications. However, the 
need to integrate remote sensing observations was not explicitly considered, resulting in a mismatch 
between key biophysical variables simulated by the model and the corresponding variables derived 
from satellite observations. Improvement along these lines requires maturing DSVMs in order to 
describe canopy architecture and its dynamics in a more realistic way, and to simulate the dynamics of 
chlorophyll and water contents as well. High-throughput field phenotyping, although mostly dedicated 
to plant breeding, is envisioned to provide the information required to improve the DSVMs as well as the 
techniques for retrieving the biophysical variables considered. This is illustrated by few examples. 
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Thursday 10th September 9.00
EEE Building 32 –Lecture Theatre 1015
Beth Greenaway 
Head of Earth Observation
UK Space Agency

Beth Greenaway has recently been appointed Head of Earth Observation 
at the UK Space Agency. She will lead a new team to implement the UK EO 
strategy aimed at making the UK a global leader in EO. She took up this 
post in mid-March 2015, having established and led the Space for Smarter 
Government programme – a major national programme to change the 
culture across the public sector towards space enabled services, thereby 
driving growth in the sector and a realisation of the benefits of investments 
in Copernicus, Galileo and other programmes.

Beth joined the UK’s Department of Environment Food and Rural Affairs (Defra) in 2001 to 
manage the Flood Risk Management Research Programme. She then led the production of the 
UK Government’s first assessment of the ‘State of the Seas, Charting Progress’ and in 2005 
she launched two major public sector partnerships: The Marine Climate Impact Partnership 
(MCCIP) and the Marine Data and Information Partnership (MDIP now MEDIN) to initiate 
change, address long standing issues with data stewardship and transfer knowledge to policy. 
On secondment, from Defra, to Living with Environmental Change (LWEC) Beth led the 
team and 18 partners to implement the UK Environmental Observation Framework. The 
UK-EOF covers all observations from butterfly counts to satellites and is seen as a model for 
other nations. It was in that capacity that she led the UK delegation to GEO and drove the 
production of the Data Sharing Action Plan through the GEO Data Sharing Working Group on 
behalf of the UK.

The road ahead for Earth Observation  

Abstract: It is an exciting and unprecedented time for Earth Observations in the UK, in Europe and 
worldwide. After 10 years in the planning earth monitoring programmes such as Copernicus are taking 
shape. The data is beginning to flow and the public and private sector are waking up to the potential 
opportunities this will provide the economy and society. 

Beth will highlight the UK Space Agency role in the stimulation of growth of the earth observation 
sector spanning science, technology development, missions, data and ground segment infrastructure 
through to the end user applications for space enabled services. She will outline the major activities on 
the horizon and how the new consolidated EO team in the Agency will provide a focal point for realising 
the vast potential of satellite earth observation data and how the Space for Smarter Government 
Programme is helping to coordinate UK Government use of EO.   
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Thursday 10th September 14.45
EEE Building 32 –Lecture Theatre 1015
Prof. Stephen Briggs 
Senior Adviser, Earth Observation, ESA. 
ESA/ECSAT, Harwell 

Stephen is currently Senior Adviser in the Directorate of Earth Observation 
Programmes, ESA, with responsibility for future EO strategy and advice 
on, particularly, relations to external bodies. He is, since 2014, Chairman of 
the Global Climate Observing System (GCOS) Steering Committee. He has 
been involved in the development of GEO since its inception in 2003 and 
is currently Chair of the Global Forest Observations Initiative of GEO. He 
is also vice-Chair of the Strategic Implementation Team of CEOS, and is ad 

hominem Senior Adviser to the Chinese National Remote Sensing Programme 

Prior to his current role he has been (2010-2013) Head of the EO Programmes and 
Coordination Office of ESA, and (2000-2010) Head of the Department of Earth Observation 
Science, Applications & Future Technologies where he was responsible for the exploitation 
of ESA EO missions (for science, public sector, including Copernicus, and commercial 
applications), future EO technologies programme, studies relating to future missions and 
interface between ESA’s EO missions with user communities. 

He is a Visiting Professor in the Department of Meteorology, University of Reading. 

The Role of Satellites in Climate Observations 

Abstract: The last twenty years has seen the development of a Global Climate Observing System 
(GCOS) to define, advocate for and organise data to support the Essential Climate Variables (ECVs) for 
understanding and monitoring climate. Of the 50 ECVs, about half are derived only from satellite data 
while of the remainder a majority have a significant input from satellites. The presentation will discuss 
the role satellites can play in providing climate data and provide examples of their unique contribution. 

Friday 11th September 9.00
EEE Building 32 –Lecture Theatre 1015
Professor Jan-Peter Muller
Head, Imaging Group
Mullard Space Science Laboratory,Department of Space & Climate Physics
University College London, Holmbury St Mary, Surrey RH5 6NT
j.muller@ucl.ac.uk      http://www.ucl.ac.uk/mssl/imaging/people/jpm

Jan-Peter Muller is Professor of Image Understanding and Remote Sensing 
and Head of the Imaging Group at Mullard Space Science Laboratory, the 
largest university-based space and climate physics department in the UK, 
which itself is part of University College London (UCL). MSSL is nestled 
in the Surrey hills some 35 miles due South of the main UCL campus in 
Bloomsbury, London. He obtained his first degree in Physics at the University 
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of Sheffield in 1976 followed by a MSc in Atmospheric Physics & Dynamics from Imperial 
College in 1977 and a PhD in Planetary Meteorology from UCL in 1982. After spending a year 
as an IBM research fellow, he began his academic career in 1985 in the former Department of 
Geomatic Engineering at UCL. In 2006, he moved to MSSL. He has published over 120 peer 
review papers (including 4 in Nature and 7 in Science), more than 500 conference papers 
and contributed to 5 books. Winner of numerous awards (including BCS, BMA, Melia, NASA 
distinguished achievements for MISR, MODIS and MSL Curiosity), he is currently leading the 
land component of the EU-FP7 QA4ECV project as well as leading the EU-FP7 iMars project 
on automated and citizen science analysis of change on the Martian surface. He previously 
led the ESA GlobAlbedo, ADAM, ALANIS and WACMOS projects and is currently leading the 
development of an uncooled thermal IR multi-angle instrument for global winds. He has been 
responsible for various industrial spin-offs including the creation of start-up companies in 
the US and the UK. He has written, produced and directed several short films including the 
award-winning Global Change Video and Erd-sicht global change multi-media exhibition.

Earth and Mars: learning from each other in the Sentinel era

Abstract: The Sentinel era opens up a new paradigm for studying the Earth system on a global scale 
with sensors focused on delivering near real-time data for downstream services by and for government 
and private sector exploitation. The anticipated data flood offers the global research community 
continuity in data supply and independence from an increasingly fractured and uncertain future post-
EOS with the NASA EO programme. After decades of operating a restricted supply system for access, 
Sentinels now offer us parity with open data policies previously only operated by NASA. 

It is early days to talk about climate data systems from the EU Copernicus Service Elements but 
the Sentinels have been designed with an eye towards long-term stability and precise radiometric 
calibration so they should be “climate-ready” when sufficient data has been acquired. I will discuss our 
previous attempts at developing Essential Climate Variables (ECVs) from MODIS, MISR and GlobAlbedo 
and now within the EU-FP7-QA4ECV project, which links remote sensing scientists with physicists and 
metrologists. I will also show examples of how Sentinel-1 can be used for monitoring solid earth motion 
both within the NERC-COMET and the ESA-NRSCC DRAGON3 programme. 

Since the ending of the cold war, which some say was due to the realisation that MAD would result in 
nuclear winter, the scientific community has realised that the study of planets in general and Mars in 
particular is more than just an intellectual curiosity.  I will show examples of ground-breaking techniques 
we have developed for fusing Mars orbital and rover imagery, for the generation of super-resolution 
from repeat imagery and the automated data mining of massive image databases, which are ripe for 
exploitation with Sentinel data.

 



38

Friday 11th September 9.45
EEE Building 32 –Lecture Theatre 1015
Amanda Regan
Earth Observation Future Missions Division 
ESA

Amanda has worked for ESA for the last thirteen years where she has 
managed and been involved in a wide range of instrument and system 
studies ranging from altimetry, thermal infrared, optical and SAR 
concepts.

At present she is managing the Sentinel Convoy studies, which focus 
on identifying additional mission concepts to fly together with the 
Copernicus Sentinels to meet new Earth observation objectives. She 
is the ESA observer at International Earth Observing Morning and 

Afternoon Constellation (A-Train) Mission Operation Working Group (MOWG) Meetings. 
She is also involved in preparatory activities related to the Second Generation Copernicus.

Earth Observation in the Sentinel Era

Abstract: The keynote speech shall address the ESA EO Living Planet Programme, provide an overview 
of ESA EO missions including Earth Explorers and international cooperation opportunities. The 
Copernicus programme will be described highlighting space and ground segment architectures, 
Copernicus services, applications and data access aspects. The latest status of the Copernicus 
programme shall be presented together with some of the latest images from Sentinels 1A and 2A. The 
talk shall conclude addressing future aspects and preliminary activities related to Copernicus Second 
Generation.
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Wednesday 9th September : Timetable and Location

9.00
-

10.00

Keynote John Remedios
EEE Building 32 –Lecture Theatre 1015

10.00
-

10.30

Morning Tea and Coffee Break
Garden Court and Marquee

10.30
-

12.30

Session 1: 
NCEO in the 
Sentinel Era

Chair: Martin 
John Wooster

EEE Building 32 
Lecture Theatre 

1015

Session 2: 
Global EO

Chair: Chris 
Mutlow

Nuffield Theatre 
Lecture Theatre 

A (1077)

Session 3: At-
mosphere and 

Climate

Chair: Bill Bell 

Arts Annex 
Building 2A

Lecture Theatre 
H (2065)

Session 4: 
Landsat and 

Sentinel-2 Data 
Exploitation

Chair: Crystal 
Schaaf

And David Roy

Arts Annex 
Building 2A

Lecture Theatre J
(2077)

12.30
-

14.00

Lunch and Poster Presentations

Garden Court and Marquee

14.00
-

14.45

Keynote Fred Baret
EEE Building 32 –Lecture Theatre 1015

14.45
-

17.00

Exhibitor Pitch  and  Poster Session

NCEO Sponsored Drinks Reception

Afternoon Tea and Coffee Break

Garden Court and Marquee
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Session 1: NCEO in the Sentinel Era

Time: Wednesday, 09/Sep/2015: 10:30 - 12:30
Chair: Martin John Wooster
EEE Building 32 Lecture Theatre 1015

Maximising the benefits of satellite LST within the user community: ESA DUE 
GlobTemperature

Darren Ghent, John Remedios
University of Leicester, United Kingdom; djg20@le.ac.uk

Land surface temperature (LST) is the mean radiative skin temperature of an area of land 
resulting from the mean balance of solar heating and land-atmosphere cooling fluxes. It is a 
basic determinant of the terrestrial thermal behaviour, as it controls the effective radiating 
temperature of the Earth’s surface. The sensitivity of LST to soil moisture and vegetation 
cover means it is an important component in numerous applications. With the demand for 
LST data from Earth Observation currently experiencing considerable growth it is important 
that the users of this data are appropriately engaged by the LST data providers.

The GlobTemperature project under the Data User Element of ESA’s 4th Earth Observation 
Envelope Programme (2013-2017) aims to promote the wider uptake of global-scale satellite 
LST by the research and operational user communities; the key to success depending on 
the coherence and openness of the interactions between the LST and user communities. 
By incorporating detailed user input into the specifications, their subsequent testing of 
the LST data sets, and sustained access to data in a user-friendly manner through common 
data formats GlobTemperature is enhancing the portfolio of LST products from Earth 
Observation, while concurrently breaking down the barriers to successful application of such 
data through its programme of dialogue between the data providers and data users.

Here we present current outcomes from the project, which is achieving some innovative 
developments: a globally representative and consistent matchup database enabling validation 
and intercomparison of multi-sensor LST data sets; a prototype combined geostationary 
earth orbit (GEO) and low earth orbit (LEO) global data set for LST to resolve the diurnal 
cycle which is a key request from users of LST data; the delivery of the first LST data sets via 
a dedicated Data Portal in harmonised data format; and the establishment, in collaboration 
with international colleagues of a first working group (ILSTE-WG) dedicated to LST and 
Emissivity, whereby user evaluation of products by climate services aims to provide a thrust to 
sustained operational support of this group meeting a critical need amongst users of LST data.
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Mirroring Sentinel Data for UK Researchers
Victoria Bennett, Steve Donegan, Joanne Walker, Alison Waterfall
STFC, United Kingdom; victoria.bennett@stfc.ac.uk

The Centre for Environmental Data Archival (CEDA) will maintain a national archive of 
Sentinel data for provision to the UK environmental science community.

Since the signing of the UK Collaborative Ground Segment Cooperation agreement between 
the UK Space Agency and ESA, Sentinel 1 data are downloaded from ESA’s rolling archive and 
are maintained and hosted by CEDA, allowing scientists full access to Earth observation data 
from the Copernicus program. Vast quantities of data will become available with around a 
Terabyte per day being added to the archive. Recent data are stored on-line for direct access to 
users; older data will be moved to a near-line tape archive, reinstating it for users on demand. 
It is expected that most UK science users will access, process and analyse the data in the 
JASMIN-CEMS hosted environment avoiding the need to download and store data on their 
local machines. Sentinel 2 and Sentinel 3 data will follow soon.

CEDA are part of the UK Collaborative Ground Segment for Copernicus, collaborating with 
the Satellite Applications Catapult and Airbus-DS in Farnborough to ensure Sentinel data 
access for UK users in academia, government and the private sector.

The UK academic community has already achieved impressive science results using Sentinel 
1 data. Applications of the data so far include mapping of the August 2014 Napa Valley 
earthquake, monitoring of landcover changes in cloud-covered regions, global forest biomass 
mapping to constrain and validate climate models, observations of ice loss in Greenland and 
the Antarctic and the detection of deforestation in the tropics.

Sentinel-1 ice velocity measurements in West Antarctica and the Antarctic Peninsula
Anna Hogg, Andrew Shepherd
CPOM, United Kingdom; eeaeh@leeds.ac.uk

Since 1992 ice velocity in West Antarctica has sped up markedly, with individual ice streams 
such as Pine Island Glacier nearly doubling in speed over the 22 year period (Mouginot et 
al, 2014). Despite a clear long term trend for increasing ice velocity, speed up has not been 
constant through time and multiple years with no significant change have also been observed 
(Joughin et al 2010). It is necessary to make present day measurements of ice velocity to 
provide an independent means of measuring ice mass loss from the most rapidly changing 
ice sheet regions. The short 12 day repeat period and large scale coverage of Sentinel-1 is an 
invaluable new resource for monitoring the Antarctic and Greenland ice sheets. We employ 
an intensity feature tracking technique to measure ice velocity in Interferometric Wide 
Swath (IW) mode, SLC Sentinel-1 data acquired in Antarctica. A time series of over 5 months 
of Sentinel-1 ice velocity measurements from Pine Island Glacier shows that the surface 
speed has remained constant at ~4 km/year. We present a Sentinel-1 ice velocity map which 
demonstrates that ice velocity measurements can be obtained along the full length of the 
Antarctic Peninsula using Sentinel-1. The results of TOPS mode SAR Interferometry (InSAR) 
from a constantly deforming ice sheet target show that interferometric coherence can be 
achieved with a 12 day temporal baseline, however in areas of faster ice flow interferometry is 
less successful.
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A consistent view of the land surface using Data Assimilation
Jose L Gomez-Dans1, Phililp E Lewis1, Nicola Pounder2, Jon Styles2
1NCEO & UCL, United Kingdom; 2Assimila Ltd, United Kingdom; j.gomez-dans@ucl.ac.uk

The upcoming Sentinels will provide an unprecedented level of data of the land surface in 
the optical, thermal and microwave domains. Simultaneously, other space agencies will 
also operate a large number of additional observations that might be able to complement 
the data from the Sentinels. The raw observations from the sensors need to be processed 
and interpreted in order to provide an inference on the state of the land surface, which here 
includes the vegetation, soil and atmospheric composition. This inference is complicated 
by, on the one hand, the limited information content in the different observations, while 
on the other, how the same phenomenon is recorded in different observation types. These 
observations suggest that we should aim to estimate the state of the land surface using all 
observations together, making use of the information transfer between different obseration 
domains. For example, vegetation can be characterised reasonably well in the optical domain, 
but also plays a major role in the thermal and microwave domains. A consistent retrieval 
would allow the transfer of information describing e.g. the canopy from the optical domain 
to the passive microwave or thermal domains. This requirement calls for the use of physical 
models that represent the processes of radiation emission and scattering that give rise the 
actual observations. This approach requires that the state is consistently described in the 
different models used. We will discuss some examples on how to homogeneise the description 
of the land surface, both by a careful re-phrasing of models, but also by using ad hoc empirical 
linkage models.

The requirement of accurate physical models, and importantly, a credible description of the 
uncertainty, coupled with the limited information content afforded by the data requires of a 
flexible system to ingest prior information in the form of inversion constraints. We explore 
how this is done with a 4DVAR data assimilation (DA) system, where arbitrary constraints on 
the state of the land surface can be added to regularise the inference problem.

A major challenge when doing DA in the Sentinel era will be the large volume of data. We 
explore a number of avenues to circumvent the different bottlenecks in the DA system, 
namely:

•	 “emulation” of costly physical models,

•	 preconditioning of the inverse problem,

•	 local linearisations,

•	 splitting the problem in manageable chunks.

We will illustrate these approaches with the EO-LDAS tool operating on infering the land 
surface state from data from the SPOT Take5 experiment, a good surrogate for the Sentinel-2 
sensor, and how the proposed approach is able to seamlessly integrate observations from 
different sensors.
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Sea and inland water temperature observation for climate in the Sentinel 3 era
Christopher J. Merchant
University of Reading, United Kingdom; c.j.merchant@reading.ac.uk

The Sentinel 3 satellites will carry the Sea and Land Surface Temperature Radiometer 
(SLSTR) series. SLSTR is a dual-view instrument with two-point calibration of its thermal 
infra-red channels, which by design is highly capable for surface temperature retrieval. The 
presentation will discuss the potential modes of use of SLSTR data in the context of long-term 
climate data records (CDRs) for sea surface and lake surface water temperature (SST and 
LSWT).

By design, SLSTR will be capable of the role of a reference sensor for the SST satellite 
observing system for climate records. Meteorological satellites with SST capability are 
typically single view instruments with less precise calibration across the SST-relevant range of 
brightness temperatures. Dual-viewing gives SLSTR greater robustness to a greater range of 
atmospheric conditions that can cause biases in single-view instruments. This is particularly 
important following major volcanic eruptions, the most recent example being Mt Pinatubo 
in 1991, which cause significant changes in the stratospheric aerosol loading that last a year 
or more. In the timescale of the SLSTR series, a major volcanic eruption of this sort is more 
likely than not. More generally, it is to be hoped that SLSTR will be a convincing reference for 
SST biases in other sensors, following the precedent of the Advanced Along-track Scanning 
Radiometer (AATSR). A key objective for exploiting SLSTR for the SST climate data record 
will be to harmonise the calibration of AATSR and SLSTR across the data gap of 4 or 5 years.

Available data on the temperatures of inland waters, even for large lakes, is very limited. 
Lakes are also “sentinels” -- markers of climate change that in some cases apparently 
amplify rates of surface temperature change. Although the 1 km spatial resolution of SLSTR 
limits its capability for most lakes, the lack of availability of trustworthy temperature data 
even for the largest ~1000 lakes globally is striking. Because of its dual view capability and 
precise calibration, SLSTR should provide accurate temperature data that can address this 
deficit of information, giving accurate LSWTs even where these cannot be validated against 
measurements in situ.

New products of global atmospheric aerosol and surface reflectance for Sentinel-3
Peter North1, Andreas Heckel1, Carsten Brockmann2, Ralf Quast2, William Davies3, Claire 
Henocq4, Stephane Ferron4, Frederic Rouffi4, Philippe Goryl5

1Swansea University, United Kingdom; 2Brockmann Consult, MaxPlanck Str 2, 21502, Geesthacht, 
Germany; 3Reading University, United Kingdom; 4ACRI-ST, France; 5European Space Agency, Via 
Galileo Galilei, 00044, Frascati, Italy; p.r.j.north@swan.ac.uk

We present new operational products of land surface reflectance and global atmospheric 
aerosol, for the Copernicus Sentinel-3 mission. The land surface product will provide 
high accuracy surface reflectance intended to facilitate global services such as mapping of 
biophysical parameters such as albedo, leaf area index and absorbed radiation, and land 
cover classification. The retrieval has been developed for application to Sentinel-3 to make 
synergistic use of the two sensors, OLCI and SLSTR, and will provide co-registered surface 
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reflectance spectrum from both, corrected for the effects of atmospheric gases and aerosol 
scattering. The algorithm has been implemented on the ESA BEAM system and tested 
on MERIS and AATSR data and results show improved estimation of aerosol properties 
compared to single-instrument retrievals. The method for global aerosol retrieval using 
SLSTR is based on the dual angle algorithm developed for the (A)ATSR instrument series, to 
allow retrieval of aerosol properties and their uncertainties over both land and ocean. This 
has been developed under the ESA Aerosol Climate Change Initiative for generation of the 
first 17 year dataset from global aerosol retrieval from ERS-2 and ENVISAT (1995-2012), and 
evaluated using the global AERONET sun photometer network.

Near Real Time ozone and methane from Sentinel 5P and CrIS
Barry Latter, Richard Siddans, Georgina Miles, Brian Kerridge
STFC Rutherford Appleton Laboratory, United Kingdom; barry.latter@stfc.ac.uk

RAL’s ozone retrieval scheme for uv satellite sensors has unique sensitivity to tropospheric 
ozone. It has recently been transferred to a near-real time chain for MetOp on JASMIN-
CEMS, and data are under assessment at ECMWF for assimilation in the Copernicus 
Services. Sentinel 5 pre-cursor (S5P) will have unprecedented spatial sampling, and a NRT 
chain could be similarly implemented for S5P and CriS on Suomi-NPP, which both fly in the 
A-Train. Near-surface retrieval of ozone, and also methane would potentially benefit from 
combining complementary height-sensitivities of co-located shortwave and IR observations. 
These height-resolved ozone and methane data from S5P and CrIS could potentially be made 
available for assimilation in the Copernicus Services together with other applications.

Awaiting the Sentinels: Merging data from a new generation ocean colour sensor with 
that of its precursors.
Thomas Jackson1, Shubha Sathyendranath1, Steve Groom1, Mike Grant1, Frederic Melin2, Andrei 
Chuprin1, Carten Brockmann3

1Plymouth Marine Laboratory, United Kingdom; 2Joint Reseach Centre, Italy; 3Brockmann 
Consult, Germany; thja@pml.ac.uk

The Ocean Colour Climate Change Initiative project has created a processing chain that, 
through the merging of data from multiple sensors, has created a continuous, climate-quality 
ocean-colour time series spanning 17 years. This project has structured its processing chain in 
anticipation of the data from the Sentinel-3 satellites. Detection of trends in both climate and 
ecosystem response requires continuous data over multiple decades. The Sentinel-3 satellites 
are a key step in creating this continuous set of measurements. However, the detection of 
trends requires that a) the remote-sensing data be of sufficient quality and stability and b) 
any inter-sensor biases be removed. The Ocean Colour Climate Change Project has proven 
this to be possible, merging data from the SeaWiFS, MODIS and MERIS sensors, and stands 
poised to integrate Sentinel data into its processing chain.The high quality, consistency and 
continuity from Sentinel series would make inter-sensor de-biasing and merging easier, for 
production of multi-decadal time series extending into the future. Here we present the latest 
version of the OC-CCI processing chain, including de-biasing between sensors and assigning 
product uncertainties, and describe how we plan to integrate the next generation of ocean 
colour sensors into the time series.
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Session 2: Global EO

Time: Wednesday, 09/Sep/2015: 10:30 - 12:30
Chair: Chris Mutlow
Nuffield Theature Lecture Theatre A (1077)

Key features of the Sentinel 5 Precursor mission
Pepijn Veefkind2, Nicolas D.R.R. Leveque1

1Airbus Defence and Space, United Kingdom; 2KNMI, The Netherlands; nicolas.leveque@astrium.
eads.net

The Sentinel 5 Precursor satellite is now in its final integration and testing phase before 
launch early next year.

This presentation will summarise the scientific objectives and characteristics of the mission, 
its products and applications, and key aspects of the TROPOMI instrument.

Observing the Earth’s Radiation Budget from a Constellation of Satellites
J. Christine Chiu1,2, Jake Gristey1, Robert J. Gurney1

1University of Reading, United Kingdom; 2National Centre for Earth Observation; c.j.chiu@reading.
ac.uk

The total outgoing radiation at the top of the atmosphere (TOA) provides a unique fingerprint 
of climate change. If our climate system is in equilibrium, the total outgoing radiation at TOA 
is the same as the incoming radiation. If the total outgoing radiation is less than the incoming 
energy at TOA, the Earth is imbalanced and its temperature will change to adjust the system 
toward the equilibrium. Since the imbalance is the primary driving force for climate change, 
the ability to measure the TOA radiation accurately is crucial for studying the climate. 
However, it remains challenging to monitor TOA radiation globally at low cost with sufficient 
accuracy, time resolution and spatial scale.

To address this issue, we explore a viable and sustainable observation strategy – a 
constellation of satellites- by capitalising on the technological revolution in small satellites 
and in sensor miniaturisation. Using results from an Observing System Simulation 
Experiment, we will demonstrate what the optimised constellation is for monitoring 
the Earth’s outgoing radiation at unprecedented temporal resolution. We will also show 
recovered radiation fields that can be used to study fast evolving phenomena such as storm 
systems, firs, dust storms, droughts and heat waves. The ability to observe and understand 
the relationship between these phenomena and changes in Earth’s outgoing radiation is of 
fundamental importance in constraining predictions of future warming of our climate system.
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LOCUS and Related THz Technology
Brian Norman Ellison, Simon Rea, Hui Wang, Manju Henry, Edmund Linfield, Giles Davies, Alex 
Valavanis, Olivier Auriacombe, Bruce Swinyard

STFC, United Kingdom; brian.ellison@stfc.ac.uk

Advances in satellite remote-sensing measurements of the constituents of the atmosphere 
have substantially increased our knowledge of atmospheric composition over the last 
decade. For instance, relatively localised studies of the mesosphere and lower thermosphere 
(MLT) region of the Earth’s atmosphere have shown such measurements to be an important 
indicator of global climate change. Nonetheless, global measurements of key atmospheric 
species have not been made directly by previous satellite missions. In order to address 
this limitation, UK scientists and technologists have developed the concept of a novel and 
breakthrough limb sounding, multi-channel radiometer operating in the terahertz (THz) 
spectral range (0.8 – 5 THz) and deployed in low Earth orbit. The radiometer payload is 
designed to be compliant with a small satellite platform and will allow global high spectral 
resolution measurements of important MLT atmospheric species, particularly atomic oxygen 
and the hydroxyl radical.

As a direct outcome of CEOI-ST pathfinder support, the UK team has proposed a LOw 
Cost Upper-atmosphere Sounder (LOCUS) mission to the European Space Agency (ESA) 
for study as a candidate in-orbit-demonstrator. The mission concept has key objectives of 
demonstrating breakthrough THz science and technology, and undergone a pre-phase A study 
and assessment by ESA.

With the possibly of a space flight demonstration before the end of the current decade, the 
UK technical team is advancing the LOCUS mission concept by addressing key aspects of the 
payload detector and infrastructure technology. This will raise the instrumentation technical 
maturity to a level compliant with the in-orbit-demonstration opportunity, and will place the 
UK in a position of scientific and technical leadership with respect to MLT climate studies.

The presentation will describe the LOCUS instrument concept and its scientific and technical 
objectives. The basic technical operation will be describe and the technical advancements 
currently in progress relating to new and advanced terahertz sensor technologies will be 
explained. Specific reference will be made to the technology development roadmap that has 
been, and is being, funded by the CEOI, NERC, UKSA and ESA.

WIVERN: A proposed satellite to provide global winds, ice water content and rainfall.
Anthony Illingworth1, Alessandro Battaglia2

1University or Reading, United Kingdom; 2University of Leicester, United Kingdom; a.j.illingworth@
reading.ac.uk

We propose a conically scanning space-borne broad-swath Dopplerised 94GHz to provide 
global measurements of winds, rainfall and cloud ice water content using the radar returns 
from cloud and precipitation particles. The observations will have 50km horizontal and 
1km vertical resolution with several visits every day at European latitudes. Windstorms 
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are the single most damaging meteorological phenomenon in Europe with high losses also 
resulting from flooding. The loss of life in tropical cyclones and hurricanes is decreasing due 
to improved forecasts and warnings. Assimilation of the wind observations from this satellite 
into forecast models should improve their skill further leading to better predictions of timing 
and location so that mitigation activities can be better focussed.

The 94GHz (3mm) frequency is needed to achieve a 1km vertical resolution as the 500m 
pulse approaches the earth’s surface at angles around 45deg. The 2.9 by 1.8m elliptical 
antenna rotates once every seven seconds sweeping out a broad swath on the ground. Two 
configurations are being considered with swaths of 800 and 1800km; the broader swath 
having more frequent visits but with lower sensitivity detecting fewer clouds at a reduced 
spatial resolution. Studies of this trade off with NWP forecast models are in progress. The 
satellite will have the same 94GHz transmitter that has operated flawlessly on Cloudsat 
since its launch in 2006. The Doppler velocity will be derived using the returns from cloud 
particles from a pair of two closely spaced pulses polarized in the horizontal (H) and vertical 
(V) so that the folding velocity is larger than the highest wind speeds. The H and V pulses 
must be propagate, scatter and be received independently; ground based observations funded 
by CEOI are being analyzed to quantify how often depolarizing cloud targets and multiple 
scattering lead to cross talk between the H and V returns, and how such occasions can be 
identified and any errors in the inferred velocity corrected. A short separation of the pulses 
is also needed to minimize the blind zone close to the surface where observations will not be 
possible; when the first pulse impacts on the depolarizing surface it will obliterate the return 
from the following pulse. ESA funded aircraft observations over the next twelve months of 
ocean and land surface returns at high incidence angles will help to quantify the depth of this 
blind layer.

The CEOI-ST Bilateral Carbon Mission Project: An explorative French-UK bilateral 
mission concept to observe atmospheric CO2 from space
Hartmut Boesch1, Karl Atkinson2, Keith Barnes3, Liang Feng4, Kathryn Graham5, Neil Humpage1, 
Hugh Kelliher6, Peter Knowles3, Paul Palmer4, Piyal Samara-Ratna1, Ben Schwarz5, Andy Vick7

1EOS Group, Department of Physics and Astonomy, University of Leicester, United Kingdom; 
2Airbus Defence and Space; 3Selex ES Ltd, 4School of GeoSciences, The University of Edinburgh; 
5Surrey Satellite Technology Ltd; 6Space ConneXions Limited; 7UK Astronomy Technology 
Centre, United Kingdom; hartmut.boesch@le.ac.uk

The Bilateral Carbon Mission (BCM) project is a project funded by UKSA’s Centre for Earth 
Observation Instrumentation (CEOI-ST). The main programmatic objective of BCM is to 
develop a collaborative, bilateral mission concept with the French space agency CNES based 
on their MicroCarb satellite mission concept. The primary scientific objective of BCM is 
to develop the existing CO2-only MicroCarb mission concept by including other carbon 
gases that could help attribute the sources of observed variations of atmospheric CO2, and 
using UK technological and scientific expertise. The broader aim of MicroCarb and of BCM 
is to develop mission concepts that support climate monitoring and research from small 
satellite platforms, and therefore opening the way for a long-term monitoring of atmospheric 
greenhouse gases from a constellation of micro-satellite platforms. We will discuss the 
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BCM project in terms of our assessment of UK options for the satellite platform, detector, 
and pointing technologies. We have also evaluated, using an ensemble of numerical model 
calculations, how to best sample the atmosphere to maximize science return and financial 
investment. We will also report preliminary results from an airborne demonstration based 
on the existing Greenhouse Observations of the Stratosphere and Troposphere (GHOST) 
instrument to demonstrate the value of the data collected by UK instrument technology for 
observing atmospheric greenhouse gases.

Dual beam along-track inferometic SAR to map total ocean surface curret vectors with 
the airborne wavemill proff-of-concept instrument: Impact of wind-waves
Adrien Martin1, Christine Gommenginger1, Bertrand Chapron2, José Marquez3, Sam Doody3, 
David Cotton4, Chris Buck5

1National Oceanography Center, United Kingdom; 2Ifremer, France; 3Airbus Defence & Space, UK; 
4Satoc, UK; 5ESA/ESTEC, NL; admartin@noc.ac.uk

Synoptic maps of total ocean surface currents from space are needed to improve the 
characterisation and parameterisations of oceanic sub-mesoscale dynamics and represent 
their im-pact on global ocean circulation, air-sea exchanges and the marine ecosystem. 
Wavemill is a satellite mission concept based on a dual beam along-track interferometric 
SAR princi-ple. An airborne proof-of-concept campaign took place in the tidally-dominated 
Irish Sea in 2011. A comprehensive collection of airborne flights arranged in a star pattern 
permitted to sample various azimuthal directions. Here, it is shown that the impact of ocean 
waves on the measured ocean surface mo-tion can be as large or even larger than the strong 
tidal current (0.7m/s). Using in situ validation measurements and airborne Wavemill data, the 
azimuth dependence and magnitude of this wind-wave velocity artefact is characterised.

Using an independant estimation of the wave artefact velocity. Current retrieval have been 
carried out and show an accuracy better than 0.1m/s.

The NASA Cyclone Global Navigation Satellite System (CYGNSS) Mission
Christopher Ruf1, Maria-Paola Clarizia1, Robert Atlas2, Paul Chang3, Scott Gleason4, Zorana 
Jelenak3, Joel Johnson5, Sharan Majumdar7, Andrew O’Brien5, Aaron Ridley1, Randy Rose4, Faozi 
Said3, Seubson Soisuvarn3, Valery Zavorotny6

1University of Michigan, US; 2NOAA/AOML, US; 3NOAA/NESDIS, US; 4Southwest Research 
Institute (SwRI), US; 5Ohio State University, US; 6NOAA/ESRL, US; 7RSMAS/University of Miami, 
US; clarizia@umich.edu

The NASA Cyclone Global Navigation Satellite System (CYGNSS) is a spaceborne mission 
focused on tropical cyclone (TC) inner core process studies. It is a constellation of 8 
microsatellites, which will measure ocean surface wind speed in all precipitating conditions, 
with sufficient frequency to resolve genesis and rapid intensification. CYGNSS uses GPS 
signals of opportunity, scattered by the ocean surface, to retrieve the surface wind speed. 
This technique is known as GPS-Reflectometry (GPS-R), and it combines a dense space-time 
sampling with the ability of L-band signals to penetrate well through rain, using simple, low-
cost/low-power receivers.
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Here we first present an overview of the mission, with a focus on its sampling properties, 
coverage statistics, and mission design. Next, we describe the baseline Level 2 wind speed 
retrieval algorithm, which makes use of: a) two observables computed from delay-Doppler 
Maps (DDMs) of radar cross section; b) an empirical Geophysical Model Function (GMF) 
relating the observable value to the ground truth matchup wind and c) a Minimum Variance 
(MV) estimator, which optimally combines the winds estimated from the two observables. 
The retrieval algorithm is first applied to synthetic data simulated using the CYGNSS 
End-to-End Simulator (E2ES). The performances of the retrieval algorithm are presented, 
highlighting that, for those data acquired with high enough gain of the receiver antenna, the 
CYGNSS requirements on wind speed retrieval uncertainty are met. The algorithm is then 
tested and validated using data from the orbiting TechDemoSat-1 (TDS-1) satellite, which 
carries a payload almost identical to the one for CYGNSS.

Geosynchronous radar mission design and applications
Stephen Hobbs, Jenny Kingston, Joan Pau Sanchez

Cranfield University, United Kingdom; s.e.hobbs@cranfield.ac.uk

Geosynchronous synthetic aperture radar (GEO SAR) promises novel imaging capabilities 
which complement current low Earth orbit (LEO) missions. Many configurations for GEO 
SAR have been studied (monostatic, bistatic, multistatic; quasi-geostationary, small and high 
inclination orbits). This presentation reviews current leading designs and relates them to 
applications which most clearly benefit from GEO SAR’s imaging strengths.

System level studies identify constraints on mission design due to factors such as orbital 
dynamics, atmosphere, target properties, and technology. Within these, several concepts 
seem feasible with their own strengths and weaknesses. Concepts currently being studied 
include hosted payloads for conventional (quasi-) geostationary comsats, long lifetime 
Laplace plane missions, multi-static constellations and large spacecraft in high inclination 
GEO orbits to provide practically continental coverage.

Potential applications for these missions are proposed and analysed relative to mission 
performance. Specific imaging capabilities of GEO SAR missions, which generally have 
much longer integration times than LEO SAR, are discussed. Finally, mission performance 
is reviewed against the constraints and applications, and assessed for likely cost, to suggest 
potential development roadmaps.
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The role of space borne observations in quantifying UK greenhouse flux estimates
Paul Palmer1, Simon O’Doherty2

1University of Edinburgh, NCEO University of Edinburgh; 2University of Bristol; paul.palmer@ed.ac.uk

The main objective of the NERC-funded GAUGE project (Greenhouse gAs Uk and Global 
Emissions), within the broader national GHG programme, is to quantify the magnitude, 
geographical distribution, and uncertainty of UK surface fluxes (emissions minus uptake) 
of CO2, CH4, and N2O. In this presentation, we will present an overview of the GAUGE 
measurements (ground-based, ship-borne, aircraft and satellite data), and preliminary 
modelling (atmospheric transport and flux estimation) results. We will focus on the relative 
importance of satellite observations in achieving the objective of GAUGE, and discuss more 
broadly how existing and upcoming space missions that measure GHGs can be used in 
conjunction with surface and airborne observations to better understand GHG budgets on 
city to national scales.

An improved retrieval of tropospheric NO2 from space over polluted regions using an 
Earth radiance reference
Jasdeep Singh Anand, Roland Leigh, Paul Monks

University of Leicester, United Kingdom; jsa13@le.ac.uk

A novel tropospheric NO2 DOAS retrieval algorithm optimised for a nadir-viewing satellite 
instrument imaging polluted areas is proposed in this work. Current satellite DOAS retrievals 
have relied on using a solar reference spectrum to derive a total slant column, then using 
either model assimilation or spatial filtering to derive the tropospheric component. In 
the ERrs-DOAS (Earth radiance reference sector DOAS) algorithm, tropospheric NO2 
slant columns are derived using spectra averaged from measurements over unpolluted 
regions, thus removing the need for post-hoc separation techniques, though some residual 
stratospheric biases may still remain. To validate the ERrs-DOAS algorithm, DOAS retrievals 
were performed on modelled spectra created by the radiative transfer model SCIATRAN, as 
well as L1B Earth radiance data measured by the NASA/KNMI Ozone Monitoring Instrument 
(OMI). It was found that retrievals using an Earth radiance reference produce spatial 
distributions of tropospheric NO2 over eastern China during June 2005 that highly correlate 
with those derived using existing retrieval algorithms. Comparisons with slant columns 
retrieved by the operational NO2 retrieval algorithm for OMI (OMNO2A) show that the 
ERrs-DOAS algorithm greatly reduces the presence of artificial across-track biases (stripes) 
caused by calibration errors, as well as the removal of path length enhancement in off-nadir 
pixels. Analysis of Pacific SCDs suggests that the algorithm also produces a 27% reduction in 
retrieval uncertainty, though this may be partially due to biases introduced by differences in 
the retrieval algorithm settings. The ERrs-DOAS technique also reveals absorption features 
over the Sahara and similar regions characteristic of sand and liquid H2O absorption, as first 
discovered in the analysis of GOME-2 NO2 retrievals.
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Changes in the composition of the stratosphere due to and despite the Montreal 
Protocol
Martyn Chipperfield1,3, Sandip Dhomse1,3, Wuhu Feng2,3, Ryan Hossaini3

1NCEO, University of Leeds, United Kingdom; 2NCAS, University of Leeds, United Kingdom; 
3School of Earth and Environment, University of Leeds; m.chipperfield@leeds.ac.uk

The 1987 Montreal Protocol, to protect the stratospheric ozone layer, appears to have been a 
great success. Networks have shown that total tropospheric organic chlorine peaked in 1993, 
followed by a decrease of 0.5-1 %/yr. Remote-sensing data revealed a peak in stratospheric 
chlorine in 1996-1997 followed by a decrease at rates close to -1%/yr. Given this, we expect 
stratospheric chlorine and bromine to continue to decrease and the ozone layer to ‘recover’ 
towards the middle/end of the century.

We will first present results from a 3-D atmospheric model which quantify the ozone and UV 
radiation benefits already achieved by the Montreal Protocol. Without the protocol we would 
already be in an era of regular ‘Arctic Ozone Holes’, for example.

Despite this success there are a number of factors which could mean that the decrease 
in stratospheric halogens is not a smooth downward trajectory. Recent observations of 
stratospheric column HCl (the reservoir of stratospheric chlorine) showed an increase in 
the northern hemisphere (Mahieu et al., Nature, 2014) from around 2007 to 2011. However, 
through model studies, we could show that this increase in HCl was due to multi-year 
variability in the stratospheric circulation causing air in the NH lower stratosphere to become 
more aged (i.e. contain more HCl and less organic source gas) – i.e. the protocol is still on 
track.

In contrast, the protocol only controls the emissions of long-lived ODSs. So-called very short-
lived substances (VSLS), with lifetimes less than about 6 months, are not considered. While 
many VSLS are natural, in Hossaini et al. (Nature Geosciences, 2015) we presented ground-
based observations showing a rapid increase in the anthropogenic VSLS CH2Cl2. We will 
show model results which quantify the potential that these VSLS have to deplete stratospheric 
ozone, thereby delaying recovery. Through depleting ozone in the very low stratosphere, 
VSLS also exert a relatively large leverage on climate.

Long-term satellite record of methane from Metop IASI
Richard Siddans, Diane Knappett, Barry Latter, Brian Kerridge

STFC Rutherford Appleton Laboratory, United Kingdom; richard.siddans@stfc.ac.uk

Through NCEO phase 1, RAL has developed an optimal estimation retrieval scheme to 
derive height resolved information on CH4 for IASI measurements in the thermal infra-red 
(1232-1290cm-1). This scheme has been extensively validated and shown to perform well 
in comparison to ground-based observations and the short-wave sounder GOSAT. The 
scheme extracts two pieces of information on the profile, with sensitivity extending into the 
lower troposphere, thereby complementing information available from shortwave sensors 
such as GOSAT and Sentinel 5/5P. Total column averaged mixing ratios can be derived, with 
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a precision of 20-40ppb, however sensitivity to the boundary layer is weak compared to 
short-wave sounders (and dependent on the atmospheric/surface state). IASI also measures 
methane lines in the 3.7 micron spectral range, where there is significant solar contribution 
to measurements in the daytime over land, leading to a direct sensitivity to methane in 
the boundary layer. However, this spectral range has not yet been exploited due to the 
complexity of modelling both solar and thermal contributions to the measurements and 
the relatively high noise level of IASI in this spectral region. In this paper we will summarise 
the performance of the thermal-IR scheme and go on to present initial findings from an 
investigation into the potential of adding information on near-surface methane by exploiting 
the 3.7 micron band.

Future prospects for Earth Observation for NWP and Climate Applications
Roger William Saunders, Bill Bell
Met Office, United Kingdom; william.bell@metoffice.gov.uk

The impact of satellite measurements of the atmosphere and surface in current numerical 
weather prediction (NWP) models is significant improving the forecast skill by up to 24 hrs 
in the N. Hemisphere and 48 hrs in the S. Hemisphere. Satellite data is also used for validating 
the processes represented in both NWP and climate models, for example the representation 
of the hydrological cycle and also for monitoring long term changes in the climate.

For the future the main challenge is to maintain the existing measurements both for real time 
assimilation applications and to ensure a continuous climate data record (CDR) for essential 
climate variables (ECVs) being measured. The climate quality sea surface temperature record 
has recently experienced a gap due to the premature failure of ENVISAT. An analysis of which 
ECVs are at risk where new measurements are needed will be presented. Another challenge 
is to exploit the data from the new satellites which are planned as models begin to represent 
a wider range of ECVs. The proposed activities at the Met Office for using these new data 
sources for NWP and climate applications will be described.

Volcanic SO2 flux estimates inferred from satellite observations: sensitivity to 
assumptions about atmospheric transport and instrument sensitivity
James Barlow1, Paul Palmer1, Thibaud Thonat1, Nicolas Theys2

1University of Edinburgh, United Kingdom; 2Belgian Institute for Space Aeronomy; jbarlow@
staffmail.ed.ac.uk

Observations of atmospheric sulphur dioxide (SO2) are a good tracer of volcanic emissions 
and their subsequent atmospheric dispersion. We use the GEOS-Chem atmospheric 
chemistry transport model to interpret the observed variability of SO2 column data measured 
by the Ozone Monitoring Instrument (OMI) aboard the NASA Aura satellite during the 
May 2010 eruption of Eyjafjallajökull. We sample the model at the time and location of 
each observed OMI scene, and convolve the vertical profiles with a scene-specific OMI 
averaging kernel, which describes the vertical sensitivity of the column data to changes in 
SO2. To describe the time-dependent injection of volcanic material from the eruption of 
Eyjafjallajökull we use weather radar observations from nearby Keflavík International Airport. 
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We assume a uniform distribution of SO2 between the top of the volcano and the maximum 
injection height measured by the radar. We use a maximum a posteriori approach to estimate 
the magnitude and uncertainty of SO2 fluxes from the volcano and other minor sources to 
the observed SO2 column data, taking into account uncertainties associated with the a priori 
fluxes the measurements, and the transport model. Preliminary results suggest that the a 
posteriori volcanic SO2 flux estimates are smaller than the prior flux estimate by up to 50%.

Bias correction of snow data under the Climate Information Portal for Copernicus 
Project.
Ioannis Bistinas, Debbie Clifford

University of Reading, United Kingdom; i.bistinas@gmail.com

The CLIPC project provides access to a broad range of climate datasets that include 
observations, model outputs and reanalyses. Datasets derived from model outputs have 
systematic errors and biases with spatial and temporal variability. To make those datasets 
reliable for users, assessment of biases and bias correction is required. The reference data 
for the bias correction come usually from in situ observations, but there is now potential to 
exploit long time series of climate data from satellites. Currently, minimum and maximum 
temperature and precipitation variables are the main datasets that have been bias corrected 
extensively using in situ data.

Here we examine a set of bias correction methods using data retrieved from passive 
microwave sensors. We use 35 years of daily snow water equivalent (SWE) data from 
GlobSnow dataset in 25km resolution. We present the assumptions behind the data retrieval 
and the data quality that might introduce additional uncertainties and biases and we provide 
time series analysis for a regional study covering Finland. The preliminary findings of this 
analysis highlight an opportunity for a more extensive use of remote sensing in bias correction 
of climatic variables.

Can we rely on Radiative Transfer Models? A Cross Comparison Study
Edward Malina1, Dale Potts2, Jan-Peter Muller1, David Walton1

1Imaging Group, Mullard Space Science Laboratory, University College London, United Kingdom; 
2Formerly of Mullard Space Science Laboratory, University College London Australia, Adelaide, 
South Australia; edward.malina.13@ucl.ac.uk

The importance of methane as an anthropogenic Green House Gas (GHG) is well recognised 
in the scientific community, and is second only to Carbon Dioxide in terms of influence on 
the Earth’s radiative budget (IPCC, 2014). It is therefore vitally important to accurately 
measure methane sources and sinks on a global scale, and understand how these sources 
affect atmospheric chemistry. Radiative Transfer Models (RTMs) form an integral aspect 
of methane measurement, allowing scientists to identify spectral bands for retrievals, as 
well as forming the basis for ‘a priori’ profiles, which are vital in retrieving accurate methane 
measurements both from aircraft and spacecraft.
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In this study we compare the radiance output from the following RTMs: the Reference 
Forward Model (RFM), SCIATRAN and the Moderate Resolution Atmospheric Transmission 
(MODTRAN) in the SWIR methane absorption bands. We show how the output from these 
models differ when run under different simulation conditions; for example by varying 
aerosols, atmosphere type and surface albedo assuming when viewed from airborne 
platforms. Following these scenario variations, we discuss the results of an investigation into 
why differences occur between the models. Finally, conclusions are made on the applicability 
of the output from each of the models, based on the differences observed in the simulation 
scenarios.

References:
IPCC, 2014: Climate Change 2014: Synthesis Report. Contribution of Working Groups I, II and III to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Core Writing Team, R.K. 
Pachauri and L.A. Meyer (eds.)]. IPCC, Geneva, Switzerland, 151 pp.
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A novel method to produce high-resolution air quality estimates from satellite data
Robin Wilson, Edward James Milton, Joanna Marie Nield

University of Southampton, United Kingdom; r.t.wilson@soton.ac.uk

Particulate matter air pollution is a major health issue, with the World Health Organisation 
estimating that it caused over 3 million premature deaths last year. Ground monitoring 
networks are well established in many countries, but monitoring sites are generally widely-
spaced and expensive to maintain. Low and middle income countries often have very low air 
quality but their ground monitoring networks are usually small. Satellite monitoring provides 
an alternative, but the resolution has previously been limited to kilometre scale.

The new Haze Optimised Transform-based Aerosol Retrieval (HOTBAR) method produces 
estimates of Aerosol Optical Thickness (AOT) at 30m resolution from Landsat data, which 
can then be processed to provide estimates of particulate matter air pollution (PM2.5 and 
PM10). This method – the first in the world to do so from a single satellite image - is designed 
to work over a wide range of land covers and requires only standard visible and near-infrared 
data, making it easy to extend to other sensors such as Sentinel-2.

The method is based upon an extension of the Haze Optimized Transform, which was 
originally designed for assessing areas of thick haze in satellite imagery. HOTBAR extends this 
with Monte Carlo estimation of the ‘clear line’, object-based correction for land cover, and 
Radiative Transfer Modelling to provide quantitative estimates of AOT at a higher-resolution 
than ever before.

HOTBAR has significant applications to studies into the health effects of air pollution, as well 
as government monitoring of compliance with air quality objectives.

Assessment of Sentinel-2 radiometric performance for case 2 water quality products 
through combined water and atmosphere radiative transfer simulations
Lauri Markelin, Stefan Simis, Steve Groom

Plymouth Marine Laboratory, United Kingdom; lma@pml.ac.uk

Current (Landsat8 OLI) and upcoming (Sentinel-2 MSI) satellite missions improve our 
capacity for global monitoring of case 2 water quality in situations where moderate resolution 
sensors (e.g. MODIS, OLCI) are not sufficiently spatially resolved. The spectral coverage 
(including SWIR bands for atmospheric correction) and short revisit times (S2) make these 
sensors interesting platforms for water quality retrieval in areas where remote sensing, 
including atmospheric correction, has proved particularly challenging, i.e. small water 
bodies and near coastal areas. As S2 MSI is mainly designed for terrestrial applications, its 
radiometric performance over case 2 waters needs to be validated.
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We created a modelling pipeline using HydroLight to model water-leaving radiance and 
subsequent 6S radiative transfer modelling to propagate the signal through the atmosphere to 
produce top-of-atmosphere radiance. S2 radiometric parameters (channel spectral responses, 
expected Signal-to-Noise Ratios and analogue-to-digital quantization) were then used to 
simulate the signal recorded by S2 over water. This workflow allows us to assess the expected 
performance of S2 for water quality products over near coastal and inland waters.

The case 2 water-leaving radiance was simulated for chlorophyll-a, mineral matter and 
coloured dissolved organic matter concentrations ranging from clear to extremely absorbing 
and scattering cases. For atmospheric modelling we used a simple clear atmosphere nadir 
looking scenario close to the equator, and a more realistic non-nadir northern latitude case 
with higher aerosol load.

We will present the first results of the simulation study that explores the Sentinel-2 potential 
contribution for monitoring water quality over challenging case 2 water bodies.

Monitoring habitats across the United Kingdom using the Landsat archive
Samantha Jane Lavender1,2, Barnabas Morakinyo1,2

1Pixalytics Ltd, United Kingdom; 2School of Marine Science & Engineering, Plymouth University, 
United Kingdom; slavender@pixalytics.com

Activities have focused on using Landsat 8 to monitor terrestrial and marine habitats across 
the United Kingdom. Operational Land Imager (OLI) has been chosen because it offers 
a significantly improved spatial resolution compared to medium resolution sensors e.g., 
MODIS and VIIRS with pixel sizes from 0.25 to 1 km. OLI also has high Signal-to-Noise Ratio 
(SNR) values that are important for mapping coastal waters, because otherwise variations can 
be lost in the noise.

Atmospheric Correction (AC) over coastal waters is particularly challenging because of the 
lower SNR compared to typical land surfaces. The AC (Lavender, 2014 EARSeL eProceedings) 
is based on an ocean colour ‘dark pixel’ NIR / SWIR approach combined with vegetation ‘dark 
targets’ in the SWIR (Masek et al. 2006. GRSL) to create an above-water and above-land 
correction; there’s also a ‘bright pixel’ adjustment (Moore et al. 1999 IJRS) for turbid coastal 
waters. The focus has been on making the AC operationally robust, which aids the choice 
when multiple solutions are considered equally valid. Post AC algorithms are applied to 
calculate products such as NDVI for the land and suspended sediment in coastal waters.

An OLI dataset has been selected to have minimum cloud cover followed by similar 
acquisition dates to minimise phenological changes, and hence scene to scene mosaicking 
discontinuities. This is being processed using a cloud-based infrastructure to create UK-wide 
mosaics. In future the dataset will be updated so that temporal changes can be analysed, and 
will therefore include mosaics from historical Landsat missions alongside Sentinel-2A.
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The Use of Landsat-8 30m Albedo to assess Landscape Heterogeneity and Albedo 
Dynamics
Crystal Schaaf1, Angela Erb1, Zhuosen Wang2, Yanmin Shuai1, Qingsong Sun1, Yan Liu2, Miguel 
Roman2, Ian Paynter1

1University of Massachusetts Boston, United States of America; 2NASA Goddard Space Flight 
Center; Crystal.Schaaf@umb.edu

The North American Landsat-8 Albedo Product couples 30m resolution near-nadir Landsat 
surface reflectances with concurrent coarser resolution (500m) MODIS surface Bidirectional 
Reflectance Distribution Functions (BRDF) products to fully capture the surface anisotropy 
and produce higher resolution surface albedo values than from MODIS alone (Shuai et al., 
2011, 2014). The increased radiometric fidelity (12 bit) of Landsat-8 OLI now allow for the 
inclusion of high-quality, unsaturated surface reflectance and albedo calculations over snow 
covered surfaces as well. The blue sky albedo is calculated using a pre-defined lookup table 
and Aerosol Optical Depth (AOD) data (Román et al., 2010) from the MODIS MOD08 product 
and considers the surface multi-scattering effect, shown to be significant over snow covered 
surfaces. We present the validation of the Landsat-8 30m resolution full expression blue sky 
albedo product over a range of land covers and over snow. The product has an overall Root 
Mean Square Error of 0.033 and a negligible bias of 0.0013. The 30m resolution Landsat-8 data 
thus allows for the monitoring of heterogeneous landscapes and a better understanding of 
how the albedo of these systems responds to change, disturbance and stress and how changes 
in land cover landscape heterogeneity influence the surface energy balance.

Preparing for Sentinel-2 – Using 70+ Landsat Scenes in a single process
Andy Wells, Emily Violet Winter

Sterling Geo, United Kingdom; Andy.Wells@Sterling-Power.co.uk

Temporal data is vital to many remote sensing projects, however traditionally the processing 
time required is directly related to the number of scenes used. This leads to arduous and 
time consuming processing for larger projects. If we as remote sensors are to prepare for 
the tsunami of data coming from new sensors (especially S-2), we have to change the way we 
work.

Recent developments in technology now provide simple tools that allow the user to 
programme entire workflows reducing operating time by 80%+. These techniques are 
transferable to multiple applications and adjustable to meet the pre-processed requirements 
of diverse sensor data.

The processing required for multispectral data, including Landsat, from the compressed 
file to completed analysis is seldom quick or simple. The manual intervention required can 
consume a vast amount of valuable time and effort. By adjusting the process of combining off-
the-shelf technology with some simple python scripts, imagery can be processed from the raw 
zip to completed analysis in one or two steps.

The process runs all zip files in a folder, unzipping, band stacking, project area subsetting, pan 
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sharpening, and re-projecting. The data is then processed through a spatial model, focussed, 
in this case, on urban greenspace change, resulting in a total acreage for the 4 categories: green 
space, man-made surfaces, water and cloud. The final output is a thematic image, a vector with 
area attributes and management statistics.

The two study areas trialled were Warwickshire and Milton Keynes using over 70 Landsat 
scenes captured over a 30 year period. This study has been undertaken in preparation for the 
data influx expected with the release of multispectral data from the Sentinel-2 satellite.

Learning from the past. Highly efficient land cover monitoring and preparation for the 
Sentinel era.
Daniel Morton

CEH, United Kingdom; danm@ceh.ac.uk

Traditional satellite based land cover classification procedures have relied on expensive 
field campaigns to gather data for training and validation. Parametric classification tools 
such as the Maximum Likelihood Classifier impose complexities on the organisation of 
training data that prevent high levels of automation. Changes in classification methods and 
thematic descriptions have complicated change detection. These, combined with the limited 
availability of cloud free observations have prevented frequent updates of UK land cover 
inventories and have restricted their application. To prepare for and make optimal use of 
data from the Sentinel era we need a highly automated, efficient and cost effective land cover 
monitoring solution.

A novel land cover classification procedure based on open source machine learning tools and 
a PostGIS database is presented. Land cover patterns from historical inventories are used 
to classify current images. This removes the need for an expensive field campaign. Modern 
machine learning algorithms relax the requirements of training data to allow full automation. 
A hybrid object/pixel classification approach brings the advantages of pixel and vector based 
products. Tile based processing allows computation within a multi-processor architecture for 
rapid results. These advances will drastically reduce the cost of large scale land cover mapping 
allowing frequent updates, monitoring and change detection.

The techniques have been tested using Landsat-8 images for mapping land cover in various 
regions within the UK and for mapping deciduous fruits in Chile. We have achieved accuracies 
in excess of 90% in complex multi-class landscapes. The classification algorithm gives the 
flexibility to include additional information layers and will easily adapt to optical data from 
Sentinel-2. Inclusion of multi-temporal C-Band SAR from Sentinel-1 will be an exciting 
avenue of future research. Citizen based monitoring and recording schemes are being 
developed to support product validation.
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Mapping and monitoring field sizes and their change from Landsat time series
David P. Roy, Lin Yan, Emma White
South Dakota State University, GSCE, United States of America; david.roy@sdstate.edu

Field sizes are indicative of the degree of agricultural capital investment, mechanization, 
and labor intensity. Information on the size of fields is needed to plan and understand these 
factors, and may help the allocation of agricultural resources. Field sizes are thought to be 
increasing due to agricultural intensification as farmers seek to maximize profit and reduce 
risk through larger agricultural enterprises, with ecological and biogeochemical consequences. 
The Landsat satellites provide the longest global land observation record and have potential 
for monitoring field sizes. First Landsat images sensed in two time periods, up to 25 years 
apart, are used to examine contemporary field size changes at seven globally distributed sites. 
High spatial resolution commercial data are used to illustrate small field identification issues. 
Significant median field sizes increases from 45% (France) to 159% (Argentina) and decreases 
from 47% (Brazil) to 86% (Albania) are illustrated and are driven by different factors, including 
technological advancements (Argentina and USA), government land use and agricultural 
policies (Malaysia, Brazil, France), and political changes (Albania and Zimbabwe). Second 
results of a recently published automated methodology to extract agricultural crop fields from 
weekly 30 m Landsat time series applied to all the conterminous United States (CONUS) are 
presented. A total of 4.18 million fields were extracted. Spatially explicit field extraction results 
and histograms are shown for all the CONUS and select states. The results of validation by 
comparison with independent field boundaries at 48 subsets selected across the 16 states with 
the greatest harvested cropland area are summarized and indicate high extraction accuracy. The 
presentation concludes with a discussion of the implications of this NASA funded research and 
challenges for field size extraction from global coverage long term satellite data.

Potential of satellite constellations for generating cloud free imagery for high 
temporal Earth Observation
Richard Armitage, F. Alberto Ramirez
University of Salford, United Kingdom; r.p.armitage@salford.ac.uk

Cloud cover is a major constraint on optical remote sensing, whether it is spaceborne, airborne or 
ground-based, particularly in temperate regions such as the United Kingdom. The impact of cloud 
cover on operational applications, such as the monitoring of vegetation phenology, which requires 
high temporal resolution can be significant. While it is feasible to have satellite return overpasses 
of a few days, or even daily, such sensors are usually limited by either their spatial or spectral 
resolutions. Some of these limitations can be addressed using constellations of satellites working in 
tandem to collect data at medium spatial resolutions and with medium to high spectral resolutions. 
Sentinel 2, part of the EU’s Copernicus programme, will see a constellation of two optical medium 
resolution sensors launched, which will give a designed revisit period of five days. This research will 
investigate the potential impact of cloud cover frequencies on the ability of constellation such as 
Sentinel 2 to produce high temporal frequency cloud-free imagery. The United Kingdom is used as 
a study areas, with probability of cloud free observation generated form the MODIS Cloud Mask 
Product. The approach adopted involves creating data sets covering a number of calendar year. The 
temporal and spatial variations in probability of cloud free observation are calculated. Initial results 
indicate a north-south and west-east variation in cloud cover, with average cloud free observation 
less than 35% of the time. Clearly, the higher frequency return of constellations such as Sentinel 2 
should provide a higher frequency of cloud free observation.
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Session 5: Energy, Water and Climate

Time: Thursday, 10/Sep/2015: 10:30am - 12:30pm
Chair: Helen Brindley
EEE Building 32 Lecture Theatre 1015

Changes in global energy imbalance at the top of atmosphere and surface 1985-2012
Chunlei Liu1, Richard Allan1,2, Paul Berrisford3,4, Norman Loeb5, John Edwards6, Pat Hyder6

1University of Reading, United Kingdom; 2National Centre for Earth Observation, UK; 3National 
Centre for Atmospheric Science, UK; 4ECMWF, Shinfield Park, Reading, UK; 5NASA Langley 
Research Centre, Hampton, Virginia, USA; 6Met Office, Exeter, UK; r.p.allan@reading.ac.uk

Combining satellite data, atmospheric reanalyses and climate model simulations, variability 
in the net downward radiative flux imbalance at the top of Earth’s atmosphere (N) are 
reconstructed and linked to recent climate change. Over the period 1985-2012 we estimate 
N=0.47±0.54 Wm−2 (uncertainties at 90% confidence level). Variability relates primarily to 
the eruption of Mt. Pinatubo in 1991 and El Niño Southernn Oscillation with good agreement 
(r~0.6) between the monthly reconstruction and atmospheric simulations using prescribed 
sea surface temperature and radiative forcings. Combining with a simple energy balance 
climate model we argue that increased ocean heat uptake below the mixed layer is required to 
reconcile changes in N and surface temperature since 1985.

The surface net fluxes are estimated based upon the reconstructed N and the atmospheric 
energy tendencies and transports from the ERA-Interim reanalysis. The energy divergences 
over the oceans are adjusted to remove an unphysical residual global mean atmospheric 
energy divergence. The estimated net surface energy fluxes are compared with reanalysis and 
atmospheric model simulations. The spatial correlation coefficients of multi-annual means 
between the estimations made here and other data sets are all around 0.9. There are good 
agreements in area mean anomaly variability over the global ocean. The inter-hemispheric 
heating differences and precipitation biases are also discussed.

Evaluating soil moisture constraints on surface fluxes globally: CMIP5 vs. satellite 
observations of land surface temperature
Philip Harris1, Belen Gallego-Elvira1, Sonja Folwell1, Darren Ghent2, Christopher Taylor1

1Centre for Ecology & Hydrology, Wallingford, United Kingdom; 2Department of Physics and 
Astronomy, University of Leicester, Leicester, United Kingdom; ppha@ceh.ac.uk

Soil water plays a central role in both physical and biogeochemical processes in the Earth 
system. As soils dry during rain-free periods, evapotranspiration becomes limited by 
water availability rather than radiation, causing both land surface temperature (LST) and 
sensible heat flux to increase. However, global climate models (GCMs) disagree on where 
and how strongly the surface energy budget is controlled by soil moisture. Evaluation of 
these processes in models is a major challenge owing to the lack of surface flux observations 
representing the GCM grid box scale.

Earth observation offers the potential to test how well GCM land schemes simulate 
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hydrological controls on surface fluxes. In particular, observations of LST from MODIS 
and AATSR provide indirect, global information about the surface energy partition at 1 km 
resolution. In this study, LST data are combined with near-surface air temperature (Ta) 
from bias-corrected meteorological re-analyses to yield information related to evaporative 
state. Specifically, we examine the composite time variation of LST and Ta anomalies during 
rain-free periods. By focussing the analysis on dry spells with largely clear-sky conditions the 
influence of short-term variations in solar radiation on land temperatures is reduced. This 
observed LST-based diagnostic is compared with simulations of seven CMIP5 models running 
the AMIP experiment. By stratifying dry spell events by antecedent precipitation, as a proxy 
for initial soil moisture, we identify regions and seasons where the simulated land surface 
behaviour is inconsistent with observations.

Global verification of cloud fraction in models using CloudSat and CALIPSO data
Robin Hogan2, Throwald Stein2, Andrew Ian Barrett1, Helene Garcon2, Julien Delanoe3

1NCEO/University of Reading, United Kingdom; 2University of Reading, United Kingdom; 
3LATMOS, Universite de Versaille, France; a.i.barrett@reading.ac.uk

Weather weather models can forecast clouds in the right place at the right time is a useful 
indicator of the fidelity with which the model captures the underlying cloud processes, and is 
therefore relevant for both weather and climate modelling. The CloudSat radar and CALIPSO 
lidar have been used to evaluate the global distribution of vertically resolved cloud fraction 
in the ECMWF and Met Office forecast models. We find that the predicted cloud fraction 
is about right in the upper troposphere but at most latitudes, mid-level and boundary-layer 
cloud fraction is underestimated by a factor of two.

We then evaluate whether the clouds are predicted at the right time and place. Using the 
Symmetric Extremal Dependence Index (SEDI) metric reveals that winter-hemisphere 
upper-tropospheric clouds are most accurately forecast, while tropical and sub-tropical 
boundary-layer clouds are predicted with virtually no skill at all.

Characterizing warm rain over Africa
J. Christine Chiu1,2, Matthew P. Young1, Charles J. R. Williams1, Thorwald H. M. Stein1

1University of Reading, United Kingdom; 2National Centre for Earth Observation; c.j.chiu@reading.ac.uk

Shallow warm clouds prevail across southern West Africa during monsoon seasons. However, 
due to the sparse surface-based rainfall measurements and the difficulty in retrieving warm 
rain from satellite observations over this region, we have little knowledge on how frequent 
warm clouds precipitate. This insufficient knowledge makes it difficult to understand 
what controls warm rain characteristics, and how they respond to aerosol perturbations 
in the presence of a rich mix of natural and anthropogenic aerosols. To enhance warm rain 
observations over southern West Africa, we introduce a new method, trained by CloudSat 
radar measurements, for detecting warm rain from the Spinning Enhanced Visible and 
Infrared Imager onboard the Meteosat Second Generation geostationary satellite. Using this 
new technique, we will characterize warm rain frequency and amount, and investigate their 
spatial and temporal variability. These enhanced observations not only expand the rainfall 
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monitoring capability of geostationary measurements, but also provide crucial constraints 
for climate models in cloud-aerosol-precipitation interactions, which can consequently help 
reduce the errors currently found in surface radiation budget.

Evidence of multiple scattering in observations of the GPM dual-frequency 
precipitation radar and way forward for retrievals

Kamil Mroz2, Alessandro Battaglia1,2, Simone Tanelli3, Frederic Tridon1, Pierre-Emmanuel 
Kirstetter4,5

1University of Leicester, United Kingdom; 2National Center Earth Observation, University of 
Leicester, United Kingdom; 3Jet Propulsion Laboratory, Pasadena CA, USA; 4Advanced Radar 
Research Center, National Weather Center, Norman, Oklahoma; 5NOAA/National Severe Storms 
Laboratory, Norman, Oklahoma; km357@le.ac.uk

This presentation shows evidences of multiple scattering effects in reflectivity measurements 
performed by Global Precipitation Measuring Mission Dual-Frequency Precipitation Radar 
(DPR). In particular, in presence of deep convection, certain characteristics of the dual 
wavelength reflectivity profiles cannot be explained with single scattering approach whereas 
they are easily interpretable with multiple scattering theory. Examples of such signatures are 
the absence of surface reflectivity peaks, anomalously small reflectivity slopes in the lower 
troposphere and anomalous behavior of the signal at ranges longer than to the surface. These 
features will be demonstrated for a variety of cases occurred over the Continental US.

A path to refining the rainfall inversion problem is proposed by adopting a methodology based 
on a forward operator which accounts for multiple scattering. A retrieval algorithm based on 
this methodology is applied to a variety of case studies with collocated NEXRAD observations 
available. This allows rigorously assessing the actual profiling capability of the DPR inside 
such systems. These findings are relevant for DPR-based rainfall retrievals when dealing with 
deep convective regions.

An Examination of A New Multi-Decadal Total Column Water Vapour Record From The 
High-Resolution Infrared Radiation Sounder And Its Application For Climate Studies
Tim Trent1, Lei Shi2, Marc Schroder3

1University of Leicester, United Kingdom; 2National Climatic Data Center, NOAA, Asheville, North 
Carolina,USA; 3Satellite-based Climate Monitoring, Deutscher Wetterdienst/Frankfurter Straße 
135, 63067 Offenbach, Germany; tjt11@le.ac.uk

Atmospheric water vapour is an important natural greenhouse gas, influencing both directly 
and indirectly the global radiative balance of the Earth as well as heat and moisture fluxes at 
the surface. Since water vapour concentrations may change as a result of surface warming 
and other environmental/meteorological factors, there is a need to understand its long-term 
behaviour.

In this paper we present an independent total column water vapour (TCWV) climate data 
record form the High-resolution Infrared Radiation Sounder (HIRS). With an operational 
time span of over 35 years, the HIRS data record is extremely valuable for climate studies. 
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However, to exploit this data for climate research it is important to understand the ultimate 
performance of these measurements through comparisons with in situ observations. In this 
study we use water vapour profiles from the Analysed Radiosonde Archive (ARSA) to create 
HIRS equivalent brightness temperature’s that are then used as inputs into the HIRS retrieval 
processor. This allows for ‘like for like’ comparisons to be made. Furthermore, we present a 
case study where we use Special Sensor Microwave Imager (SSM/I) TCWV measurements 
from the Hamburg Ocean–Atmosphere Fluxes and Parameters from Satellite Data (HOAPS) 
and reanalysis from ERA Interim to further examine stability of the HIRS record through a 
three way analysis for ocean measurements only. Finally, we put the results into perspective of 
the results from the GEWEX water vapor assessment (G-VAP ).

Testing the ability to detect and diagnose multi-decadal changes in the Earth’s 
Outgoing Longwave Radiation from IRIS, IMG and IASI satellite observations.
Richard Bantges1, Helen Brindley1, Jonathan Murray1, Xianglei Huang2, Xiuhong Chen2

1Imperial College London, United Kingdom; 2University of Michigan, USA; r.bantges@imperial.ac.uk

Using observations from the IRIS, IMG and IASI satellite instruments, the differences in 
the Earth’s outgoing longwave radiation spectrum over three periods are presented: 1970 
to 1997, 1970 to 2012 and 1997 to 2012. Maximum differences of up to 2K are observed in the 
atmospheric window regions and up to -5K in the 1304cm-1 CH4 band, between 1970 and 
2012. However, uncertainty in the quality of the calibration for the IRIS data from 1970 leads 
to relatively large (~1K), uncertainties in the absolute levels of the differences observed in 
the atmospheric window regions over the periods considered. Differences derived from 
model simulations for the corresponding periods are in general within 0.2K of those obtained 
from the observations, although the simulations are unable to reproduce the broad spectral 
features found when contrasting IMG and IASI measurements to those of IRIS.

Traceable Radiometry Underpinning Terrestrial- and Helio- Studies (TRUTHS): A 
mission to enhance the performance of the Sentinels to meet the needs of Climate
Nigel Paul Fox1, Paul Green1, Javier Gorrono1, Jamie Reed2, Dan Lobb3, Alan O’Neill4, Helen 
Brindley5, Richard Bantjes5

1National Physical Laboratory, United Kingdom; 2Airbus Defence and Space; 3Surrey Satellite 
Systems Ltd; 4University of Reading; 5Imperial College London; nigel.fox@npl.co.uk

Climate change; forecasting its impact, monitoring the essential climate variables and 
mitigation strategies together with studies of the carbon and water cycles to provide policy 
makers with the unequivocal evidence of attribution and associated physical processes 
are the key societal challenges. This requires trustable, accurate, and multi-spectral data 
from satellite and in-situ observations. Whilst the Sentinels of Copernicus will provide key 
contributions to this data-set, they were primarily designed for operational measurements 
and services. The underpinning design and build accuracy was not specified in most cases 
to meet the exacting demands of climate, in common with most EO sensors, and yet we now 
look to them as the source of data upon which to build climate services and inform policy 
decisions.
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This limitation of the current Earth Observation system (in the context of climate) is 
recognised by scientists and space agencies and has led to ‘a strategy towards an architecture 
for climate monitoring from space’ [1]. One of the key elements within this strategy is the 
demand for a high accuracy SI traceable sensor(s) to provide a means to anchor and upgrade 
the performance of other EO sensors through in-flight reference calibration. TRUTHS is a 
mission designed to address this urgent and cross-cutting need, complementing the Sentinels 
and facilitating the establishment of a climate observatory.

Following recent studies supported by CEOI-ST the design of TRUTHS has simplified 
significantly, whilst maintaining its disruptive performance. The optimised design, together 
with a demonstration of its ability to transfers it traceability and high accuracy to upgrade the 
performance of sensors such as Sentinel 2/3 will be described.

[1] http://www.wmo.int/pages/prog/sat/documents/ARCH_strategy-climate-
architecture-space.pdf
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Session 6: Vegetation Characterisation and Wildfire Impacts

Time: Thursday, 10/Sep/2015: 10:30 - 12:30
Chair: Peter North
Arts Annex Building 2A Lecture Theatre J (2077)

15 years of Global Burned Area and Fire Seasonality Mapping
Kevin Tansey1, Marc Padilla1, Paul Arellano1,2, Andrew Bradley3, Bruno Smets4, Roselyne Lacaze5, 
Davy Wolfs4

1University of Leicester, Department of Geography, Leicester, United Kingdom; 2YachayTech 
University, Hacienda San Jose, Urcuqui-Ecuador; 3Forest Ecology and Conservation Group, 
Imperial College London; 4VITO-TAP, VITO NV, Boeretang 200, 2400 Mol; 5HYGEOS, Toulouse, 
France; kjt7@le.ac.uk

The spatial and temporal distribution of vegetation fires, characterized by the remote 
detection from spaceborne satellites of the fire scar left on the landscape, over a period of 
nearly 15 years is reported on in this paper.

Two products have been developed. The first is the daily detection of burn scars being 
made at the earliest opportunity after masking for poor quality pixels, cloud, cloud shadow, 
topographic shadow, water and non-vegetated surfaces, made at the native resolution of the 
sensor. The second product is a record of fire seasonality, defined as a coherent cluster of 
burned area detection made within a 10-day period over a 1 degree grid cell.

The product has been validated according to Committee on Earth Observing Systems (CEOS) 
protocols. Overall accuracy is greater than 99% but this is mainly driven by non-burned 
vegetation dominating the Earth’s land surface. Accuracies of omission and commission 
suggest that at a native detection resolution of 1km, burn scars are not that well characterised 
in size, and we also see the false commissioning of detection as a result of other processes, 
such as phenology. The validation results show that the product demonstrates temporal 
stability that does not contain bias. At the start of 2014, the detection method was evolved 
from SPOT-VEGETATION to the new PROBA-V sensor that provides equivalent Top-of-
Canopy reflectance data at a native resolution of 333m. We see much improved fire shape and 
size characterisation at this higher resolution.

Results showing the temporal and spatial patterns, as well as sum totals, of burned area are 
shown for different continents and biomes. Patterns of fire seasonality at the degree cell level 
are also analysed. The products are available through the European Commission Copernicus 
Global Land Service (http://land.copernicus.eu/global/).
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The effects of vegetation structure on the top of atmosphere signal of solar induced 
fluorescence
Jacques Malaprade, Philip Lewis

UCL, United Kingdom; ucfajrm@ucl.ac.uk

Present estimates of plant photosynthesis or gross primary productivity (GPP) are based on 
flux-tower -, remote sensing observations, land surface and climatological models. Remote 
sensing observations are converted to vegetation indices (VIs) which are related to the 
amount of vegetation rather than the actual process at cellular level. Fluorescence together 
with heat dissipation are by-products of photosynthesis. The three are in competition 
with each other for the energy absorbed by plants. It has been shown that there is a close to 
linear relationship between photosynthesis and fluorescence under non-light limiting and 
unstressed conditions. Fluorescence can be a more direct estimate of the process taking 
place at cellular level whereas VIs do not follow the cycle as closely, but change gradually 
over the season as leaf biomass increases and decreases. Solar induced fluorescence (SIF) is 
in turn scattered and reabsorbed by vegetation. The top of canopy signal is thus a fraction of 
the leaf level SIF and depends on the structural and biochemical characteristics of the leaf, 
canopy and the soil background. To arrive at an estimate at the leaf level requires models of 
the leaf biochemistry, leaf radiative transfer and canopy radiative transfer as well as energy 
balance models. The model inversions are time consuming and more often than not an under-
constrained problem. This research is looking at ways to take in consideration the effects 
of canopy structure on top of canopy (TOC) and eventually top of atmosphere (TOA) SIF. 
Prior to describing the full 3D effect of the canopy using complex models, we will attempt 
a simplification based on p-theory or Spectral Invariants. This is in essence based on the 
recollision probability and a directional as well as interceptance component.

New Earth Observations of Asian Fire Activity
Martin John Wooster, Weidong Xu, Tianran Zhang

King’s College London, United Kingdom; martin.wooster@kcl.ac.uk

A series of new geostationary and polar-orbiting Earth observation missions are enabling 
higher temporal and spatial resolution data to be obtained on biomass burning activity across 
fire affected regions of the planet, including Asia where intense periods of agricultural burning 
and fires associated with land cover change processes are occasionally greatly amplified by 
climate perturbing events, such as El Niño. Asia has been identified as a region where current 
EO missions tend to underestimate fire activity, due to the often spatially relatively restricted 
size of the individual fires, but their occurrence in very large numbers. In this talk we will 
demonstrate some of the new capabilities offered by these more recent satellite missions 
with regard to active fire observations in Asia, using them to study periods of recent burning 
activity across the region and to make the first estimates of carbon and greenhouse gas 
emissions to the atmosphere from these new data sources.
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A 14 year global dataset of fire impacts
Jose L Gomez-Dans1, Philip E Lewis1, James R Brennan1, David Roy2

1NCEO & UCL, United Kingdom; 2South Dakota State University, United States of America; 
p.lewis@ucl.ac.uk

Fire is an ubiquitous agent of disturbance in the land surface. Fire is controlled by weather, 
amount and types of vegetation and human activities, with strong feedbacks within this 
system. Fire is an important source of greenhouse gases, and plays a critical role in our 
understanding of the carbon cycle. In a warming world, fire activity is predicted to change. 
Traditionally, Earth Observation (EO) data result in a binary mask of “burned”/”unburned” 
over the landscape (with an associated time of burning). Quantification of the impact of the 
fire on the vegetation, effectively the proportion of the biomass that is consumed by the fire 
is typically calculated from tabulated data (or simple models based on vegetation type and 
contemporary weather). The use of fire radiative transfer (FRE) from thermal observations 
has been found to be related to combusted biomass, but suffers from limitations of active 
fire observations (low sensitivity to small fires, cloud, etc.). In the optical domain, efforts to 
identify vegetation indices have resulted in a number of empirical approaches that couple 
the change of reflectance to the impact of the fire. These approaches are very much site and 
sensor specific, and thus not useful for global monitoring efforts.

In this contribution, we introduce a spectral model of reflectance change due to fire. This 
model states that shortly after the fire, a burned pixel turns into a mixture of intact and 
burned vegetation. The mixture is controlled by fcc, the product of the proportion of the 
pixel affected by the fire, f, and the (radiometric) “combustion completeness”, cc. We further 
assume that most of the scene affected by the fire will be a mixture of exposed (dry) soil, char 
and ash. Using a spectral database of these “endmembers”, we produce a simple model of 
a typical spectral burn signal. The spectral burn signal model has two parameters, that can 
be interpreted as the similarity of the spectrum to char (or ash), or to a dry soil. If angularly-
normalised spectral reflectance is available before and after the fire, the model can be inverted 
to produce estimates of fcc, and the two burn signal parameters, a0 and a1.

We have applied the previous model to the entire MODIS archive, from 2000 to 2014. To flag 
the timing of the fires, we have used three different products: the MODIS active fire product 
(MOD14A1/MYD14A1), the official MODIS burned area product (Coll 5.1), MCD45A1, and 
the GFED MODIS burned area product (MCD64A1). MODIS surface reflectance data were 
normalised to nadir looking, nadir viewing geometry before and after the fire, and the linear 
spectral model of reflectance change was inverted in the JASMIN/CEMS data analysis facility 
at STFC Rutherford Appleton Laboratory in the UK.

Globally, if the BA is scaled by fcc, and we assume that cc=1, then the total burned area 
decreases by an amount of ~40%, although the actual figure is biome specific. The dataset 
allows us to explore dynamics of fcc, a0 and a1. Moreover, the distributions of a0 and a1 
derived from this work could be used to derive typical burn signals for particular periods and 
regions. These parameter distributions could then be used to propose typical burned area 
signals for sensors other than MODIS. We also note that the developed model could form part 
of burned area detection algorithms, offering a spectral invariant linkage between evidence of 
fire obtained from different sensors.
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How sensitive is vegetation towards drought in continental interiors?
Sietse Los, Peter North

Swansea University, United Kingdom; p.r.j.north@swan.ac.uk

A model was developed to simulate the normalised difference vegetation index (NDVI) 
globally from precipitation and temperature data. Equations were dependent on six major 
Koeppen-Trewartha classes. The simulated NDVI, referred to as the climate constrained 
vegetation index (CCVI), provided realistic simulations of NDVI and captured the spatial 
variability (0.82 < r <0.87), seasonal variability (median r = 0.83 and interannual variability 
(median global r = 0.24). The CCVI simulated the effects of severe drought on vegetation 
during 1984 south of the Sahara and during the dust bowl in the 1930s and 1950s in the Great 
Plains of North America. Residuals between observed NDVI and CCVI indicated a CO2 
fertilisation effect similar to earlier estimates for the 20th century. Three CCVI climate 
change scenarios based on representative concentration pathway RCP4.5 showed a greater 
sensitivity of vegetation towards precipitation in mid latitudes in the interiors of the North 
America and Eurasia than other models. The higher sensitivity towards precipitation 
variability is of particular importance for future projections of agricultural productivity.

Radiative transfer modelling for land surface observation using the FLIGHT model
Peter North1, Iain Bye1, Rocio Hernandez Clemente1, Jackie Rosette1, Sietse Los1, Pablo Zarco-
Tejada2, Dave Harding3

1Swansea University, United Kingdom; 2Instituto de Agricultura Sostenible (IAS), Cordoba, Spain; 
3NASA Goddard Space Flight Center, MD 20771, USA; p.r.j.north@swan.ac.uk

This talk will introduce new developments in modelling of satellite and aircraft observations 
using the FLIGHT three dimensional radiative transfer model. Modelling provides both 
a framework for understanding the physical meaning of detected signals, and a practical 
means to extract information and error estimates though model inversion. In this talk we 
present recent developments in modelling new instruments capable of detecting canopy solar 
induced chlorophyll fluorescence (SIF), and lidar signal from both waveform and photon 
counting instruments such as the planned ICESat-2 mission. This talk will also discuss 
recent developments in understanding the seasonal cycle in the Amazon rainforest, based 
on combination of satellite observations from MODIS and ICESat GLAS, using the FLIGHT 
model to provide physically constrained attribution of changes in satellite signal to the land 
surface. Related research in developing new global satellite observations for land surface 
study from forthcoming satellite missions will also be discussed.
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Emulation, Emulation, Emulation! Efficient radiative transfer models for biophysical 
parameter retrieval
Jose L Gomez-Dans, Philip E Lewis, Mathias Disney, Cecile Mezzera

NCEO & UCL, United Kingdom; j.gomez-dans@ucl.ac.uk

The advent of the Sentinel era, as well as the large number of sensors currently active and 
planned presents a challenge to our ability to monitor the land surface. Different sensors 
open opportunities of using more data together, but this ability depends on being able to 
account for the differences in the sensors, which can acquire data with different spectral, 
spatial, temporal and angular characteristics. A way to circumvent these differences is to use 
models that describe the emission, scattering and absorption of radiation by the land surface 
and atmosphered. These models can thus account for the differences in acquisition platform. 
However, the models are typically complex, with strong non-linearities and computationally 
costly to run. The task of inferring the state of the vegetation or surface is accomplished by 
a model inversion, or by calculating the a posteriori distribution of the model parameters 
given the observations and any prior information that one might have. These inferences are 
typically costly, as they required of sampling methods like Markov Chain Monte Carlo. Under 
some assumptions, the problem can be phrased as a (non-linear) cost function minimisation. 
Still, all these methods require many model runs, and in the case of minimisation algorithms, 
access to the gradient of the cost function, which is not often available, or requires the use of 
automatic differentiation (AD) tools to generate it.

A more pragmatic approach is to use an “emulator”, a surrogate function that provides a good 
approximation to the computationally expensive model while being very fast to run. Critically, 
the emulator must provide a measure of the uncertainty in the approximation for it to be of 
any use. From a Bayesian perspective, we can see this problem as that of an inference on a 
function when only a few “observations” pairs of input parameters and outputs are available. 
A Gaussian Process (GP) encodes this problem: we can parametrise a GP with a relatively 
small number of model runs so that it provides an estimate of the value of the emulated model 
for an arbitrary input parameter. Additionally, it will provide an estimate of the uncertainty.

The process of parametrising the GP is straightforward, and in our experience, most RT 
models can be emulated well with only 150-200 forward model runs, irrespective of the 
different levels of complexity emulated by the model. We discuss how the emulator can be 
made to emulate the full spectral output of a model, as well as emulators targeted to particular 
spectral bands, as well as some limitations in the emulation and potential ways around 
them. We also consider the possibility of emulating the partial derivatives of the emulated 
function, providing an efficient access to adjoint-free cost function minimisation. Numerical 
integration will also be considered. We demonstrate the performance of emulation with a 
number of typical vegetation RT models, atmospheric RT models and explore how we can 
start using emulation to couple the land surface and the atmosphere. We will also show 
examples of data assimilation (DA) results that make use of emulators to invert biophysical 
parameters from EO observations.
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Prototyping a Landsat-8 Sentinel-2 Burned Area Product
David Roy1, Sanath Kumar1, Hankui Zhang1, Luigi Boschetti2

1South Dakota State University, GSCE, United States of America; 2University of Idaho, Moscow, 
United States of America; david.roy@sdstate.edu

Fire products derived from coarse spatial resolution satellite data have become an 
important source of information for the multiple user communities involved in fire 
science and applications. The advent of the MODIS on NASA’s Terra and Aqua satellites 
enabled systematic production of 500m global burned area maps. There is, however, an 
unequivocal demand for systematically generated higher spatial resolution burned area 
products. Moderate spatial resolution contemporaneous satellite data from Landsat-8 and 
the forthcoming Sentinel-2 sensors provide the opportunity for detailed spatial mapping 
of burned areas. Combined, these polar-orbiting systems may provide 10m to 30m multi-
spectral global coverage up to every 3 days. Combination of the sensor data is complex 
especially due to their different spatial and spectral resolution. This recently NASA funded 
research presents early results to prototype a combined Landsat-8 Sentinel-2 burned 
area product. The algorithm is applied on a multi-temporal per-pixel basis with temporal 
consistency checks to reduce commission errors. Seamless sensor data integration is enabled 
by a random forest change regression that is parameterized with synthetic training data that 
models reflective wavelength change due to fire considering the different sensor spectral 
response functions. Preliminary results for sites in California, Canada, Portugal, Brazil, India, 
and South Africa are presented and implications for future research discussed.
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Using Crowd-sourcing to Monitor Landscape Change in Hampshire
Matthew James Bond1, Tim Pearson1, Joe Cox2, Andreas Lianos2

1Remote Sensing Applications Consultants Ltd, United Kingdom; 2University of Portsmouth, 
United Kingdom; matb@rsacl.co.uk

Building on the success of the Zooniverse Crowdsourcing platform, one of the Zooniverse 
Partners (The University of Portsmouth) have teamed up with Remote Sensing Applications 
Consultants (RSAC) Ltd and Hampshire County Council to develop a crowdsourcing 
platform for the processing of remote sensing data.

The first project has set up a website (http://www.hampshire.landscapewatch.com) to 
facilitate public involvement in the interpretation of two dates of aerial photography, one 
taken in 2005 and one from 2013 covering the whole of Hampshire, to monitor landscape 
change between the two dates.

We will aim to discuss the system and the challenges of designing remote sensing systems for 
the general public, as well as demonstrating the functionality of the system and the results we 
have achieved.

The WorldPop project: high resolution population mapping for low income countries
Alessandro Sorichetta1, Graeme M. Hornby1, Catherine Linard2, Forrest R. Stevens3, Jeremiah J. 
Nieves3, Andrea E. Gaughan3, Nirav N. Patel4, Andrew J. Tatem1

1University of Southampton, United Kingdom; 2Université Libre de Bruxelles, Belgium; 3University 
of Louisville, USA; 4George Mason University, USA; A.Sorichetta@soton.ac.uk

Contemporary and spatially detailed datasets accurately depicting the distribution of the 
residential human population across the globe are a prerequisite for effectively measuring 
the impacts of population growth, monitoring changes, supporting environmental and 
health applications, and planning interventions. Hence, since the mid-1990s, there has been 
an increasing effort to create spatially-explicit population distribution datasets, using a 
range of approaches, assumptions, and input data to disaggregate administrative unit-based 
population counts to a regular grid of fixed spatial resolution.

The WorldPop project (www.worldpop.org) works together with national health ministries, 
statistical offices and international agencies to fill these gaps and produce high resolution 
contemporary estimates of population distributions and demographics through the 
integration of satellite, census, survey and other spatial data. The project recently developed 
a Random Forests (RF)-based dasymetric mapping approach to facilitate census data 
disaggregation using a wide range of remotely-sensed and other geospatial datasets that relate 
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to human population distributions at a spatial resolution of approximately 100m.

Datasets identifying populated places, such as urban areas and rural settlements, consistently 
prove to be the most important covariates in modelling population distributions analysis. 
Thus, the 30m spatial resolution EC-JRC Landsat ETM- and SPOT 5-based Global Human 
Settlement Layer, and the 12m resolution the DFD-DLR TSX/TDX-based Global Urban 
Footprint dataset were integrated into the RF model. Results showed that integrating these 
two unique global satellite-derived datasets translated into significant improvements in 
population distribution mapping precision and accuracy across a range of setting, pointing 
towards extension of the approaches to global population mapping at unprecedented levels of 
detail.

Copernicus HRLs for the UK – Description and performance
Geoff Smith

Specto Natura Ltd., United Kingdom; geoffsmith@specto-natura.co.uk

The EU Copernicus programme has just reached the end of the GMES Initial Operations 
(GIO) phase. At the pan-European level a new suite of land products, the High spatial 
Resolution Layers (HRLs), have been delivered and will be supplied from of charge to a broad 
user community. The HRLs address specific land surface characteristics: imperviousness, 
forest, grassland, wetland and permanent water bodies. They provide relatively simple density 
information and masks, but at detailed 20 m spatial resolution. The HRLs will be updated 
on a 3 year repeat cycle and have the potential to support a broad range of applications from 
monitoring land take during urbanisation to forest damage and water management. However, 
when the production of the HRLs began in 2012 the service specifications for the layers were 
at different levels of maturity. The imperviousness layer was well established and had already 
been produce for two earlier epochs. The forestry layer had been thoroughly developed 
within the Geoland2 project. The grassland, wetland and permanent water body layers were 
relatively immature and their production specifications differed considerably from those 
developed by Geoland2. This situation resulted in differing levels of quality / performance 
across the five layers and thus their potential usability was also impacted. This paper will 
describe the HRLs data available for the UK from 2012 and their quality and limitations. It will 
also offer up some recommendations for a future updates of the HRLs and issues to consider 
when reprocessing the historical image data collected by Copernicus.

Improving LandSat observations of coastal ecosystems utilizing ground-based 
classification techniques
Ian Laurence Paynter1, Crystal Schaaf1, Edward Saenz1, Angela Erb1, Francesco Peri1, Jennifer 
Bowen1, Bob Chen1, Bruce Cook2, Linda Deegan3

1University of Massachusetts Boston, United States of America; 2NASA Goddard Spaceflight 
Center, United States of America; 3Woodshole Marine Biological Laboratory, United States of 
America; ian.paynter@umb.edu
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Coastal ecosystems have important roles in geochemical cycling, including carbon storage, 
and coastal armoring, which are strongly influenced by atmospheric, marine and terrestrial 
conditions. This sets coastal ecosystems as the front line of global climate and weather 
pattern change. However, the high background temporal dynamism of coastal ecosystems, 
resulting from tidal patterns and phenology, presents a challenge to observing long-term 
change with remote sensing resources. In ecosystems such as saltmarshes and mangroves, 
water, soil and vegetation components can change dramatically in their relative cover and 
spectral properties between observations, without a substantial change in the underlying 
structure. LandSat 7 and 8 provide 30m resolution, 8-day repeat acquisitions globally. 
Although these observations are of a useful spatial and temporal scale for quantifying changes 
in vegetation, hydrology and geomorphology, their use requires understanding of the tidal and 
phenological component of the multi-spectral signal. Throughout the 2015 growing season 
we are producing extremely high-resolution ground-cover classifications of areas co-located 
with LandSat 7 and 8 pixels at the Plum Island saltmarsh Long Term Ecological Research site 
in Massachusetts, USA. We are acquiring these terrestrial data simultaneously to satellite 
overpass utilizing the Compact Biomass Lidar (CBL) and imaging techniques. We present 
preliminary findings comparing LandSat and terrestrial observations, as well as an outline of 
ongoing validation work in mangrove ecosystems.

Crowdsourcing for observations from satellites
Stuart Nicholas Wrigley
University of Sheffield, United Kingdom; s.wrigley@sheffield.ac.uk

We will present the current progress of the European Space Agency (ESA) funded pan-
European project Crowd4Sat - a 14-month project with six partners that started in February 
2015. The objective of this project is to investigate how crowdsourcing and citizen science 
impacts upon the validation, use and enhancement of ESA satellite-derived remote sensing 
products and services, as well as how ESA products can be used in crowdsourcing, with the 
ultimate aim of supporting better data exploitation, improving citizens’ lives and educational 
activities, and encouraging wider science engagement.

The project is mapping current crowdsourcing communities and initiatives, and surveying the 
technological and community trends, challenges and opportunities with the goal of providing 
recommendations on how to maximise the benefits of crowdsourcing and citizen science 
within ESA activities and outreach.

The project is also addressing concrete scientific and societal problems through four 
demonstration projects, targeting key scientific and societal issues in which the combination 
of crowdsourcing / citizen science and satellite-based remote sensing can have a positive 
impact. These demonstration projects include (i) using unprecedented amounts of 
crowdsourced vehicle movement data with in situ and satellite remote sensing for improved 
pollution modelling and mapping for local authorities; (ii) crowdsourcing the validation 
of satellite-derived snow covered area in collaboration with local hikers’ associations; (iii) 
integration of opportunistically crowdsourced data from social media with satellite data 
to improve overall quality and timeliness of flood mapping services; (iv) integration of 
crowdsourcing to improve accuracy and timeliness of land cover information for water 
management.
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A rigorous comparison of spatial, spectral and classifier properties when mapping 
complex urban land cover from spaceborne imagery
Rahman Momeni, Paul Aplin, Doreen Boyd

University of Nottingham, United Kingdom; Rahman.momeni@nottingham.ac.uk

Detailed land cover information is crucial for managing complex urban environments, and 
remote sensing is the only practical and cost-effective means of generating such information 
over large areas. It is widely acknowledged that early urban classification studies were 
hindered by the relatively coarse spatial resolution of available imagery, but other hindrances 
may have included sensors’ limited spectral capabilities and unsophisticated statistical 
classifiers. However, recent advances in sensor technology and classification approaches have 
opened up new opportunities for mapping urban areas. Here, therefore, we conduct a rigorous 
comparison of how these sensor and classifier improvements may enhance the performance 
of urban classification.

Using a WorldView-2 (WV2) image of the city of Nottingham, UK as the starting point for 
analysis, we compare a series of different spatial resolutions (30, 10, 4, and 2 m), spectral 
band sets (4, 6, and 8 bands) and classification approaches (maximum likelihood maximum 
likelihood (ML), support vector machine (SVM), and object-based for mapping detailed 
urban land cover (11 classes). In total, 36 data set/classifier combinations are compared. 
These data sets enable broad simulation of the component (spatial, spectral) parts of a 
range of commonly used sensors such as medium resolution Landsat TM/OLI Landsat OLI, 
high resolution SPOT HRG, and VHR IKONOS. The different classifiers enable comparison 
between parametric (ML) and non-parametric (SVM), as well as pixel- and object-based, 
approaches.

The accuracy of each of the 36 classifications was assessed using a common set of 441 
independent reference data points. Then, to ensure rigorous results, an exhaustive series of 
statistical tests was conducted – between ‘all’ pairs of classification outcomes (630 paired 
tests in total) – to determine whether or not differences in accuracy were significant. The 
results show that as spatial resolution becomes finer, there are consistent increases in 
classification accuracy. Spectral band sets are less influential in determining accuracy, though 
modest increases are achieved overall by increasing the number of spectral bands. No single 
trend can be observed in relation to the choice of classifier, but certain classifiers are clearly 
well-suited to certain data set combinations. For instance, SVMs are more accurate than ML 
when using fine spatial resolution imagery, suggesting that non-parametric SVMs may be 
better able to handle complex and noisy training data. Also, object-based classification is more 
accurate than the pixel-based approaches when using the full 8 band data set.

Decadal dominant vegetation land cover classification in Iraq based on satellite 
derived phenological parameters
Sarchil Hama Qader, Jadunandan Dash, Peter M Atkinson

University of Southampton, United Kingdom; shq1g12@soton.ac.uk
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Primary information of various scientific disciplines such as food security, climate change 
and agricultural management can be surrogated from land cover monitoring. In the arid to 
semi-arid regions, an accurate discrimination of cropland from natural vegetation is hard 
due to their similar phenological respond. Iraq has been subjected to major environmental 
turbulences both natural and anthropogenic during last decade which may affect the regional 
land cover types. However, reliable information about crops and natural vegetation is scarce.

This work aimed to develop a phenology-based classification approach using support vector 
machine for the assessment of dominant vegetation land cover types in Iraq (DVLCTI), 
particularly croplands. Thirteen successive years of 8 days composites of Moderate 
Resolution Imagery Spectrometer (MODIS) Normalized Difference Vegetation Index (NDVI) 
at a spatial resolution of 250 m were used to extract fourteen phenological parameters.

The land cover pattern is consistent with the geographical knowledge about land cover 
types in Iraq. The classification methodology was assessed using samples taken from high 
resolution imagery and independent test obtained through field work. Overall accuracies 
were generally > 85%, with relatively high kappa coefficients (> 0.86) across the classified land 
cover types. Further assessments comparing our results with the Global MODIS land cover 
maps using ground statistical data, revealed a significant improvement in the quantification of 
croplands (R2= 0.70 against R2= 0.33 for p<0.05). Results show the impacts of the occurrence 
of a severe drought in 2008 in cropland extension.

The impacts of imperfect reference data on land cover classification accuracy
Narumasa Tsutsumida1, Alexis Comber2

1Graduate School of Global Environmental Studies, Kyoto University, Japan; 2Department of 
Geography, University of Leicester, UK; naru@kais.kyoto-u.ac.jp

When land cover is classified from remotely sensed imagery by supervised approaches, 
the reference data are typically labelled with hard (as opposed to soft) classes, simplifying 
complex mix of actual land covers. A representative land cover class in the reference data 
is assigned to each pixel through ground observation or inspection of very high resolution 
(VHR) satellite images with some rules such as identifying the class with the largest area 
in the pixel. This results in any information about other land covers present being lost. 
Since the land cover may in reality be a complex mix of different classes, this simplification 
may affect classification accuracy. In this context, this research examined the impact on 
accuracy of land cover classification using reference data that were simplified to different 
degrees. MODIS 250m resolution data were classified into land cover classes using randomly 
sampled reference data generated by visual interpretation from VHR imagery available in 
Google Earth. At each reference location the proportions of different land covers in the area 
coincident with the MODIS pixel were recorded. Land cover was classified using training 
data generated by a series of proportion thresholds from 10% to 90%. Accuracies for each 
validation sample are estimated by applying a logistic GWR model. This paper explores the 
differences in accuracy arising from the application of different thresholds to the training 
data. The results suggest that greater consideration is needed on how training data are 
generated and that local and soft accuracy assessments provide richer descriptions of 
accuracy.
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Validation of the Tandem-X Intermediate Digital Elevation Model with Airborne LiDAR 
and Differential GPS in Kruger National Park
Heiko Balzter1,2, Jussi Baade3

1University of Leicester, United Kingdom; 2National Centre for Earth Observation, United 
Kingdom; 3Friedrich-Schiller-University Jena, Germany; hb91@le.ac.uk

Radar interferometry is a well established technique for mapping surface elevation height. 
The interference patterns between the phase information from two radar images acquired at a 
certain spatial and temporal baseline is related to the distance to the sensor. With information 
on the viewing geometry, the unwrapped phase image can be transformed into surface height.

Tandem-X is an interferometric radar satellite constellation operated by the German 
Aerospace Center (DLR) and Airbus. The recently released Tandem-X Intermediate 
DEM (IDEM) product provides elevation models at 12 m spatial resolution and above. It 
was derived from bistatic Synthetic Aperture Radar (SAR) interferometry using the two 
TerraSAR-X satellites flying in close constellation.

The aim of this study was to validate the vertical accuracy of the IDEM data at a study site in 
the Kruger National Park, South Africa. Reference data for the accuracy assessment of the 
elevation estimates were available for an area around the Skukuza rest camp. Airborne LiDAR 
data provided by the University of the Witwatersrand in Johannesburg was used to validate 
the IDEM data on the peninsula between the Sabie and Sand rivers near Skukuza. Differential 
GPS measurements were also collected on this site for this purpose in 2015.

The results of the accuracy assessment show that the IDEM elevation data are affected by 
residual vegetation canopy height. The scattering phase centers are located in the canopy 
layer but at lower height than the location of the LiDAR first return signal. Filtering was 
applied to mask out airborne LiDAR returns from the vegetation layer to avoid confusion of 
the accuracy assessment of terrain height with scattering processes in the complex tree/grass 
mixture of the savanna. When only LiDAR ground hits are used for comparison, the IDEM 
data have an RMSE < 1 m and a small bias of 23.8 cm.

A Comparison and Fusion of Optical and Radar Data for the Detection of the Edale 
2008 Burn Scar in the Peak District National Park
Gail Millin-Chalabi, Stefania Amici, Julia McMorrow, Clive Agnew

The University of Manchester, United Kingdom; Gail.Millin-Chalabi@manchester.ac.uk

Systematic detection and monitoring of moorland wildfires is essential to conservation 
groups such as Moors for the Future to understand the extent of damage and to monitor 
natural post-fire recovery or peatland restoration measures. The collection of burn scar 
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perimeter data and vegetation recovery in the field is labour-intensive and time-consuming, 
limiting the spatial coverage of regular monitoring. The large (7 km2) Bleaklow 2003 burn 
scar was successfully detected by C-band SAR data in the Peak District National Park for up 
to 71 days post-fire (Millin-Chalabi et al., 2014). With the launch of Sentinel-1A in 2014 and 
Sentinel-1B due in 2016, regular monitoring of moorland areas for burn scar detection using 
SAR is now on the horizon. Moorland areas are regularly covered by cloud, however, data 
fusion of optical and radar data will be explored for burn scar area enhancement. The aim of 
this research is to use multi-temporal and multi-sensor techniques to compare and contrast 
the ability of optical and radar data to detect the smaller Edale 2008 burn scar of 0.10 km2. We 
present a time series of C-band (ASAR and ERS-2) and L-band (PALSAR) data and compare 
burn scar detection using radar with Landsat 7 scenes.

Assessment of the Microwave Humidity Sounder on board China’s FY-3B and FY-3C 
Meteorological Satellites.
Fabien Carminati, Katie Lean, William Bell, Nigel Atkinson

Met Office, United Kingdom; fabien.carminati@metoffice.gov.uk

China’s Feng-Yun 3 (FY-3) platforms are a series of polar orbiting satellites which will become 
a major source of data for numerical weather prediction (NWP) and climate monitoring over 
the next two decades. The Microwave Humidity Sounder 1 (MWHS-1) was launched on board 
FY-3B in 2010 as an experimental instrument, and it was followed in 2013 by its upgraded and 
operational version, MWHS-2, on board FY-3C. Observations from both instruments have 
been assessed for their assimilation into the Met Office NWP model. The biases observed 
from comparisons of one year of MWHS-1 and two months of MWHS-2 observations with 
NWP background fields revealed data quality matching that from established operational 
instruments such as ATMS, AMSU-B and MHS at similar frequencies (e.g. 183 GHz channels). 
Similarly, low biases (mostly within ±2 K) were also observed for the novel set of channels 
at 118 GHz on MWHS-2. Preliminary results from assimilation experiments in NWP show a 
mostly neutral impact, accompanied by an improvement in the fit of observations to model 
short range forecasts for independent humidity sensors.

Uncertainty in soil moisture estimation due to speckle with model inversion based on 
multi-polarization, multi-frequency radar measurements
Boris Snapir, Stephen Hobbs

Cranfield University, United Kingdom; snapir.boris@gmail.com

When the inverse problem to retrieve field-scale soil moisture from a combination of radar 
measurements is ill-conditioned, measurement noise such as speckle can lead to inaccurate 
estimations. This study assesses (1) which combination of radar measurements is robust 
against speckle, and (2) how much multilooking is required to mitigate speckle and reach a 
+/-0.05vol/vol soil moisture uncertainty.

A maximum likelihood estimator is used with simulated radar measurements from the 
simplified Oh model to retrieve soil moisture and the RMS height (surface roughness). The 
uncertainty in the fitted parameters is derived from Monte Carlo simulations.
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Results show that a combination of (vh,vv,hh)-polarized measurements or simply (vv,hh)-
polarized measurements requires at least 2500 looks to reach the desired soil moisture 
uncertainty. The vh-polarization only improves marginally the retrieval for soil moisture 
below 0.15vol/vol. A combination of L-band and C-band measurements at hh-polarization 
leads to robust model inversion only for RMS height larger than 15 mm. Eventually combining 
(vh,hh)-polarized L-band measurements and (vh,vv)-polarized C-band measurements leads 
to robust estimation all over the parameter space, with 1000 looks required in the worst case.

It follows that with current radar missions the observation requirements of soil moisture 
(time sampling, spatial resolution, uncertainty) seem achievable only with a coverage of a few 
hundred km. Future radar constellations such as Sentinel-1 and the Radarsat constellation 
will improve this limited coverage.

As speckle is intrinsic to microwave scattering, this study highlights fundamental limitations 
in radar remote sensing of soil moisture. It also provides valuable ground for selecting an 
effective combination of radar measurements in a Data Assimilation approach.

Antarctic ice sheet mass loss, glacio-isostatic adjustment and surface processes from 
ENVISAT, ICESat, CryoSat-2, GRACE and GPS
Alba Martin-Español1, Jonathan Bamber1, Andrew Zammit-Mangion1,2, Scott Luthcke3, Liz 
Petrie4, Frederique Remy5, Bert Wouters1, Matt King6

1University of Bristol, United Kingdom; 2Centre for Environmental Informatics, University of 
Wollongong, Australia; 3NASA GSFC, Maryland USA; 4School of Geographical and Earth Sciences, 
University Glasgow; 5LEGOS, Toulouse, France; 6University of Tasmania, Australia; alba.martin@
bristol.ac.uk

Constraining past ice mass changes, identifying their cause(s) and determining rigorous 
error estimates, is important for closing the sea level budget and as an input for and test of 
numerical models. For the Antarctic ice sheet, considerable uncertainty remains between 
different methods and groups. Estimates obtained from altimetry, gravimetry, and mass-
budget methods can yield conflicting results with error estimates that do not always 
overlap, while the, commonly adopted, use of different forward models to isolate and 
remove the effects of glacio-isostatic adjustment (GIA) and surface mass balance (SMB) 
processes introduces another source of uncertainty which is hard to quantify. To address 
both these issues, we present a statistical modelling approach to the problem. We combine 
the observational data, including satellite altimetry, GRACE, GPS and InSAR, and use the 
different degrees of spatial and temporal smoothness to constrain the underlying geophysical 
processes. This is achieved via a spatio-temporal Bayesian hierarchical model, employing 
dimensionality reduction methods to allow the solution to remain tractable in the presence 
of the large number (> 10ˆ7) of observations involved. The resulting trend estimates are 
only dependent on length and smoothness properties obtained from numerical models, 
but are otherwise entirely data-driven. As a consequence, the solutions provide a valuable 
independent test of the forward models. Here, we present the annually-resolved spatial fields 
for i) dynamic ice loss, ii) SMB anomaly, iii) firn compaction and iv) (the time invariant) 
GIA, using a combination of GRACE, ICESat, ENVISat, CryoSat 2 and GPS vertical uplift 
rates, for 2003-2013. The elastic flexure of the crust is also determined simultaneously. We 
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focus here primarily on the mass trends rather than solid earth effects. We obtain a mean rate 
of -115±23 Gt/yr for the 11 year period with a statistically significant positive trend for East 
Antarctica and negative values for the WAIS and Peninsula. We present the spatial pattern 
of evolving dynamic ice loss in these areas and contrast that with a significant positive SMB 
anomaly in East Antarctica since 2009 and other parts of the ice sheet. We also compare our 
SMB anomalies with those from the regional climate model, RACMO-2.3 to test its ability to 
capture the spatio-temporal structure of inter-annual variability in snowfall.

Towards routine monitoring of tectonic and volcanic deformation with Sentinel-1
Tim J Wright1, Paula Crippa2, Susanna Ebmeier3, John Elliott4, Pablo Gonzalez1, Emma Hatton1, 
Andy Hooper1, Yngvar Larsen5, Zhenhong Li2, Petar Marinkovic6, Barry Parsons4, Richard 
Walters1, Marek Ziebart7, Santosh Bhattarai7

1COMET, University of Leeds, United Kingdom; 2COMET, University of Newcastle, United 
Kingdom; 3COMET, University of Bristol, United Kingdom; 4COMET, University of Oxford, 
United Kingdom; 5Norut, Norway; 6PPO.labs, The Netherlands; 7COMET, UCL, United Kingdom; 
r.j.walters@leeds.ac.uk

The launch of Sentinel-1A in April 2014 was a pivotal moment in satellite radar interferometry. 
Previous missions were not specifically designed for measuring surface displacements, only 
acquiring images monthly, at best, and we have been fortunate to make any progress with data 
from them. Sentinel-1 is a 20-year program that will see, from 2016 onwards, a constellation of 
2 satellites in orbit at all times. Together, these satellites will acquire data over all the tectonic 
areas of the planet every 3 days on average, including ascending and descending passes, a 
tenfold improvement over previous missions that will transform our capacity to monitor our 
hazardous planet.

The systematic acquisitions and free and open data policy for Sentinel-1 provide new 
opportunities for routine analysis and operational applications of InSAR. We have been 
funded by the UK Natural Environment Research Council through COMET ( ) and the LiCS 
( *) project to provide processed results to the whole community for all the tectonic and 
volcanic regions of the planet. We will provide products including simple interferograms, 
time series, and regional velocity/strain maps, and use these to systematically derive products 
including earthquake source models, seismic hazard maps, and volcanic deformation alerts.

The data volumes and continuous long-term observations offered by the Sentinel-1 
constellation demand a new approach to InSAR data processing. We have started to develop a 
new time series processing approach, with the aim of efficiently and continuously processing 
the data to deliver continuously-updated ground deformation products with the highest 
possible accuracy. Our target is to measure a relative line-of-sight velocity of 1 mm/yr between 
two points separated by 100 km (10 nanostrain/yr), which is a comparable accuracy to existing 
sparse regional GNSS networks. To be able to achieve this on a regional scale, our proposed 
approach requires the development of an automatic system that integrates time-series 
estimation methods with routine atmospheric correction products and refined orbits.

In this presentation we describe the main stages of our processing system: 1) the precise 
coregistration of TOPS (Terrain Observation with Progressive Scans) SAR images; 2) 
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the formation of interferograms with short temporal baselines; 3) the identification of 
coherent pixels; 4) adaptive filtering and phase unwrapping; 5) calculation of time series; 6) 
incorporation of atmospheric models, with their uncertainties; 7) evaluation of uncertainties 
and the detection of blunders. Ultimately, our system will use a data assimilation approach to 
ingest new data into the time series. Each new acquisition will only influence the most recent 
part of the displacement history for a point, and hence reprocessing of the entire time series 
will only be required if there are major improvements in the processing chain.

We will present the current status of the COMET/LiCS processing system. We will show 
preliminary results obtained for earthquakes in Nepal and Napa (California) and eruptions at 
Fogo (Cape Verde) and Calbuco (Chile).

*COMET is the UK NERC’s Centre for the Observation and Modelling of Earthquakes, 
Volcanoes and Tectonics. http://comet.nerc.ac.uk

**LiCS is a NERC large grant, funding much of the development work for this processing 
system: http://comet.nerc.ac.uk/current_research_look_inside.html

Airborne Synthetic Aperture Radar demonstrator sensor as a UK national capability
Geoff Trevor Burbidge

Airbus Defence & Space, United Kingdom; geoff.burbidge@astrium.eads.net

Airborne imaging using synthetic aperture radar (SAR) offers a valuable research tool and a 
potential operational remote sensing/surveillance asset. Despite the long heritage in the UK 
with the development of space-borne SAR systems and research/exploitation of SAR data, 
there has been a notable absence of indigenous and enduring airborne SAR systems. Over 
the last two decades a number of flight trials campaigns have been undertaken using various 
systems, but these have generally been one-off activities with no continuity of data access or 
long-term plan for development and retention of airborne SAR survey capability.

Building on proven developments over the last 10 years and the 2014 ‘AirSAR’ project with 
the Satellite Applications Catapult and the Natural Environment Research Council, a 
significant opportunity now exists to further apply the Airbus Defence & Space airborne SAR 
demonstrator system to support more extensive gathering and processing of SAR data in 
conjunction with other systems, projects and research initiatives.

The legacy SAR sensor system developed, validated and flown by Airbus DS provides 
a foundation on which a future airborne instrument capability would be based. With a 
demonstrated capability to operate in S-band, X-band and Low-band, offering co-temporal 
multi-frequency acquisitions with fine spatial resolutions and excellent radiometric 
performance, the system provides an extremely flexible test bed to address user’s needs. A key 
issue for application of this sensor capability remains the availability of a suitable host survey 
aircraft platform, with the challenges imposed by airworthiness certification requirement and 
the need for continuity of access.

This prospective national airborne SAR capability provides an excellent opportunity to 
directly support a range of user applications including very fine resolution X-band imaging for 
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detailed land cover mapping, use of S-band to acquire NovaSAR-S representative products, 
operation at Low-band for vegetation canopy penetration. Furthermore, the strong capability 
of airborne SAR for maritime monitoring/surveillance as well as supporting the proof-of-
concept of ocean surface current imaging techniques, all highlight the extensive utility of this 
system, both as source of precursor products to space-based systems and also as an important 
asset post-launch. There is also a clear synergy and benefit that could be offered to NovaSAR-S 
and to other current and future space-based SAR systems.

A New Method to Retrieve Soil Moisture at High Spatio-Temporal Resolution from 
SMOS and SEVIRI Observations
George Petropoulos1, Maria Piles2, Gareth Ireland1, Nilda Sánchez2, 

1 1Department of Geography and Earth Sciences, Aberystwyth University, United Kingdom; 
2Department of Signal Theory and Communications, Universitat Politècnica de Catalunya, and 
SMOS Barcelona Expert Center, Spain; 3Instituto Hispano Luso de Investigaciones Agrarias 
(CIALE), Universidad de Salamanca (USAL), Spain; gep9@aber.ac.uk

The study of many hydrological phenomena and applications such as drought, flood, and 
irrigation management requires information on the spatio-temporal variability of surface 
soil moisture (SSM), available ideally at both high temporal and spatial resolution. Earth 
Observation (EO) technology is at a maturity level today that allows providing operational 
estimates of SSM from different sensors; yet, such products are provided at coarse spatial and/
or temporal resolutions restricting their use in local or regional scale studies and practical 
applications. 

One such example is the ESA SMOS mission, the first space mission dedicated to globally 
measure the Earth’s SSM. Since the end of 2009, it provides ~ 35 km SSM estimates every 3 
days with an accuracy of 0.04 m3 m-3.  The combination of SMOS data with higher resolution 
optical data from MODIS has already shown to offer a promising avenue to downscale 
SSM to higher spatial resolution [1,2]. This is evidenced by the current synergy of SMOS 
and MODIS data via an extension of the so-called “triangle” inversion technique, to obtain 
operational estimates of SSM at 1 km spatial resolution for the Iberian Peninsula [2]. These 
maps are routinely used in forest fire prevention services [3], and have been shown to be 
useful in a variety of other applications, such as GPP estimation, and forest die-off prediction 
models.  This method allows for high spatial resolution SSM estimates, but its temporal 
resolution depends on the presence of clouds, which masks MODIS observations, and 
therefore is limited in its temporal capability. The “triangle” inversion technique has its basis 
in the triangular/trapezoidal-shaped relationship that is obtained when a satellite-derived 
Vegetation Index (VI), such as the Fractional Vegetation Cover (Fr), and Land Surface 
Temperature (Ts) are plotted in a scatterplot, that is related the soil moisture status [4].

In this study we propose a new method to retrieve high spatial resolution SSM estimates 
over Europe based on the “triangle” inversion technique and the synergy of SMOS with 
optical EO data from the geostationary orbit Spinning Enhanced Visible and Infrared Imager 
(SEVIRI) sensor on-board the MSG platform. Validation of the derived SSM maps from our 
proposed technique was undertaken in different sites in Europe representing a variety of 
climatic, topographic and environmental conditions, to allow for the inclusion of contrasting 



84

conditions in the model evaluation. Specifically, as reference data, co-orbital in-situ 
measurements from selected CarboEurope sites as well as from the REMEDHUS permanent 
soil moisture measurement network in the Duero basin, Spain, were used. The discrepancy 
between the two datasets was evaluated on the basis of a rigorous statistical analysis which 
included assessment of the variability of site characteristics.

The proposed inversion scheme is able to provide SSM estimates at fine spatial resolution 
of 3 km, which meets requirements of land hydrology applications of (at least) 1-10km. 
Furthermore, as SEVIRI sensor acquires data from geostationary orbit every 15’, our method 
also offers an important improvement in the temporal resolution of the downscaled SSM 
product in comparison to using MODIS data. Last but not least, the main inputs required for 
the 

“triangle” implementation are readily available daily at the full spatial resolution of the MSG/
SEVIRI instrument. The latter is of particular importance in a potential operationalisation 
implementation scenario of the technique at the scale of the SEVIRI full disk.  

Our study contributes decisively towards on-going efforts aimed at developing a global 
operational SSM product applicable at the local/regional scale at both the required spatial and 
temporal resolutions. Our proposed method has a promising potential to allow for the first 
time monitoring of the Earth’s SSM at previously unattained spatial and temporal resolutions, 
and consequently transform the way we utilize EO data to obtain a better understanding of 
Earth’s water and energy cycles. The latter has been identified today as a key research priority 
to be addressed by the global scientific community.  

This research was in part supported by the ESA STSE “PROgRESSIon” project which aimed 
at exploring the prototyping of different EO-based operational products of energy fluxes 
and/or SSM from the “triangle” technique utilising EO data from ESA funded/co-funded 
missions. Additional funding came from the Spanish Ministry of Science and Innovations 
through the MIDAS-7 project (AYA2012-39356-C05), which aims at exploring new products 
and applications using SMOS data. The work presented opens a window of opportunity for 
the development of applications using EO data, greatly increasing the scientific and societal 
return of the economic investment in space missions. 

[1] Merlin, O., A. A. Bitar, J. Walker, and Y. Kerr,  (2010) “An improved algorithm for disaggregating 
microwave-derived soil moisture based on red, near-infrared and thermal-infrared data,” Remote Sens. 
Environ., vol. 114, pp. 2305–2316..

[2] Piles, M., N. Sanchez, M. Vall-llossera, A. Camps, J. Martinez-Fernandez, J. Martinez, V. Gonzalez-
Gambau, (2014) “A Downscaling Approach for SMOS Land Observations: Evaluation of High-Resolution 
Soil Moisture Maps Over the Iberian Peninsula,” Selected Topics in Applied Earth Observations and 
Remote Sensing, IEEE Journal of , vol.7, no.9, pp.3845,3857.

[3] Petropoulos G.P. & T.N., Carlson (2011): Retrievals of turbulent heat fluxes and soil moisture 
content by Remote Sensing, pages 469-501, in “Advances in Environmental Remote Sensing: Sensors, 
Algorithms, and Applications”, Ed. Taylor and Francis, pp. 556, ISBN: 978-1-4200-9175-5. 
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Constraining future land carbon cycle feedbacks with in situ and EO observations 
using ADJULES
Nina Raoult, Tim Jupp

University of Exeter, United Kingdom; nr278@exeter.ac.uk

Land-surface models (LSMs) are of growing importance in the world of climate prediction. 
They are crucial components of larger Earth system models that are aimed at understanding 
the effects of land surface processes on the global carbon cycle. The Joint UK Land 
Environment Simulator (JULES) is the land-surface model used by the UK Met Office. It 
has been automatically differentiated using commercial software from FastOpt, resulting in 
an analytical gradient, or ‘adjoint’, of the model. Using this adjoint, the adJULES parameter 
estimation system has been developed, to search for locally optimum parameter sets by 
calibrating against observations. adJULES presents an opportunity to confront JULES with 
many different observations, and make improvements to the model parameterisation. In the 
newest version of adJULES, multiple sites can be used in the calibration, giving a generic set 
of parameters that can be generalised over plant functional types. We present an introduction 
to the adJULES system and its applications to data from a variety of flux tower sites and 
EO. We show that calculation of the 2nd derivative of JULES allows us to produce posterior 
probability density functions of the parameters and how knowledge of parameter values is 
constrained by observations.

A practical method to assess parameter sensitivity and uncertainty in C cycle models
Sylvain Delahaies1, Ian Roulstone1, Nancy Nichols2

1university of surrey, UK; 2university of Reading, UK; s.b.delahaies@surrey.ac.uk

The carbon cycle combines multiple spatial and temporal scales, from minutes to hours for 
the chemical processes occurring in plant cells to several hundred of years for the exchange 
between the atmosphere and the deep ocean and finally to millennia for the formation of 
fossil fuels. Together with our knowledge of the transformation processes involved in the 
carbon cycle, many Earth Observation systems are now available to help improving models 
and predictions using inverse modelling techniques. A generic inverse problem consists 
in finding an n-dimensional state vector x such that h(x)=y, for a given N-dimensional 
observation vector y, including random noise, and a given model h. The problem is well posed 
if the three following conditions hold: 1) there exists a solution, 2) the solution is unique and 
3) the solution depends continuously on the input data. If at least one of these conditions is 
violated the problem is said ill-posed. The inverse problem is often ill-posed, a regularization 
method is required to replace the original problem with a well posed problem and solving 
the inverse problem amounts to 1) constructing a solution x, 2) assessing the validity of the 
solution, 3) characterizing its uncertainty.
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The data assimilation linked ecosystem carbon (DALEC) model is a simple box model 
simulating the carbon budget allocation for terrestrial ecosystems. Intercomparison 
experiments have demonstrated the relative merit of various inverse modelling strategies 
(MCMC, ENKF) to estimate model parameters and initial carbon stocks for DALEC using 
eddy covariance measurements of net ecosystem exchange of CO2 and leaf area index 
observations. Most results agreed on the fact that parameters and initial stocks directly 
related to fast processes were best estimated with narrow confidence intervals, whereas those 
related to slow processes were poorly estimated with very large uncertainties. While other 
studies have tried to overcome this difficulty by adding complementary data streams or by 
considering longer observation windows no systematic analysis has been carried out so far to 
explain the large differences among results.

We consider adjoint based methods to investigate inverse problems using DALEC and various 
data streams. Using resolution matrices we study the nature of the inverse problems (solution 
existence, uniqueness and stability) and show how standard regularization techniques affect 
resolution and stability properties. We then use ecological common sense and constrained 
optimization techniques to constrain the parameter space. This approach, rapid and efficient, 
allows us to compute ensembles of solutions to the model-data fusion problem from which 
robustness of the variational method can be established and parameter distributions can be 
obtained.

Diagnosing observation error statistics for numerical weather prediction
Nancy K Nichols1, Sarah L Dance1, Joanne A Waller1, David Simonin2, Sue P Ballard2, Graeme A 
Kelly2

1University of Reading, United Kingdom; 2Met Office, United Kingdom; n.k.nichols@reading.ac.uk

With the development of convection-permitting numerical weather prediction, the efficient 
use of high resolution observations in data assimilation is becoming increasingly important. 
In current practice, however, the observation errors are assumed to be uncorrelated and 
about 80% of the available observations are discarded in order to remove observation error 
correlations in the assimilation. Observation uncertainty arises from a number of sources, 
including instrument errors, pre-processing errors, observation operator uncertainty and 
representativity errors (scale mismatch between observations and model data). Calculation 
of observation error statistics is difficult as they cannot be measured directly. Nevertheless, 
idealized and operational studies have shown that a better treatment of observation error 
correlations gives improved forecast skill. Using a diagnostic that makes use of statistical 
averages of background and analysis innovations, we derive observation error statistics for 
different data types. We develop new theory on the effect of changes in the assumed error 
statistics used in the assimilation on the estimated observation error covariance matrix. The 
diagnostic is applied to determine horizontal and inter-channel observation error variances 
and correlations for SERVIRI instrument data and also horizontal and along-range error 
covariances for Dopplar-radar radial winds.
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Coupled Atmosphere-Ocean Data Assimilation in the presence of Model Error
Alison Margaret Fowler, Amos Lawless

University of Reading, United Kingdom; a.m.fowler@reading.ac.uk

The initialisation of coupled atmosphere-ocean models for long-term forecasting is currently 
an area of active research. In order to provide accurate initial conditions in which the 
atmosphere and ocean are consistent with one another it is necessary to take into account 
the coupling within the assimilation algorithm. Various approaches have been proposed 
with varying degrees of coupling. In other work we have shown that the benefits of a strongly 
coupled DA system include the reduced chance of an initialisation shock caused by initial 
conditions in which the atmosphere and ocean are out of balance and the improved use of 
near surface observations.

An outstanding issue is choosing a time window in which observations are assimilated, which 
is optimal for both the atmosphere and ocean. Ideally a long window length would be used 
to allow for sufficient information from observations in the ocean to constrain the initial 
conditions, however the presence of model error in the atmosphere prohibits this. Within 
this work we look at how model error in the atmosphere and ocean models affect the different 
coupling strategies. In particular we show that although uncoupled DA can help to reduce the 
impact of model error by preventing the model error in one system interacting with the other 
it is still unable to provide a balanced atmosphere-ocean initial state. The implications these 
results have for the development of long-window weak constraint coupled 4D-Var will then be 
discussed.

Reanalysis of biogeochemical fluxes and indicators in the Northwest European shelf 
sea, through the assimilation of ocean colour data
Stefano Ciavatta1,2, Susan Kay2, Stephane Saux-Picart3, Butenschon Momme2, J Icarus Allen1,2

1National Centre for Earth Observations, Plymouth Marine Laboratory, United Kingdom; 
2Plymouth Marine Laboratory, United Kingdom; 3Meteo France, France; s.ciavatta@pml.ac.uk

Coastal areas and shelf seas are crucial components of the Earth System, providing goods 
and services to humankind, such as fisheries, aquaculture, tourism and climate regulation. 
Assimilation of ocean colour into marine models can impact the understanding and 
operational prediction of shelf-seas biogeochemistry.

The objective of this work is to assess the benefits of assimilating the last generation of Ocean 
Colour products (from the ESA’s Climate Change Initiative, ESA CCI-OC) into a marine 
ecosystem model of the northwest European shelf sea.

The ecosystem model couples a hydrodynamics module (POLCOMS) and a biogeochemical 
module (ERSEM). The ocean colour data are assimilated by using the Ensemble Kalman 
filter (EnKF) algorithm. The assimilative simulation was run in a decadal reanalysis of the 
biogeochemistry in the North East Atlantic, in the years 1997-2009. The model performance 
was evaluated by using independent in situ observations of chlorophyll, nutrients, dissolved 
oxygen, temperature and salinity, and by applying quantitative skill metrics.
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Assimilation of ocean colour improved markedly the model simulation and forecast of 
chlorophyll. The assimilative simulation had also some skill in reproducing the spatial-
temporal patterns of other model variables not observed from space, e.g. oxygen, nitrate and 
silicate. However, nutrients remained overestimated in some areas of the shelf. Looking to 
fluxes at the ocean-atmosphere interface, the reanalysis showed that the northwest European 
shelf is a net sink for atmospheric CO2. This holds for the largest part of the region, and takes 
account of the inter-annual variability of the CO2 fluxes, as well as of the errors associated 
to the model estimates. Biological processes (e.g. primary production) provide a major 
contribution to the carbon in-gassing into the shelf sea ecosystem.

The above results were obtained thanks also to some features of the novel ocean colour 
product we assimilated, i.e. the relatively high spatial coverage of the data, and the pixel-
by-pixel characterization of the data errors. A main feature of the assimilation scheme we 
applied, i.e. the use of an ensemble of simulations, enabled us to quantify the uncertainties of 
the model output, and to extract the spatial-temporal structure of the biogeochemical state 
errors. This structure could be exploited by operational centres for improving biogeochemical 
ocean predictions.

This work remarks that assimilating satellite ocean colour into marine ecosystem models 
can support the understanding and the operational capabilities for the shelf-sea component 
of the Earth-System. It also contributes to the ESA’s Climate Change Initiatives, and to the 
Copernicus Marine Service, through EU Projects “Now Maps” and “Operational Ecology”.

Consistent regional flux estimates of CO2 and CH4 from space-borne observations
Siegfried Gonzi1, Paul Palmer1, Hartmut Boesch2, Robert Parker2, Liang Feng1, Alex Webb2

1University of Edinburgh, United Kingdom; 2University of Leicester, United Kingdom; siegfried.
gonzi@ed.ac.uk

As part of the ESA GHG-Climate Change Initiative, we use four years (2009-2013) of data 
from the TANSO-GOSAT instrument to improve knowledge of regional sources and sinks of 
methane (CH4) and carbon dioxide (CO2). In particular, we use data from proxy retrievals in 
which CH4 and CO2 are fitted in closeby spectral windows with the understanding that they 
will be subject to similar errors due to aerosols and other atmospheric inference. By taking 
the ratio CH4:CO2 these common errors are largely cancelled and the resulting product 
is also relatively free of systematic error, which compromises regional flux estimates. This 
approach also avoids the complicated radiative transfer calculation associated with scenes 
influenced by aerosols and clouds with the result of a larger data volume that provided by a 
full-physics retrievals of CO2. Preliminary results show that model and observed XCH4:XCO2 
agree to within 1% with some regional variation. We use a maximum a posteriori approach 
to simultaneously optimize monthly flux estimates of CO2 and CH4 spatially resolved for 
11 regions covering the globe. We use sparse ground-based data to separate the information 
contained within the ratio, thereby anchoring the space-borne data. We show that the 
resulting fluxes are an improvement on fluxes estimates inferred independently from the 
XCH4 or XCO2 retrievals. We quantify the error associated with the proxy data but using two 
independently retrieved data products. We also evaluate our flux estimated by comparing 
optimized model concentrations with independent ground-based and airborne data.
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Sensitivity of satellite-derived land surface phenology to variation in spatial and 
temporal resolution

Gillian Louise Mountford1, Jadu Dash1, Pete M. Atkinson1, Thomas Lankester2, Steven Hubbard2

1University of Southampton; 2Geo-Intelligence Airbus Defence and Space; glm1c13@soton.ac.uk

Remote sensing is an important and effective way to assess land surface phenology trends 
across spatial and temporal scales. There are sources of uncertainty within satellite-derived 
land surface phenology; such as pixel resolution, temporal resolution and atmospheric 
contamination. Relatively few studies provide a complete evaluation of the effect of these 
uncertainties on estimated phenological parameters, such as start of season and end of season.

The purpose of this study was to evaluate the sensitivity of satellite-derived phenological 
variables to choice of temporal (compositing period) and spatial resolution. MERIS MTCI 
data (Level 2) for 2005 to 2011 was acquired for the United Kingdom. These data sets 
were compiled at 4, 8, 10 and 16 day composites using the BEAM open-source toolbox and 
development platform at 250 m resolution, and then resampled to 500 m, 1 km, 2 km, 4 km, 
and 8 km. Discrete Fourier transformation was applied to create smoothed time-series of 
MTCI across the UK and an inflection based method was used to estimate the start of season 
(SOS) and end of season (EOS) for each temporal and spatial resolution. The results highlight 
the variation of results in comparison to land cover type with variation in both spatial and 
temporal resolution. The variation in composite period highlighted that excluding coniferous 
forest, the 16 day composite period predicts a later SOS, and excluding the arable land cover, 
4 day composite period predicts a later EOS estimate. In addition coarse spatial resolution 
predicts a later EOS compared with finer spatial resolutions.

The potential for thermal radiance time-series data in delineation of sub-surface 
structures of a snow- and debris-covered glacier through thermal inertia mapping: 
Virkisjökull glacier, SE Iceland
Kay B. Smith, Emrys R. Phillips, Jeremy D. Everest

British Geological Survey, Murchison House, Edinburgh UK; kmcm@bgs.ac.uk

Thermal inertia is known to enable observation of shallow buried structures due to the 
contrast in volumetric physical and thermal properties between the buried feature and the 
surrounding matrix that affects the heating and cooling cycle of the surface column. Typically 
this technique has been applied in temperate or desert environments where the diurnal 
thermal contrast and influence from solar heating is well pronounced. Thermal inertia in 
low-temperature glacial environments is less well studied, although it has potential due to 
volumetric variability caused by debris-covering, differential layering, cracks and crevasses 
compared with the surrounding ice. To test the ability of this technique in a glacial landscape, 
thermal inertia was measured using a time-series of thermal radiance observations at the 
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Virkisjökull glacier, SE Iceland. This is a dynamic glacier that has been well researched 
and monitored over the last decade where surface and sub-surface features are known to 
dynamically shift in time and space with glacier evolution. Two sections of the glacier were 
observed: a distal view of the crevassed glacier front covered by snow; and a pseudo-vertical 
ice cliff where the layered ice has a variable degree of exposure. Preliminary results suggest 
that thermal inertia mapping is indeed applicable in a glacial environment.

The phenology of Europe: from the characterisation to the validation and modelling
Victor Rodriguez-Galiano1,2, Jadunandan Dash2, Peter Atkinson3,4

1University of Seville, Spain; 2University of Southampton, United Kingdom; 3University of 
Lancaster, United Kingdom; 4University of Utrecht, The Netherlands; vrgaliano@gmail.com

Land Surface phenology (LSP), the study of the timing of recurring cycles of vegetation 
growth using time series of satellite sensor derived vegetation indices, is a valuable tool 
for the monitoring of vegetation at global or continental scales and allows evaluating the 
impacts of climate change. This study presents and analyses the main findings of the FP7 
project “Eurosat4PhenoChanges”. The objective of this project was to develop an accurate 
methodology based on LSP for characterising, validating and modelling the phenological 
response of European terrestrial vegetation to climate drivers.

This study reveals new insights into the climatic drivers of changes in LSP, while at the same 
time establishes a new conceptual framework for its predictive modelling. Multi-temporal 
Medium Resolution Imaging Spectrometer (MERIS) Terrestrial Chlorophyll Index (MTCI) 
data at 1 km spatial resolution were used to derive key phenological metrics (onset on 
greenness (OG) and end of senescence (EOS) for a 10-year time-series of data from 2002 
to 2012. LSP estimates were compared to thousands of deciduous tree ground phenology 
records of the Pan European Phenology network (PEP725), obtaining a large spatiotemporal 
correlation between the spring phenophases (OG vs leaf undolding; pseudo-R2=0.70) and 
autumn phenophases (EOS vs autumnal colouring; pseudo-R2=0.71). Finally, a machine 
learning (ML) model was fitted to the relation between the validated changes in LSP and 
numerous climate predictors. The ML models explained 81% and 62% of the variance in the 
spring and autumn LSP anomalies, with relative errors of 10% and 20%, respectively: a level of 
precision that has until now been unobtainable at the continental scale.

Remote sensing of mangrove forest phenology
Julio Pastor-Guzman, Peter Atkinson, Jadunandan Dash

University of Southampton, United Kingdom; jpg1g12@soton.ac.uk

Mangrove forests are intertidal tree communities that provide a wealth of direct and indirect 
ecosystem services. Mangrove forest phenology is crucial to understand the ecosystem 
function and to infer the response to the changing climate. Nevertheless, mangrove 
phenology and its driving factors are poorly understood as most studies are spatially 
and temporally restricted. Therefore, the objectives of this work were (i) to establish the 
phenology of mangrove forests at a regional scale using remote sensing data and (ii) to 
compare mangrove phenology with biophysical variables. In this study, phenology was 
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extracted from thirteen successive years (2000 to 2013) of 8 days composites of Moderate 
Resolution Imagery Spectrometer (MODIS) Normalized Difference Vegetation Index 
(NDVI) at 500 m spatial resolution at the Yucatan Peninsula (YP), Mexico. TIMESAT 
software was used to smooth the time series using Savitzky-Golay algorithm and to compute 
four phenological metrics. The soothed series was then compared to datasets of ground 
observations of litterfall, temperature, salinity and rainfall collected between 2009 and 
2011 across the coast of YP. Our results suggest that start and end of the season (SOS and 
EOS) occur in June and April respectively. A lagged effect was observed between NDVI 
and litterfall. Further, NDVI was negatively correlated to temperature and to salinity and 
positively correlated to rainfall. These results highlight the importance of remote sensing data 
to understand the drivers of mangrove phenology at regional scale. The results also serve as a 
baseline for monitoring anthropogenic and natural disturbances.

Operational near-real-time filtering of MODIS NDVI time series and modeling of 
confidence intervals
Clement Atzberger, Anja Klisch

Univ. Natural Resources (BOKU), Vienna, Austria; clement.atzberger@boku.ac.at

ABSTRACT: The University of Natural Resources and Life Sciences (BOKU) in Vienna 
(Austria) has setup an operational processing chain for mapping vegetation conditions (from 
2000 onwards) at medium resolution (250 m) using NDVI data from MODIS satellite (AQUA 
and TERRA combined). Currently, three regional windows are covered: the pan-European 
continent, the Horn of Africa and parts of Brazil. The processing chain employs a modified 
Whittaker smoother providing consistent NDVI “Monday-images” in near real-time (NRT) 
at a 7-daily updating interval. The approach constrains temporally extrapolated NDVI values 
based on reasonable temporal NDVI paths predefined according to pixel location and time 
of year. Contrary to other competing approaches, the processing chain provides a modelled 
uncertainty range for each pixel and time step. The uncertainties are modeled based on a 
hindcast analysis of the NRT products against an “optimum” filtering. The main steps of 
the novel approach are outlined in Figure 1. In the present contribution the approach will be 
presented together with some example applications related to (i) drought monitoring, (ii) 
land cover classification and (iii) land surface phenology.

Figure 1: Processing chain of BOKU’s near real-time (NRT) filtering of MODIS NDVI time series. The 
steps on the left side are only executed during set-up to help constraining the NRT estimates and 
for providing reference information to train the model yielding uncertainty ranges. The processes 
shown on the right are repeated every week and yield constrained NRT filtering results and associated 
uncertainties.
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Arts Annex Building 2A Lecture Theatre H (2065)

GreenHouse gas Observations of the Stratosphere and Troposphere (GHOST): 
deployment of a novel shortwave infrared spectrometer on board the NASA Global 
Hawk unmanned aerial vehicle
Neil Humpage1, Hartmut Boesch1, Paul Palmer2, Phil Parr-Burman3, Andy Vick3, David Pearson3, 
Piyal Samara-Ratna1, Jonathan Strachan3

1Earth Observation Science, Department of Physics and Astronomy, University of Leicester, 
United Kingdom; 2School of GeoSciences, University of Edinburgh, United Kingdom; 3UK 
Astronomy Technology Centre, Edinburgh, United Kingdom; nh58@le.ac.uk

GHOST is a novel, compact shortwave infrared spectrometer, designed for remote sensing 
of tropospheric columns of greenhouse gases (GHGs) over the ocean from an aircraft. This 
is achieved by observing solar radiation at high spectral resolution which has been directly 
reflected by the ocean surface. The GHOST system has been specifically designed and built 
to address the following science objectives: 1) testing of atmospheric transport models; 2) 
validation of GHG column observations over oceans obtained using polar orbiting satellites; 
and 3) complement in-situ tropopause transition layer observations from other instruments.

Here we present preliminary results from two Global Hawk flights, which took place in March 
2015 as part of the CAST-ATTREX campaign. During January and February 2015 GHOST 
successfully underwent rigorous environmental testing and was installed on board the 
Northrop Grumman Global Hawk N872NA, an unmanned aircraft operated by NASA from 
the Armstrong Flight Research Centre at Edwards Air Force Base, California. The science 
flights comprised long, approximately north-south transects over the eastern Pacific Ocean, 
providing an opportunity to observe spatial trends in GHG column concentrations over a 
regional scale. The second science flight on 10th March 2015 also coincided with overpasses 
from both OCO-2 (Orbiting Carbon Observatory) and GOSAT (Greenhouse gases Observing 
SATellite), enabling inter-comparison of the GHOST results with total column observations 
from these satellites. A TCCON (Total Carbon Column Observing Network) station was 
also operational at Edwards during the two flights, allowing the GHOST observations to be 
validated against ground based total column measurements of GHGs.

Automatic roof corner extraction from Multi-Ray Photogrammetry for 3D Building 
Reconstruction
Andrew Philip McClune1, Jon Philip Mills1, Pauline Elizabeth Miller2, Darion Grant1, David Holland3

1Newcastle University, United Kingdom; 2The James Hutton Institute, United Kingdom; 3Ordnance 
Survey, Great Britain; andrew.mcclune@ncl.ac.uk

The creation of three dimensional (3D) building models at a city scale from remotely sensed 
data has been a prominent research topic for the last 30 years. Whilst various methods have 
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aimed for the automatic extraction and reconstruction of buildings, currently only semi-
automatic process are available, particularly with complex roof structures. Many of the recent 
methods have utilised planar fitting to a point cloud, obtained from lidar, but have succumbed 
to over and under-segmentation problems.

This research offers a new approach to 3D reconstruction using line tracking to determine 
the corners of roof and create a network of roof planes from multi-ray photogrammetry. A 
wealth of data can be created from a single capture campaign including digital surface models, 
true-orthophotos and photogrammetric point clouds at the same spatial resolution as the 
imagery, using pixel-to-pixel matching algorithms such as Semi-Global Matching. Roof edges 
are extracted from the true-orthophoto using Canny edge detection and refined by scan line 
segmentation, which uses cross sections of a roof to remove spurious edges and leave the 
major vertices. These edges are then tracked using run-graph vectorisation to determine 
corners as the intersection of two or more lines. This can help overcome limitations of gaps 
between planar surfaces from lidar. In this research 3D building models have been created 
from aerial photography captured at 10 cm spatial resolution over Newcastle upon Tyne using 
an UltraCam Xp in 2010. Preliminary results show that the proposed method extracts all roof 
corners but is prone to over segmentation.

Harmonisation of Copernicus orthorectified data 
Fabio D. Vescovi1, Giuseppe Ottavianelli2, Lisa Haskell1

1Airbus Defence and Space; 2ESA; EOData_QC@Copernicus.esa.int

The Copernicus Coordinated data Quality Control (CQC) service, as part of the Copernicus 
Space Component Data Access system (CSCDA), is in a unique position to have visibility of 
the whole range of data products provided to Copernicus users. It was recently recognised 
that there is variability of the orthorectified data. Products may be identified by different 
naming conventions and descriptors, each one meaningful and entirely relevant to the 
individual data provider. The methods of orthorectification differ with providers using a 
range of software, Digital Elevation Models (DEMs), Ground Control Points (GCPs) and 
other proprietary inputs and methods. Also, the orthorectification accuracy is reported in a 
selection of ways within the product metadata and documentation. Commonly used metrics 
for this accuracy include the Root Mean Square Error (RMSE), the Circular Error (CE) and 
the RMSE of Planimetry (also called Directional RMSE, combining x and y RMSE errors 
into one directional value), which are far from being homogeneous and this may generate 
inconsistencies and confusion among the users. In close coordination with important 
initiatives working towards the harmonisation of EO products (e.g. INSPIRE directive, 
CEOS initiatives, OGC standards, QA4EO etc.) it is the goal of the CQC service to present 
harmonised orthorectified data descriptors to the user community and to achieve optimal 
complementarity and compatibility of the orthoimagery from multiple data providers.
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Pre-harvest estimation of willow biomass in short rotation coppice plantations using 
an unmanned aerial vehicle.
Rachel Gaulton1, James A. Taylor2, Neil Watkins3

1School of Civil Engineering and Geosciences, Newcastle University, United Kingdom; 2School 
of Agriculture, Food and Rural Development, Newcastle University, United Kingdom;3Iggesund 
Paperboard Ltd., Workington, Cumbria, United Kingdom; rachel.gaulton@ncl.ac.uk

Short rotation coppice biofuel crops, such as willow ( Salix spp.), provide a form of renewable 
energy for heat and power generation. Efficient harvesting of such crops relies on accurate 
estimation of the available biomass. However, existing pre-harvest data on biomass yield and 
on spatial variations in biomass within the crop are limited. Small unmanned aerial vehicles 
(UAVs) have the potential to provide spatially detailed estimates of biomass based on data 
acquired from low-cost consumer-grade cameras, allowing producers to cheaply and flexibly 
acquire data on crop development as and when needed. However little research has been 
conducted to assess this potential.

Trials were conducted using a small fixed-wing UAV, equipped with RGB and near-infrared 
modified digital cameras, to detect differences in willow crop biomass resulting from 
differential establishment and growth of 13 different willow varieties at Cockle Park Farm, 
Northumberland. UAV imagery of the willow trial was acquired in September 2014 in leaf-on 
conditions, following four years growth since previous harvest. Terrestrial laser scans were 
also acquired for a subset of five plots. During subsequent harvest, the above-ground biomass 
of each individual plot was determined. Orthomosaics and digital surface models were 
derived from UAV imagery using automated structure from motion techniques. Post-harvest 
UAV data provides a bare-ground digital terrain model, allowing canopy height to be derived 
and normalised difference vegetation index has been calculated from RGB and near-infrared 
imagery. This paper presents the initial results of analysis comparing a range of UAV-derived 
structural and radiometric metrics with biomass yield at harvest.

Synchronising elevation models generated from image-based dense point matched data.
Jon Horgan, Nicola Goodwyn, Diana Moraru

Ordnance Survey, United Kingdom; Nicola.Goodwyn@os.uk

The process of generating Digital Terrain Models (DTMs) at Ordnance Survey has 
traditionally been extensively manual. It is currently independent of new capabilities of 
generating Digital Surface models (DSMs) from imagery. Evolving user requirements provide 
a defined need for the generation of a synchronous approach to the creation of DSMs and 
DTMs.

This research aims to investigate alternative approaches to the challenge of generating height 
models from a consistent source of data; multiple-overlapping digital aerial imagery.

One method is to generate a point cloud from our imagery and use point cloud classification 
techniques which are traditionally applied to LiDAR data.

An alternative method uses the DSM as a source and applies algorithms to remove above 
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ground features to achieve the resultant DTM.

The merits of these methods are discussed in their ability to derive a successful result in order 
to generate an integrated, interoperable and interdependent elevation model, as well as the 
need for further work to refine the outcome.

A machine learning approach to roof shape classification
Isabel Melanie Jane Sargent, David Anthony Holland

Ordnance Survey, United Kingdom; isabel.sargent@os.uk

OS, Britain’s mapping agency, creates digital mapping for leisure, commercial, administrative 
and educational use. We are developing our products to provide 3D information and in 2014 
began to release attribution about the heights of buildings depicted in our OS MasterMap® 
Topography Layer vector product. With a view to further development of this product for our 
customers, and for internal processes, we are researching the classification of roof shape type 
from building DSMs (Digital Surface Models).

Methods to rotate and scale the roof data have been developed and unsupervised approaches 
to data analysis have been applied to the DSMs. These have identified clusters (using 
k-means) of building DSMs including ridged roofs, L-shaped buildings and pyramidal roofs 
and appear to have even identified buildings with overhanging vegetation. Our approach to 
roof shape classification is in direct contrast to previous roof shape extraction research in 
that it does not attempt to hard-code a rule-set to label the data. Instead, it applies machine 
learning approaches to ‘learn’ roof classes. We base our approach to this problem on the belief 
that humans do not label such shapes using a series of explicit rules but by recognition of 
the pattern that results from the interaction of the planes and curves of the roof. The results 
of our investigation of DSM clusters will be used to develop methods for automatically 
classifying the roof shape for each building in our data base.
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QA4ECV: A Robust Quality Assurance Service for Terrestrial ECVs
Tracy Scanlon

National Physical Laboratory, United Kingdom; tracy.scanlon@npl.co.uk

The development of robust and community accepted Quality Assurance (QA) services for 
Earth Observation (EO) products is key to ensuring that QA information is provided in a 
clear and consistent manner throughout the community. Where the QA information includes 
comprehensive details of the processing algorithm and the estimation of uncertainties, this 
improves the communication of the products to end-users, ensuring suitable products are 
chosen for the end-user applications. The Quality Assurance for Essential Climate Variables 
(QA4ECV) project (which has received funding from the European Union’s Seventh 
Framework Programme (FP7/2007-2013) under QA4ECV grant agreement no. 607405) is 
developing such a QA service. This service will consist of various procedures, best practice 
guidance and specifications for suitable tools. All of these elements will be underpinned by 
robust and targeted scientific studies focusing on uncertainty estimation and propagation 
through ECV processing algorithms.

The ESA Climate Change Initiative: Exploiting the past in preparation for the Sentinel era

Pascal Lecomte, Simon Pinnock, Stephen Plummer

European Space Agency, United Kingdom; stephen.plummer@esa.int

Climate change is arguably the greatest challenge facing mankind in the twenty-first century. 
To understand what the impacts and consequences are of a change in climate it is necessary 
to establish knowledge of the Earth as a system. This requires an integrated observing system 
comprising long-term, carefully calibrated and documented data sets of the Earth system 
from satellites and in situ observations complemented by numerical models to capture, 
understand and predict variations and trends in both space and time and distinguish these 
from short-term natural variability. However, a key reason for the lack of understanding of 
many components of the Earth system is limited global observations.

As a contribution to needs expressed by both the Intergovernmental Panel on Climate Change 
(IPCC) and the Global Climate Observing System (GCOS), the European Space Agency (ESA) 
initiated a programme, the Climate Change Initiative (CCI), to realize the full potential of 
the long-term global Earth Observation archives that ESA has established over the last thirty 
years, to realise the full potential of ESA’s EO data archives as a contribution to the ECVs 
required by GCOS. Since 2010 the CCI programme has performed algorithm development, 
inter-comparison and validation, and large-scale EO data processing for 13 GCOS ECVs 
where the potential contribution from ESA was considered unique and/or significant. It has 
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contributed to a rapidly expanding body of scientific knowledge demonstrating new insights 
in climate research and responding to needs raised by IPCC. Examples include instrumental 
contributions to the Randolph Glacier Inventory, the first globally complete inventory of 
glaciers, the Ice Sheet Mass Balance Intercomparison Exercise (IMBIE), which produced a 
reconciled estimate of ice sheet mass balance changes in Antarctica and Greenland, and their 
contribution to sea level rise from the satellite community, improved Global Mean Sea Level 
estimates using Envisat data and Sea Surface Temperature and aerosols from the (A)ATSR 
series of measurements.

The products are being made available through the CCI Open Data Portal and the intention 
is that the processing systems are transferred from CCI to operational programmes, such 
as Europe’s Copernicus Climate Change Service (C3S). With the launch of the C3S there 
is a pressing need to ensure the complete portfolio of high quality observational data sets 
(ECVs) are developed and ready for operational implementation. Thus ESA is planning a 
future extension of the CCI programme aimed at providing the R&D necessary on European 
satellite infrastructure to underpin climate research and climate service provision. The 
objectives of this extension are first to maximise scientific return from Europe’s investments 
in space focusing on ECVs that could not be included at the start of the CCI programme, but 
for which European capacity is now sufficiently developed to provide valuable data records 
and second to ensure that for ECVs already included in CCI, all parameters required by GCOS 
are provided, GCOS requirements are met to the maximum feasible extent and all available 
missions contribute to the ECV data record, in particular, data from new missions such as the 
Sentinels and Earth Explorers.

Satellite data reprocessing for climate data records
Owen Embury

University of Reading, United Kingdom; o.embury@reading.ac.uk

Projects such as the European Space Agency (ESA) Climate Change Initiative (CCI) for Sea 
Surface Temperature (SST) and the Along Track Scanning Radiometer (ATSR) Reprocessing 
for Climate (ARC) have produced long-term (> 20 year) climate-quality records of SST from 
satellite based sensors. These projects involve large volumes of data, the latest CCI-SST 
reprocessings produced approximately 7 TB of output data from over 100 TB of input data 
and require significant compute resources, which can be difficult to manage. The CCI-SST 
reprocessing now runs at the JASMIN/CEMS facility which provides direct access to the 
Centre for Environmental Data Archival (CEDA) holdings of satellite and Numeric Weather 
Prediction (NWP) data products which are the primary inputs to the CCI-SST system; using 
the LOTUS cluster it is now possible to generate our data products in less than 24 hours. This 
presentation will describe the processing framework developed within the ARC and CCI-SST 
projects. The framework while originally developed for cloud detection and SST retrieval has 
been extended to land processing and lake surface temperature retrieval and could be of use 
for any processing requiring similar inputs.
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GLOBOLAKES: The validation of remote sensing algorithms for retrieval of 
biogeochemical properties in different lake optical types 
Andrew Nicholas Tyler1, Peter David Hunter1, Evangelos Spyrakos1, Ruth O’Donnerl2, Claire 
Miller2, Marian Scott2, Stefan Simis3, Steve Groom3, Victor Marinez Vincente3

1University of Stirling, United Kingdom; 2University of Glasgow, United Kingdom; 3Plymouth 
Marine Laboratory, United Kingdom; a.n.tyler@stir.ac.uk

GloboLakes is a five-year NERC funded research programme investigating the state of 
lakes and their response to climatic and other environmental drivers of change through 
the realization of a near-real time satellite based observatory (Sentinel 3) with archive data 
processing (MERIS, SeaWiFS) to produce a ~20-year time series of observed ecological 
parameters and lake temperature for over 1000 lakes globally. However, the diverse and 
complex optical properties of lakes means that algorithm performance often varies markedly 
between different lake types and as such global solutions cannot be found. The GloboLakes 
project proposes to overcome this challenge by developing a processing chain whereby 
algorithms are dynamically selected at the pixel-level according to the optical properties of 
the lake under observation.

The LIMNADES data repository is an initiative developed under the auspices of GloboLakes 
and has so far collated measurements of in-situ water-leaving reflectance and inherent 
optical properties for more than 1500 sampling stations located over 80 lakes globally. In this 
presentation we will show the results of a comprehensive clustering analysis performed on 
the LIMNADES water-leaving reflectance data and how this was used to identify different 
lake optical types and develop a framework for algorithm validation. In addition, we will 
present our initial results from the testing of biogeochemical retrieval algorithms using the 
LIMNADES database and show how their performance varies across the different lake optical 
types.

OLCI on Sentinel-3: Why it is important for the ocean-colour community

Shubha Sathyendranath, Bob Brewin, Giorgio Dall’Olmo, Thomas Jackson

National Centre for Earth Observation, Plymouth Marine Laboratory, United Kingdom; thja@pml.
ac.uk  

The Ocean Colour and Land Imager (OLCI) on Sentinel-3 promises many things that the 
ocean-colour community has striven for. One of them is the improved coverage especially at 
the shorter time scales (daily to weekly) that will be provided by two identical sensors flying 
in constellation, when both Sentinel 3A and B will be in orbit at the same time. The second is 
continuity, again of identical sensors, when Sentinel 3C and D are launched. Furthermore, 
consistency with the MERIS sensor will provide continuity backwards in time, provided the 
gap between MERIS and Sentinel 3 can be closed in a suitable manner. The higher spectral 
coverage in the visible and in the infrared bands, compared, for example with the VIIRS sensor 
in orbit at present, augurs well for improved atmospheric correction and development and 
improvement of novel algorithms that can exploit the additional spectral information.

In the particular context of climate change studies, one of the challenges faced by the 
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Ocean-Colour component of ESA’s Climate Change Initiative is to create a consistent, high-
quality time series data, which requires stitching together data from multiple sensors. The 
differences in the spectral specifications the sensors that are available to date make it difficult 
to carry out inter-sensor bias correction. Consistent, continuous and high-quality data from 
Sentinel-3 should make this task significantly easier and improve the quality of the time-series 
data.

The ocean-colour time series for climate research, launched under the Climate Change 
Initiative of ESA, has been precarious ever since the demise of MERIS in 2012. It now relies 
solely on the aged MODIS-A sensor, with the potential of bringing in VIIRS to bridge the gap, 
even though its spectral resolution is not as high as MERIS or OLCI. It is essential to launch 
Sentinel-3 without further delay.

17 years of aerosol and cloud data from the (A)ATSR instruments
Gareth Thomas1, Caroline Poulsen1, Adam Povey2, Greg McGarragh2, Matthew Christensen1, Don 
Grainger2

1NCEO; RAL Space, Rutherford Appleton Laboratory, United Kingdom; 2NCEO; Atmospheric, 
Oceanic and Planetary Physics, University of Oxford, United Kingdom; caroline.poulsen@stfc.ac.uk

The ESA Climate Change Initiative programme is providing new high quality datasets from 
European satellite sensors, many of which represent a step change in quality, consistency and 
stability from those data available previously. Two of these datasets are the aerosol and cloud 
products being produced from ATSR-2 and AATSR using the Optimal Retrieval of Aerosol 
and Cloud (ORAC) algorithm jointly developed by the University of Oxford and RAL Space. 
The ORAC scheme uses the optimal estimation framework to retrieve a range of parameters 
from all available instrument channels simultaneously, ensuring a radiatively consistent set 
of retrieved parameters. The use of the same retrieval scheme for both cloud and aerosol 
provides a high degree of consistency between the two products.

This talk will provide an overview of both the aerosol and cloud products, present some initial 
analyses of the products, both individually and in combination, and provide a forward look to 
the potential extension of the dataset using the SLSTR instrument on Sentinel 3.
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Session 13: Land Carbon, Emissions and Atmospheric Chemistry

Time: Friday, 11/Sep/2015: 11.00 - 13.00
Chair: Hartmut Boesch
EEE Building 32 Lecture Theatre 1015

Using IASI to characterise CO and other volatile organic compound emissions
David P. Moore1, Michael P. Barkley2, Jeremy J. Harrison1, John J. Remedios1

1NCEO - University of Leicester, United Kingdom; 2Earth Observation Science Group, Dept. 
Physics and Astronomy, University of Leicester; david.moore@le.ac.uk

It is well established that terrestrial vegetation emits a diverse range of volatile organic 
compounds (VOCs) into the atmosphere either through direct emission or as a consequence 
of burning through fire events. VOCs serve important roles in the biosphere and influence 
global atmospheric chemistry and affect climate. Photochemical reactions of VOCs influence 
the oxidation capacity of the atmosphere and, as a direct consequence, the lifetimes and 
distributions of other key climatic gases, such as methane (CH4) and carbon monoxide (CO).

The IASI nadir-sounding spectrometers on EUMETSAT’s Metop series offer twice daily 
global coverage due to a 2200 km swath width, and a 12 km sub-satellite pixel footprint at 
nadir. The instrument uses three detectors to fully cover the spectral range 645 to 2760 cm−1 
(15.5 to 3.62μm) and has a moderately high spectral resolution (0.5 cm-1 apodized) and high 
signal-to-noise ratio, that can distinguish a variety of weakly absorbing VOCs. The University 
of Leicester IASI Retrieval Scheme (ULIRS) is an algorithm which has been developed to 
retrieve CO and VOC concentrations from IASI measured top of atmosphere radiances on a 
local scale, using an Optimal Estimation Method.

The CO and VOC signatures in IASI spectra in the immediate vicinity of fires and within 
(boreal) biomass plumes, has been examined. HCOOH contributes significantly to acidity of 
precipitation and it is shown that a state-of-the-art chemical transport model significantly 
underestimates the enhancement ratios for ΔHCOOH/ΔCO from fires over North America 
implying that the model lacks important primary and secondary sources of atmospheric 
HCOOH. We validate the quality of the ULIRS products of CO and HCOOH to in-situ aircraft 
measurements taken during the NERC-funded BOReal forest fires on Tropospheric oxidants 
over the Atlantic using Aircraft and Satellites (BORTAS) campaign and show good agreement 
between the measurements.

Emissions from tropical forest vegetation is an area where remotely-sensed products from 
satellite measurements are helping us to better understand local chemical processes and 
complement the sporadic aircraft campaign measurements and sparse observing networks 
over these regions. We show successful detection of very short-lived, weakly absorbing, 
biogenic VOCS (BVOCs) over the Amazon by using co-addition of IASI spectra to reduce 
the spectral noise and enhance the absorption signal. Although some information is lost by 
spatially averaging data, the large number of IASI measurements each day means that this 
method still provides valuable information to determine regional emissions on weekly to 
monthly scales. Regional positive correlations of up to 0.5 are found between IASI BVOCs and 
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GEOS-Chem model data. Seasonal comparisons show some significant temporal differences 
between the maxima in the datasets, peaking around one or two months later in the satellite 
data over the Amazon region, for example.

Sentinel-3 Active Fire Products
Martin John Wooster, Weidong Xu

King’s College London, United Kingdom; martin.wooster@kcl.ac.uk

SLSTR is the latest evolution of the (A)ATSR series of instruments, carried onboard the ERS 
and ENVISAT series of polar orbiting satellites. SLSTR will be carried on Sentinel-3, which 
is planned for launch in October 2015, and the instrument incorporates the functionality 
of AATSR but with the addition of new, and significantly more advanced, features. These 
include a much wider nadir view (and oblique view) swath, a higher temporal resolution, more 
spectral bands, a spatial resolution of 0.5 km for visible and SWIR bands, and the concurrent 
operation of two SLSTR instruments onboard separate Sentinel 3A and 3B satellites 
simultaneously to give daily coverage. SLSTR also possesses two dedicated ‘fire’ channels that 
have been specifically designed to provide unsaturated spectral radiance observations over 
high temperature targets such as wildfires. Here we will lay out the plans for the delivery of 
the Sentinel-3 Active Fire Products, discuss the expected performance of the fire channels as 
they appear prior to launch, and demonstrate how the algorithm to be used for generating the 
active fire products has been prototyped with MODIS observations.

Surface CO2 fluxes inferred from in-situ and satellite measurements of atmospheric 
CO2 concentrations
Liang Feng1, Paul I. Palmer1, Hartmut Boesch2, Robert Parker2

1National Centre for Earth Observation, University of Edinburgh, United Kingdom; 2National 
Centre for Earth Observation, University of Leicester, United Kingdom;lfeng@staffmail.ed.ac.uk

We estimate regional surface CO2 fluxes between 2009 and 2012 by using an ensemble 
Kalman filter (EnKF) to assimilate dry-air mole fraction CO2 column observations (XCO2) 
from the Japanese satellite GOSAT and in-situ CO2 mole fraction data from the NOAA 
ground-based measurement network. The GOSAT XCO2 data provide better spatial coverage 
than the NOAA in-situ data, but they are less accurate, with varying biases over different 
regions. Top-down flux estimates are typically vulnerable to the presence of observation 
biases. We have selected North America and Europe, two regions where we believe we 
have good knowledge of the carbon cycle, to investigate the sensitivity of regional CO2 
flux estimates to observation biases. We use an on-line bias correction scheme to estimate 
regional XCO2 biases and the regional surface fluxes simultaneously from in-situ and GOSAT 
XCO2 observations. We evaluate the performance of the inversion system by comparing 
the a posteriori CO2 mole fraction values, which are simulated by using the GEOS-Chem 
Chemistry Transport Model (CTM) forced by fluxes inferred from assimilating the satellite 
and ground-based data, to independent aircraft measurements. We find that a posteriori 
CO2 concentrations agree well with HIPPO aircraft data, with a global bias of 0.11 ppm, and 
a standard deviation of 0.87 ppm. Including the GOSAT XCO2 data significantly reduces 
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the bias against CONTRAIL aircraft data over 0-20N from 0.8 ppm to 0.2 ppm. We have 
also tested the sensitivity of the inferred fluxes to our assumptions about the the spatial 
distribution and uncertainty of the GOSAT XCO2 biases. We expect new data from the 
recently launched NASA OCO-2 instrument will further improve knowledge of regional CO2 
fluxes.

Substantial role of OH variability in the stalling of the global atmospheric CH4 growth 
rate from 1999 to 2006
Joey McNorton1, Martyn Chipperfield1, Emanuel Gloor1, Chris Wilson1, Wuhu Feng1, Garry 
Hayman2, Matt Rigby3, Paul Krummel4, Simon O’Doherty3, Ron Prinn5, Ray Weiss6, Dickon 
Young3, Ed Dlugokencky7, Steve Montzka7

1University of Leeds, United Kingdom; 2Centre For Ecology and Hydrology, United 
Kingdom; 3University of Bristol, United Kingdom; 4CSIRO Oceans and Atmosphere Flagship, 
Australia;5Massachusetts Institute of Technology, USA; 6Scripps Institution of Oceanography, 
USA; 7National Oceanic and Atmospheric Administration, USA; eejrm@leeds.ac.uk

The growth in atmospheric methane (CH4) concentrations over the past two decades has 
shown large variability on a timescale of many years. Prior to 1999 global mean CH4 was 
increasing at a rate of 6.5 ppb/yr, but during a stagnation period 1999-2006 this growth rate 
slowed to 0.8 ppb/yr. Since 2007 the growth rate has again increased to 5.7 ppb/yr. These 
changes in growth rate are usually ascribed to variations in CH4 emissions. We have used a 3-D 
global chemical transport model and simple box model, forced by meteorological reanalyses 
and observationally-derived variations in global mean hydroxyl (OH) from two networks, 
to investigate these CH4 growth variations. The models show that between 1999 and 2006, 
changes in the CH4 atmospheric loss can account for up to 69% of the suppression in global 
CH4 relative to the pre-1999 trend. The largest contribution to this (up to 39%) is relatively 
small variations in global mean OH on a timescale of a few years, followed by warmer 
temperatures in the tropical lower troposphere (up to 29%) with a minor contribution of 
atmospheric transport of CH4 to this sink region. These results imply a smaller role for 
emission variations during this stagnation period. The role of OH variations on the renewed 
CH4 growth after 2007 is more uncertain, but observations suggest a possible contribution 
from lower OH. Temperature changes and transport variations do not contribute to this 
renewed growth, so changes in emissions are still likely to be important during this period.

Uncertainty of Aboveground Biomass Carbon Stocks in Forest of Mexico
Pedro Rodriguez-Veiga1,2, Kevin Tansey1, Heiko Balzter1,2

1University of Leicester, UK; 2National Centre for Earth Observation (NCEO), Leicester, UK; prv4@
leicester.ac.uk

Developing Forest Aboveground Biomass Carbon ( AGBC ) monitoring systems required 
by the international community to study the terrestrial carbon cycle and to support 
international initiatives such as REDD+, requires approaches that combine remote sensing 
and ground data that are replicable in different forest biomes. The future BIOMASS mission 
from the European Space Agency (to be launch in 2020) is expected to have at 200 m pixel 
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level accuracies in the range of ±20% relative error. Methods to develop AGBC maps with 
comparable accuracy levels and using readily available satellites are required for the period 
before the mission launch. The ESA DUE GlobBiomass project will develop state-of-the art 
approaches to map AGBC at regional and global level for the period from 2005 to 2015.

A data mining approach using readily available optical, SAR, and elevation imagery is used to 
produce country-wide maps of AGBC stocks and its associated uncertainty over Mexico with 
a RMSE of 17.3 t C/ha at pixel level. An extensive in-situ forest inventory dataset is also used 
for assessing this product and previous spatial carbon stock assessments. The substantial 
differences are examined and quantified at several levels. Input datasets, allometric models 
and methods used by these studies are analysed in order to better explain the variability 
ofAGBC estimations over the country. Regional maps better represent the amount and spatial 
trends of AGBC in Mexico than continental or pan-tropical products. The results suggest 
that the combination of different EO datasets and the use of methods that take into account 
regional variations (e.g. allometry) are the way forward to have improved estimations of 
AGBC.

Impact of fire on continental scale carbon balance and ecosystem processes
Jean-François Exbrayat, Luke Smallman, Mathew Williams

School of GeoSciences, University of Edinburgh, United Kingdom; t.l.smallman@ed.ac.uk

Fire has a significant impact on global terrestrial carbon balance, capable of turning ecosystems 
from a sink to source of CO2. Moreover fire has been identified as playing a key role in the 
maintenance of savannah systems preventing succession. Therefore fire can appreciatively 
impact ecosystem processes, the extent of which needs to be better quantified.

We use a Metropolis Hastings – Markov Chain Monte Carlo data assimilation (DA) procedure 
to investigate the impact of fire on continental scale CO2 exchange of Australia. The DA 
analysis combines remotely sensed MODIS leaf area index and burnt area products with 
spatially explicit prior knowledge of above ground biomass and soil carbon to generate an 
ensemble of parameter and flux distributions. The resulting posterior distributions provide 
information on both information on uncertainty of parameters, stocks and fluxes, but also 
allows for investigation of covariance between parameters. This analysis allows for improved 
understanding of ecosystem stocks and fluxes but also ecosystem process knowledge.

Fire has the ability to temporarily turn Australia from a sink to a source of CO2. Between 2001 
and 2010 Australia’s mean median net carbon sink (including biospheric and fire fluxes) was 
0.60 PgC yr-1. However fire likely reduces Australia’s CO2 sink on average by 24 %.

The ‘finger print’ of fire emerges from posterior parameter distributions of key process 
parameters (e.g. NPP:GPP). Moreover cluster analysis of the parameter posteriors highlight 
areas with substantial fire activity as having distinct parameter combinations. Indicating 
existing land cover maps do not adequately discretize the land surface into functional groups. 
A change in ecosystem process parameters is expected given existing field based evidence 
of fire impact from ecological research. Therefore, land surface model developments which 
include the addition of fire parameterisation should be treated with caution in the absence of 
subsequent re-calibration.
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Long-term satellite record of ozone profiles and tropospheric ozone
Georgina Miles, Richard Siddans, Barry Latter, Brian Kerridge

STFC Rutherford Appleton Laboratory, United Kingdom; georgina.miles@stfc.ac.uk

We present long term satellite data records from large scale processing with the RAL UV 
Ozone profile algorithm on the JASMIN-CEMS computing facility at RAL, UK, as applied to 
the GOME-class instruments since 1995 to the present day. The algorithm was selected as 
the ESA CCI ozone ECV nadir profile product due to its sensitivity to tropospheric ozone, 
and is being used to verify the quality of the prototype algorithm for Sentinel 5 Precursor, 
to be launched in early 2016. We present highlights of the long term EO dataset, including 
early results of the data being used to confront tropospheric ozone as captured by coupled 
chemistry climate models. We also discuss new developments to the algorithm that use the 
addition of infrared measurements from MetOp-IASI and visible measurements from GOME-
2 to improve the vertical sensitivity of the algorithm, both in the upper troposphere and 
towards the boundary layer.

Assessing 5 Years of GOSAT Proxy XCH4 Data and Associated Uncertainties
Robert Parker1, Hartmut Boesch1, Paul Palmer2, Liang Feng2, Peter Bergamaschi3, Frederic Chevallier4

1NCEO - University of Leicester, Leicester, United Kingdom; 2NCEO - University of Edinburgh, 
Edinburgh, United Kingdom; 3European Commission Joint Research Centre, Institute for 
Environment and Sustainability, Ispra, Italy; 4Lab. des Sciences du Climat et de l’Environnement, 
France; rjp23@le.ac.uk

We present 5 years of GOSAT XCH4 retrieved using the “proxy” approach. The Proxy XCH4 data 
is validated against ground-based TCCON observations and is found to be of high-quality with 
a small bias of 4.8 ppb (0.27%) and a single-sounding precision of 13.4 ppb (0.74%). For the first 
time the XCH4/XCO2 ratio component of the Proxy retrieval is validated (bias of 0.014 ppb/ppm 
(0.3%), single-sounding precision of 0.033ppb/ppm (0.72%).

This data is now being widely used to obtain flux estimates of atmospheric methane, with a large 
focus being on the wetland emissions. In order to obtain accurate flux estimates, it is important 
to understand the total uncertainties in the data. The uncertainty relating to the model XCO2 
component of the Proxy XCH4 was previously one of the largest unknown sources of uncertainty 
but is now assessed for the first time. While each individual XCO2 model is found to agree well 
with the TCCON validation data (r = 0.94-0.97), it is not possible to select one model as the 
best based on these comparisons. The median XCO2 value of the ensemble has a smaller scatter 
against TCCON than any of the individual models (0.92 ppm) whilst maintaining a small bias 
(0.15 ppm). This model median XCO2 is used to calculate the Proxy XCH4 with the maximum 
deviation from the median used as an estimate of the uncertainty.

We compare this uncertainty to the a posteriori retrieval error and find typically that the model 
XCO2 uncertainty becomes significant during summer months where the a posteriori error is 
at its lowest. We assess the significance of these uncertainties on flux inversion by comparing 
against the GOSAT-MACC XCH4 differences. We find that for the majority of regions the 
differences are much larger than the estimated uncertainties. Our findings show that useful 
information will be provided to the inversions for the majority of regions in addition to that 
already provided by the assimilated in-situ measurements
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A remote-sensing and GIS based methodology for recording endangered archaeology
Louise Elizabeth Rayne1,2

1University of Leicester, United Kingdom; 2Endangered Archaeology in the Middle East and North 
Africa (EAMENA); ler14@leicester.ac.uk

This paper presents a discussion of the remote-sensing and GIS based methodology employed by 
the new Endangered Archaeology in the Middle East and North Africa project (EAMENA) at the 
Universities of Leicester and Oxford. The aim of the EAMENA project is to record archaeological 
sites and to identify those under threat of damage and destruction. While damage caused by war 
and looting can be the most high-profile, activities such as agricultural intensification, water 
management, urban expansion and construction projects also have significant impacts on the 
survival of archaeological remains. The information recorded by the project will be made available 
via an open-access database. The main purpose in providing the data in this way is to help all those 
with responsibilities for the management, protection and promotion of their cultural heritage.

Image interpretation has functioned as the main tool for populating the EAMENA database, 
which uses the Arches system. Analysis of satellite images allows large areas to be examined 
quickly and relatively inexpensively for traces of ancient activity and occupation. Primarily, 
imagery available through Google Earth has been examined and used for the recording of sites. 
EAMENA is also using high resolution imagery such as WorldView (spatial resolution of 0.5 m) 
for selected areas. Historical aerial photographs and 1960s-70s Corona images (c.2-5 m) are 
especially useful when sites have been damaged or destroyed. The same datasets have been used 
to record damage to archaeological sites. The Google Earth and high resolution images can show 
specific cases of damage such as looting pits and bulldozing. Lower resolution multispectral 
imagery (Landsat) has been used to map the impact of changes in land use.

This paper will present a number of case studies from Libya, Egypt and Jordan. These are 
examples from the EAMENA database, which continues to be updated with sites and which will 
form a resource for heritage management and protection for the endangered archaeology of the 
Middle East and North Africa.

Mapping Annex I habitat extent and condition with remote sensing imagery.
Gwawr Jones1, Peter Bunting1, Clive Hurford2, Richard Lucas3

1Department of Geography and Earth Sciences, Aberystwyth University, United Kingdom; 2Natural 
Resources Wales, Cardiff, United Kingdom; 3School of Biological, Earth and Environmental 
Sciences, University of New South Wales, Australia; gaj17@aber.ac.uk

The EC’s Habitat’s Directive (1992) requires member states to report on the location, extent and 
condition of habitats of interest as listed in Annex I. In the UK, the last 3 reports have located 
Special Areas of Conservation (SACs) and attempted to report on area and favourable status with 
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estimates largely based on either extrapolation and/or modelling of partial data, or expert opinion 
with minimal sampling. Although the information provided was deemed adequate, reports state 
that confidence in some cases of this approach was low. Increasing availability of very high-
resolution satellite data provides possibilities for accurate mapping of extent and condition as 
required. The EU FP7 ‘BioSOS’ project, created an approach to mapping satellite imagery using 
the UN FAO Land Cover Classification (LCCS) and was developed for biodiversity monitoring 
across Europe. This study extends that system introducing an amalgamated rule based and 
machine learning approach to map Annex I habitats. The method followed the LCCS rule based 
hierarchy and integrated expert information from ecologists, until separation of classes was no 
longer possible, due to the restrictions of applying a fixed threshold to variables. Machine learning 
was then applied within the broad classes to separate individual habitats or dominant species. In 
situ data collected have been used for training where a statistical analysis of variance was used 
to determine suitable variables and thresholds throughout. Habitat extents were found to be 
achievable with high confidence and some condition information could be inferred from mapping 
the dominant species. The repeatability of the method provides a good basis for operational use 
as baselines can be generated and future survey work can be targeted to focus on habitats were 
less evidence is available.

Long term resource exploitation and the status of ecosystem services in the Amazon, 
Mekong and Ganges-Brahmaputra-Meghna deltas
Caio C de Araujo Barbosa1, Peter M Atkinson2, John A Dearing1

1Geography & Environment - University of Southampton, United Kingdom; 2School of 
Geography, Archaeology and Palaeoecology - Queen’s University Belfast, United Kingdom;CC.
DeAraujoBarbosa@soton.ac.uk

Estuaries hold major economic potential due their strategic location, close to seas and inland 
waterways, thereby supporting intense economic activity. The increasing pace of human 
development in coastal deltas over the past five decades has also strained local resources and 
produced extensive changes across the landscape. A great number of the population living in 
those deltas is directly dependent on the local extraction of natural resources for their livelihood, 
therefore measuring and modelling the current status and recent trends on services provided 
by natural ecosystems is of key importance. We applied a cross methodological approach in 
identifying the political frontiers of change in ecosystem service depletion in three major 
tropical large river deltas over the last thirty years. The three study sites were chosen according 
to their similarities pointing to widespread non-stationary dynamics and increased probability 
of systemic threshold changes. Here we used a combination of data from Earth observation 
satellites (GIMMS and TRMM), meteorological stations, proxies for ecosystem services, and 
official government statistics, to produce spatially-explicit links between biophysical variables, 
the evolution, and the availability of key ecosystem services, such as: climate regulation, carbon 
sequestration, water regulation and the availability of raw materials. Our results show that 
areas sparsely inhabited may be exploited with few negative consequences for the environment. 
However, the increasing pressure on ecosystem services has been maximised by large scale 
deforestation, dam construction, changes in climatological cycles and other complex dynamic 
interactions between social and ecological systems.
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Improving emissions inventories from land surface processes using EO data
Gerardo Lopez-Saldana, Tristan Quaife, Debbie Clifford

University of Reading, United Kingdom; G.LopezSaldana@reading.ac.uk

In order to improve emissions inventories from different land surface processes, the first step 
is to be able to map accurately changes in the land cover and land use and then understand the 
processes behind those changes. Even though there are numerous land cover/ land use products 
available for the UK, their primary goal is not necessarily to identify changes on a yearly basis, 
either the effort needed to generate a very high resolution map, e.g. with a pixel size of 15m, 
requires more than one year to be produced or some other products are provided on an annual 
basis but focusing on global changes and are not fir for purpose to estimate changes at country 
level.

As part of the MELODIES project we are developing a service that is using Earth Observation 
data to derive a annual land cover products for the UK for the last 13 years focusing in identifying 
accurately changes in the land surface. We use daily observations of surface reflectance derived 
from the MODIS sensor to create a BRDF adjusted time series to characterize the land surface. 
Using this time series as the input of a Support Vector Machine classifier we compute the 
probability to belong to a certain class for every pixel. Using these probabilities and a land cover 
change matrix prior which was derived from actual changes we are able to identify and map 
per pixel land cover changes in the UK that will be used to improve the estimation of the UK’s 
greenhouse gas and ammonia emissions, and for meeting air quality targets.

Mapping the diminishing value of tropical peatland under agricultural land conversion
Paul Aplin1, Hannah Cooper1, Amanda Tonks1, Sofie Sjögersten1, Stephanie Evers2

1University of Nottingham, United Kingdom; 2University of Nottingham Malaysia Campus, Malaysia; 
paul.aplin@nottingham.ac.uk

Tropical peatlands represent a valuable environmental resource, delivering ecosystem services 
related to carbon storage, soil state, water regulation and biodiversity. It is clear these peatlands 
are increasingly under threat from anthropogenic development, yet there is little specific 
knowledge about the value of their ecosystem services or how this value is diminishing through 
conversion to other land uses. Even their spatial location and extent, and rate of land conversion, 
is subject to great uncertainty. Therefore, for effective management of tropical peatlands, there is 
an urgent need to improve our understanding of their spatial extent, rate of change and ecosystem 
service provision.

In this study, we investigate the diminishing environmental value of North Selangor peatland in 
Malaysia, as land is rapidly converted from secondary peat swamp forest to oil palm agriculture. 
We use archive Landsat imagery to present the historical backdrop of land use change, showing 
the marked expansion and intensification of oil palm cultivation over recent decades. We then 
couple contemporary VHR image analysis with intensive field survey of gas, soil and vegetation 
properties to build a clear picture of how the different stages of land conversion – draining, 
clearing and burning the peatland; and then new, young and mature oil palm plantation – 
influence peatland quality.
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Initial results show there are significant modifications in CO2, CH4 and N2O flux between 
the different stages of land conversion. Notably, CO2 flux increases as peat swamp forest is 
successively drained and cleared for new oil palm plantation, though drops significantly in older 
oil palm plantation. Similarly, there are significant differences in soil state between the peatland 
and oil palm classes. For instance, surface peat decomposition is consistently higher in oil palm 
plantation than other classes indicating that this form of agricultural disturbance accelerates 
peatland degradation.

Application of airborne optical imagery for national-scale peatland condition mapping 
in Wales
Stephen Grebby1, Barry Rawlins1, Chris Evans2, Peter Jones3

1British Geological Survey; 2Centre for Ecology & Hydrology; 3Natural Resources Wales; stgrebby@
bgs.ac.uk

Peatlands not only provide unique and diverse habitats, but are also a major potential sink and 
source for greenhouse gases such as carbon dioxide and methane, respectively. Man-made 
modification can lead to the degradation of peatlands and subsequent loss of biodiversity, the 
emission of considerable amounts of greenhouse gases to the atmosphere, and a reduction in 
their capacity to store water to mitigate the downstream flood risk. Maps of peatland condition 
are essential for regulatory authorities so they can identify degraded areas and focus restoration 
efforts. In this study, we present the application of 0.5 m resolution visible and near-infrared 
aerial imagery to mapping upland peat condition on a national-scale across Wales. Specifically, 
we define and map three indicators of upland peat condition. Firstly, the imagery was used in 
conjunction with a semi-automated classification algorithm to rapidly map bare or exposed 
peat (i.e. devoid of vegetation). Secondly, a map of man-made ditch intensity was generated by 
applying a linear feature extraction tool to the imagery. Finally, a semi-automated classification 
algorithm was employed to map areas dominated by Molinia caerulea (purple moor-grass), which 
is considered to be indicative of limited biodiversity and a reflection of poor peat condition. In 
summary, over 2,200 km of ditches were mapped and, of the 473 km2 of peatland assessed, 0.63 
km2 was classified as bare peat. The three indicators were subsequently combined to produce a 
simple index of upland peat condition, highlighting areas requiring follow-up site investigations 
and possible restoration measures.

Earth Observation to produce indices of habitat condition and change
France Gerard, Owen Mountford, Lisa Norton, Emma Tebbs, Richard Pywell, Charlie Stratford

Centre for Ecology and Hydrology, United Kingdom; ffg@ceh.ac.uk

Mapping habitats and changes from one habitat to another is a different activity from determining 
and monitoring the changes in condition of a habitat. Consequently the Earth observation (EO) 
approaches available to carry out habitat condition monitoring are likely to be different from the 
approaches developed for habitat mapping. Here we present the results of a review, carried out 
for the Joint Nature Conservation Committee of the UK, to establish which habitat condition 
measures could be delivered through EO operationally at national scale.

The focus was on the broad habitat classes of the UK and condition measures currently being 
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collected through field surveying (e.g. productivity; extent of dead material, bare ground burning 
and water; presence of linear features, of problem or indicator species; percentage woody cover; 
and graminoid/forb ratio).

There is a strong case for developing a 3 stage monitoring system. Stage 1 consists of a less 
spatially detailed and thus quick but effective search for evidence of change in condition. Stage 
2 delivers, where a change has been detected, a spatially detailed and quantitative evaluation of 
change type. Stage 3 validates the measured changes. Stages 1 and 2 require different approaches 
using different types of EO data. Stage 3 involves field work. Implementation is limited by the 
type of affordable EO data available now and in the future. Very high (1 to 10m) spatial resolution 
imagery is important for stage 2, while the ability to build time-series of imagery (daily to 
annually) is important to for stage 1.

The Capability of Sentinel-1 Synthetic Aperture Radar to Map CORINE Land Cover with 
Random Forest Classification
Heiko Balzter1,2, Beth Cole1, Christiana Schmullius3

1University of Leicester, United Kingdom; 2National Centre for Earth Observation, United Kingdom; 
3Friedrich-Schiller University Jena, Germany; hb91@le.ac.uk

The European CORINE land cover mapping scheme is a standardized classification system with 
44 land cover and land use classes. It is used by the European Environment Agency to report large-
scale land cover change with a minimum mapping unit of 5 ha every six years and operationally 
mapped by its member states. The most commonly applied method to map CORINE land cover 
change is by visual interpretation of optical/near-infrared satellite imagery.

The Sentinel-1 satellite carries a C-band Synthetic Aperture Radar (SAR) and was launched in 
2014 by the European Space Agency as the first operational Copernicus mission. This study is the 
first investigation of Sentinel-1 for CORINE land cover mapping.

One of the first Sentinel-1 images acquired during its ramp-up phase over Thuringia in Germany is 
analysed. 27 hybrid level 2/3 CORINE classes are defined. 16 of these were present at the study site 
and classified based on randomly selected training pixels from the CORINE 2006 map. Sentinel-1 
HH and HV polarisation, the polarisation difference and three texture bands are used as input to 
the classification. In addition, a Digital Terrain Model (DTM), a Canopy Height Model (CHM) 
and slope and aspect maps from the Shuttle Radar Topography Mission (SRTM) are used as input 
bands to account for geomorphological features of the landscape. In future such elevation data 
could be delivered from the Sentinel-1 Interferometric Wide-Swath Mode itself.

When augmented by elevation data from radar interferometry, Sentinel-1 is able to discriminate 
several CORINE land cover classes, making it potentially useful for monitoring land cover of 
cloud-covered regions.
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Mapping tropical forest degradation

Marion Pfeifer1, Laura Kor1, Reuben Nilus4, Ed Turner2, Jeremy Cusack3, Igor Lysenko1, MinSheng 
Khoo1, Vun K Chey4, Arthur C Chung4, Rob M Ewers1

1Imperial College London, United Kingdom; 2University of Cambridge, United Kingdom; 
3University of Oxford, United Kingdom; 4Sabah Forestry Department, Malaysia;m.pfeifer@
imperial.ac.uk

Detecting and mapping logging impacts on structure of humid tropical forests is a primary 
conservation concern, as these impacts feed through to changes in biodiversity (1) and 
ecosystem functions (2).

Here, we show that high-spatial resolution RapidEyeTM sensor data can be used to map 
impacts of selective logging on aboveground live tree biomass (AGB), canopy leaf area index 
(LAI) and fractional vegetation cover (FCover) in Malaysian Borneo. We measured these 
forest attributes in 193 permanent vegetation plots that we set up in rainforest and oil palm 
plantations across the degradation landscape of the Stability of Altered Forest Ecosystems 
project (http://www.safeproject.net/).

Satellite-derived spectral and texture information explained up to 62 % of variation in forest 
structure using beta-logistic regression models allowing us to map structure attributes across 
the landscape. These maps revealed a pronounced decline in aboveground live tree biomass 
with increasing disturbance, impacts which are also visible in the field data. Yet, while field 
data suggest a rapid recovery in canopy structure to pre-disturbance levels a decade after 
logging, our maps indicate that both LAI and FCover are still significantly reduced in logged 
compared to primary forest stands.

Next, we will use various satellite data including the upcoming Sentinel-2 data to improve and 
develop upscaling algorithms for SAFE (im combination with time-series of field data and 
aerial sensor data) and to analyse forest-savannah boundaries in East Africa using data from 
the Global LAI project (https://globallai.wordpress.com/).

(1) Wilcove et al. 2013. Trends Ecol. Evol. 28, 531–40, (2) Ewers et al. 2015 Nat. Commun. 6, 6836
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A practical guide to the collection of remotely sensed optical data in areas of Tropical 
forest: implications for data quality.
Gary Michael Llewellyn1, Dale Peters2, Ben Taylor2, Steve Groom2

1NERC, United Kingdom; 2PML, United Kingdom; gaew@bas.ac.uk

Tropical forests are an important environment with regard to biodiversity, habitats for 
endangered species and carbon budgets. Remote sensing provides valuable spatial data 
relevant for the scientific study of these issues. However, the acquisition of these data 
presents a range of practical challenges for the acquisition of remotely sensed optical data. 
These challenges relate to high levels of humidity and cloud cover and the logistics of the 
provision of coincident field data (including GPS base-station support).

In 2014 NERC-BAS supported a large NERC funded consortium grant to Sabah, Borneo. 
This was to investigate biodiversity and land-use impacts on tropical ecosystem function 
(BALI). In the course of this support the flight team had to adapt practices used in most other 
survey areas, e.g. in Europe, to the local environment. In these conditions hyperspectral data 
contained higher levels shading, exhibited Bidirectional Reflection Distribution Function 
effects and were attenuated by atmospheric conditions. Some of these issues were explored 
with respect to multiple acquisitions of visible/near infra-red data from the same location 
under different atmospheric conditions and at different acquisition times.

Additionally, we considered these effects with respect to the MSI instrument on board 
Sentinel-2, which has a node crossing time of approx. 10.30am (Mean Local Solar Time). 
This study compares this acquisition time with data collected before and afterwards. It will 
therefore aid our identification and understanding understand of likely artefacts and effects 
within MSI imagery collected over tropical forested areas and aid any comparison with 
airborne or other satellite sensors.

Measuring phenology with a dual-wavelength full-waveform terrestrial laser scanner: 
The Salford Advanced Laser Canopy Analyser (SALCA)
Lucy Anastasia Schofield, F. Mark Danson, Neil Entwistle

University of Salford, United Kingdom; l.a.walker@edu.salford.ac.uk

One of the current limitations of Light Detection And Ranging (LiDAR) systems to characterise 
forest environments is the inability to distinguish returns resulting from woody and leaf 
material. Although the physiological mechanisms involved in leaves and woody material 
are relatively well understood, directly measuring how much of each pool is present at one 
time, and its spatial and temporal characteristics, poses a significant challenge in structurally 
complex heterogeneous forest environments. The Salford Advanced Laser Canopy Analyser 
(SALCA) is an experimental dual-wavelength full-waveform terrestrial laser scanner (TLS). 
Data was acquired using SALCA and coincident hemispherical photographs over 32 field visits 
to Delamere Forest, Cheshire, UK, throughout a full annual phenological cycle between March 
2014 and April 2015, and included broadleaf deciduous, evergreen conifer, and deciduous 
conifer species. Calibrated reflectance in two wavelengths was used to extract returns resulting 
from leaf hits. The spatial and temporal characteristics of Leaf Area Index (LAI) and foliage 
profiles were examined using the photosynthetically-active component of the forest.
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Secondary forests in the Brazilian Amazon: the impact of land use history on 
aboveground biomass accumulation and on L-band Synthetic Aperture Radar 
backscatter

Joao M. B. Carreiras1, Richard M. Lucas2, Joshua Jones3, Joana B. Melo4, Cristina Gabriel4, Egidio 
Arai5, Henrique Cassol5, Virgilio Pereira6, Yosio E. Shimabukuro5, Shaun Quegan1
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Australia; 3Department of Geography and Earth Sciences, Aberystwyth University, Aberystwyth, 
United Kingdom; 4Tropical Research Institute (IICT), Lisbon, Portugal; 5Instituto Nacional de 
Pesquisas Espaciais (INPE), Sao Jose dos Campos, Brazil; 6WayCarbon, Belo Horizonte, Brazil; 
j.carreiras@sheffield.ac.uk

Throughout the Brazilian Amazon, the age and composition of forests regenerating on 
previously deforested land are determined, in part, by land use history. Extensive time series 
of Landsat data since the inception of deforestation up to 2010s across three sites in the 
Brazilian Amazon (Manaus, Santarém and Machadinho d’Oeste) were used to estimate the 
changes in the area of mature forest, non-forest and secondary forest, from which the age of 
secondary forests (ASF) and land use history were generated.

A field campaign was carried out in Manaus during August 2014. A set of plots was established 
for the collection of tree measurements in areas known to be covered by secondary forests. 
Plot location was randomly selected and stratified by ASF and land use history. Additionally, 
at each location several combinations of plot shape, size and minimum measured tree 
diameter were also tested. Measurements at the tree level were used in combination with 
published allometric relationships to generate aboveground biomass (AGB) estimates per 
unit area. Preliminary results show a significant (p<0.001) linear relationship between ASF 
and AGB, even after ~35 years after land abandonment. Conversely, the impact of land use 
history on the AGB accumulation in secondary forests seems to be less evident. A comparison 
between the AGB estimates obtained from plots of different size (with different minimum 
measured tree diameter) indicates the importance of trees with a diameter between 5 and 20 
cm to the overall AGB estimates over secondary forests up to ~35 years old.

Japanese Aerospace Exploration Agency (JAXA) Advanced Land Observing Satellite 
(ALOS) Phased Array L-band Synthetic Aperture Radar (PALSAR) dual-pol data (HH and 
HV polarizations) were acquired between 2007 and 2010. These were used to assess their 
capability to discriminate both ASF and ASF classes and the combined impact of land use 
history across the three selected sites. The response of L-band backscatter intensity as a 
function of ASF was different for the three sites, possibly as a consequence of different age 
structures. Aggregation of ASF into ASF classes (initial, intermediate and advanced) resulted 
in more similar response of ALOS PALSAR dual-pol data, i.e., increasing backscatter with 
ASF classes. Also, the combined impact of ASF and land use history was assessed in terms of 
L-band response.

Dual-polarization data from the recently launched ALOS-2 PALSAR-2 temporally coincident 
with the Manaus field campaign was also acquired and used to assess its capability to 
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retrieve the aboveground biomass of SF. Preliminary results shows decreasing backscatter 
intensity with AGB values between 80 and 230 Mg/ha, possibly due to signal attenuation from 
increasingly denser canopies.

Better spatial representation of tropical secondary forest (and their stages) and an accurate 
retrieval of AGB content will help reduce the uncertainty in this carbon sink and, as a 
consequence, in the global carbon cycle.

From leaf to canopy: estimating equivalent water thickness in forests with dual-
wavelength laser scanning.
Rachel Gaulton1, Steven Hancock2, F. Mark Danson3, Magdalena Smigaj1

1School of Civil Engineering and Geosciences, Newcastle University, UK; 2Environment and 
Sustainability Institute, University of Exeter, UK; 3School of Environment and Life Sciences, 
University of Salford, UK; rachel.gaulton@ncl.ac.uk

Tree health is an area of major international concern. The ability to detect symptoms of 
physiological stress or disease at an early stage and monitor changes in forest condition is 
critical to forest management and to understanding the impacts of climatic changes. Canopy 
moisture content, measured as Equivalent Water Thickness (EWT), is an important early 
symptom of many tree diseases and of drought stress. Satellite estimates are influenced by an 
inability to separate the influence of the canopy and understorey and are difficult to validate, 
as destructive field measurements of EWT are time consuming and are typically spatially 
limited in forest canopies.

Dual-wavelength terrestrial laser scanning, utilising ratios of laser wavelengths in the near 
and shortwave infrared, is capable of estimating moisture content of individual leaves in 
laboratory experiments. However, at canopy scales, relationships between return intensities 
and EWT are likely to be complicated by partial hits and a mixture of leaf and woody 
material within the footprint. This paper reports the results of an experimental drought 
study, conducted on potted trees over a one month period, to examine the sensitivity of the 
Salford Advanced Laser Canopy Analyser to canopy-scale EWT. Initial results will also be 
presented of field trials at the forest canopy scale, based on scans undertaken in a Scottish 
pine plantation exhibiting varying levels of Dothistroma fungal infection, resulting in variable 
canopy moisture conditions. SALCA data will be compared to visually estimated disease levels 
and field spectroscopy and EWT measurements of needle samples.

Next generation TLS for forest ecology and management
F. Mark Danson, Lucy Schofield, Neil Entwistle

University of Salford, United Kingdom; f.m.danson@salford.ac.uk

Terrestrial laser scanners (TLS) are now capable of semi-automatic reconstruction of the 
structure of complete forest stands and have the potential to provide detailed information 
on stand architecture and foliage biophysical properties. The trends for the next generation 
of TLS are towards higher resolution, faster scanning and full-waveform data recording, 
with mobile, multispectral laser devices. The convergence of these technological advances 
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in the next generation of TLS will allow the production of information for forest ecology 
and management that is far more detailed, more accurate and more comprehensive than 
that available today. This paper assesses recent scientific advances in the application of TLS 
in forestry, drawing on the authors’ development of the Salford Advanced Laser Canopy 
Analyser (SALCA), the activities of the Terrestrial Laser Scanner International Interest Group 
(TLSIIG), and developments in laser scanner technology around the world. It will use current 
research to highlight key challenges in data analysis and information extraction, and set out 
a vision for new research to develop an information-rich future-forest information system, 
populated by mobile autonomous multispectral TLS devices.

New approaches to assessing tropical forest biomass and structure using terrestrial 
laser scanning
Mathias Disney1,2, Andrew Burt1, Kim Calders3, Pasi Raumonen4, Philip Lewis1,2, Lucy Rowland5, 
Edward Mitchard5, Patrick Meir5

1Dept. of Geography, University College London, UK; 2NERC National Centre for Earth Observation 
(NCEO); 3National Physical Laboratory; 4Dept. of Mathematics, Tampere University of Technology, 
Finland; 5School of Geosciences, University of Edinburgh, UK; mathias.disney@ucl.ac.uk

Estimating forest above ground biomass (AGB) is a key goal for studies of the terrestrial 
carbon cycle, understanding the response of forests to climate, and for management policies 
aimed at mitigating losses of carbon through deforestation and degradation. Current 
estimates of AGB, whether from ground-based survey measurements, or from Earth 
Observation (EO) are highly uncertain, due to the difficulty of making direct measurements 
of AGB, particularly in the tropics where a large fraction of terrestrial forest C resides. All 
current estimates rely at some level on empirical allometric relationships between tree size 
(height, diameter) and mass. Estimates of AGB derived from different methods also disagree 
substantially and have poorly-quantified uncertainty. Several new satellite platforms are 
planned to address the lack of good estimates of AGB in the tropics, including ESA BIOMASS 
and NASA GEDI.

We present new estimates of AGB, derived from high resolution 3D terrestrial laser scanning 
of tropical forest plots on 3 continents. We show that these measurements can capture the 
volume of individual trees down to fine branching, allowing us to estimate not only tree 
volume, but the structure of the trees including branch size and distribution, crown size and 
shape. We show that key advantages of our method are that: it is independent of allometry, 
and has well-quantified uncertainty; the uncertainty is independent of tree size, unlike 
empirical allometry, where uncertainty grows with tree size; there is no size bias in sampled 
trees, unlike empirical allometry, which drastically under-samples large trees. We use our 
data to quantify the uncertainty of widely-used pan-tropical forest allometries and note the 
implications for large-scale estimates of AGB from satellite data.
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Tree-centric mapping of forest carbon density from airborne laser scanning and 
hyperspectral data
David Anthony Coomes1, Michele Dalponte1,2, Juheon Lee1,3, Carola Schönlieb3, Xiaohao Cai1,3

1Dept Plant Sciences, University of Cambridge, United Kingdom; 2Fondazione E. Mach, San 
Michele all’Adige (Trento), Italy; 3Dept Applied Mathematics and Theoretical Physics, University of 
Cambridge, United Kingdom; dac18@cam.ac.uk

Airborne remote sensing is increasingly recognized as an outstanding data source for 
high-fidelity mapping of carbon stocks at regional scales. A tree-centric approach to carbon 
mapping is developed, based on identifying individual tree crowns (ITCs) from the LiDAR 
point cloud and identifying species from airborne hyperspectral data by machine learning. 
Using examples from coniferous forest in the Italian Alps, deciduous woodland in Britain, 
and lowland tropical forest in Borneo, the tree-centric approach is shown to deliver precise 
estimates of individual tree biomass and forest stocks. ITC delineation approaches based 
on canopy height models fail to detect subcanopy trees, and a small correction needs to be 
made to accommodate these in carbon maps. However, new graph cut approaches using the 
entire point cloud can detect individuals beneath the main canopy, provided the LiDAR point 
cloud is sufficiently dense. An advantage of the tree-centric approach over existing plot-level 
methods is that it is founded on the same principles as field-based inventory approaches, 
making it intuitive and transparent to use.
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Session 16: New Sensors

Time: Friday, 11/Sep/2015: 11.00 - 13.00
Chair: Chris Brownsword
Nuffield Theatre Lecture Theatre A (1077)

A Constellation Concept for Microwave Interferometric Radiometry from 
Geostationary Orbit
Ahmed Kiyoshi Sugihara El Maghraby

University of Southampton, United Kingdom; asem1g14@soton.ac.uk

Microwave radiometry is a highly successful tool for Earth-observation enabling variety 
of measurements including global mapping of surface and sea-surface temperature, soil 
moisture and ocean salinity, precipitation, tropospheric temperature and humidity. Due to 
limitations in aperture sizes however missions have been bound to LEO.

To overcome this limitation a novel concept for microwave interferometric radiometry using 
a rotating Y-shaped array in conjunction with a constellation of free-flying single-element 
microsatellites has been devised. The concept allows baselines several times the dimensions 
of the monolithic array, making it most applicable for sounding missions from a geostationary 
orbit, where apertures in excess of 14 m are required to achieve the spatial resolution of 15 km 
at frequencies below 53 GHz.

The anticipated performance of the concept has been determined through numerical 
simulation. The results show that a configuration of a Y-shaped central array with 5 m arms 
accompanied by 9 microsatellites is capable of producing maximum baselines of 18 m in 
length at arbitrary microwave frequencies. At 10 GHz and 183 GHz, the produced half-power 
beam-widths were 67 km and 3.8 km respectively from a geostationary orbit, with beam 
efficiencies of up to 88% using the Blackman window.

The array requires a minimum of 56 antennas with 550 correlators at 10 GHz and 1017 
antennas with 10160 correlators at 183 GHz respectively to satisfy the Nyquist sampling 
criterion.

Instrument of this type would be able to provide spatial resolution compatible with current 
Met Office’s requirements with unprecedented temporal resolution from geostationary orbit.

Infrared Detector Development for IASI NG
Peter Knowles, Keith Barnes, Ray Davis, Nick Shorrocks

Selex ES, United Kingdom; keith.barnes@selex-es.com

IASI (Infrared Atmospheric Sounding Interferometer), developed by Airbus Defence and 
Space and launched since 2006 on the Metop satellites, is established as a major source of data 
for atmospheric science and weather prediction.

The next generation - IASI NG - is a French national contribution to the Metop second 
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generation satellites and is under development by Airbus for CNES. The mission aim is to 
achieve twice the perfomance of the original IASI instrument in terms of sensitivity and 
resolution. In turn, this places very demanding requirements on the infrared detectors for the 
new instrument.

Selex ES in Southampton has been selected for the development of the infrared detector set 
for the IASI NG instruments. The wide spectral range, 3.6 to 15.5 microns, is covered in four 
bands, each served by a dedicated detector design, with a common 4 x 4 array format of 1.3 mm 
square macropixels. Three of the bands up to 8.7 microns employ photovoltaic MCT (mercury 
cadmium telluride) technology and the very long wave band employs photoconductive MCT, 
in common with the approach taken between Airbus and Selex ES for the SEVIRI instrument 
on Second Generation Meteosat.

For the photovoltaic detectors, the MCT crystal growth of heterjunction photodiodes is by the 
MOVPE technique (metal organic vapour phase epitaxy). Novel approaches have been taken 
to hardening the photovoltaic macropixels against localised crystal defects, and integrating 
transimpedance amplifiers for each macropixel into a full-custom silicon read out chip.

Demonstration and assessment of thermal IR laser heterodyne radiometry for CO2 
sounding
Alex Hoffmann, Marko Huebner, Neil Macleod, Damien Weidmann

RAL Space, Rutherford Appleton Laboratory, United Kingdom; alex.hoffmann@stfc.ac.uk

A long-term integrated global strategy to understand and predict the Earth carbon cycle 
requires atmospheric CO2 measurements to be carried out in various configurations, in-situ, 
ground-based, airborne, or space-borne, and preferably with vertically-resolved data down 
into the atmospheric boundary layer. As part of a CO2 measuring system, the concept of 
thermal infrared laser heterodyne radiometry (LHR) has been developed and demonstrated 
during a ground-based solar occultation measurement campaign. LHR offers a unique set of 
advantages including ultra-high spectral resolution (up to 0.002 cm-1) for full atmospheric 
lineshape resolution and deconvolution of altitudinal information, high spatial resolution 
(~few km field of view from GEO), and ideally shot noise limited radiometric sensitivity. In 
addition, using optical integration technology underpinned by hollow waveguides, these 
advantages can be obtained in an ultra-compact instrument package.

In the context of CO2 sounding, these advantages will be presented through analysis of the 
spectral data obtained during the measurement campaign. Furthermore, an instrument 
model coupled to a 1D atmospheric model is used to evaluate the predicted theoretical 
performance of the CO2 LHR against real experimental data. Outcomes of this assessment 
are then used to determine the projected performance of space-borne LHR sounding of CO2 
in the thermal infrared and operating in the nadir viewing mode.

Miniaturization and prospects for involvement in calibration/validation and/or a monitoring 
network will be discussed.
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Microwave Sounder for MetOp-SG

George Tennant, Graham Sykes, Mike Buckley, David Masterson

Airbus Defence and Space Ltd, United Kingdom; george.tennant@astrium.eads.net

The Microwave Sounder (MWS) is a total power radiometer that has been selected by ESA 
as part of the MetOp-SG programme. MWS measures the brightness temperature at various 
altitudes and delivers calibrated and geo-located atmospheric temperature and water-
vapour sounding data in all weather and illumination conditions. MWS is thus an essential 
instrument for the provision of operational meteorology, offering significant improvements 
in measurement performance over MetOp First Generation and indeed all microwave 
sounders currently operating on meteorological satellites.

MWS is an across-track scanning instrument, measuring the total power, atmospheric 
brightness temperature in 24 channels over the frequency range 23.8 GHz up to 229 GHz. 
The temperature sounding channels (50 GHz – 58 GHz) are fully redundant and also the 
instrument has an internal failure detection and high degree of autonomous recovery. The 
instrument performs a self-calibration with each rotation (2½ seconds) of its scanning 
antenna, by sampling the atmosphere below (to 49° each side), then a warm On-Board 
Calibration Target (OBCT) and then deep space.

The antenna rotates at non-uniform speed in order to maximise the scene and calibration 
target integration time. Footprints are ranging from 40 km at the lowest frequency to 17 
km at the highest frequencies. A single antenna concept allows the MWS instrument to 
remain compact but requires a complex quasi-optical network (QON) capable of splitting 
the different channels in the instrument. A fixed, parabolic sub-reflector is used to fold the 
signal into the QON. The QON separates the incoming radiation signal from the antenna 
system into 5 separate frequency bands by the use of dichroics, polarisers and mirrors. The 
signal is captured by RF feed horns, which are then coupled to 8 receiver front-end modules, 
specific for the different channels, after further splitting of three bands with diplexers and an 
orthogonal mode transducer.

MWS includes a mixture of direct detection and heterodyne receiver front-end modules. The 
front-end modules down-convert and amplify the signals. The heterodyne receivers require 
further down-conversion and filtering from separate receiver back-end electronics. Finally 
all analogue data is then passed to the Instrument Control Unit (ICU) for digitisation and 
downlink. The ICU includes a signal processing module that provides gain/offset adjustment.

MWS is scheduled to be launched on MetOp-SG Satellite A in mid-2021, with a nominal 
overlap of six months with the final operations of MetOp First Generation. MWS is designed 
for an in-orbit life of 7.5 years. This paper will present the MWS instrument key design 
features and predicted performance, as well as an overview of associated key technology 
developments.
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Air Quality monitoring from Space - New instruments and applications
Roland Leigh1, Paul Monks1, Claire Parfitt2, Paul Drumm1, Piyal Samara-Ratna1, Dan Lobb3, 
Jonathan Friend3, Andrew Bacon2, Samuel Grocock1, Jasdeep Anand1

1University of Leicester, United Kingdom; 2Thales Alenia Space UK; 3Surrey Satellite Technology 
Ltd; rl40@le.ac.uk

The annual global cost of poor air quality is now estimated to exceed £1 trillion. Although 
Sentinels 4, 5 and 5P will improve space-borne monitoring, there remains a significant gap 
between requirements of end users such as local authorities, and capabilities from Earth 
Observation. Under funding from CEOI, two key concepts for air quality monitoring have 
been developed and will be presented in this talk.

The Compact Air Quality Spectrometer, CompAQS offers NO2 mapping at approximately 
2x3 km from a payload which is significantly smaller than any of the Sentinel instruments. 
Following construction of an airborne demonstrator in 2013, this instrument is now the 
subject of a CEOI flagship project to raise the TRL of key components towards an early space-
borne demonstrator. Latest progress from this flagship project will be presented here.

A theoretical concept for a significantly smaller air quality sensor was developed under CEOI 
seedcorn funding in 2012. This concept was further developed as part of an ESA Sysnova study 
in 2014/15, going on to be declared joint winner of the competition to identify new concepts 
for nano-satellite applications. Although currently at a low TRL, this concept has the potential 
to deliver NO2 mapping capability down to 300 m ground resolution, with a data latency of 
less than 2 hours from measurement to end user. This concept will be presented in outline in 
this talk, as part of a discussion of the portfolio of Earth Observation applications in this area.

The Compact Infrared Imager and Radiometer (CIIR), an integrated instrument and 
spacecraft for Earth Observation
Neil Bowles1, Simon Calcutt1, Don Grainger1, Anu Dudhia1, Ross Marshall2, Hazel Jeffrey2, Chris 
Brunskill3, Chris Howe4

1University of Oxford, United Kingdom; 2Clyde Space Ltd, United Kingdom; 3RAL Space, STFC, 
United Kingdom; 4Satellite Applications Catapult, United Catapult; bowles@atm.ox.ac.uk

Measurements of the effect of aerosols, clouds and the behaviour of stratospheric water 
vapour on the Earth’s radiation budget are key to understanding our current climate and its 
subsequent evolution. This presentation describes a new approach to infrared remote sensing 
of the Earth from space that will provide calibrated data of key science targets on timescales of 
hours as well as years.

The Compact Infrared Imager and Radiometer (CIIR) is an Earth observation instrument 
concept that is tightly integrated into a 6U CubeSat spacecraft. CubeSats are modular 
systems of standard 10 x 10 x 10 cm cubes and launch adapter. This allows them to be 
included as additional payloads if the primary customer for a launch vehicle leaves spare 
capacity, providing access to space at significantly lower cost than traditional Earth 
Observation satellites. The CIIR described in this presentation is a miniature multi-channel 
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imaging filter radiometer. CIIR combines an integrated black body calibration target for 
radiometric accuracy and a thermal infrared microbolometer array for medium resolution 
imaging. We present the results of a study supported by the Centre for Earth Observation 
Instrumentation, Space Technology that investigated the capabilities of the combined Cube 
Sat and instrument concept for the challenging Earth Observation scenario of stratospheric 
limb sound of trace gases and aerosols.

GNSS Reflectometry Demonstration on TechDemoSat-1
Martin John Unwin1, Philip Jales1, Adina Gillespie1, Christine Gommenginger2

1SSTL, United Kingdom; 2NOC, United Kingdom; m.unwin@sstl.co.uk

The GNSS-Reflectometry Experiment launched on UK-DMC in 2003 proved the feasibility 
of GNSS-R for remote sensing, and in particular for sea state and wind applications. An 
instrument development sponsored by the CEOI produced the follow-on instrument, the 
SGR-ReSI. This was selected for flight on the UK TechDemoSat-1 mission, and launched in 
July 2014. SSTL has been working with the National Oceanography Centre to prepare for 
the launch with funding from ESA. As well as continuing to refine the uploadable on-board 
algorithms, the team developed Level 1 and Level 2 ground processing, and a web-accessible 
user interface entitled www.merrbys.org, accessible to users within 6 months of the launch. 
The early results have been very promising, and independent assessment from NOAA shows a 
correlation between the preliminary L2 winds and GDAS outputs. The SGR-ReSI has also been 
selected for the 8-satellite NASA CYGNSS mission for the purposes of monitoring cyclones. 
The preliminary results from TechDemoSat-1 also indicate value for ice edge sensing, and 
potentially ice altimetry. Other applications may include soil moisture and biomass sensing. 
The small mass and size of the instrument could lend itself for application on a dedicated 
small satellite constellation or on flights of opportunity to make possible a spatial and 
temporal coverage of the ocean that is unprecedented.

Capabilities and attractions of the NovaSAR-S SAR payload, and plans for future 
development
Martin Cohen

Airbus DS, UK; martin.cohen@astrium.eads.net

NovaSAR-S is a space-based Synthetic Aperture Radar (SAR) system offering day/night and 
all-weather Earth imaging capabilities from low-Earth orbit, and is due for launch in 2016. 
Airbus Defence and Space in Portsmouth, UK, have developed the S-Band SAR Payload 
specially for this mission to enable a radical reduction in mission cost through the use of new 
technology, development of an innovative system design, and application of highly efficient 
engineering practises programmatics. Supported by UK Government funding through the UK 
Space Agency, the first mission will provide the important in-orbit demonstration of system 
capability that will give future prospective customers the confidence they need to purchase 
their own NovaSAR asset. The payload will fly on board a satellite platform provided by Surrey 
Satellite Technology Ltd (SSTL).

The paper will begin with a short introduction to SAR capability in general, and will then 
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focus on the NovaSAR-S payload programme, explaining the approach taken for the payload 
design and describing its predicted operational performance. The anticipated applications 
potential of the system will be outlined, supported by example imagery derived from Airbus 
Defence & Space’s airborne SAR demonstrator system AirSAR. Possible future developments 
of the NovaSAR approach will then be outlined, along with some of the potential performance 
enhancements that might result, highlighting further applications, including military, that 
could be supported

 



123

Poster Sessions
Time: Wednesday, 9/Sep/2015: 15:30 – 17.00
Thursday, 10/Sep/2015 14.00 – 14.45
Lunch sessions: Wednesday, Thursday and Friday: 12.30 – 14.00

Garden Court and Marquee

Theme 1: Atmosphere and Climate

Evaluation of the global chemistry transport model TOMCAT against Earth 
observation datasets
Richard Pope, Martyn Chipperfield

University of Leeds, United Kingdom; eerjp@leeds.ac.uk

Earth observation of tropospheric chemical species (e.g. NO2 and O3) provides us with a 
useful tool to investigate global and regional air quality. These datasets also allow for the 
evaluation of atmospheric chemistry models. In this work, we present the evaluation of the 
global chemical transport model TOMCAT against observations of NO2, O3 and peroxyacetyl 
nitrate (PAN). These species are observed by the Ozone Monitoring Instrument (OMI), the 
Global Ozone Monitoring Experiment -2 (GOME-2) and the Michelson Interferometer for 
Passive Atmospheric Sounding (MIPAS), respectively.

Quantifying the climatological cloud-free direct radiative forcing of aerosol over the 
Red Sea
Helen Brindley1, Sergey Osipov2, Richard Bantges1, Alexander Smirnov3, Jamie Banks1, Robert 
Levy3, Puthan Jish Prakash2, Georgiy Stenchikov2

1Imperial College London, United Kingdom; 2King Abdullah University of Science and Technology 
(KAUST), Saudi Arabia; 3NASA Goddard Space Flight Centre, USA;h.brindley@imperial.ac.uk

Ground-based and satellite observations are used in conjunction with the RRTM radiative 
transfer model to assess climatological aerosol loading and the associated cloud-free aerosol 
direct radiative forcing (DRF) over the Red Sea. Aerosol optical depth (AOD) retrievals from 
the MODIS and SEVIRI instruments are first evaluated via comparison with ship-based 
observations. Correlations are typically better than 0.9 with very small root-mean-square 
and bias differences. Calculations of the DRF along one of the ship cruises using RRTM also 
show good agreement with co-located estimates from the GERB instrument if the aerosol 
asymmetry parameter is adjusted to account for the presence of large particles. A monthly 
climatology of AOD over the Red Sea is then created from 5yrs of SEVIRI retrievals. This 
shows enhanced aerosol loading and a distinct north to south gradient across the basin in 
the summer relative to the winter months. The climatology is used with RRTM to estimate 
the DRF at the top and bottom of the atmosphere and the atmospheric absorption due to 
aerosol. These estimates indicate that although longwave effects can reach 10s of W m-2, 
shortwave cooling typically dominates the net radiative effect over the Sea and is particularly 
pronounced in the summer, exceeding 130 W m-2 at the surface. The spatial gradient 
in summer-time AOD is reflected in the aerosol forcing at the surface and in associated 
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differential heating by aerosol within the atmosphere above the Sea. This asymmetric 
forcing is expected to exert a significant influence on the regional atmospheric and oceanic 
circulation.

Atmospheric anomaly detection using IASI
Lucy J. Ventress, Elisa Carboni, Catherine Hayer, Anu Dudhia, Roy G. Grainger

University of Oxford, United Kingdom; lucy.ventress@physics.ox.ac.uk

In order to provide near-real-time monitoring of atmospheric contaminants, fast and reliable 
methods are required to detect anomalies in the atmospheric state. Full optimal estimation 
retrievals are computationally expensive, therefore, faster methods are needed to identify 
such anomalous events and flag their presence.

The Infrared Atmospheric Sounding Interferometer (IASI), on board both the MetOp-A and 
MetOp-B platforms, is a Fourier transform spectrometer covering the mid-infrared (IR) from 
645-2760cm−1 (3.62-15.5 μm) with a spectral resolution of 0.5cm−1 (apodised) and a pixel 
diameter at nadir of 12km. These characteristics allow global coverage to be achieved twice 
daily for each instrument, making IASI a very useful tool for the observation and tracking of 
atmospheric pollutants, large aerosol particles (such as desert dust) and volcanic plumes. The 
method shown makes full use of the spectral information from hyperspectral sounders and 
allows the presence of the target species to be determined in near-real-time, if required.

The analysis algorithms developed at the University of Oxford are well established for 
the flagging of volcanic ash and SO2. These procedures have been extended to detect 
enhancements in additional atmospheric species, such as NH3 and CO, which are important 
contaminants in pollution monitoring and forest fire detection. The data from the anomaly 
detection tests will soon be available online via the IASI NRT website (in development) within 
3 hours of measurement.

Assessing Satellite CH4 Retrievals over the Amazon
Alex J. Webb1, Hartmut Boesch1, Robert Parker1, Paul Palmer2, Emanuel Gloor3, Luciana Gatti4, 
Martyn Chipperfield3, Siegfried Gonzi2, Christopher Wilson3, Caio C.S. Correia4, Luana S. Basso4, 
Lucas G. Domingues4

1University of Leicester, United Kingdom; 2University of Edinburgh, United Kingdom; 3University 
of Leeds, United Kingdom; 4Instituto de Pesquisas Energeticas e Nucleares (IPEN), Sao Paulo, 
Brazil; hb100@le.ac.uk

The Amazon is one of the most important regions in the world for the carbon cycle, containing 
large wetlands which are the single largest source of methane emissions in the world. Satellite 
measurements of methane over the Amazon are limited due to the cloudy conditions and 
there is a lack of appropriate ground based validation data in the Amazon which makes it 
difficult to quantify the uncertainties involved with tropical satellite measurements.

The UK-Brazilian Amazonian Carbon Observatory aims at evaluating the feasibility of remote 
sensing of GHG concentrations for the purpose of flux monitoring over Amazonia to improve 
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our understanding of the Amazonian carbon cycle. A specific project goal is to establish the 
accuracy of space-based remote sensing data from GOSAT and IASI over the Amazon by a 
combined approach linking in-situ, satellite and model data.

In this poster, we will show results of the intercomparisons between satellite data, high-
resolution model data and dedicated aircraft in-situ observations. The aircraft observations 
use flask sampling to obtain vertical profiles of key species every month (up to 8km altitude) 
at two locations (coastal and inland) since January 2013. To obtain methane total columns, we 
extend the profiles using the TOMCAT model and evaluate the variation in the troposphere 
above the aircraft profile to assess the uncertainties with our method. This provided good 
evidence to support the need for high altitude aircraft profiles in the Amazon. Our results 
show that satellites like GOSAT have great potential for studying fluxes of methane in the 
Amazon.

Satellite observations of cloud, aerosol and radiative fluxes over Southern West Africa
Peter G. Hill, Richard P. Allan, Christine Chiu, Thorwald H. M. Stein

University of Reading, United Kingdom; p.g.hill@reading.ac.uk

Economic and population growth and urbanisation in Southern West Africa are expected 
to lead to large increases in anthropogenic emissions in the region. Moreover, Southern 
West Africa relies on the West African Monsoon for much of its rainfall. The impact of these 
changes in emissions on human and ecosystem health is uncertain. In particular, a better 
understanding of the links between emissions, clouds, aerosols, radiation and the West 
African Monsoon is required.

To begin to address this problem, satellite observations over Southern West Africa during 
the first half of the West African Monsoon season (June and July) will be examined, focusing 
on observations of cloud, aerosol and both surface and top of atmosphere radiative fluxes. 
Numerous satellite products will be compared, highlighting inconsistencies and identifying 
other areas of good agreement. The diurnal cycle, interannual variability and trends will be 
analysed and linked to the large scale dynamics. Finally these observations will be used to 
evaluate the ERA-INTERIM analysis and AMIP5 models.
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Theme 2: Energy, Water and Climate

Relating trends in land surface-air temperature difference to soil moisture and 
evapotranspiration
Karen Louise Veal1, Chris Taylor2, Belen Galego-Elvira2, Darren Ghent1

1University of Leicester, United Kingdom; 2Centre for Ecology and Hydrology, United Kingdom; 
klv3@le.ac.uk

Soil water is central to both physical and biogeochemical processes within the Earth System. 
Drying of soils leads to evapotranspiration becoming water-limited and is accompanied by 
rises in land surface temperature (LST), land surface-air temperature difference (delta T), 
and sensible heat flux.

We use satellite LST and 2m air temperature from analyses to calculate trends in delta T and 
water-limited area during 1995 to 2014.

Time series of global mean delta T anomaly from Modis Terra LST show a distinct decreasing 
trend from June 2000 to June 2004 of -0.20 K/y. In the same period the LST anomaly 
decreases (0.23 K/y) whilst the air temperature anomaly increases ( 0.04 K/y). The strongest 
negative trends (< ¬0.7 K/y) are seen in arid and semi-arid regions such as North Africa, the 
Iranian Plateau and central Asia. Strong positive trends in delta T (> 0.7 K/y) are seen in parts 
of Australia and South Africa.

During 2009-2011 delta T anomaly decreases (anomalies less than -0.5 K). The reduction in 
delta T coincides with an increase in soil moisture and normalized difference vegetation index 
anomalies suggesting an increase in evapotranspiration and latent heat flux with reduced 
sensible heat flux.

There have been distinct signals in delta T during recent decades and these provide an 
independent assessment of hydrologically-forced changes in the land surface energy balance 
which can be used as a metric for the assessment of Earth System Models and global surface 
flux products.

Recent changes in precipitation over Africa
Ross Maidment1,2, Richard P. Allan1,2,3, Emily Black1,3

1University of Reading, United Kingdom; 2National Centre for Earth Observation; 3National Centre 
for Atmospheric Sciences; r.p.allan@rdg.ac.uk

A multi-decadal precipitation dataset for Africa has been developed for the period 
1983-present (TARCAT) based upon Meteosat window channel brightness temperatures 
calibrated by ground based rainfall measurements. These estimates are exploited along 
with multiple satellite-based and surface precipitation datasets and simulations from the 
Coupled Model Intercomparison Project Phase 5 (CMIP5) archive to characterize recent 
rainfall variability and trends over Africa. We demonstrate that while the observations agree 
on the sign of trend for some regions, there remain striking differences in many other regions, 
particularly across central Africa where annual rainfall trends range from between -96 and +39 
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mm per year per decade. As well as an increase in annual rainfall across the Sahel (21 to 43 mm 
per year per decade) and a decrease in March-May rainfall over East Africa (-14 to -65 mm per 
year per decade), an increase in precipitation across southern Africa of 12 to 40 mm per year 
per decade is identified. Southern Africa precipitation from observations and atmospheric 
simulations (applying observed sea surface temperatures) are significantly correlated 
(r~0.5) and trends are found to be linked with the recent strengthening of the Pacific Walker 
circulation.

Satellite soil moisture retrievals to improve regional flood and drought analyses
Erik De Witte1, France Gerard2

1Astrium, Airbus Defence and Space; 2Centre for Ecology and Hydrology, United Kingdom; ffg@
ceh.ac.uk

Water management and food security are still some of the most significant issues that human 
kind must deal with and the challenge is increasing due to the rising population and the effects 
from climate change. We believe that operational soil moisture missions can help regions 
and continents cope with these pressures. It is our vision to build a spacecraft specific for the 
purpose of delivering daily, high spatial resolution soil moisture with affordable Space radars 
technology.

Before a case for a new mission can be made, we must find the answers to questions like 
whether high spatial resolution soil moisture can be retrieved reliably from Space radar. 
Also we must demonstrate, using existing EO data and models, that having EO derived soil 
moisture data will actually change the way precious water resources are managed, and that it 
can help improve resilience against climate related disasters such as droughts and floods. This 
includes monitoring the impacts we can make in real-life scenarios and analyse the change 
potential for local communities. We will require the involvement of experts all along the 
value chain, so we can retrieve meaningful soil moisture data products from the radar data, 
integrate the data in existing tools and models, validate the data with in-situ measurements, 
and finally build applications that use the data and deliver prototype services to end-users.
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Theme 3: Marine Earth Observation

Accounting for substrate colour in hyperspectral assessment of algal biofilm fouling 
on ships
Jennifer E Longyear1,2, Simon P Dennington1, C Mark Moore3, Julian A Wharton1, Clayton Price2, 
Paul Stoodley1,4

1nCATS, Engineering Sciences, University of Southampton; 2International Paint, Ltd, AkzoNobel; 
3National Oceanography Centre, University of Southampton; 4College of Medicine, The Ohio 
State University; jennifer.longyear@akzonobel.com

Marine microfouling by algal biofilms contributes to ship frictional drag, accumulates an 
estimated global fleet annual fuel bill of $billions, and occurs on all fouling control coatings. 
Coating performance is assessed by fouling coverage and categories, data which allow limited 
analyses. Quantitative microbial methods to assess fouling biofilms, eg microscopy, operate 
on scales orders of magnitude smaller than ships, and require costly and difficult sampling 
access. Remote hyperspectral (HS) imaging of microalgal hull fouling has great promise 
for application in scale-appropriate quantitative assessment and development of new ship 
coatings. Algal biomass can be estimated using calibrated HS indices calculated from relevant 
visible-near infrared (VIS-NIR) wavebands associated with algal pigment spectral features. 
Whereas the underlying substrate for natural microalgal assemblages typically has no strong 
VIS-NIR spectral features (e.g. sand, mud), coloured ship coatings have variable spectral 
features. To probe the consequence of substrate colour on microalgal fouling reflectance 
spectra, a calibration series was executed. Five monoculture and 3 mixed species algal biofilms 
were grown on glass coverslips to varying degrees of fouling. The biofilms were placed on 
white, grey, black, red, yellow, and blue coatings and imaged with a Resonon pikaXC line scan 
imager (400-1000nm, 2.5nm resolution). Normalization to substrate reflectance, which is a 
standard method of correcting microalgal measurements for substrate albedo, did not lead 
to a high fidelity biofilm signal across substrate colours for the thinner biofilms. Instead, a 
calibration surface was generated for each algal culture to account for how dispersion of the 
biofilm spectral signal with increasing degree of fouling is modified by the reflectivity of the 
underlying coating. Confidence in the algal spectra generated using these calibration surfaces 
and applicability in fouling control coatings research will be discussed.

Pools and fluxes of carbon in the Ocean from Satellite Data: Why is it so difficult?
Shubha Sathyendranath1, Victor Martinez-Vicente2, Tom Jackson2, Hayley Evers-King2, Giorgio 
Dall’Olmo1, Bob Brewin1, Heather Bouman3, Frédéric Mélin4, Trevor Platt2

1National Centre for Earth Observation, Plymouth Marine Laboratory, United Kingdom; 
2Plymouth Marine Laboratory, United Kingdom; 3Oxford University, UK; 4Joint Research Centre, 
Italy; Shubha.Sathyendranath@Dal.Ca

Oceans are home to some of the largest reservoirs of carbon on Earth. The pools of particulate 
carbon include phytoplankton, inorganic carbon, detritus and other living organisms. 
Dissolved organic carbon is made up of a refractory component, a semi-labile component 
and a labile component. Several algorithms have been proposed to study marine primary 
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production by remote sensing, but it is not easy to estimate from space the variable model 
parameters that are needed for the computation. More recently, algorithms have started to 
emerge, that deal with components of pools of carbon in the ocean. Of these, it is relatively 
straightforward to estimate total particulate carbon, total inorganic carbon and total organic 
carbon. It is more difficult to tease out the contribution of phytoplankton to the particulate 
pool, not the least because of the absence of a phytoplankton-specific radiometric signal that 
can be used to distinguish it from other types of particulate carbon. In this presentation, we 
provide an overview of the work that is being carried out in the umbrella of NCEO activities 
and related ESA projects.

Comparison of in-situ particulate organic carbon concentrations with optical 
properties in the mesopelagic region of the Atlantic Ocean
Jelizaveta Ross1,2, Giorgio Dall’Olmo1, Keith Haines2

1Plymouth Marine Laboratory; 2The University of Reading; jeros@pml.ac.uk

The Ocean Biological Carbon Pump (OBCP) is a significant component of the global carbon 
cycle that contributes to the uptake of atmospheric carbon and is principally mediated by 
organic particles sinking from the euphotic zone to the deep ocean. This mechanism is 
capable of sequestering carbon on a quasi-permanent timescale and thus it impacts on the 
Earth’s climate. The OBCP could be transferring between 4 and 11 Gt C yr-1 into the ocean’s 
interior, and these large uncertainties arise largely from lack of observations.

Optical measurements from satellites and in-situ autonomous platforms have the potential 
to improve our understanding of the magnitude and efficiency of the OBCP. The overall 
objective of this study is to compare simultaneous in situ measurements of optical properties 
and particulate organic carbon (POC) in the mesopelagic region of the Atlantic Ocean. Water 
samples were collected from the rosette at 6 depths for 67 stations, filtered through pre-
combusted Whatman GF/F filters, flash frozen in liquid nitrogen and stored at -80 degrees 
C. POC was then determined in the laboratory using a CHN analyzer. We will present the 
resulting POC values and describe their relationships with in-situ optical measurements 
focusing on the relatively unexplored mesopelagic region. We will also present a detailed 
analysis of the measurement uncertainties based on the blanks and replicates collected during 
the cruise.

An assessment of global and regional air-sea heat fluxes for years 1993-2009 within 
the joint CLIVAR-GSOP/GODAE Ocean View Ocean Reanalysis Intercomparison 
Project (ORA-IP)
Maria Valdivieso1, Keith Haines2

1University of Reading, United Kingdom; 2University of Reading, United Kingdom; 
m.valdiviesodacosta@reading.ac.uk

Maria Valdivieso*, Keith Haines*, Magdalena Balmaseda, You-Soon Chang, Marie Drevillon, Nicolas 
Ferry, Yosuke Fujii, Armin Köhl, Andrea Storto, Takahiro Toyoda, Xiaochun Wang, Jennifer Waters, 
Yan Xue, Yonghong Yin, Bernard Barnier, Fabrice Hernandez, Arun Kumar, Tong Lee, Simona 
Masina and Drew Peterson

* Department of Meteorology, University of Reading, UK, (m.valdiviesodacosta@reading.ac.uk)



130

We provide an assessment of monthly surface heat flux products originating from sixteen 
ocean data assimilated models contributing to the Ocean Reanalysis Intercomparison Project 
(ORA-IP) under the joint GODAE/CLIVAR-GSOP program. These ORA-IP surface heat fluxes 
products are compared amongst themselves over their common years (1993-2009) as well 
as to other available fluxes from a variety of sources, including satellite, ships, atmospheric 
reanalysis and buoys. The ensemble of ORA-IP flux estimates has a global positive bias over 
1993-2009 of 4.2±1.1 Wm-2. Residual heat gain (i.e., surface flux + assimilation increments) 
is reduced to a small positive imbalance (typically, 1-2 Wm-2). The ensemble spread in mean 
surface heat fluxes is dominated by turbulent fluxes (> 40 Wm-2 over the western boundary 
currents regions). The mean seasonal cycle is highly consistent, with variability between 
products of <10 Wm-2 in most areas. The interannual variability has consistent Signal to 
Noise Ratio (up to 2) throughout the equatorial Pacific, reflecting the ENSO variability. 
Comparisons at tropical buoy sites (10°S-15°N) over 2007-2009 show negative mean 
flux biases, indicating underestimation of ocean heat gain in this region (one-third of the 
observed) primarily due to latent heat flux errors in ORA-IP. Comparisons with the Stratus 
buoy (20°S, 85°W) over 2001-2009 indicate that the ORA-IP ensemble gives a 16 Wm-2 
smaller net heat gain, nearly all of which is additional latent cooling caused by differences in 
surface winds imposed in ORA-IP.

This work is carried out as part of the National Centre for Earth Observation (NCEO) Ocean 
Data Assimilation Division and reported in Valdivieso et al. “An assessment of air-sea heat 
fluxes from ocean and coupled reanalyses” (submitted to Climate Dynamics).

Modelling nutrients in lakes from space
Eirini Politi1, Yves T. Prairie2

1University of Dundee, United Kingdom; 2Université du Québec à Montréal, Canada; e.politi@
dundee.ac.uk

Human activities such as agriculture and urban development are sources of nutrients that can 
have a strong negative impact on lake ecosystems. Nutrients such as phosphorus and nitrogen 
affect the abundance and growth of aquatic plants within a lake, which can be directly related 
to phenomena of eutrophication and thus turn freshwater unsuitable for human or animal 
consumption. In order to maintain healthy lake ecosystems it is important to continuously 
monitor the response of lakes to human-induced change at national level. Satellite images 
can cover large areas at frequent temporal intervals, however, to our best knowledge there 
is currently no method to estimate phosphorus and nitrogen concentrations in lakes using 
satellite data. Here we use nutrient export coefficients to estimate the amount of nutrients 
that each of two main human activities (agriculture and urban development) and natural 
landscape features (forest and wetlands) can generate. These are then combined with the 
satellite-derived areal extent of each activity/landscape feature around the lake to predict and 
map long term trends in the total amount of phosphorus and nitrogen that will end up in a lake 
and potentially contribute towards eutrophication. Even though we use existing land cover 
products (MCD12Q1 and ESA CCI LC), this novel approach is applicable to the Sentinel-2 
(MSI) and -3 (OLCI) missions.
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Theme 4: Vegetation Characterisation and Wildfire Impacts

Impact of climate change and human activity on vegetation dynamics in north east 
Libya
Ghada.M.A Ahwaidi
Salford University, Manchester, United Kingdom; G.M.A.Ahwaidi@edu.salford.ac.uk

Vegetation is a dynamical system that is continuously responding to variations in its 
parameters such as density, structure and productivity, caused directly or indirectly by 
climate change. Over the last few decades global warming and human intervention have led 
to changes and deterioration in natural vegetation across the world. The Al Jabal Al Akhdar, in 
north east Libya, is one of those areas that have experienced changes in land cover. This region 
has environmental and economic importance in providing suitable habitat for wildlife and 
providing services for local communities and cities in the Libyan Desert. This research will 
evaluate the changes in vegetation in Al Jabal Al Akhdar from 1972 to the present using remote 
sensing techniques. Satellite images provide data that cannot be collected by traditional 
methods and provide a historical archive of what the landscape looked like in the past. This 
study uses multi-temporal Landsat images, which are freely available, for the period from 
1972 to the present and provide the only temporal record of vegetation change on the Earth. 
The Normalized Difference Vegetation Index (NDVI), derived from the spectral reflectance 
of leaves and canopies, can be used to measure green leaf biomass. This research will use 
NDVI for every 30 m pixel in a series of Landsat images from different time periods as a way 
of measuring changes in vegetation cover. Models of NDVI change will be built to detect 
land cover change during the period of the study. In addition, supervised classification of the 
satellite images of the study area over the last 26 years will be used to characterise the nature 
of land cover change, in particular the impacts of human activity.

Utilizing Highly Portable Terrestrial Lidar to Quantify Structural Properties of 
Saltmarsh Ecosystems
Ian Laurence Paynter1, Crystal Schaaf1, Robert Chen1, Jennifer Bowen1, Edward Saenz1, Bruce 
Cook2, Linda Deegan3

1University of Massachusetts Boston, United States of America; 2NASA Goddard Spaceflight 
Center, United States of America; 3Woodshole Marine Biological Laboratory, United States of 
America; ian.paynter@umb.edu

Terrestrial lidar have demonstrated the capability to provide accurate observations of the 
structural properties of forest ecosystems, both for validation of airborne and satellite 
resources, and independent assessments. Many of the methods and analytical techniques 
could by adapted to provide similarly useful information in vegetated coastal ecosystems such 
as saltmarshes and mangroves. However the practical challenges that these ecosystems pose 
to deployment of terrestrial lidar, such as limited or hazardous accessibility and high temporal 
dynamism, limit acquisitions with many instruments. Terrestrial lidar which are optimized 
for portability, ruggedness and portability of scanning, such as the Compact Biomass Lidar 
(CBL) designed and operated by the University of Massachusetts Boston, can overcome 
these challenges. The ability to acquire scans rapidly (33 seconds per scan, ~30m range) 
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enables large areas to be captured without substantial variation in tidal state. In addition, 
highly portable scanners offer unique observations via novel deployment methods and 
platforms. We will present these methods, along with results from a geomorphological study 
of experimentally nitrogen-fertilized saltmarsh creeks at Plum Island Long Term Ecological 
Research site in Massachusetts, USA, as well as biomass estimation approaches for common 
saltmarsh vegetation species.

Model-data fusion approaches for UK regional yield estimation
Andrew Revill, Mathew Williams

School of Geosciences, NCEO; a.revill@ed.ac.uk

Variations in crop yield are strongly influenced by climate. Cropland ecosystems are also 
entirely managed with human intervention being applied on a range of spatial and temporal 
scales; causing uncertainty when investigating the impacts of climate on crop growth. Due to 
the increasing pressures from food security and climate change mitigation strategies on crop 
production, there is an essential requirement to understand the key drivers of spatial and 
temporal yield variability. Moreover, local estimates of cropland carbon dynamics need to be 
scaled-up in order to support policy-makers when making decisions at Regional and National 
scales.

This research investigates model-data fusion approaches for estimating the carbon budgets of 
cereal crops within UK regions. We first identify a relationship between independent regional 
yield statistics and leaf area index (LAI) derived from Earth observation (EO) sensors over 
dominant cereal crop areas. Second, we evaluate the use of EO data for constraining model 
estimates of yield at regional-scales. We apply a simplified process-based model approach that 
simulates the daily carbon stocks and net land-atmosphere fluxes in response to crop growth 
and development.

We demonstrate a reasonable relationship (mean R2 > 0.25) between DEFRA yield statistics 
and the EO-derived LAI for six regions over a 13 year period. Furthermore, by using the EO 
time-series LAI in order to calibrate key developmental parameters, we show improvements 
in the crop model simulation.

Remote sensing of chlorophyll fluorescence with GOSAT
Peter Somkuti, Hartmut Bösch, Robert Parker

University of Leicester, United Kingdom; hb100@le.ac.uk

Sun-induced chlorophyll fluorescence (SIF) is a weak radiation signal emitted by plants 
during photosynthesis and thus carries information about their photosynthetic activity. It is 
possible to exploit space-based remote sensing measurements to retrieve the fluorescence 
signal and indirectly study plant productivity.

We implement a fluorescence retrieval based on the method pioneered by Frankenberg et al. 
(2011) into the framework of the University of Leicester Full-Physics GOSAT CO2 retrieval 
(UoL-FP). This physically-based approach is applied to high-resolution spectra at the edges 
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of the O2 A-Band in the red to NIR range, that feature strong solar as well as a few weak 
oxygen absorption lines. The fluorescence signal is an additional contribution to the top of 
atmosphere radiance and results in an in-filling of the measured solar absorption lines. This 
in-filling is used to distinguish SIF from reflectance effects.

By analysing GOSAT soundings from 2009 onwards, we examine regional long-term trends 
of SIF and compare them with parameters related to plant physiology, such as spectral 
vegetation indices and NASA-CASA modelled primary and net productivity values. To 
highlight the strength of the technique, we perform a case study over the US Corn Belt, where 
a drought period starting in 2011 lead to water stress on corn fields. This in turn limited 
the carbon uptake of the plants, which can be seen in a reduced seasonal maximum in the 
fluorescence time series.
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Theme 5: Land Surface Characterisation

The use of remote sensing imagery for creating digital terrain models and visual 3-D 
view 
Raad Awad Kattan1, Farsat Heeto Abdulrahman2, Hussein H Hassan3

1University of Duhok, Faculty of Engineering, Civil Engineering, Iraq; 2University of Duhok, Faculty 
of Engineering, Water Resources, Iraq; 3University of Duhok, Faculty of applied science, Planning, 
Iraq; fnraa@yahoo.co.uk

Digital terrain models and topographic maps can be generated using pairs of satellite images. 
For this purpose images should be acquired to the same spot from two satellite positions. 
Intersecting rays provide the solution. Spot satellite can provide such oblique pairs of images. 
However these images are not readily available and if so they are rather expensive.

The acquisition of different images taken by different satellites or using aerial platform to the 
same ground spot is not so difficult. On examining such images it is obvious that the relief 
displacement and direction is not identical as images are taken from different satellite at 
different view angles. This means that intersecting rays can be created and bundle solution 
can be achieved.

The objective of this work is to generate a digital terrain model using pairs of different 
satellite images to the same ground spot and creating a 3-D visual model that show the ground 
topography. Automatic matching technique between pixels on different images is the first 
step in this solution.

Ground control points on the area of study are collected using the Leica Viva DGPS system.

Geological mapping using airborne thermal hyperspectral data in Antarctica
Martin Black1,2, Teal Riley1, Graham Ferrier2, Andrew Fleming1, Peter Fretwell1

1British Antarctic Survey, High Cross, Madingley Road, Cambridge, CB3 0ET, UK; 2Department of 
Geography, Environment and Earth Sciences, University of Hull, Hull, HU6 7RX, UK;ptf@bas.ac.uk

Antarctica is a unique and geographically remote environment. Field campaigns in the region 
encounter numerous challenges including the harsh polar climate, steep topography, and 
high infrastructure costs. Additionally, field campaigns are often limited in terms of spatial 
and temporal resolution, and particularly, the topographical challenges presented in the 
Antarctic mean that many areas remain inaccessible. For example, despite more than 50 years 
of geological mapping on the Antarctic Peninsula, there are still large gaps in coverage, owing 
to the difficulties in undertaking geological mapping in such an environment. Hyperspectral 
imaging may provide a solution to overcome the difficulties associated with field mapping in 
the Antarctic.

The British Antarctic Survey and partners collected the first known airborne hyperspectral 
dataset in the Antarctic in February 2011. Multiple spectrometers were simultaneously 
deployed imaging the visible, shortwave and thermal infrared regions of the electromagnetic 
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spectrum. Additional data was generated during a field campaign in January 2014, with the 
deployment of multiple ground spectrometers collecting data in coincident visible, shortwave 
and thermal infrared regions.

In arid areas, such as polar or desert regions, sparsely developed vegetation cover can allow 
for detailed spatial mapping of mineral outcrops using a three step processing chain; (1) 
determine the number of endmembers in the image, (2) extract the endmembers and (3) 
determine the fractional abundance of the endmembers using spectral mixture analysis 
produce abundance maps. Here we present preliminary results of this processing chain 
applied to a target area to discriminate local igneous rocks (e.g. granite, granodiorite, dolerite) 
using hyperspectral thermal infrared data.

Deriving the urban surface energy fluxes to study the urban heat island spatial change 
in London and Baghdad
Jasim Mohammed Ali, Stuart Marsh

Nottingham University, United Kingdom; ezxja@nottingham.ac.uk

The development of remote sensing (RS) techniques has enabled researchers to study the 
land surface from space over large areas. The traditional way of investigating the urban heat 
island (UHI), which is the excess heat in cities compered to adjacent rural areas, is using 
air and /or surface temperature. However, in this study the surface energy fluxes, and in 
particular the input fluxes of shortwave, longwave and anthropogenic heat, are used to study 
this phenomenon. The derivation of all these fluxes needs various urban land and climate 
parameters. These give more detailed analysis of UHI change, and the potential contributions 
of different factors to it.

The methodology combines the use of remotely sensed ASTER images and routine 
meteorological data. The processing of satellite data has been used to provide the land cover, 
land surface temperature, broad band emissivity and albedo, while air temperature and other 
climatic variables are acquired from metrological stations. The study areas have been chosen 
to show the difference between a wet and developed city (London) and a dry and developing 
city (Baghdad). The net all wavelength radiation has been derived based on the Stephan-
Boltzmann Law and the anthropogenic heat flux calculated using the LUCY (Large scale 
Urban Consumption Energy) model.

The results showed that the emissivity values for London and Baghdad are broadly similar 
ranging between (0.92-0.99) and (0.94-0.98) respectively. On the other hand, the albedo 
values were around between (0-0.33) in London, but higher (0.09-0.41) in Baghdad. The 
built up areas recorded the highest temperature in London, whereas, in Baghdad the soil 
areas were the hottest. Furthermore, the longwave fluxes were dominant in forming the 
net all wavelength radiation. That is because the shortwave fluxes are controlled by the sun 
irradiation which does not vary that much for clear sky days. Moreover, the anthropogenic 
heat for London was greater than other fluxes in some places, as maybe expected for such a 
large city in a temperate climate. Future work will investigate other impacting parameters on 
UHI such as city geometry.
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Remote sensing of high spatial resolution land surface temperature and emissivity in 
the urban environment with ASTER
Michael Perry, John Remedios, Nick Tate

University of Leicester, United Kingdom; mp317@le.ac.uk

Understanding the spatial distribution of heat within an urban area and how this influences 
the urban energy balance is of significant importance for human health and comfort. This also 
has implications for future urban development as a consequence of climate change.

Satellite remote sensing provides a means to retrieve accurate surface parameters at 
high spatial and spectral resolution on a global scale. One such parameter is land surface 
temperature (LST) which is utilised in a variety of urban contexts as well as being directly 
useful for studies of the urban heat island. LST retrieval typically requires prior estimates as 
to the emissivity of the observed surface and is often obtained at coarse spatial resolutions 
(1km). The complexity of the surfaces within an urban area with both varied emissivities 
and heterogeneous spatial distribution presents a clear challenge for accurate emissivity 
estimation. One route to address this makes use of spatial higher resolution data.

The work reported here utilises the five thermal channels of the ASTER instrument on the 
TERRA satellite which operates with a spatial resolution of 90m. We describe a retrieval 
algorithm based on the optimal estimation methodology of Rodgers (2000) to obtain robust 
and accurate simultaneous temperature and emissivity data optimised for urban areas with 
highly complex surfaces. The algorithm was applied to urban sprawl and green space within 
Phoenix, Arizona, USA. The retrieval is well characterised for both the LST and emissivity 
and has the potential to further our understanding of key processes in the complex urban 
environment.

Delineating gully erosion areas with NigeriaSat Satellite data in Southwestern Nigeria
Ebenezer Yemi OGUNBADEWA

Adekunle Ajasin University; ogunbadewa202@yahoo.com

Delineating areas vulnerable to gully erosion is indispensable for mitigating pervasive erosion 
hazards which has led to the loss of properties and means of livelihood of the inhabitants of 
the study area. The aim of this study is to explore the possibility of using remotely sensed data 
derived from NigeriaSat satellite data because of both spatial and temporal characteristic 
which are vital in the study of gully erosion and as a way of demarcating areas susceptible to 
erosion. This study involve the use data such land-use/land-cover and Normalized Difference 
Vegetation Index (NDVI) from NigeriaSat satellite, elevation, rainfall which were imported 
into the Geographic Information Systems(GIS).The result shows that NigeriaSat satellite 
data combined with ancillary data in GIS will be a major source information for planning and 
preventing future gully erosion in the study area.
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Theme 6: Microwave Remote Sensing

A Constellation Concept for Microwave Interferometric Radiometry from 
Geostationary Orbit
Ahmed Kiyoshi Sugihara El Maghraby

University of Southampton, United Kingdom; asem1g14@soton.ac.uk

Microwave radiometry is a highly successful tool for Earth-observation enabling variety 
of measurements including global mapping of surface and sea-surface temperature, soil 
moisture and ocean salinity, precipitation, tropospheric temperature and humidity. Due to 
limitations in aperture sizes however missions have been bound to LEO.

To overcome this limitation a novel concept for microwave interferometric radiometry using 
a rotating Y-shaped array in conjunction with a constellation of free-flying single-element 
microsatellites has been devised. The concept allows baselines several times the dimensions 
of the monolithic array, making it most applicable for sounding missions from a geostationary 
orbit, where apertures in excess of 14 m are required to achieve the spatial resolution of 15 km 
at frequencies below 53 GHz.

The anticipated performance of the concept has been determined through numerical 
simulation. The results show that a configuration of a Y-shaped central array with 5 m arms 
accompanied by 9 microsatellites is capable of producing maximum baselines of 18 m in 
length at arbitrary microwave frequencies. At 10 GHz and 183 GHz, the produced half-power 
beam-widths were 67 km and 3.8 km respectively from a geostationary orbit, with beam 
efficiencies of up to 88% using the Blackman window.

The array requires a minimum of 56 antennas with 550 correlators at 10 GHz and 1017 
antennas with 10160 correlators at 183 GHz respectively to satisfy the Nyquist sampling 
criterion.

Instrument of this type would be able to provide spatial resolution compatible with current 
Met Office’s requirements with unprecedented temporal resolution from geostationary orbit.

Determining Antarctic Ice Shelf Thickness from Cryosat-2 Radar Altimetry
Stephen John Chuter, Jonathan L Bamber

University of Bristol, United Kingdom; s.chuter@bristol.ac.uk

The Antarctic ice shelves provide buttressing and stability to the inland grounded ice and 
play, therefore, an important role in controlling inland ice dynamics and mass imbalance. As a 
result, the determination of ice shelf thickness is necessary to understand changes in stability 
caused by external forcing. Assuming hydrostatic equilibrium for the floating ice, thickness 
can be inferred from surface elevation measurements provided by satellite radar altimetry. 
Whilst this methodology has been employed previously sensor limitations have led to a lack of 
data coverage and relatively poor accuracy around the grounding zone, where a break in slope 
exists and is a region that is particularly sensitive to changes in sub shelf melting.
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Here we determine ice shelf thickness using four years (2011-2014) of altimetry 
measurements from ESA’s Cryosat-2 instrument, with its dual antennae interferometric 
mode of operation allowing for the alleviation of the issues affecting previous data sets. The 
small across track spacing of the satellite has led to large improvements in spatial coverage, 
with ~91% of the ice shelves being surveyed. The resultant surface digital elevation model 
is validated against NASA ICEsat laser altimetry data, showing improvements in accuracy, 
particularly within the grounding zone. The derived ice thickness estimates are validated 
against NASA Operation Ice Bridge data and other ice penetrating radar field campaigns 
across the continent. The result is a continental wide ice shelf thickness dataset that 
addresses the key limitations of previous methodologies. 

Estimating rice yield in Thailand using RADARSAT-2 and Cosmo-Skymed data.
Matawee Srisawat

University of Southampton, United Kingdom; ms9e11@soton.ac.uk

Rice is a staple food for more than 3 billion people worldwide (IRRI, 2013) and it is one of the 
most important agricultural crops in Thailand. Consequently, the estimation of rice yields and 
cultivation areas is important in order to make decisions and policies for future management 
practices. However, the impact of climate change and natural disasters is severely impacts rice 
production. Therefore, it is necessary to have information to support decision makers in rice 
crop management and this can be provided by Earth Observation (EO) data.

Analysis of MODIS 8-day cloud cover imagery (2001-2011) indicates that cloud cover exceeds 
70 % for 5 months of the year which limits the utility of optical EO sensors. This research 
aims to classify the rice plantation and to estimate rice yield in Suphan Buri province. Ground 
measurements of rice biophysical parameters, such as plant age, plant height, plant biomass 
and Leaf Area Index (LAI) were made every 24 days during the growing season at 4 different 
sites. RADARSAT-2 Dual Polarization (HH,HV) and Cosmo-Skymed Dual Polarization 
(HH,VV) acquired over the growing season were used to examine the relationship between 
SAR backscattering coefficient and rice biophysical parameters.

The preliminary result indicate that there is a strong correlation between SAR backscattering 
and ground observed data, in particular between LAI and backscatter throughout the growing 
season. Further work will apply the relationships developed between the backscatter and 
rice biophysical parameters to characterise rice phenology and estimate rice biophysical 
parameters for use in a rice crop growth model to estimate the rice yield.
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Theme 7: Data Assimilation Theory and Applications

A targetted Implicit Particle Filter
Javier Amezcua, Peter Jan van Leeuwen

University of Reading, United Kingdom; j.amezcuaespinosa@reading.ac.uk

By combining successful ideas from the Implicit Particle Filter and the Equivalent Weight 
Particle Filter, we design and implement a particle filter with (i) low variance in the weights 
and (ii) the ability to explore regions of high posterior probability in state space. This 
algorithm can be applied to large dimensional systems in nonlinear non-Gaussian scenarios.

Known and unknown unknowns: The application of ensemble techniques to 
uncertainty estimation in satellite remote sensing data
Adam C Povey, Roy G Grainger

University of Oxford, United Kingdom; adam.povey@physics.ox.ac.uk

An estimate of uncertainty is necessary to make appropriate use of the information 
conveyed by a measurement. Traditional error propagation quantifies the uncertainty in a 
measurement due to well-understood perturbations in a measurement and auxiliary data 
– known, quantified `unknowns’. The underconstrained nature of most satellite remote 
sensing observations requires the use of approximations and assumptions that produce non-
linear systematic errors that are not readily assessed – known, unquantifiable `unknowns’. 
Additional errors result from the inability of a measurement to resolve all scales and aspects 
of variation in a system – unknown `unknowns’. The latter two categories of error are 
dominant in satellite remote sensing and the difficulty of their quantification limits the utility 
of existing uncertainty estimates, degrading confidence in such data.

Ensemble techniques present multiple self-consistent realisations of a data set as a means 
of depicting unquantified uncertainties, generated using various algorithms or forward 
models believed to be appropriate to the conditions observed. Benefiting from the experience 
of the climate modelling community, an ensemble provides a user with a more accurate 
representation of the uncertainty as understood by the data producer and greater freedom 
to exploit the advantages and disadvantages of different manners of describing a physical 
system.

The technique will be demonstrated with retrievals of aerosol, cloud, and surface properties, 
for which many sources of error cannot currently be quantified (such as the assumed aerosol 
microphysical properties). The Optimal Retrieval of Aerosol and Cloud (ORAC) can produce 
an ensemble by evaluating data with a succession of microphysical models (e.g. liquid cloud, 
urban aerosol, etc.). A further ensemble can be formed from products produced by various 
European institutions. These will be used to demonstrate uncertainties in such observations 
that are poorly characterised in current products.
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Unexpected background error statistics of convective-scale atmospheric models
Ross Noel Bannister

NCEO (Data Assimilation), United Kingdom; r.n.bannister@reading.ac.uk

Data assimilation is often used to help make sense of observations made from the traditional 
meteorological observing systems, from new radar networks, and from space. Effective 
data assimilation relies on accurate uncertainty statistics of all the data that are used, 
including those of observations and from the numerical model’s forecasts used as the prior 
(‘background’) state.

The background error covariance scheme used in the Met Office’s current variational data 
assimilation system is designed to represent errors in large-scale processes, even though 
many of the models that it serves allow small-scale (convective-scale) process. The work 
reported here looks at how well the Met Office’s current scheme copes with fine-scale features 
of numerical models and reveals some unexpected characteristics.

The JULES-EMPIRE Data Assimilation System
Tristan Quaife, Phil Browne, Jane Lewis, Jennifer Price, Matthew Brown, Emily Black

University of Reading, United Kingdom; t.l.quaife@reading.ac.uk

Data Assimilation (DA) refers to the suite of mathematical tools used to combine models 
and diverse observations taking into account all available information about uncertainty in 
both. In the field of Numerical Weather Prediction DA has been responsible for a dramatic 
improvement in the skill of weather forecasts by combining satellite observations with 
atmospheric models. Consequently there is now much attention on applying these techniques 
to improve models of the land surface.

Land surface models, such as the Joint UK Land Environment Simulator (JULES, the land 
surface component of the Hadley Centre models) are used in a wide variety of applications, 
such as climate modelling, flood prediction and crop yield forecasting. However, how best 
to implement DA for these models remains an open question. At a fundamental level these 
models are very different from atmospheric models for which traditional DA was developed.

This talk describes the integration of JULES with the EMPIRE framework. EMPIRE 
implements a test bed for new DA techniques that makes use of MPI message passing to 
exploit all available processing power. In particular EMPIRE contains several flavours 
of Particle Filter which show promise for the land surface DA problem. Initial results of 
assimilating observations into JULES using EMPIRE are shown and plans for an operational 
system are outlined.
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Allowing for model error in strong constraint 4D-Var
Katherine E. Howes, Amos S. Lawless, Alison M. Fowler

University of Reading, United Kingdom; a.s.lawless@reading.ac.uk

Four dimensional variational data assimilation (4D-Var) can be used to obtain the best 
estimate of the initial conditions of an environmental forecasting model, namely the analysis. 
This work focusses on improving the analysis by allowing for the fact that the model contains 
error, without requiring prior knowledge about the model error statistics.

The 4D-Var method developed acknowledges the presence of random error in the model 
at each time step, by replacing the observation error covariance matrix with an error 
covariance matrix that includes both observation error and model error statistics. A method 
for estimating this matrix is presented which allows for the model error to increase over 
the assimilation window. Diagnostics are derived and used to verify the consistency of the 
background error covariance matrix with the combined observation error and model error 
covariance matrix to be used in 4D-Var.

We present analytical results for an erroneous scalar model which show a decrease in 
the variance of the error in the analysis when using our new method. We show that the 
improvement the method can make to the accuracy of the analysis is dependent on both 
the size of the model error and on the ratio between the observation and background error 
variances. We further demonstrate numerically that the new method also works to reduce the 
analysis error covariance when using a non-linear chaotic system with erroneous parameter 
values. We discuss the fact that an improved analysis will not necessarily provide a better 
forecast.

An Assessment of the Effectiveness of the Equivalent Weights Particle Filter for a 
Marine Biogeochemical Model
David John Sursham1, Stefano Ciavatta1, Phil Browne2, Peter Jan van Leeuwen2

1Plymouth Marine Laboratory, United Kingdom; 2University of Reading, United Kingdom; dsu@
pml.ac.uk

The implementation of data assimilation techniques in marine biogeochemical models is 
essential for improving the accuracy of predictions and advancing our understanding of 
marine ecosystems. A promising technique for this field is the Particle Filter; a method which 
seeks to represent the exact probability density function of the state vector, avoiding the 
inaccuracies arising from the Gaussian assumptions of the Kalman Filter. The drawback of 
this method in such a field is that it is limited by high dimensionality of the state vector. The 
Equivalent Weights Particle Filter provides a solution to this problem [Van Leeuwen, 2010].

The effectiveness of the Equivalent Weights Particle Filter has been investigated using a 
combined biogeochemical and physical model: ERSEM-GOTM. This has been achieved in 
two ways. First, the non-linearity of key variables has been quantified, to show the necessity 
of a non-linear data assimilation method. Secondly, a data assimilation framework software, 
EMPIRE (Employing MPI for Researching Ensembles) was integrated with the model. This 
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was used to perform twin experiments, where artificial observational data were generated 
and used to test a variety of data assimilation methods. The results of the different techniques 
were then compared, providing a qualitative justification for the implementation of the 
Equivalent Weights Particle Filter over alternative techniques in marine biogeochemical 
modelling.

Linking carbon and heat fluxes in a shelf-sea through physical and biogeochemical 
reanalysis
Stefano Ciavatta1, Maria Valdivieso2, David Sursham1,2, Jonathan Tinker3, Ricardo Torres4, Keith 
Haines2, J. Icarus Allen1

1National Centre for Earth Observation, Plymouth Marine Laboratory, United Kingdom; 2National 
Centre for Earth Observation, University of Reading, United Kingdom; 3MetOffice, Exeter, United 
Kingdom; 4Plymouth Marine Laboratory, United Kingdom; s.ciavatta@pml.ac.uk

Air-sea carbon and heat fluxes in shelf-seas and coastal areas are critical components of the 
global biogeochemical budget and of climate regulation. However, the co-evolutions of these 
fluxes are still poorly understood and quantified, due to the complexity of the processes and 
feedbacks between the physical and biological components of marine ecosystems.

In this work we applied data assimilation to improve the understanding and multiannual 
simulation of carbon and heat fluxes at the data-reach site L4, a NERC Monitoring National 
Capability in the Western English Channel. We used a 1-dimensional coupled physical-
biogeochemical model (GOTM-ERSEM) integrated in the NCEO data assimilation 
framework EMPIRE. Alternative numerical experiments were conducted by assimilating 
different observation types, to compare impacts on simulated fluxes. Observation types 
include salinity and temperature at L4, derived from in situ monitoring and from MyOcean/
Copernicus reanalysis; chlorophyll derived from ESA CCI Ocean Colour and from in situ 
monitoring. The simulation performances were assessed using in situ observations of not-
assimilated variables, including nutrients and phytoplankton types.

Results showed that the L4 area is a weak source of carbon to the atmosphere, though 
quantitative budgets and heat fluxes varied slightly in relation to the assimilated observation 
types. However, all the experiments pointed out that the seasonal evolution and inter-annual 
variability of the carbon fluxes was strictly linked to fluctuations of the heat flux, which in turn 
is related also to the climate forcing. Importantly, biological dynamics (such as zooplankton 
grazing on phytoplankton and bacterial respiration) had a relevant weight in the computed 
budgets, as well as physical driven gas exchanges at the water-atmosphere interface.

This work promises advantageous applications of our integrated physical-biogeochemical 
modelling and assimilation approaches to the combined analysis of heat and carbon budgets 
at the scale of the whole North West European shelf.
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Theme 8: Time-Series Analysis

Spatio-temporal variability of phenological metrics across Africa using fine spatial 
resolution MODIS NDVI time-series
Tracy Adole, Pete Atkinson, Jadu Dash

University of Southampton, United Kingdom; T.Adole@soton.ac.uk

Globally, in the last few decades, the study of vegetation phenology has gained much attention 
especially in relation to climate change impacts and the development of mitigation strategies. 
These concerns have led to studies focusing on understanding vegetation phenology, its 
drivers and its role in vegetation feedback mechanisms, especially using remote sensing 
techniques. Nevertheless, despite Africa being home to the second and third largest wetlands 
in the world, and 12% of global tropical mangroves, there is still a lack of information on 
the vegetation phenology of the African forest, especially considering its potentially high 
vulnerability to climate change impacts. In view of the above, this research aims to estimate 
the seasonal phenological patterns of Africa’s vegetation and the responsible driving forces 
at a relatively fine spatial resolution of 500 m using MODIS NDVI time-series data with a 
long temporal range of 14 years (2000 – 2014). The Discrete Fourier transformation (DFT) 
technique was employed in smoothing the time-series data and an inflection point-based 
method was used to extract phenological metrics such as start of season and end of season. 
Further analysis was then carried out to determine the inter-annual anomalies in the time-
series of the phenological metrics. The results from this research characterise spatially and 
temporally the highly irregular and multi-annual variability of the vegetation phenology of 
Africa. Future research will consider the impacts of changes in climate on the vegetation 
response. This will ultimately aid in shaping climate change mitigation strategies which have 
already begun in some part of Africa.

Land Surface Phenology over China Mainland from 2003 to 2011
Lingquan Zhou, Jadu Dash, Pete Atkinson

Univeristy of Southampton, United Kingdom; lz7g11@soton.ac.uk

The study of vegetation phenology deals with the timing of growth events and their annual 
and inter-annual variations as a response to local climatic conditions. Therefore, variations in 
vegetation phenology are considered as a simple and effective way to monitor climate change, 
and helps to understand the trend of these changes and its impact on energy and nutrient 
cycling. Although, there are number of studies which document shifts in phenological events 
as a results of increase in temperature, but these studies mostly field based (local scale) and 
hence do not provide information at the country scale. Satellite remote sensing provides long-
term vegetation index images that can be used to asses phenology changes across large area 
over a long period. Thus, it is appropriate to use remotely sensed data to study the phenology 
of China at a country scale. This study used 9 years of the MERIS terrestrial chlorophyll 
index (MTCI) data set across China to estimate the phenological variables including onset 
of greenness (OG), end of senescence (ES) and length of growing season (LGS). The dataset 
were first smoothed using discrete Fourier Transformation (DFT) to remove atmospheric 
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contaminations and dropout due to cloud cover and then the inflection point-based method 
was used to extract phenological variables. Results showed the spatial distribution of 
phenological metrics and their variation for dominant vegetation types across the country. 
Detailed results on phenology variation of these phenological metrics and their relationship 
with climatic variables will be presented.
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Theme 9: Fine Resolution Data and Photogrammetry

Supplementing remote sensing using geofenced crowdsourcing for improved 
situation awareness
Stuart Nicholas Wrigley, Suvodeep Mazumdar, Neil Ireson, Fabio Ciravegna

University of Sheffield, United Kingdom; s.wrigley@sheffield.ac.uk

Effective management of day-to-day resources and large events or emergencies relies upon 
accurate, up-to-date situation awareness to facilitate authorities, policy makers, event 
organisers, and emergency responders in making informed decisions. Traditional approaches 
involving in situ and satellite-based remote sensing can be viewed as sub-optimal. Accurate 
in situ sensors are costly to procure, install and maintain, especially when deployed across 
city-scale geographical regions and beyond. Thus, in situ sensing is sparse and only addresses 
pre-defined ‘priority’ locations. Satellite-derived data can be expensive or not timely (due to 
slow refresh rates and processing delays).

To address this, we present the app-based LocAware system that employs flexible geofencing 
to crowdsource data and information to augment existing sensing streams and provide up-
to-date situation awareness. A geofence represents a bounded geographical area-of-interest 
(e.g., circle or polygon) defined and classified by a decision-maker as an information-need or 
information-distribution area. Information updates and requests are triggered when users 
enter geofences as part of their everyday activities.

Thus, the system facilitates timely two-way communication between decision-makers and 
citizens. It enables authorities to request citizen-generated information (photographs, text-
based reports, in situ analogue sensor readings, etc.) for developing an accurate situational 
awareness, while facilitating the distribution of location-specific information (safe zones, 
hazards, outages, etc.) to citizens. During emergencies or critical events, LocAware can be 
used to alert citizens to areas of current or imminent danger.

The crowdsourced data can also be used to calibrate, validate or enhance existing satellite-
based remote sensing products as well as models, prediction tools, simulations, etc.

Measuring river water surface width using super-resolution maps derived from one-
class image classifications and GIS
Liam D. Clark1, Doreen S. Boyd1, Giles M. Foody1, Barry G. Rawlins2

1University of Nottingham, UK; 2British Geological Survey, UK; lgxldcl@nottingham.ac.uk

Water surface width (WSW) – measured at the water-air interface, perpendicular to the 
direction of flow – is of great importance in a variety of applications, such as the estimation 
of CO2 effluxes from rivers and streams to the atmosphere, the quantification of resource 
availability for human use, and as an indicator of channel response to river restoration 
strategies.

A significant barrier to current research is the inability to upscale existing, predominately 



146

field-based measurement techniques to the national scale, for which no dataset of WSW 
currently exists in the UK. The use of remotely sensed imagery presents a potential solution, 
as land cover classification approaches allow for broader-scale analyses. In this paper we 
present a method by which aerial imagery with a resolution of 50cm was analysed for a 
2200km2 transect, incorporating both the rugged terrain of northern Wales and the lowlands 
of central England.

WSW was derived using a simple super-resolution approach, which was based on soft 
one-class classification, with features then measured via semi-automated GIS analysis. The 
technique was able to extract in the region of 80% of all waterways, compared with 58% and 
68% for an automated algorithm and a conventional hard classification respectively. This 
difference was predominately due to the improved ability of the super-resolution technique 
to capture narrower rivers, which make a disproportionate contribution to both resource 
availability and CO2 evasion. The technique, which will be upscaled to address the need for a 
national WSW dataset, is directly relevant to both applications for the UK.

Accuracies of SfM derived point clouds
James O’Connor1, Mike Smith1, Mike R. James2

1Kingston University, United Kingdom; 2Lancaster Environment Centre, Lancaster University; 
k1454695@kingston.ac.uk

Photogrammetric processing using structure-from-motion (SfM) methodologies is a new 
paradigm in the generation of 3D point clouds (and DEMs) for terrain modelling due to 
its ease of use, and ability to be scaled effectively. However, little focus has been given to 
how image processing might enhance outputs from these workflows. Considering that the 
modern feature trackers implemented in many of these packages (e.g. SIFT) operate on a 
single channel, this research will build on ideas from image recognition to test a range of pre-
processing strategies against benchmarked data.

For this work, an image block of truthed images were grayscaled using a series of strategies 
intended to maximise the contrast of various features and then SfM solutions for both the 
camera matrices (both intrinsic and extrinsic) were assessed. Point cloud products were 
measured against a control LiDAR scan. Whilst this study considers an urban environment, 
we hope to extend this logic to images of the natural, and present ideas for potentially 
automating this process.
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Theme 10: EO Database Services

New datasets and services at CEDA (The Centre for Environmental Data Archival)
Steve Donegan

CEDA, NEODC, United Kingdom; steve.donegan@stfc.ac.uk

The Centre for Environmental Archival (CEDA) hosts and operates several national data 
centres including the BADC (British Atmospheric Data Centre) and the NEODC (NERC 
Earth Observation Data Centre). CEDA is tasked to deliver long term curation of scientifically 
important environmental data at the same time as facilitating the use of data by the 
environmental science community. These data come from a wide variety of sources, including 
observations from satellites, ground based, in-situ instruments, as well as numerical models. 
CEDA supports a large number of NERC atmospheric and earth observation activities, and is 
also involved with EU and international projects. Over 3PB of data are now available from the 
archive and this will rise in the next 12 months as Sentinel data arrives and is made available. 
New datasets continue to be added to the EO archive, including data from ESA, EUMETSAT, 
NASA, NOAA and the Landmap project.

In the last year CEDA has improved the capture and dissemination of metadata describing 
the archive content. This has provided a number of benefits in allowing a finer granularity 
of data sets that can be discovered via our catalogue, as well as services such as the NERC 
Data Catalogue Service and the Data.Gov.UK portal. The improvement in CEDA catalogue 
processes is also reflected in the addition of new services to promote the finding and access 
of data. These include the EUFAR Flight Finder service and an improved map search tool that 
will link to an increasing number of CEDA’s datasets.

CEDA also facilitates access to the archive by way of the JASMIN and CEMS data processing 
environments. The JASMIN super-data cluster is run on behalf of NERC and supports the data 
analysis requirements of the UK and European climate and earth system community.

The CCI Open Data Portal Project
Victoria Bennett1, Hannah Clarke2, Debbie Clifford3, Alison Marianne Waterfall1

1STFC, United Kingdom; 2Telespazio Vega; 3University of Reading; alison.waterfall@stfc.ac.uk

The ESA Climate Change Initiative (CCI) Programme kicked off in 2010 to produce 
harmonised datasets from long term Earth Observation satellite data records for a number 
of Essential Climate Variables (ECV’s). The first phase of the CCI set up thirteen different 
ECV projects and addressed the development and validation of algorithms to meet GCOS 
ECV requirements, and produced and validated time series of multi-sensor global satellite 
products for climate research and modelling. During Phase 2 (2014-2017) the aim is to extend 
initial ECV products to full mission time series, improve their quality to meet climate user 
needs, and maximise scientific impact.

The Phase 1 datasets, and early Phase 2 datasets, are currently being distributed through the 
individual ECV teams, and access procedures and interfaces vary.
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In order to maximise the visibility and uptake of ESA’s CCI ECV data, in the climate data user 
community within and beyond the CCI, a new ESA CCI project has recently started to create 
a central open data portal and metadata catalogue for the ESA CCI project. This will provide 
a single point of harmonised access to disseminate mature and validated ECV products 
to a widened user base, with key requirements of user-friendliness, reliability and long-
term availability. The portal will facilitate free, open and easy access to ECV data products 
generated through the CCI, through an improved programme web site, development and 
operation of a central data archive, and access to data through multiple interfaces and 
protocols.

This poster describes the current progress and plans for the creation of such a portal. The 
project is being led by Telespazio Vega with partners from STFC, CGI, Reading University and 
Brockmann Consult.

A rapid assessment of tile servers for sharing imagery
Alastair Graham

Geoger, United Kingdom; a.graham@geoger.co.uk

This talk will present a brief introduction to different options for implementing tile servers as 
a back end for ‘slippy’ maps. It will assess the pros and cons of the options discussed and will 
explore how the tiles themselves can be constructed.
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Theme 11: Land Carbon, Emissions and Atmospheric Chemistry

Extension of the single wavelength FRP approach to multi-sensor gas flare 
characterisation
Daniel Fisher, Martin Wooster

King’s College London, United Kingdom; daniel.fisher@kcl.ac.uk

The use of a single wavelength in the middle infrared (MIR) channel to quantify the fire 
radiative power (FRP, in W) of biomass burning events is now well established, having 
been demonstrated on various polar-orbiting and geostationary imaging systems with MIR 
channels. Here we demonstrate an extension of this approach to channels observing in the 
SWIR. This enables the characterisation, in terms of radiative power, of events combusting 
at higher temperatures, such as gas flares, which are a small but significant and often under-
reported source of anthropogenic CO2.

Here we demonstrate the characterisation of gas flare radiative power (GRP) from gas flaring 
events using imagery from the SWIR channel on the VIIRS instrument. We inter-compare 
the GRP retrieved using the single channel SWIR approach against GRP retrieved through 
fitting of the Planck function across a number of the VIIRS channels. Excellent agreement 
is demonstrated. We also apply the approach to the Landsat-8 Operational Land Imager 
and provide a limited inter-comparison against collocated VIIRS retrieved GRPs. Finally we 
evaluate the potential for applying the SWIR radiance method to the upcoming SLSTR and 
MSI imagers which will be carried on board Sentinel-3 and Sentinel-2 respectively.

5 Years of GOSAT Column Averaged XCO2 and XCH4 Observations From the UoL Full 
Physics Optimal Estimation Retrieval
Will Hewson, Hartmut Bösch, Leif Vogel, Robert Parker, Peter Somkuti, Neil Humpage

University of Leicester, United Kingdom; nh58@le.ac.uk

We present an overview of the University of Leicester Full Physics (UoL-FP) retrieval 
algorithm as applied to short wave infra-red (SWIR) spectra recorded by the Japanese 
Greenhouse Gases Observing Satellite (GOSAT) between 2009 and the present day for 
GreenHouse Gas (GHG) retrievals.

UoL-FP retrieves dry column mole fractions of CO2 (XCO2) from SWIR atmospheric 
O2 (0.72 μm) and CO2 (1.61 and 2.06 μm) windows over land only with a single sounding 
resolution diameter of ~10.5 km. CH4 (XCH4) is retrieved with a proxy method applied on top 
of the UoL-FP algorithm.

Updates to the retrieval including application of improved aerosol, fluorescence and 
surface scattering terms are shown. A suite of product validation and error characterisation 
protocols have been applied to demonstrate UoL-FP’s meeting of extremely high accuracy 
requirements for atmospheric XCO2 as applied to projects such as the ESA Climate Change 
Initiative.
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Comparisons with GHG observations from the ground based Total Column Carbon 
Observing Network (TCCON) are drawn to infer UoL-FP retrieval bias and error 
correlations with key retrieval interferences such as aerosol, cirrus cloud and surface 
albedo. Improvements to the co-location of GOSAT and TCCON observations to infer these 
comparisons are made and with the integration of model transport related fields for sounding 
selection.

Global monthly, seasonal and annual trends from the 5 year data-sets are reported with an 
emphasis on describing inter-annual variability of GHGs. Latitudinal gradients for the UoL-
FP data-set are compared against state of the art global chemical transport model calculations 
for each GHG, along with detailed examinations of GHG relevant regions. Latest results from 
porting UoL-FP to the recently launched Orbiting Carbon Observatory 2 are also presented, 
focussing on retrieval quality over selected TCCON sites.

Estimating Amazonian methane emissions through 4D-Var inverse modelling with 
satellite observations from GOSAT
Christopher Wilson1, Martyn Chipperfield1, Emanuel Gloor1, Joey McNorton1, John B. Miller2, 
Luciana V. Gatti3, Hartmut Boesch4, Robert Parker4

1University of Leeds, United Kingdom; 2National Oceanic and Atmospheric Administration, 
Colorado, USA; 3Instituto de Pesquisas Energeticas e Nucleares, Sao Paulo, Brazil; 4University of 
Leicester, United Kingdom; c.wilson@leeds.ac.uk

Methane (CH4) is a greenhouse gas that is emitted from a range of anthropogenic and natural 
sources, and since the industrial revolution its mean atmospheric concentration has climbed 
dramatically. CH4 produces a relatively high radiative forcing effect upon the Earth’s climate, 
and its atmospheric lifetime of approximately 10 years makes it an appealing target for the 
mitigation of climate change.

However, the spatial and temporal variation of CH4 emissions are not well understood, 
though in recent years a number of top-down and bottom-up studies have attempted to 
construct improved emission budgets. However, some top-down studies suffer from poor 
observational coverage near the Amazon basin, particularly in the planetary boundary 
layer. Since emissions from this region, coming mainly from wetland and burning sources, 
are thought to be relatively high, additional observations in this region would greatly help 
to constrain the geographical distribution of the global CH4 emission budget. To this end, 
regular flask measurements of CH4 and other trace gases have been taken during flights over 
four Amazonian sites since 2010, as part of the AMAZONICA project. Meanwhile, the GOSAT 
satellite has been used to retrieve global column-average CH4 concentrations since mid-
2009.

We present an assessment of Amazonian methane emissions for 2010 and 2011 using the 
TOMCAT Chemical Transport Model and the new variational inverse model, INVICAT. These 
models are used to attribute methane variations at each Amazon site to a source type and 
region, to assess the ability of our current CH4 flux estimates to reproduce these observations 
and to produce improved posterior emission estimates through assimilation of atmospheric 
observations. This study represents the first use of the INVICAT scheme to constrain 
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emissions of any atmospheric trace gas. Whilst there is generally good agreement between the 
model and the observations prior to data assimilation, some high-methane events indicated 
by the observations are not captured by the model. We assimilate observations from the 
NOAA surface measurement network, from the AMAZONICA aircraft and from GOSAT, and 
find that tropical South American CH4 emissions approach 50 Tg(CH4)/yr, ~10 Tg(CH4)/yr.

Understanding seasonal climatic variations of ozone precursors over West Africa
Ajoke Ruth Onojeghuo, Heiko Balzter, Paul S. Monks

University of Leicester, United Kingdom; aroo1@le.ac.uk

Atmospheric pollution and its dynamics have played vital roles in understanding the “how” 
and “why” questions of climate change and earth sciences as a whole. West Africa is unique as 
it has 6 unique climatic zones, a rich savanna which is affected by biomass burning annually, 
the Niger delta oil producing region (ranks as one the major gas flaring sites globally), and 
a long coastline. Research on atmospheric pollution using remotely sensed data over West 
Africa has mostly centred on the entire region or individual countries with little emphasis 
on the dynamics of the climatic zones or land cover types as factors. We analyse annual 
and seasonal dynamics of emissions of two ozone precursors in different climatic zones: 
nitrogen dioxide (NO2) from OMI and Carbon monoxide (CO) from TES for the different 
sources of these pollutants. Results indicate that the semi-arid zone had the highest NO2 
column concentrations (1.08 – 1.33 × [10]^15 molecules cm^(-2)) in the wet season and the 
wet sub humid zone where the savannahs are located in the dry season (2.18-2.62 ×[10]^15 
molecules cm^(-2)). Highest CO pollution was observed in the humid zone ( 2.73-3.03 
×[10]^18 molecules cm^(-2) ) with indications of atmospheric transport from other parts of 
Africa and the Niger delta area ( >3.1 ×[10]^18 molecules cm^(-2) ) annually. NO2–CO column 
concentration ratios were also analysed for the wet and dry season respectively. We infer 
inter–zonal exchanges / causality of NO2 and CO pollution respectively using Directed Acrylic 
Graphs.

Evaluation of dust storm detection techniques in the Middle East region using MODIS 
data
Abdullah Mohammed Bin Abdulwahed

University of Southampton, United Kingdom; aba1g11@soton.ac.uk

Dust storms are considered as one of the most disastrous natural phenomenon in arid and 
semi-arid regions of the world. Nowadays, the temporal frequency of these events and their 
spatial extents has been dramatically increased, especially over large regions of the Middle 
East. This natural phenomenon, which is now considered as a national concern in scientific 
communities, has a major impact on air quality and economic loss as well as on human 
activities and health. In addition, dust storms play a significant role in climate and the Earth’s 
energy budget.

The strong influence of these events has significantly increased the interest in developing and 
designing efficient monitoring systems capable of detecting and recognizing the extent of 
dust storms, supporting activities devoted to mitigate the risk of this phenomenon. Due to the 
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broad extent of these natural events, evaluating and observing these dust storms with surface 
observations is impractical and sometimes very time consuming; and also it can’t be sufficient 
for such investigates due to low spatial and temporal resolutions. Satellite remote sensing is 
likely to be more effective and become the primary method for the detection of these events 
due to their flexible coverage of wide regions and continuous or frequent observing of the 
earth.

Numerous methods have been developed using visible and thermal-infrared satellite 
data obtained from various instruments data to detect and distinguish dust storms from 
other features such as clouds, ground and water surfaces. The accuracy of this detection is 
dependent on many factors, including the dust density and type, sensor characteristics, and 
dust detection algorithms. The detection of dust storms is challenging because they share 
some characteristics with clouds and ground sand in some spectral bands, which makes it 
difficult to distinguish between them. All the previous studies concentrated on distinguishing 
dust storms over one type of ground surface and most focused on detecting dust storms 
during the day. Currently, compared to other remotely sensed data, Moderate Resolution 
Imaging Spectroradiometer (MODIS) on board the NASA Terra and Aqua satellites have been 
widely used for this purpose. They have some advantages such as more obtainable useful 
narrow bands, and high spatial and radiation resolutions.

As the process of monitoring and prediction are related to detection of this natural 
phenomenon and it’s separation from other ground surface such as sand and also other 
atmospheric phenomena such as cloud, therefore the main purpose of this study is to 
compare and assess the ability of five main dust detection algorithms, including Ackerman 
(1997), normalized difference dust index (NDDI), Roskovensky and Liou (2005), thermal-
infrared dust index (TDI) and Middle East Dust Index (MEDI)(2015) using Level 1B MODIS 
data. This study examines the efficiency of these techniques for dust detection in the Middle 
East area.

A practical method to assess parameter sensitivity and uncertainty in C cycle models
Sylvain Delahaies1, Ian Roulstone1, Nancy Nichols2

1university of surrey, UK; 2university of Reading, UK; s.b.delahaies@surrey.ac.uk

The carbon cycle combines multiple spatial and temporal scales, from minutes to hours for 
the chemical processes occurring in plant cells to several hundred of years for the exchange 
between the atmosphere and the deep ocean and finally to millennia for the formation of 
fossil fuels. Together with our knowledge of the transformation processes involved in the 
carbon cycle, many Earth Observation systems are now available to help improving models 
and predictions using inverse modelling techniques. A generic inverse problem consists 
in finding an n-dimensional state vector x such that h(x)=y, for a given N-dimensional 
observation vector y, including random noise, and a given model h. The problem is well posed 
if the three following conditions hold: 1) there exists a solution, 2) the solution is unique and 
3) the solution depends continuously on the input data. If at least one of these conditions is 
violated the problem is said ill-posed. The inverse problem is often ill-posed, a regularization 
method is required to replace the original problem with a well posed problem and solving 
the inverse problem amounts to 1) constructing a solution x, 2) assessing the validity of the 
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solution, 3) characterizing its uncertainty.

The data assimilation linked ecosystem carbon (DALEC) model is a simple box model 
simulating the carbon budget allocation for terrestrial ecosystems. Intercomparison 
experiments have demonstrated the relative merit of various inverse modelling strategies 
(MCMC, ENKF) to estimate model parameters and initial carbon stocks for DALEC using 
eddy covariance measurements of net ecosystem exchange of CO2 and leaf area index 
observations. Most results agreed on the fact that parameters and initial stocks directly 
related to fast processes were best estimated with narrow confidence intervals, whereas those 
related to slow processes were poorly estimated with very large uncertainties. While other 
studies have tried to overcome this difficulty by adding complementary data streams or by 
considering longer observation windows no systematic analysis has been carried out so far to 
explain the large differences among results.

We consider adjoint based methods to investigate inverse problems using DALEC and various 
data streams. Using resolution matrices we study the nature of the inverse problems (solution 
existence, uniqueness and stability) and show how standard regularization techniques affect 
resolution and stability properties. We then use ecological common sense and constrained 
optimization techniques to constrain the parameter space. This approach, rapid and efficient, 
allows us to compute ensembles of solutions to the model-data fusion problem from which 
robustness of the variational method can be established and parameter distributions can be 
obtained.
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Theme 12: Land Cover Mapping

Large scale erosion mapping using LIDAR and RUSLE technique for landscape 
management in the island of Gozo, Malta.
Charles Galdies, Diane Azzopardi, Anthony Sacco

Institute of Earth System, University of Malta, Malta; charles.galdies@um.edu.mt

In Gozo’s abundant clayey soils, erosion become a major part of sediment load and transport 
within catchment areas. The purpose of this study is to demonstrate a unique case study for 
the Maltese islands, intended to produce a large scale erosivity map of a poorly studied but 
main catchment area that is connected to the main sandy beach in the island of Gozo, Malta. 
It demonstrated for the first time, the applicability of a recently constructed LIDAR dataset of 
the entire Maltese islands at 1m pixel, as a vital input in support of erosion risk mapping using 
the RUSLE (Revised Universal Soil Loss Equation) for small islands.

This study demonstrated the derivation of the Length Slope (LS) factor from LIDAR data, in 
addition to the K, C and P factors. The latter three (which are dependent on a diverse set of 
cover- and cultivation-related measures) were derived by interpreting information from high 
resolution aerial orthophotos and satellite imaging products (such as IKONOS and GEOEYE) 
covering the catchment area. Ground-based soil analyses were also carried out in order to 
calibrate and map out the Erosion (K) factor. Using geographical information systems and 
raster analysis, the first erosion map of this catchment area, which consists of small field 
parcels on private farms, was thus derived and delivered to local authorities. The rainfall 
(R) factor was derived on the basis of weather observations from a nearby weather station. 
This was also intended to be a reference guide for future erosion risk mapping together with 
landscape management to minimize flood damage reduction and water quality improvement 
of prime touristic sites.

Spatio-temporal land cover variability in the Kruger National Park, South Africa, with 
potential implications for conservation management
Christopher G Marston1, Paul Aplin1, Hannah J O’Regan1, David M Wilkinson2

1University of Nottingham, United Kingdom; 2Liverpool John Moores University, United Kingdom; 
christopher.marston2@nottingham.ac.uk

Land cover change monitoring is used widely for informing environmental management and 
conservation practices. In Kruger National Park (KNP), South Africa, changes to vegetation 
distributions such as the removal of large trees by elephants, and the recently hypothesized 
‘scrubbing-up’ of the Skukuza thickets are of particular interest, with implications for faunal 
distributions, park management and tourism.

Here, we present accurate and detailed information of land cover change in southern 
KNP from 2002 to 2015, using a combination of medium (Landsat) and high (Quickbird, 
WorldView-2 and IKONOS) spatial resolution imagery, coupled with intensive field survey 
data. We use multi-scale observation of the landscape to examine differences in vegetation 
canopy cover during this time period with a particular focus on savanna and woodland mosaic 
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areas. We also compare land cover classifications derived from wet and dry season images to 
determine whether specific land cover classes are better discriminated at certain phases of 
the phenological cycle. This has implications for better informing the future timing of remote 
sensing surveys of this nature for ecological and land management applications. This analysis 
addresses three important questions – how has land cover in southern KNP changed over the 
last decade and can the hypothesised increased in scrub be observed?; to what degree does 
seasonality of image acquisition influence land cover change prediction?; and what thematic 
information and accuracy is lost when using medium rather than high resolution imagery for 
land cover mapping?

Deconstructing the mixel: a temporal exploration of land use change in Perth
Andrew Charles MacLachlan

University of Southampton, United Kingdom; acm2g13@soton.ac.uk

Since the 1960’s Perth has experienced vast economic growth from exploitation of mineral 
resources. Perth is considered one of the most liveable cities in the world due to its small 
town friendliness and West Coast informality, whilst maintaining high order provision. 
These ‘pull’ factors have resulted in a population increase of 14.3% between 2006 and 
2011. Evidently an increasing population will generate demand for housing, amenities and 
services, initiating land cover change. Thus the city has been plagued with ever expanding 
suburbs to the North and South. However, the impervious surface area expansion is further 
exacerbated modern day developments that ‘infill all available space’, further reducing 
vegetated spaces. For quantification of urban development sub pixel mapping of a Landsat 
time series is employed to deconstruct each pixel into its constituent parts. In order to 
overcome limitations associated with spectral confusion, particularly between bare earth, 
Australian shrub and urban land cover classes, a novel collection of spectral bands and indices 
is presented. Subsequent implementation of the Import Vector Machines classifier; founded 
on logistic regression, enhanced through kernel features and made efficient using sparseness 
facilities preferential results. Additionally the hybrid forward/backward strategy concurrently 
examines if vectors can be removed in each step thus leading to a sparse and more a accurate 
solution. Consequently this research is able to determine the percentage of land cover class 
per Landsat pixel forming a base for future research into urban heat islands.
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Theme 13: Forestry

Understanding the information content in observations of forest carbon balance
Ewan Mark Pinnington

Reading University, United Kingdom; e.m.pinnington@pgr.reading.ac.uk

Forest ecosystems play an important role in sequestering human emitted carbon-dioxide from 
the atmosphere and therefore greatly reduce the effect of anthropogenic induced climate 
change. For that reason understanding their response to climate change is of great importance. 
Measurements of forest carbon balance are now routinely made in forests across the world 
using micrometeorological techniques, with many other relevant observations such as leaf area 
index and standing biomass also available. Currently, however, the optimal set of observations 
for understanding the carbon balance of a forest is not known.

In order to address this question we use data assimilation. Data assimilation is a set of 
mathematical techniques to combine data with models to improve our estimate of the state of 
a system. By combining observations with a model, we can judge which observations have had 
the greatest effect on improving our models estimate by using information content measures.

In this presentation we use the Data Assimilation Linked Ecosystem Carbon model (DALEC2) 
in a 4d-Var data assimilation framework for parameter and state estimation. This allows us to 
combine our modelled carbon balance from DALEC2, with observations from the Alice Holt 
research forest run by Forest Research. Using this method we can analyse the information 
content in different observations relevant to the carbon balance of a forest, in order to 
understand which observations are helping to improve our model estimates the most.
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Theme 14: EO and Conservation

Estimating wandering albatross populations by satellite
Peter Fretwell, Richard Phillips

British Antarctic Survey, United Kingdom; ptf@bas.ac.uk

The wandering albatross is one of the world’s largest seabirds, with a body length of 1.10-
1.35m. Of the global population of c.8,000 pairs, around 1,250 pairs breed at South Georgia, 
the majority (60%) at Bird Island. Numbers have declined in recent decades due to bycatch in 
longline fisheries, and the species is listed as globally Vulnerable by IUCN. Given the severity 
of the decrease at South Georgia, this is one of only five albatross breeding populations 
considered as top priorities for conservation by the multilateral Agreement on the 
Conservation of Albatrosses and Petrels.

Accurate knowledge of numbers and trends is key to understanding effectiveness of 
conservation management. Although wandering albatrosses at Bird Island are counted 
annually, they breed at another c.30 sites around South Georgia, many of which are remote 
and with rugged topography, making surveys challenging. Here we test the applicability 
of very high resolution WorldView3 data for counting wandering albatrosses. This species 
nests in grassy habitat and, unlike other albatrosses on South Georgia, prefers flatter areas. 
In a single WV3 image, at 30cm resolution, adult birds appeared as small white features 
on a brown or green background. Their locations (which included incubating adults, pairs 
and nonbreeders) were compared with GPS locations of every nest with an egg recorded 
during the 2014/15 breeding season, allowing us to test the accuracy of different manual and 
automated counting methods. We discuss the benefits and limitations of remote sensing for 
counting albatrosses and other large seabirds in remote regions.
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Theme 15: New Sensors, Instruments and Methods

Earth Observation Microwave Instrument Technology Developments
Geoff Trevor Burbidge

Airbus Defence & Space, United Kingdom; geoff.burbidge@astrium.eads.net

A range of microwave instrument technology developments to support Earth Observation 
(EO) missions are currently under development at Airbus Defence & Space in Portsmouth. 
Some of these sensor electronics products already have, or will soon have flight heritage 
(Sentinel-1, NovaSAR-S), whereas others form the foundation of a future generation of 
EO remote sensing instrumentation. Some of the key technology elements within these 
instruments have their origins in concepts, designs and implementation that has been 
developed by Airbus DS. Over the recent period the support of CEOI-ST and NSTP-2 
funding opportunities are further supporting the development of a number of these enabling 
technologies.

Key products are the New Instrument Architecture (NIA) and Integrated Central Electronics 
(ICE) which provide the core back end functionality of future spaceborne radars. The further 
evolution of both NIA and ICE under the Next Generation Radar Electronics programme 
(CEOI-ST) places these equipments in a strong positions for all future mission opportunities 
with active microwave payloads. In the instrument front end the development of the NIA 
S-band Front End (for NovaSAR-S) and the L-band One-per-element Radar module (NSTP-2) 
also provide important low cost technology building blocks.

The development of instrument concepts and technologies under both CEOI-ST and NSTP-2 
for instruments such as Wavemill and Wivern, and study activities for future instrument 
architectures (Multi-beam Instrument) further complement these technology developments. 
The EO capability that is to be offered by this new generation of instrument technologies will 
provide users with a range of new end products in the field microwave remote sensing. The 
important design drivers of architectural modularity and low cost will yield sensor electronics 
products that will be strong candidates for anticipated institutional, commercial and national 
mission opportunities including NovaSAR-S, NovaSAR+, Sentinel-1CD and beyond, Biomass, 
SAOCOM-CS, and a future Ocean Surface Current Mission (OSCM).

Convoy concept for passive SAR spacecraft with Sentinel 1
Nicolas Lévêque1, Karl Atkinson1, Thomas Nagler2, Johnny Johannessen3, Amanda Regan4, David 
Hall1

1Airbus Defence & Space Ltd, Stevenage and Portsmouth, United Kingdom; 2ENVironmental Earth 
Observation IT GmbH (ENVEO), Innsbruck, Austria; 3Nansen Environmental and Remote Sensing 
Center (NERSC), Bergen, Norway; 4European Space Agency, ESTEC, Noordwijk, Netherlands; 
nicolas.leveque@astrium.eads.net

In recent years, the concept of satellites flying in formation as a way to accomplish complex 
scientific objectives has gained significant attention with the EO sector. To investigate the 
possibilities of missions operating with planned long-term operational spacecraft such as e.g. 
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Copernicus Sentinels, ESA have funded a series of EO-Convoy studies aimed at developing 
cost effective mission concepts for identified scientific and operational objectives in specific 
themed Earth System domains.

Within one such study, with an Ocean and Ice theme, one of the missions that was selected for 
further investigation was a mission to fly a passive C-band SAR in a near-pendulum formation 
with Sentinel-1. The concept has the key advantage of allowing single pass interferometry of 
scenes while avoiding issues with temporal decorrelation when creating the interferograms. 
In the context of the study the mission would allow high accuracy Digital Elevation Models 
(DEMs) to be generated from across track InSAR and enable measurements of ocean and sea 
ice motion using along track InSAR. Other applications are also possible.

The concept was derived from an earlier C-PARAS concept, studied under the earlier ESA 
EO Small Mission Study, which consisted of 2 or 3 passive SAR satellites following a leader 
satellite, Sentinel-1, in cartwheel configuration and utilising the scene illumination provided 
by it. The original concept required large separations between the active Sentinel-1 spacecraft 
and the receive-only satellites to ensure no collisions would occur. The experience gained 
from the TanDEM-X mission has demonstrated that it is possible to fly two satellites safely 
within a few hundred metres. Therefore the new concept uses a revised separation allows 
interferometric baselines to be formed with Sentinel-1 itself, reducing the number of required 
satellites.

This poster explains the key challenges and constraints that such a mission would present and 
highlights the exciting applications which could be addressed.

ORORO: GNSS Remote Sensing Constellation
Shaun Kenyon, Jonathan Friend, Martin Unwin

SSTL, United Kingdom; s.kenyon@sstl.co.uk

GNSS remote sensing techniques are becoming increasingly valuable in meteorological 
applications. GNSS Reflectometry is a new measurement technique that is currently being 
pioneered by TechDemoSat-1 and shows promise as a dataset that may also be useful for 
NWP, including sea state. Radio occultation –, is a well-established and valuable measurement 
dataset for numerical weather prediction (NWP). The global coverage of data supplied by the 
MetOp, COSMIC-1 and soon-to-be-launched COSMIC-2 datasets provide some useful data 
but also provide nowhere near the saturation point amount of data for NWP – i.e. There is 
scope to increase the amount of observations and still show direct improvement in NWP from 
the increased dataset.

Project ORORO is a concept developed under ESA’s SysNova programme, consolidated 
through the ESA Concurrent Design Facility (CDF), that proposes a multipurpose GNSS 
science payload to perform both Radio-Occultation and Reflectometry, in a constellation 
mission using SSTL’s new X-Nano nanosatellite platform. This approach of combining both 
sensing techniques into a single payload provides efficient means of collecting high temporal 
resolution data from the troposphere to the ionosphere. The system would provide global 
coverage with a bias towards higher latitudes. This design is complementary to MetOp 
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2G, COSMIC-2 and CYGNSS constellations and will more than triple the number of RO 
observations per day.

This paper outlines the need for increased data volumes, the proposed instrument, platform 
and mission concept of operations, and then discusses the way ahead to bring the mission to 
fruition, providing an improved service for meteorological institutions around the world.

A UK candidate for the Total Carbon Column Observing Network: evaluating space-
borne assets to observe atmospheric CO2
Robert McPheat1, Paul Palmer2, Hartmut Boesch3, Liang Feng2, Hugh Mortimer1, Robert Parker3, 
Jolyon Reburn1

1Rutherford Appleton Laboratory, Science and Technology Facilities Council; 2National Centre for 
Earth Observation, University of Edinburgh; 3National Centre for Earth Observation, University of 
Leicester; paul.palmer@ed.ac.uk

Satellite observations of atmospheric variations of CO2 in the lower troposphere are used to 
infer estimates of geographical CO2 fluxes. These flux estimates have important implications 
for the development of scientific knowledge and of effective environmental policy. Spatial 
biases on the order of 1000 kms, in particular, compromise the ability of these new data to 
be translated to robust flux estimates. To address this, the Total Carbon Column Observing 
Network (TCCON) was established to provide an accurate ground-truth for the satellite data. 
Here we describe a candidate for a British TCCON site based initially at Rutherford Appleton 
Laboratory, Oxfordshire. The instrument will measure a range of greenhouse gases, including 
CO2, CH4, and N2O. Data from this site will help validate satellite data collected over the 
UK, help evaluate models of atmospheric CO2 over the British Isles, and help facilitate in 
conjunction with other data high-resolution regional flux estimates. We will present details of 
the site and the measurement technology; an analysis of preliminary data; and, via a numerical 
model of atmospheric transport, an understanding of how surface fluxes drive observed CO2 
variability at this site.

First ESA missions use gallium nitride (GaN) – a disruptive technology for Earth 
Observation payloads
Andrew Robert Barnes1, Florence Heliere2

1ESA/ECSAT, United Kingdom; 2ESA/ESTEC. Netherlands; Andrew.Barnes@esa.int

Gallium Nitride (GaN) is a key strategic enabling technology that has the potential to 
provide an order of magnitude improvement in RF output power, is inherently radiation 
hard and tolerates higher bus-voltages as well as higher operational temperatures. These 
characteristics promise to disrupt today’s state of the art design for space affecting 
Telecommunications, Navigation, Science and Earth Observation missions.

The main challenge for space application has been to combine outstanding GaN performance 
figures and reliable operation. To address this situation ESA launched its GaN REliability And 
Technology Transfer initiative (GREAT2) in 2008, with the aim of establishing a European 
supply chain for the manufacture of high reliability, space compatible, GaN-based microwave 
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transistors and integrated circuits, free from any ITAR or end-user licence restrictions. This 
paper describes the outputs of the reliability improvements achieved, culminating in the first 
in-orbit demonstration of a GaN X-band telemetry transmitter on PROBA V.

As a result of this flight heritage demonstration, ESA initiated an activity to develop and 
qualify European, hermetically packaged, microwave power transistors for use in the Biomass 
P-band SAR interferometric mission.

The paper shall describe the mission operating requirements for PROBA V and Biomass, with 
particular emphasis on the performance benefits demonstrated by using GaN technology 
for realisation of (i) an X-band telemetry downlink transmitter and (ii) a solid state power 
amplifier (SSPA) > 100W respectively. These results are an important milestone and illustrate 
GaN technology has now matured rapidly and offers significant benefits for realisation of 
future Earth Observation payloads.

Airborne hyperspectral data processing using server-side tools
Daniel Clewley, Mark Warren, Mike Grant, Ben Taylor, Laura Harris, Steve Groom

Plymouth Marine Laboratory, United Kingdom; dac@pml.ac.uk

Airborne remote-sensing surveys often produce data that amount to many hundreds of 
gigabytes (GBs), requiring significant computing resources to process. The Airborne Research 
and Survey Facility (ARSF) acquire data from a Specim Fenix vis-NIR-SWIR hyperspectral 
instrument, Specim Owl thermal superspectral instrument, Leica lidar and Leica digital 
camera. These data are processed by the ARSF Data Analysis Node (ARSF-DAN), based at 
Plymouth Marine Laboratory (PML), before delivery to researchers for scientific analysis. 
For pre-processing Fenix data the Airborne Processing Library (APL), an in-house developed 
suite of software is used on the 100+ node cluster at PML. Once data are delivered typical 
tasks undertaken by users include running APL to geocorrect derived products (e.g., surface-
reflectance) and creating spatial / spectral subsets. However, processing such large datasets 
on a single desktop computer can be extremely difficult.

To address these computational restrictions of processing hyperspectral data, we present 
an evaluation of two new approaches to data processing using: a) a web-based framework 
which provides a user-friendly web interface, with processing being undertaken using PML’s 
computing grid;

b) a cloud-computing approach using the JASMIN platform’s “super-data-cluster”. JASMIN 
provides access to a large number of processing nodes and benefits from fast access to ARSF 
data archived at NEODC. We describe the steps required to implement our existing work-flow 
on each platform and discuss the relative merits of each approach and the benefits to ARSF 
users needing to process hyperspectral data acquired using Specim sensors.
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MIPAS/Envisat Products retrieved at Oxford
Anu Dudhia

University of Oxford, United Kingdom; dudhia@atm.ox.ac.uk

The Michelson Interferometer for Passive Atmospheric Sounding (MIPAS) was a limb-
viewing infra-red fourier transform interferometer which operated on the Envisat satellite 
from July 2002 until April 2012. MIPAS’ detectors cover the spectral range 685-2410cm-
1 (14.6-4.1microns), containing the vibration-rotation bands of many trace gases, and 
the combination of limb-viewing geometry and high spectral resolution allows good 
discrimination of the signatures of many different species from the upper troposphere to the 
mesosphere. Oxford is one of several groups which use the same MIPAS spectra to generate 
profiles of temperature and concentration of different species. Here an overview is presented 
of the Oxford products.

The Reference Forward Model
Anu Dudhia

University of Oxford, United Kingdom; dudhia@atm.ox.ac.uk

The RFM (Reference Forward Model) is a line-by-line radiative transfer model suitable for a 
wide variety of applications involving atmospheric transmission or thermal emission.

Its primary purpose is to calculate high resolution spectra for user-specified viewing 
geometries and atmospheric profiles.

RFM maintenance and development is currently supported by the UK National Centre for 
Earth Observation (NCEO).

Design Features

•	 Easy to use - probably its main advantage

•	 Robustness - you shouldn’t be able to crash the program

•	 Portability - written in (almost) standard FORTRAN-77

•	 Efficient coding - attempts to maximise speed while minimising memory

•	 Self-documented code - just in case you need to make you own modifications

•	 On-line documentation (http://www.atm.ox.ac.uk/RFM)

•	 Output spectra independent of spectral range (eg value at 901.3 cm-1 will be the same

Capabilities

•	 Spherical or plane-parallel atmospheres, or homogeneous paths

•	 Field-of-View & Instrument Line Shape convolutions

•	 CO2 Line mixing

•	 Continua for H2O, O2, N2 and CO2

•	 Non-LTE (via user-supplied vibrational temperatures)

•	 Select lines of particular isotopes and/or bands



163

•	 Jacobians (Weighting functions) for p, T, VMR, line-of-sight pointing and surface  
 temperature and emissivity

•	 Satellite/Balloon & Aircraft/Ground-based viewing geometries

•	 Surface reflections

•	 Output spectra of radiance, transmittance, absorption, cooling rates, optical depth and/ 
 or brightness temperature

•	 Output diagnostics from ray-tracing (including Curtis-Godson integrations)

•	 Output/Input absorption coefficient tabulations k(nu,p,T)

•	 Horizontal structure in the atmosphere

•	 Flux calculations and matrices.

•	 Different isotopic mixing ratio profiles

The RFM is freely available on request, email anu.dudhia@physics.ox.ac.uk

A Tool for the Pre-processing of Operationally Distributed Products from MSG SEVIRI: 
demonstration & validation
George Petropoulos1, Vasileios Anagnostopoulos2, Salim Lamine3

1Aberystwyth University, United Kingdom; 2Distributed and Knowledge Management Systems 
Lab, National Technical University of Athens, Greece; 3Department of Ecology and Environment, 
Faculty of Biological Sciences, University of Sciences and Technology Houari Boumediene, Algeria;  
gep9@aber.ac.uk

The Spinning Enhanced Visible and Infrared Imager (SEVIRI) is a geostationary orbit 
multispectral sensor on-board the MSG series of platforms, allowing the acquisition of 
spectral information covering the optical to infrared parts of electromagnetic spectrum every 
15 minutes. A number of SEVIRI data products are currently available to the user’s community 
via EUMETSAT.  

In this contribution, we present an open access stand-alone software tool developed in Java 
programming language which allows performing basic, yet of key importance, pre-processing 
steps to the SEVIRI operationally distributed products. The tool makes use of present day 
multicore processors, being able to process fast very large datasets, making it also suitable 
to be used in High Performance Computing (HPC) environment. The practical usefulness 
of our software tool is demonstrated using as examples a variety of SEVIRI operational 
products acquired during year 2011. In particular the application of the tool to pre-process 
SEVIRI evapotranspiration (ET), land surface temperature (LST) and fractional vegetation 
cover (FVC) operational products is demonstrated herein. For the ET product in particular, 
we further demonstrate how its robust validation can be conducted using our tool and HPC 
facilities of Wales, provided that concurrent reference observations are available from 
ground measurements. For this purpose we used in-situ data acquired at different European 
ecosystems from the CarboEurope ground observational network during year 2011. 

Our work is significant to the SEVIRI users’ community and also very timely given that, to 
our knowledge, no similar tool is freely available at present. Use of this software tool aims at 
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supporting the wider dissemination and implementation of SEVIRI operational products, 
making a significant contribution to weather forecasting and global climate monitoring. 

Video wall and crowd-sourcing technology for science - an aid to improving cloud-
screening of satellite imagery
Claire Elizabeth Bulgin, Guy Griffiths, Chris Merchant

University of Reading, United Kingdom; c.e.bulgin@reading.ac.uk

Cloud-detection in satellite imagery is a fundamental pre-processing step for many 
applications of these data in satellite and surface remote sensing. Challenges still remain in 
cloud-screening under a number of conditions including over cold and/or reflective surfaces, 
over heterogeneous surfaces with rapid changes in emissivity, at cloud edges, for low-lying 
fog and clouds at pixel/sub-pixel scales. We present here a tool that utilises the resolution and 
display size of a video wall to aid cloud-detection in satellite imagery by manual inspection. It 
allows the identification of both cloud and aerosol pixels and can be used for validation and 
inter comparison of cloud detection algorithms. In an online capacity this tool can be used by 
the wider research community to build a database of manually masked scenes, using crowd-
sourcing techniques to validate images screened by manual inspection.

The application of optimal estimation to lidar
Adam Charles Povey1, Roy G Grainger1, Daniel M Peters2

1University of Oxford, United Kingdom; 2RAL Space, Harwell, United Kingdom; adam.povey@
physics.ox.ac.uk

Lidars are ideally placed to investigate the effects of aerosol and cloud on the climate system 
due to their unprecedented vertical and temporal resolution. Dozens of techniques have 
been developed in recent decades to retrieve the extinction and backscatter of atmospheric 
particulates in a variety of conditions. These methods, though often very successful, are fairly 
ad hoc in their construction, utilising a wide variety of approximations and assumptions that 
makes comparing the resulting data products with independent measurements difficult and 
their implementation in climate modelling virtually impossible.

As with its application to satellite retrievals at the turn of the century, the methods of non-
linear regression can improve this situation by providing a mathematical framework in which 
the various approximations, estimates of experimental error, and any additional knowledge 
of the atmosphere can be clearly defined and included in a mathematically `optimal’ retrieval 
method, providing rigorously derived error estimates. In addition to making it easier for 
scientists outside of the lidar field to understand and utilise lidar data, it also simplifies 
the process of moving beyond extinction and backscatter coefficients and retrieving 
microphysical properties of aerosols and cloud particles.

A technique to estimate the lidar’s overlap function using an analytic model of the optical 
system and a simple extinction profile has been developed. This is used to calibrate the system 
such that the profile of extinction and backscatter coefficients can be retrieved using the 
elastic and nitrogen Raman backscatter signals. These methods have been used to extract 
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value from compromised data collected with a prototype Raman lidar system. Selected events 
will be presented, with the hope that others may be inspired to apply the techniques to a more 
robust system.

The Institute for Environmental Analytics
Jon Blower, Vicky Lucas

Institute for Environmental Analytics, University of Reading, United Kingdom; v.lucas@the-iea.org

The Institute for Environmental Analytics is a unique flagship centre, funded by the HEFCE 
Catalyst Fund and led by the University of Reading. Harnessing the expertise of world-leading 
academics and commercial organisations, the Institute is developing the technologies 
and skills that are urgently required to translate cutting-edge environmental research into 
commercially-relevant solutions, driving innovation and economic growth for the UK.

Climate and environmental change already has an impact on every aspect of business and 
society. Extreme events and severe weather conditions are becoming more frequent, with 
the estimated costs of adapting to these conditions expected to rise to $70-100bn globally by 
2030. The far-reaching impacts of extreme weather events have been brought into sharp focus 
by the flooding in winter 2013-14 with recent estimates putting the insurance costs at £500m 
and the damage to the UK economy at £630m.

The UK is uniquely placed to capitalise on the opportunities these challenges present. 
However, the capability for the UK to develop and deliver services to this market is 
constrained by an innovation gap between academic excellence and commercial exploitation, 
with a lack of sufficient skills, knowledge and expertise to translate research outputs into 
innovation and economic growth.

The Institute for Environmental Analytics was formed in January 2015 to address these 
challenges. Driven by a shared vision between leading academic, industry and public sector 
organisations the Institute is developing the technologies and skills that are urgently required 
to translate cutting-edge environmental research into commercially-relevant solutions of 
economic value.

Assessing the Contribution of Arctic Lakes to the Methane Budget via Upscaling and 
GOSAT Derived Flux Data
Kassandra Reuss-Schmidt, Mary Edwards, Jadu Dash

University of Southampton, United Kingdom, reussschmidtk@gmail.com

The considerable contribution of northern lakes and wetlands to global methane emissions 
is likely to increase as the Arctic warms and carbon within permafrost becomes labile. 
However, large uncertainties are still present in baseline flux estimates. Satellite remote 
sensing promises a way to constrain fluxes at continental and hemispheric scales as it is 
spatially comprehensive and has, or promises, temporal depth. The GOSAT team (Japan) 
recently released the first global dataset of methane fluxes informed by satellite data. Here, 
for the Arctic (>66°N), we compare methane flux values from the GOSAT product with 
up-scaled flux values derived from field observations working in concert with pertinent GIS 
layers. Upscaling was done within the context of a novel geographic lake classification that 
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recognizes regional differences in lake type and geomorphic history, which, in turn, reflect 
availability of organic carbon in the catchment/lake ecosystem. The up-scaled (bottom-up) 
approach yielded an annual flux of 3.89-13.0 Tg CH4 yr -1, with 58-68 percent of the fluxes 
derived from lakes. This estimate flanks the remotely sensed (top-down) range of 5.36-7.15 
Tg CH4 yr -1. Furthermore, both estimates show similar spatial variation in fluxes.  The 
convergence of results from these two independent methods underlines the potential of 
remotely-sensed methane observation as a new tool in estimating carbon budgets and the 
importance of regional variation in upscaling flux estimates. Though a first pass attempt at a 
spatially explicit pan-Arctic methane emission estimate, the results of this work are promising 
and could aid in closing the global methane budget.

Fidelity and Uncertainty in Climate data records from Earth Observation (FIDUCEO)
Christopher J. Merchant1, Jon Mittaz1,2

1University of Reading, United Kingdom; 2National Physical Laboratory, United Kingdom; 
c.j.merchant@reading.ac.uk

Climate data from space-based observations need to provide trustworthy information about 
variability and change over decades, so that they can be used for rigorous science, decision-
making and climate services. Yet, key capabilities for establishing the required levels of 
credibility are lacking. There is a need to advance the accuracy and rigour in the generation of 
both Fundamental Climate Data Records (FCDRs – i.e., observed radiances) and [Thematic] 
Climate Data Records (CDRs). The objective is to create FCDRs and CDRs that have defensible 
uncertainty and stability information.

Where provided, uncertainty estimates in satellite-derived climate data records are often 
generic and may not adequately address all effects leading to uncertainty in the ultimate 
geophysical data in CDRs. Defensible uncertainty estimates need to be realistic (demonstrably 
not underestimating uncertainty) and traceable (obtained by analysing the dominant 
effects that introduce uncertainty in the process of going from raw FCDR, to harmonized/
cross-calibrated FCDR to retrieved CDR). This concept of traceability is borrowed from 
the discipline of metrology, where it usually refers to traceability of data to SI standards. 
SI traceability is not generally available for historic Earth Observations, but the concept 
and methods of tracing uncertainties can by extension be applied to the problem of making 
meaningful comparisons between geophysical estimates of climate variables made by different 
sensors separated in time by years or decades.

We will discuss the different steps which need to be assessed in order to derive a realistic 
uncertainty. These include uncertainties in calibration, in retrieval algorithms and in 
validation. A particular form of uncertainty information is the stability of the observations over 
periods relevant to climate change and variability – i.e., over decades. First principles estimates 
of stability for CDRs are not available, and empirical estimates of stability require stable in 
situ reference data that likewise are non-existent or of limited availability. In this situation, 
apparent trends in satellite climate data records cannot be verified as trustworthy. Application 
of metrology-inspired methods to model and propagate systematic uncertainties offers a 
means by which first-principles estimates of stability can be developed.
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The effects of vegetation structure on the top of atmosphere signal of solar induced
fluorescence
Jacques Malaprade, Philip Lewis

UCL, United Kingdom; ucfajrm@ucl.ac.uk

Present estimates of plant photosynthesis or gross primary productivity (GPP) are based on
flux-tower -, remote sensing observations, land surface and climatological models. Remote
sensing observations are converted to vegetation indices (VIs) which are related to the
amount of vegetation rather than the actual process at cellular level. Fluorescence together
with heat dissipation are by-products of photosynthesis. The three are in competition
with each other for the energy absorbed by plants. It has been shown that there is a close to
linear relationship between photosynthesis and fluorescence under non-light limiting and
unstressed conditions. Fluorescence can be a more direct estimate of the process taking
place at cellular level whereas VIs do not follow the cycle as closely, but change gradually
over the season as leaf biomass increases and decreases. Solar induced fluorescence (SIF) is
in turn scattered and reabsorbed by vegetation. The top of canopy signal is thus a fraction of
the leaf level SIF and depends on the structural and biochemical characteristics of the leaf,
canopy and the soil background. To arrive at an estimate at the leaf level requires models of
the leaf biochemistry, leaf radiative transfer and canopy radiative transfer as well as energy
balance models. The model inversions are time consuming and more often than not an 
underconstrained problem. This research is looking at ways to take in consideration the 
effects of canopy structure on top of canopy (TOC) and eventually top of atmosphere (TOA) 
SIF.

Prior to describing the full 3D effect of the canopy using complex models, we will attempt
a simplification based on p-theory or Spectral Invariants. This is in essence based on the
recollision probability and a directional as well as interceptance component.

Effects of Tidal Current and Wind Field on Temporal Variations of Oil Spills Detected 
from Multiple SAR Imagery
Kyung-Ae Park1*, Tae-Sung Kim1, Xiaofeng Li2, Moonjin Lee3, Sang Jin Lyu4, and Chu-Yong Chung4

1Dep. of Earth Science Education, Seoul National University, Korea, 2NESDIS / NOAA, USA, 3KRISO, 
Korea, 4NMSC, Korea kapark@snu.ac.kr

In this study, we detected the disastrous oil spills from a vessel collision, known as the Hebei 
Spirit accident off the coast of Korea in the Yellow Sea, by applying both an adaptive threshold 
method and a neural network method to multiple Synthetic Aperture Radar (SAR) images such 
as Environmental Satellite’s (Envisat) Advanced Synthetic Aperture Radar (ASAR), Advanced 
Land Observing Satellite’s (ALOS) Phased Array type L-band Synthetic Aperture Radar 
(PALSAR), and Radarsat-1. The developed neural network method showed good agreement 
with the well-known adaptive threshold method, with the exception of negligible errors at 
the boundaries. As inferred from the spatial extent and fast movement, this particular oil spill 
event was evaluated as the most disastrous out of all previous events in the seas around Korea 
over the past decades. The extent of the oil spill apparently demonstrated a rapid decline at 
the initial stage, mainly due to strong vertical mixing by the tides in the onshore regions from 
a tidal front. Overall, the horizontal migration distances of the oil spill from consecutive SAR 
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images were linearly correlated with the mean wind speeds during the winter monsoon. This 
study exhibits regional responses of temporal and spatial variations of oil spills depending on 
factors in the atmospheric and oceanic environments, such as dominant wind field and/or the 
tidal effects through dominant vertical mixing within the tidal frontal region.

Keyword : SAR, oil spill, Hebei Spirit, neural network
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For further information on the RSPSoc, NCEO and CEOI-ST joint conference, 
please visit the conference website:

http://rspsoc2015.org
email:rspsoc@soton.ac.uk

We look forward to welcoming you to 
Southampton.   
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Peter M. Atkinson, Jadu Dash, Gareth Roberts, John Remedios and Mick Johnson
Convenors


