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1 INTRODUCTION

1.1 Purpose of this document

This Statement of Work (SoW) establishes the tasks to be performed within the three thematic pro-
jects collectively referred to as Atmosphere-LANd Interaction Study (ALANIS), for which a single
Invitation to Tender (ITT) is issued.

These activities are part of the Support to Science Element (STSE), whose main objective is the re-
inforcement of the scientific component within the ESA Living Planet Programme. STSE covers
scientific support for both future and on-going missions, by taking a proactive role in the formula-
tion of new mission concepts and of the related scientific agenda, by offering a multi-mission sup-
port to scientific use of ESA Earth Observation mission data and to the promotion of the achieved
results.

ALANIS is carried out in collaboration with iLEAPS, the land-atmosphere core project of the Inter-
national Geosphere-Biosphere Programme (IGBP). The scientific goal of iLEAPS is to provide un-
derstanding of how interacting physical, chemical and biological processes transport and transform
energy and matter through the land-atmosphere interface [REF1].

This activity is jointly motivated by the growing importance of investigating land-atmosphere inter-
face dynamics due to their capability of strongly affecting the Earth system, as well as by the in-
creasing multi-mission observational capacity provided by existing and upcoming ESA EO and 3"
party (TPM) missions.

In this context, the attention will focus on the northern Eurasian boreal region, since it represents
the world’s largest terrestrial ecosystem and has recently experienced a noteworthy increase in
greenhouse-gas and aerosol emissions [REF2]. In particular ALANIS is dedicated to three thematic
areas:

o Theme 1: Boreal lake/wetland dynamics and methane emissions (referred to as ALANIS —
Wetland Dynamics & CH4 Emissions);

o Theme 2: Boreal forest fire plumes and greenhouse-gas/aerosol dispersion (referred to as
ALANIS - Fire Plumes & Gas/Aerosol Dispersion);

o Theme 3: Natural and anthropogenic aerosol dynamics in the boreal region (referred to as
ALANIS - Aerosols).

Note that Bidders may submit proposals that address solely a specific Theme from those described
in this document (see Section 4). Bidders may also bid for more than one Theme or all three
Themes but always via dedicated and independent proposals for each Theme.

The proposed activity is based on the scientific requirements expressed by the iLEAPS community.
To consolidate those requirements, the European Space Agency (ESA) in collaboration with
ILEAPS International Project Office (IPO), organized a scientific consultation workshop in Vienna
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on 20™ April 2009. The outcomes of the workshop describe the preliminary observational and sci-
entific needs identified by the iILEAPS community and represent the scientific basis for the
ALANIS project (see Annex A).

1.2

Structure of this document

This document is organised into six Sections:

[0}

O O O o©

o

Section 1 is this introduction; it outlines the scope of the procurement and the structure of
the document;

Section 2 lists the applicable and reference documents as well as the web sites that are rele-
vant for ALANIS;

Section 3 introduces the investigated problem and outlines the objectives of the project;
Section 4 specifies the themes to be addressed:;
Section 5 provides a description of the required work to be performed;

Section 6 describes some special conditions for the procurement and use of EO data in the
framework of the ALANIS project and special requirements for team composition;

Section 7 specifies acronyms and abbreviations;

Annex A contains the Scientific Requirement Documents provided by the member of the
iILEAPS International Project Office (iLEAPS IPO);

Annex B summarizes significant activities and projects relevant to ALANIS;
Annex C reports technical and management requirement matrices.



STSE - ALANIS

e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 3 of 49

2.1

[APP1]

2.2

[REF1]

[REF2]

[REF3]

[REF4]

[REF5]

[REF6]

[REFT7]

[REFS]

[REF9]

[REF10]
[REF11]

[REF12]

2 RELEVANT DOCUMENTS

Applicable documents

Scientific Requirement Document — Annex A of this SoW.

Reference documents

ILEAPS Science Plan and Implementation Strategy, IGBP Report 54, IGBP Secretariat,
Stockholm, 2005.

IPCC (Intergovernmental Panel on Climate Change), The Physical Science Basis, Avail-
able from: http://www.ipcc.ch/ipccreports/ar4-wgl.htm, 2007.

L. C. Smith, G. M. MacDonald, A. A. Velichko, D. W. Beilman, O. K. Borisova, K. E.
Frey, K. V. Kremenetski, and Y. Sheng, “Siberian Peatlands a Net Carbon Sink and
Global Methane Source Since the Early Holocene,” Science, vol. 303, no. 5656, pp. 353 —
356, 2004.

D. V. Spracklen, B. Bonn, and K. S. Carslaw, “Boreal forests, aerosols and the impacts
on cloud and climate,” Philosophical Transactions of the Royal Society A, vol. 366, no.
1885, pp. 4613-4626, 2008.

A. J. Soja, N. M. Tchebakova, N. H. F. French, M. D. Flannigan, H. H. Shugart, B. J.
Stocks, A. I. Sukhinin, E. I. Parfenova, F. S. Chapin, and P. W. Stackhouse, “Climate-
induced boreal forest change: Predictions versus current observations,” Global and
Planetary Change, vol. 56, pp. 274-296, 2007.

T. Friborg, H. Soegaard, T. R. Christensen, C. R. Lloyd, and N. S. Panikov, “Siberian
wetlands: Where a sink is a source,” Geophysical Research Letters, vol. 30, no. 21, 2003.
R. Wania, C. Prentice, S. Harrison, E. Hornibrook, N. Gedney, M. Office, T. R. Christen-
sen, and R. Clymo, “The Role of Natural Wetlands in the Global Methane Cycle,” Trans-
actions American Geophysical Union, vol. 85, no. 45, 2004.

T. V. Callaghan, L. O. Bjorn, Y. Chernov, T. Chapin, T. R. Christensen, B. Huntley, R.
A. Ims, M. Johansson, D. Jolly, S. Jonasson, N. Matveyeva, N. Panikov, W. Oechel, G.
Shaver, S. Schaphoff, and S. Sitch, “Effects of Changes in Climate on Landscape and
Regional Processes, and Feedbacks to the Climate System,” Ambio, The Royal Swedish
Academy of Sciences, vol. 33, no. 7, 2004.

M. Cao, S. Marshell, and K. Gregson, “Global carbon exchange and methane emissions
from natural wetlands: application of a process based model,” Journal of Geophysical
Research, vol. 101, pp. 14399-14414, 1996.

R. Hein, P.J. Crutzen, and M. Heinmann, “An inverse modelling approach to investigate
the global atmospheric methane cycle,” Global Biogeochemical Cycles, 11, 43-76, 1997.

N. Gedney, P. M. Cox, and C. Huntingford, “Climate feedback from wetland methane
emissions,” Geophysical Research Letters, vol. 31, 2004.

P. Walter, and M. Heimann, “A process based, climate sensitive model to derive methane
emissions from natural wetlands: Application to five wetlands, sensitive to model pa-



STSE - ALANIS

e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 4 of 49

[REF13]

[REF14]

[REF15]

[REF16]

[REF17]

[REF18]

[REF19]

[REF20]

[REF21]

[REF22]

[REF23]

[REF24]

[REF25]

rameters, and climate change,” Global Biogeochemical Cycles, vol. 14, pp. 745-765,
2000.

Q. Zhuang, J. M. Melillo, D. W. Kicklighter, R. G. Prinn, A. D. McGuire, P. A. Steudler,
B. S. Felzer, and S. Hu, “Methane fluxes between terrestrial ecosystems and the atmos-
phere at northern high latitudes during the past century: A retrospective analysis with a
process-based biogeochemistry model,” Global Biogeochemical Cycles, no.18, 2004.

S. Houweling, T. Kaminski, F. Dentener, J. Lelieveld, and M. Heimann, “Inverse model-
ing of methane sources and sinks using the adjoint of a global transport model,” Journal
of Geophysical Research, vol. 104, no. 26, 1999.

B. Langmann, B. Duncan, C. Textor, J. Trentmann, and G. R. van der Werf, “Vegetation
fire emissions and their impact on air pollution and climate,” Atmospheric Environment,
vol. 43, no. 1, pp. 107-116, 2009.

S. Turquety, J. A. Logan, D. J. Jacob, R. C. Hudman, F. Y. Leung, C. L. Heald, R. M.
Yantosca, S. Wu, L. K. Emmons, D. P. Edwards, and G. W. Sachse, “Inventory of boreal
fire emissions for North America: the importance of peat burning and pyroconvective in-
jection,” Journal of Geophysical Research, vol. 112, 2007.

D. Mazzoni, J. A. Logan, D. Diner, R. Kahn, L. Tong, and Q. Li, “A data-mining ap-
proach to associating MISR smoke plume heights with MODIS fire measurements,” Re-
mote Sensing of Environment, vol. 107, pp. 138-148, 2007.

M. Labonne, F.-M. Breon, and F. Chevallier, “Injection height of biomass burning aero-
sols as seen from a spaceborne lidar,” Geophysical Research Letters, vol. 34, 2007.

R. Damoah, N. Spichtinger, R. Servranckx, M. Fromm, E. W. Eloranta, I. A. Razenkov,
P. James, M. Shulski, C. Forster, and A. Stohl, “A case study of pyro-convection using
transport model and remote sensing data,” Atmospheric Chemistry and Physics, vol. 6,
pp. 173-185, 2006.

S. R. Freitas, K. M. Longo, M. A. F. Silva Dias, R. Chatfield, P. Silva Dias, P. Artaxo,
M. O. Andreae, G. Grell, L. F. Rodrigues, A. Fazenda, and J. Panetta, “The Coupled
Aerosol and Tracer Transport model to the Brazilian developments on the Regional At-
mospheric Modeling System (CATT-BRAMS) — Part 1: Model description and evalua-
tion,” Atmospheric Chemical Physics, vol. 9, pp. 2843-2861, 2009.

L. Horowitz, S. Walters, D. Mauzerall, L. Emmons, P. Rasch, C. Granier, X. Tie, J.-F.
Lamarque, M. Schultz, and G. Brasseur, “A global simulation of tropospheric ozone and
related tracers: Description and evaluation of MOZART, version 2,” Journal of Geo-
physical Research, vol. 108, no. D24, 2003.

S. R. Freitas, K. M. Longo, and M. O. Andreae, “Impact of including the plume rise of
vegetation fires in numerical simulations of associated atmospheric pollutants,” Geo-
physical Research Letters, vol. 33, 2006.

R. Chatfield, J. Vastano, H. Singh, and G. Sachse, “A general model of how fire emis-
sions and chemistry produce African/oceanic plumes (O3, CO, PAN, smoke) in TRACE
A,” Journal of Geophysical Research, vol. 101, no. D19, pp. 24279-24306, 1996.

W.-T. Chen, H. Liao, and J. H. Seinfeld, “Future climate impacts of direct radiative forc-
ing of anthropogenic aerosols, tropospheric ozone, and long-lived greenhouse gases,”
Journal of Geophysical Research, vol. 112, 2007.

M. O. Andreae, “Aerosols Before Pollution,” Science, vol. 315, 2007.



STSE - ALANIS

e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 5 of 49

[REF26]
[REF27]
[REF28]

[REF29]

[REF30]

[REF31]

[REF32]

[REF33]

[REF34]

[REF35]

[REF36]

[REF37]

[REF38]

[REF39]

U. Lohman, and J. Feichter, “Global indirect aerosol effects: a review,” Atmospheric
Chemistry & Physics, vol. 5, pp. 715-737, 2005.

J. Heintzenberg, F. Raes, and S. Schwartz, “Tropospheric Aerosols,” in: International
Global Atmospheric Chemistry Integration and Synthesis Report, 2001.

S. K. Satheesh, and K. Krishna Moorthy, “Radiative effects of natural aerosols: A re-
view,” Atmospheric Environment, vol. 39, pp. 2089-2110, 2005.

T. Takemura, T. Nakajima, O. Dubovik, B. N. Holben, and S. Kinne, “Single-scattering
albedo and radiative forcing of various aerosol species with a global three-dimensional
model,” Journal of Climate, vol. 15, pp. 333- 352, 2002.

M. Chin, P. Ginoux, S. Kinne, O. Torres, B. N. Holben, B. N. Duncan, R. V. Martin, J.
A. Logan, A. Higurashi, and T. Nakajima, “Tropospheric aerosol optical thickness from
the GOCART model and comparisons with satellite and sun photometer measurements,”
Journal of the Atmospheric Sciences, vol. 59, no. 1, pp. 461-183, 2002.

M. S. Reddy, O. Boucher, N. Bellouin, M. Schulz, Y. Balkanski, J.-L. Dufresne, and M.
Pham, “Estimates of global multicomponent aerosol optical depth and direct radiative
perturbation in the Laboratoire de Météorologie Dynamique general circulation model:
Global aerosol system,” Journal of Geophysical Research, vol. 110, no. D10, 2005.

A. Bartsch, W. Wagner, K. Scipal, C. Pathe, D. Sabel, and P. Wolski, “Global monitoring
of wetlands — the value of ENVISAT ASAR Global Mode,” Journal of Environmental
Management, vol. 90, no. 7, pp. 2226-2233, 2009.

A. Bartsch, C. Pathe, K. Scipal, and W. Wagner, “Detection of permanent open water
surfaces in central Siberia with ENVISAT ASAR wide swath data with special emphasis
on the estimation of methane fluxes from tundra wetlands,” Hydrology Research, vol. 39,
no. 2, 2008.

C. Kinzer, Z. Bartalis, M. Schmidt, D. Zhao, and W. Wagner, “Trend analyses of a
global soil moisture time series derived from ERS-1/2 scatterometer data: Floods,
droughts and long term changes,” ISPRS Congress 2008, Beijing, China, 2-11 July 2008.

Z. Bartalis, K. Scipal, and W. Wagner, “Soil Moisture Products from C-Band Scat-
terometers: From ERS-1/2 to MetOp,” Proceedings of the 2004 ENVISAT & ERS Sympo-
sium, Salzburg, Austria, 6-10 September, 2004.

Z. Bartalis, W. Wagner, V. Naeimi, S. Hasenauer, K. Scipal, H. Bonekamp, J. Figa, and
C. Anderson, “Initial soil moisture retrievals from the METOP-A Advanced Scatterome-
ter (ASCAT),” Geophysical Research Letters, vol. 34, 2007.

F. Frappart, S. Calmant, M. Cauhope, F. Seyler, and A. Cazenave, “Preliminary results of
ENVISAT RA-2-derived water levels validation over the Amazon basin,” Remote Sens-
ing of Environment, vol. 100, pp. 252-264, 2006.

A. Bartsch, W. Wagner, K. Rupp, and R. Kidd, “Application of C and Ku-band scat-
terometer data for catchment hydrology in northern latitudes,” Proceedings of the 2007
IEEE International Geoscience and Remote Sensing Symposium, Barcelona, Spain, 23-27
July, 2007.

C. Coll, S. J. Hook, and J. M. Galve, “Land Surface Temperature from the Advanced
Along-Track Scanning Radiometer: Validation Over Inland Waters and Vegetated Sur-
faces,” IEEE Transactions on Geoscience and Remote Sensing, vol. 47, no. 1, pp. 350-
360, 20009.



STSE - ALANIS

e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 6 of 49

[REF40]

[REF41]

[REF42]

[REF43]

[REF44]

[REF45]

[REF46]

[REF47]

[REF48]

[REF49]

[REF50]

O. Arino, D. Gross, F. Ranera, L. Bourg, M. Leroy, P. Bicheron, J. Latham, A. Di
Gregorio, C. Brockman, R. Witt, P. Defourny, C. Vancutsem, M. Herold, J. Sambale, F.
Achard, L. Durieux, S. E. Plummer, and J.-L. Weber, “GlobCover: ESA service for
global land cover from MERIS,” Proceedings of the 2007 IEEE International Geoscience
and Remote Sensing Symposium, Barcelona, Spain, 23-27 July, 2007.

B. Waske, and M. Braun, “Classifier ensembles for land cover mapping using multitem-
poral SAR imagery,” ISPRS Journal of Photogrammetry and Remote Sensing, in press,
2009.

D. G. Goodenough, H. Chen, A. Dyk, T. Han, and S. Carey, “Multitemporal Evaluation
with ASAR of Boreal Forests,” Proceedings of the 2005 IEEE International Geoscience
and Remote Sensing Symposium, Seoul, South Korea, 25-29 July, 2005.

M. Buchwitz, R. de Beek, J. P. Burrows, H. Bovensmann, T. Warneke, J. Notholt, J. F.
Meirink, A. P. H. Goede, P. Bergamaschi, S. Kdrner, M. Heimann, and A. Schulz, “At-
mospheric methane and carbon dioxide from SCIAMACHY satellite data: initial com-
parison with chemistry and transport models,” Atmospheric Chemistry & Physics, vol. 5,
pp. 941-962, 2005.

J.-P. Muller, A. Mandanayake, C. Moroney, R. Davies, D. J. Diner, and S. Paradise, “Op-
erational retrieval of cloud-top heights using MISR data,” IEEE Transactions on Geo-
science and Remote Sensing, vol. 40, pp. 1532-1546, 2002.

P. Dubuisson, R. Frouin, D. Dessailly, L. Duforét, J.-F. Léon, K. Voss, and D. Antoine,
“Estimating the altitude of aerosol plumes over the ocean from reflectance ratio meas-
urements in the O, A-band,” Remote Sensing of Environment, in press, 20009.

S. E. Plummer, O. Arino, M. Simon, and W. Steffen, “Establishing an Earth Observation
Product Service for the Terrestrial Carbon Community: The GLOBCARBON Initiative,”
Mitigation and Adaptation Strategies for Global Change, vol. 11, pp. 97-111, 2006.

S. Turquety, D. Hurtmans, J. Hadji-Lazaro, P.-F. Coheur, C. Clerbaux, D. Josset, and C.
Tsamalis, “Tracking the emission and transport of pollution from wildfires using the IASI
CO retrievals: analysis of the summer 2007 Greek fires,” Atmospheric Chemistry and
Physics, vol. 9, pp. 7413-7455, 2009.

A. A. Kokhanovsky, L. Curier, G. de Leeuw, W. M. F. Grey, K.-H. Lee, Y. Bennouna, R.
Schoemaker, and P. North, “The inter-comparison of AATSR dual view aerosol optical
thickness retrievals with results from various algorithms and instruments,” International
Journal of Remote Sensing, in press, 2009.

J. Fischer, C. Brockmann, L. Gomez-Chova, W. Gray, A. Heckel, J. Moreno, P. North, R.
Preusker, and P. Regner, “MERIS/AATSR synergy algorithms for cloud screening, aero-
sol retrieval and atmospheric correction over oceans,” Proceedings of the 2009 IEEE In-
ternational Geoscience and Remote Sensing Symposium, Cape Town, South Africa, 12-
17 July, 2009.

Y. J. Kaufman, O. Boucher, D. Tanré, M. Chin, L. A. Remer, and T. Takemura, “Aerosol
anthropogenic component estimated from satellite data,” Geophysical Research Letters,
vol. 32, 2005.



Eesa

STSE - ALANIS

issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 7 of 49

2.3

[URL1]
[URL2]
[URL3]
[URLA4]
[URL5]
[URLS]
[URL7]
[URLS]
[URLY]

Relevant websites

ESA web site:

ESA’s Data User Programme:

ESA Category 1:
iLEAPS web site:
IGBP website:
GOSAT website:
GlobAerosol website:
GlobCarbon website:
GlobCover website:

[URL10] PERMAFROST website:

http://www.esa.int

http://earth.esa.int/DUP
http://www.projects.esa-ao.0rg
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3 PROJECT BACKGROUND AND OBJECTIVES

3.1 Background

Determination of the role of the Eurasian boreal region is essential in understanding the global
Earth system as it represents the largest terrestrial ecosystem on Earth. In this context, boreal forests
play a vital role in curbing global warming by storing in forest and peat ecosystems billions of tons
of carbon formed since the Last Glacial Maximum around 20,000 years ago. Northern lakes and
wetlands, instead, are important sources of carbon, partially released as methane and other trace
gases to the atmosphere especially during spring and summer [REF3]. Furthermore, it has been ob-
served that boreal forests are responsible for growing emissions of natural secondary organic aero-
sols. This, along with increased concentrations of long-range transported anthropogenic aerosols in
northern Eurasia, is expected to trigger severe impacts on climate in the near future [REF4].

The size and remoteness of boreal Eurasia, however, pose a challenge to quantification of both ter-
restrial ecosystem processes and their feedbacks to regional and global climate. Furthermore, hu-
man activities and climate changes are thought to have altered the natural equilibrium of the whole
region, thus strengthening the need for an effective mapping and monitoring of surface-atmosphere
exchange interactions [REF5].

In such a complex framework, Earth Observation (EO) provides one of the main sources of infor-
mation for estimating variables that can be employed as input to coupled models governing the
land-atmosphere interface over the extremely wide and often unreachable areas of northern Eurasia.

To coordinate the efforts of the scientific community for improving the common knowledge of re-
lated surface and atmosphere dynamics, the International Geosphere-Biosphere Programme (IGBP)
established in 2004 the integrated land ecosystem-atmosphere process study (iLEAPS), whose pro-
jects and activities are managed by the iLEAPS International Project Office (iLEAPS IPO) located
in Helsinki.

ILEAPS investigates the role of human activities in affecting the land-atmosphere interface and the
extent to which terrestrial vegetation determines the physical and chemical environment from local
to global scales. In particular, the overall objective is to enhance the understanding of how interact-
ing physical, chemical and biological processes transport and transform energy and matter through
the land-atmosphere interface. Due to the complexity and wide range of scientific issues, iLEAPS
stresses the need for increased integrative approaches and collaboration, connects scientists, ex-
perimentalists and modellers from various disciplines, and promotes international research projects.

Under the umbrella of STSE, ESA and iLEAPS IPO organized a scientific consultation workshop
held on 20™ April 2009 at the Austrian Academy of Sciences in Vienna for defining the preliminary
research needs of the scientific communities investigating land and atmosphere dynamics in north-
ern Eurasia.

During the workshop, scientists pointed out the potential offered by existing EO missions, which
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allow improved observations of several important variables. However, the need for additional re-
search and synergistic use of multi-mission data was also stressed. The outcomes of the meeting
(reported in Annex A) define the main research requirements for the iLEAPS community and repre-
sent the main scientific driver for the ALANIS project.

3.2 Objectives

ALANIS contributes to the STSE Science Partnerships, aiming at reinforcing the links between the
Agency and major international scientific groups. It constitutes a collaboration between ESA and
the iILEAPS project of IGBP. It aims at improving the understanding of coupled land-atmosphere
interactions in northern Eurasia by exploiting and maximising the use of ESA EO missions.

In this context, short-term general objectives of the project include:

e To advance towards the development and validation of novel advanced EO-based multi-
mission based products, algorithms, models, as well as case studies and multi-temporal
datasets (maximising the use of ESA data) that may respond directly to the specific scien-
tific requirements of the iLEAPS community for:

- Improving the characterization of boreal Eurasian lake and wetland dynamics and
reducing current uncertainties in related methane emissions (Theme 1);

- Improving the estimation of plume injection height of biomass burning events oc-
curred in boreal Eurasia and reducing current uncertainties in related greenhouse-gas
and aerosol dispersion forecast (Theme 2);

- Discriminating natural aerosols emitted by boreal Eurasian forests from long-range
transported fine anthropogenic aerosols (Theme 3);

e To support iLEAPS efforts to improve the observation, understanding and prediction of land-
atmosphere processes in boreal ecosystems at different spatial and time scales demonstrating
the capability of ESA data in responding to the needs of the iLEAPS Science Community;

e To set up a solid scientific basis for the development of a robust consistent long-term data set
of EO-based land and atmospheric geo-information products over the boreal area in support of
the iLEAPS scientific efforts;

e To develop a Scientific Roadmap as a basis for further ESA activities in support of the
ILEAPS community.

Moreover, in the long-term the project aims also at:
¢ Reinforcing the long-term strategic partnerships with IGBP and the iLEAPS community;

e Fostering the use of ESA data within the iLEAPS community for land-atmosphere processes
studies;

o Fostering the scientific return of ESA missions in terms of novel scientific results and publi-
cations.



STSE - ALANIS
e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 10 of 49

4  ALANIS THEMES

The following Themes have been selected to be investigated on the basis of the manifest interest of
the iLEAPS community (see Appendix A) and supporting evidence from the scientific literature
that EO may play a fundamental role for advancing scientific process studies in the related applica-
tion domains:

o Theme 1: Boreal lake/wetland dynamics and methane emissions (referred to as ALANIS —
Wetland Dynamics & CH4 Emissions);

o Theme 2: Boreal forest fire plumes and greenhouse-gas/aerosol dispersion (referred to as
ALANIS - Fire Plumes & Gas/Aerosol Dispersion);

o Theme 3: Natural and anthropogenic aerosol dynamics in the boreal region (referred to as
ALANIS - Aerosols).

Note that, as indicated in the following Sections, the advanced level of maturity of current EO data
and models will allow activities related to Theme 1 and Theme 2 to be tackled as research and de-
velopment activities. Concerning Theme 3, instead, in the light of the intrinsic complexity of the
problem, as well as the limited related literature, the activity shall be carried out as a feasibility
study (this will imply a reduced number of tasks to be performed with respect to Theme 1 and
Theme 2 as specified in Section 5).

4.1 Theme 1: ALANIS — Wetland Dynamics & CH,4 Emissions

411 THEME 1: PROBLEM STATEMENT

Boreal Eurasian lake and wetlands play an important dual role in the global carbon cycle as they
represent both the largest natural methane source and one of the major net carbon sinks [REF6]. In
these ecosystems, the combination of elevated water tables, high productivity and low decomposi-
tion has led to significant carbon storage, which has been also favoured by low temperatures and
slow diffusion of oxygen into the soil (1000 times more slowly in water saturated soils than in dry
soils). Under such anoxic conditions, methanogens produce CH, principally by the fermentation of
acetate and/or oxidation of hydrogen using CO; as electron acceptor. Much of the CH,4 produced is
subsequently oxidized by methanotrophic bacteria, but the remainder is transported to the atmos-
phere via bubbling and diffusion, or escapes through vascular plants [REF7].

Both lake/wetland dynamics and the balance between related methane emissions depend on clima-
tological and hydrological factors, leading to potentially significant feedbacks to the global climate
system [REF8]. Understanding and modelling the natural variability of CH, fluxes from wetlands
constitute an important crosscutting topic. However, high spatial and temporal variability of meth-
ane emissions combined with patchy and incomplete information on their geographical dispersion
makes it difficult to obtain reliable estimates. In fact, so far global CH; emissions from
lakes/wetlands still have the largest uncertainty than any other natural (e.g., ocean, termites, hy-
drates) or anthropogenic (e.g., rice agriculture, ruminants, energy, landfills) source [REF2] (present
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estimates range between 92 [REF9] and 237 [REF10] Tg CH, per year). This is of concern because
projections for the future suggest a rise in methane emissions and thus a positive feedback in cli-
mate change [REF11].

Biogeochemical land surface models can provide estimates of CH, fluxes [REF9],[REF12],
[REF13],[REF14]. However, the lack of in situ measurements makes them difficult to parameterise,
properly constrain and calibrate.

In this context, remote sensing represents a global and valuable source of information from which to
obtain consistent data characterizing both lake/wetland dynamics as input to models, as well as reli-
able retrievals of atmosphere CH, concentration for constraining land-atmosphere coupled models.

412  THEME 1: SPECIFIC OBJECTIVES

The main objective of this Thematic Area is to reduce current uncertainties in CH, emissions in the
boreal Eurasian region by integrating (i.e., assimilating) suitable EO-based land surface products
and atmospheric CH4 measurements into an advanced land-atmosphere coupled model.

To this end, the following priority activities shall be carried out:

e Investigate, develop and validate (maximizing the use of ESA data) a set of novel target
products (see Section 4.1.3) suitable for characterizing the dynamics of boreal Eurasian
lake and wetland ecosystems (land component) in relation to corresponding variations of
atmospheric methane concentrations (atmosphere component);

e Investigate, develop (preferably adapting one of the models currently available in the litera-
ture, e.g. [REF9],[REF12],[REF13],[REF14]) and validate a suitable land-atmosphere
coupled model capable of taking full advantage of satellite observations of atmospheric
methane concentrations (see Table 4.2), as well as the whole set of aforementioned novel
target products (to be both employed as inputs and/or constraints of the model) for reducing
current uncertainties in methane emissions from boreal Eurasian lakes and wetlands;

e Generate an experimental dataset consisting of the entire set of novel target products en-
gendered for a period of two years over the whole boreal Eurasian region, and then the cor-
responding methane emission estimations by employing the developed land-atmosphere
coupled model.

The project does not start from scratch but it is based on a significant number of research and
development activities demonstrating the value of ESA data to characterise both the land and
atmosphere products of interest for this Thematic Area (a summary of some of these activities is
provided in Annex B). It is worth noting that the Contractor is encouraged to maximise the use
of these research results, as well as to coordinate with related existing project and initiatives.

413  THEME 1: BASELINE PRODUCT PORTFOLIO DESCRIPTION

The portfolio of EO-based products reported in Table 4.1 shall be used as a baseline for the novel
set of target products to be developed for ALANIS Theme 1.
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Table 4.1 - Portfolio of potential EO-based products suitable
to be developed in the framework of ALANIS Theme 1.

Vegetation Dynamics

resolution and
frequency.

high time

snow/ice free period

Product Description Tempo_ral Spatla}I Potential Suitable
Resolution Resolution Sensors
Snowmelt \I/?v?\z?]l\r/sgtlarf]?irme?ﬁ;?]rem eIPr:?s? DRl T &
Onset/Duration/End | sions restart after the winter SUlElEG 'F‘te”a' 25km MetOp-A ASCAT
(e.g., April-July)
season.
Required for determining I
Ice Break-up Date when lake methane emission g?& ll(all); ﬁlttgrl\r/‘a? 150 m = 1 km | ENVISAT ASAR WS,
P restart after the winter sea- . ’ ENVISAT ASAR GM
e (e.g., April-July)
Freeze Onset Date \?Viglrj]lrle:ke“t\?gﬂaggter:;w;;ge slt?i?;m:\?ir:?eipvgl 25 km MetOp-A ASCAT
emissions stop after the sum- P
(e.g., August-October)
mer season.
Required for detecting spa-
tial changes of lake and wet- . .
Lé)l((tigtn g VXS::]?ES land surface over time at z\alcl);?/?cemggzh %:{g&g 150 m ENVISAT ASAR WS
y high / medium spatial resolu- P
tion and low time frequency.
Required for detecting spa- Multisensor approach:
Fractional Inundated UE) GUENDES @ Mz Every 3 days durin
areas over time at low spatial ry o day 9 25 km ENVISAT AATSR

+

MetOp-A ASCAT

The Contractor shall

for:

use this baseline portfolio during the initial phase of the project as a reference

e Consolidating the scientific requirements identified by the iLEAPS IPO;

o Delineating the final set of target products to be developed in the framework of the project
(eventually including also products beyond the list in Table 4.1);

o Defining the specifications for the experimental data set to be developed in the final phase
of the project (in terms of product definition, resolution, frequency, accuracy, etc.).

In order to perform the required work, additional data will be required (e.g., EO-based CH,4 concen-
trations). In this context, the Contractor shall exploit existing ESA data, as well as datasets from
previous or on-going ESA (or non-ESA) activities available over the considered area that are rele-
vant for the investigated Theme. In particular, the list of products reported in Table 4.2 must be
taken into careful consideration (see also related technical notes in Annex B).




STSE - ALANIS
e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 13 of 49

Table 4.2 — Currently available products that must be taken into consideration
in the framework of ALANIS Theme 1.

Product Source Sensor / External Source Tempo_ral Spatla}l
Resolution Resolution
University of Bremen, University
) of Heidelberg, Royal Dutch Me- Monthly 60 x 30 km
Atmospheric Methane teorological Institute (KNMI)
Concentration GOSAT TANSO (ESA TPM)
[if available] Sty 2 DEE Ao
Land Surface Temperature ENVISAT AATSR At least every 3 Days' 1km
Leaf Area Index GlobCarbon” Monthly 1-10 km
MetOp-A ASCAT Daily 25 km
Soil Moisture PERMAFROST [if available] Weekly during snow/free period 1 km
SMOS MIRAS [if available] At least every 3 Days 40 km
Vegetation Cover Type GlobCover Once 300 m

4.2 Theme 2: ALANIS — Fire Plumes & Gas/Aerosol Dispersion

421 THEME 2: PROBLEM STATEMENT

Biomass burning events in boreal regions have proven a significant impact on atmospheric chemis-
try on regional to global scales. On the one hand, air pollution has increased due to direct emissions
from fires or by trace species that are generated in the atmosphere from these direct emissions
through chemical reactions or microphysical modifications [REF15]. On the other hand, intense
burning has been causing a decrease of carbon storage in such ecosystems, which can be potentially
converted from carbon sinks to net sources, in turn contributing to global warming [REF16]. All
these issues are particularly evident in northern Eurasia [REF4].

Vegetation fires vertically displace their emissions (composed of around 90-95% of greenhouse
gases and 5% of particulate matter) through convection induced by the heat and moisture released
by the fire. Ambient meteorological conditions, fire released energy and moisture determine the in-
jection height of fire plumes in the atmosphere [REF15]. It was shown that most fires deposit their
emissions into the atmospheric boundary layer (i.e., below about 5 km [REF17],[REF18]). How-
ever, there is growing evidence that under favourable meteorological (high atmospheric instability)
and fire conditions (high energy release), fire emissions can be injected into the upper troposphere
(UT) or even the lower stratosphere (LS), especially at high latitude regions (pyro-convective

"1t is worth noting that, due to cloud coverage such a frequency cannot be guaranteed at northern high latitudes.

“ The global application of the GlobCarbon algorithm for Leaf Area Index (LAI) estimation is achieved by reference to
the GLC2000 global land-cover map, which considers different information classes with respect to those taken into con-
sideration in the GlobCover project.
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events) [REF19]. The atmospheric lifetime of most fire released trace gases and aerosol particles is
substantially enhanced in the UT/LS region and, hence, their atmospheric impact lasts longer and
affects greater regions [REF2]. During dry weather condition, and in particular for significant injec-
tion heights, aerosol particles can be even transported over thousands of kilometres before they are
removed from the atmosphere by wet deposition [REF19].

Understanding the impacts of fires on air quality and climate requires the use of transport models
[REF16],[REF20],[REF21],[REF22],[REF23]. Observations of plume injection are necessary to
initialize and validate these models and to develop relationships between injection height and green-
house-gas and aerosol dispersion over time. However, due to the lack of auxiliary information on
the altitude of fire plumes, arbitrary assumptions are currently used (e.g., fixed vertical injection
levels [REF16]).

A reliable knowledge of plume injection height, as well as a proper tracing of related fire emissions
into the atmosphere is mandatory for improving current large-scale predictions of greenhouse-gas
and aerosol dispersion. To this aim, satellite remote sensing represents the unique mean for retriev-
ing proper observations accounting for the widespread nature and variability of boreal fires, and re-
gional to global dispersion of emitted aerosols and trace gases.

422  THEME 2: SPECIFIC OBJECTIVES

The main objective of this Thematic Area is to reduce current uncertainties in forecasting dispersion
of greenhouse-gas and aerosol emissions due to forest fires occurred in the boreal Eurasian region
by integrating (i.e., assimilating) suitable EO-based land surface products and atmospheric trace gas
and aerosol measurements into an advanced land-atmosphere coupled model.

To this end, the following priority activities shall be carried out:

e Investigate, develop and validate (maximizing the use of ESA data) a set of novel products
(see Section 4.2.3) suitable for estimating plume injection height (land component) of bio-
mass burning events occurred in boreal Eurasia and tracking related greenhouse-gas and
aerosol dispersion over time into the atmosphere at global scale (atmosphere component);

e Investigate, develop (preferably adapting one of the models currently available in the litera-
ture, e.g. [REF20],[REF21],[REF22],[REF23]) and validate a suitable land-atmosphere
coupled model capable of taking full advantage of the whole set of aforementioned novel
target products, including satellite observations of emitted greenhouse-gas and aerosol dis-
persion over time (to be employed as inputs and/or constraints of the model), for reducing
current uncertainties in greenhouse-gas and aerosol dispersion forecasts from boreal Eura-
sian fires at global scale;

e Generate an experimental dataset consisting of the entire set of novel target products en-
gendered for a consistent number of fire events occurred in a period of three years over the
whole boreal Eurasian region, and then the corresponding greenhouse-gas and aerosol dis-
persion forecasts by employing the developed land-atmosphere coupled model.

The project does not start from scratch but it is based on a significant number of research and
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development activities demonstrating the value of ESA data to characterise both the land and
atmosphere products of interest for this Thematic Area (a summary of some of these activities is
provided in Annex B). It is worth noting that the Contractor is encouraged to maximise the use
of these research results, as well as to coordinate with related existing project and initiatives.

423 THEME 2: BASELINE PRODUCT PORTFOLIO DESCRIPTION

The portfolio of EO-based products reported in Table 4.3 shall be used as a baseline for the novel
set of target products to be developed for ALANIS Theme 2.

Table 4.3 - Portfolio of potential EO-based products suitable
to be developed in the framework of ALANIS Theme 2.

spatial dispersion over time

Dispersion Tracking for the considered fire event.

beginning to end

Product Description Tempo_ral Spatla}l Potential Suitable
Resolution Resolution Sensors
Required for characterizing
. S . L - . ENVISAT AATSR,
Fire Injection Height | the injection height of the Event Dependent 300 m+1km ENVISAT MERIS
considered fire event.
. . Required for characterizing
Fire Emitted Green- ;
house-gas and Aerosol greenhouse-gas and aerosol Daily from event 10 = 20 km MetOp-A 1A

The Contractor shall use this baseline portfolio during the initial phase of the project as a reference

for:

¢ Consolidating the scientific requirements identified by the iLEAPS IPO;

o Delineating the final set of target products to be developed in the framework of the project
(eventually including also products beyond the list in Table 4.3);

o Defining the specifications for the experimental data set to be developed in the final phase
of the project (in terms of product definition, resolution, frequency, accuracy, etc.).

Please note that the employment of ENVISAT AATSR and MERIS for retrieving information
about the fire injection height, as well as of MetOp-A 1ASI for tracking related gas and aerosol
emissions is mandatory. Any other choice shall be formerly discussed and approved by ESA. De-
viations from this requirement shall be clearly justified.

The Contractor is also encouraged to exploit existing ESA data, as well as datasets from previous or
on-going ESA activities available over the considered area that are relevant for the investigated
Theme. In particular, the list of products reported in Table 4.4 must be taken into careful considera-
tion (see also related technical notes in Annex B).
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Table 4.4 — Currently available products that must be taken into consideration
in the framework of ALANIS Theme 2.

Product Source Sensor / External Source Tempo_ral Spatla}l
Resolution Resolution
Fire Affected Area GlobCarbon Monthly (1998-2007) 1 km
Fire Injection Height TERRA MISR Event Dependent 275 m
Fire Radiative Power TERRA/AQUA MODIS Daily 1 km
Fraction of Absorbed
Photosynthetically ENVISAT MERIS At least every 3 Days 1.2 km
Active Radiation
Land Surface Temperature ENVISAT AATSR At least every 3 Days' 1 km
Leaf Area Index GlobCarbon” Monthly (1998-2007) 1-10 km
Vegetation Cover Type GlobCover Once 300 m

4.3 Theme 3: ALANIS — Aerosols

431 THEME 3: PROBLEM STATEMENT

Tropospheric aerosols play a crucial role in climate evolution [REF4]. In particular, it is now well
established that their influence on the Earth’s radiative budget is to cool the climate system by di-
rectly reflecting sunlight to space, and indirectly by increasing cloud cover and brightness (which in
turn reflects more sunlight to space). However, depending on their composition, atmospheric aero-
sols can also absorb incoming sunlight, thus further cooling the surface but warming the atmos-
phere. The opposed effects of aerosol cooling and greenhouse gases warming imply that the ampli-
tude of estimated future greenhouse warming will depend on the present aerosol cooling [REF24].

Assessing the aerosol effect on climate is of paramount importance. Nevertheless, it represents a
very complex task. Aerosols, in fact, range from desert dust to urban pollution and fire smoke, thus
exhibiting different chemical compositions which correspond to different optical properties. More-
over, also interactions with clouds and precipitation increase their variability over space and time.

Aerosols in the atmosphere are composed by particles of both natural (e.g., soil dust, sea salt and
sulphates) and anthropogenic (e.g., pollutants by energy production, traffic and industrial activities)
origin. However, since the lifetime of aerosol particles is comparable to the time scale of intra-
continental and intercontinental transport (i.e., 3 to 10 days), anthropogenic aerosols are ubiquitous

"1t is worth noting that, due to cloud coverage such a frequency cannot be guaranteed at northern high latitudes.

“ The global application of the GlobCarbon algorithm for Leaf Area Index (LAI) estimation is achieved by reference to
the GLC2000 global land-cover map, which considers different information classes with respect to those taken into con-
sideration in the GlobCover project.
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and the natural “background” aerosols are difficult to observe and quantify with confidence
[REF25].

Atmospheric aerosols represent a kind of “external” cause of climate change with respect to natural
aerosols that instead may provoke variations in the climate system as part of its feedback mecha-
nism. Accordingly, the separation of anthropogenic from natural aerosols is essential for assessing
human impacts. In particular, for properly assessing the effect of anthropogenic aerosols on the at-
mosphere, it is mandatory to effectively characterize the burden of natural aerosols, as it represents
a reference level for inferring human-induced aerosol impact. This separation is also important for
understanding the cloud-mediated effects of aerosols on climate, since cloud properties respond to
aerosols in a nonlinear way and are most sensitive to the addition of particles when the background
concentration is low [REF25],[REF26].

In this context, the interest in investigating anthropogenic in contrast to natural aerosol dynamics
over boreal Eurasia stems from two main concepts. First, boreal forests directly modify atmospheric
particles in several ways. In particular, besides emission of biogenic volatile compounds, it has been
identified that a ubiquitous feature at boreal Eurasian forest sites is the regular occurrence of new
particle formation events generating secondary organic aerosols [REF4]. Second, northern Eurasia
due to particular wind circulation conditions is impacted periodically by long-range transported an-
thropogenic aerosols, such as those formed by energy production, traffic and industrial activities
[REF27].

In recent years, there has been a growing interest towards the influence of aerosols on climate
through both direct and indirect effects. Several extensive investigations and coordinated field cam-
paigns have been carried out to assess the impact of anthropogenic aerosols in situ [REF28]. Never-
theless, due to the intrinsic complexity of the problem, very few studies have been conducted using
remote sensing data. Present satellite remote sensing instruments, in fact, do not measure the aero-
sol chemical composition needed to discriminate anthropogenic from natural aerosol components
(see Annex B). Accordingly, a complete picture cannot be obtained without integrated modelling
capable of taking into consideration all main processes and components.

432 THEME 3: SPECIFIC OBJECTIVES

In the light of the scientific requirements provided by the iLEAPS community for this Theme (see
Annex A), the Contractor shall investigate (maximizing the use of ESA data) the feasibility of dis-
criminating with existing EO-based products long-range transported anthropogenic aerosols from
natural aerosols emitted by boreal Eurasian forests.

To this end, the following priority activities shall be carried out:

o Investigate, develop and validate novel algorithms solely exploiting as input currently
available EO-based products for discriminating natural from anthropogenic aerosols in bo-
real Eurasia;

o Investigate, develop and validate novel strategies for assimilating already existing EO-
based products into chemical transport models (CTMs, e.g. [REF29],[REF30],[REF31])
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currently available in the literature to discriminate natural from anthropogenic aerosols in
boreal Eurasia (e.g., by identifying the source regions from the analysis of model back-
trajectories);

o Investigate at least three case studies referring to as many sites with different characteris-
tics located in boreal Eurasia for quantitatively and qualitatively evaluating, as well as cross-
comparing the performances of both the aforementioned approaches.

The project represents a preliminary attempt to investigate the current capabilities offered by
satellite data for discriminating natural and anthropogenic aerosols. However, despite the re-
duced literature available on this Thematic Area, the Contractor is encouraged to maximise the
use of datasets and results available from past and current related ESA activities (see Annex B).
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5 DETAILED DESCRIPTION OF THE STUDY TASKS

In this Section a detailed description of the Work Plan for ALANIS Themes is provided. In particu-
lar, the Work Plan for research and development activities associated with Theme 1 and Theme 2 is
reported in Section 5.1, whereas a reduced Work Plan for the feasibility study associated with
Theme 3 is described in Section 5.2.

5.1 Work Plan for Theme 1 and Theme 2

In the following, a detailed description for each of the tasks to be carried out in the context of
ALANIS Theme 1 and Theme 2 is provided. The proposed tasks are common to both Themes. Any
eventual change or modification shall be properly justified by the Contractor.

Tasks are distributed among three different phases.

Phase 1 — Requirement Consolidation
e Task 1: Scientific Requirement Consolidation;
e Task 2: Preliminary Analysis;
e Task 3: Technical Specifications.

Phase 2 — Development and Validation
e Task 4: Product Development and Validation;
e Task 5: Model Development and Validation.

Phase 3 — Dataset Generation, Model Processing and Phase Out
e Task 6: Experimental Dataset Generation;
e Task 7: Model Experimental Processing;
e Task 8: Scientific Roadmap;
e Task 9: ALANIS Final Workshop.

In the following, technical and management requirements are tagged within the text as [T.#.#] and
[M.#], respectively. Furthermore, they are summarized and listed in corresponding matrices re-
ported in Annex C.

5.1.1 PHASE 1-REQUIREMENT CONSOLIDATION

In this phase, which will last up to 4 months, the Contractor shall consolidate the preliminary scien-
tific requirements for the investigated Theme in collaboration with the iLEAPS IPO and define the
characteristics of the target products, the coupled model and the experimental dataset to be devel-
oped.

In Phase 1, at least the following tasks shall be performed:
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e Task 1: Scientific Requirement Consolidation;
e Task 2: Preliminary Analysis;
e Task 3: Technical Specifications.

At the end of Phase 1, a Requirement Engineering Review (RER) will take place in ESRIN.

Task 1: Scientific Requirement Consolidation

Description:

In this task, the Contractor shall consolidate the preliminary scientific requirements identified by
the iILEAPS IPO for the investigated Theme (see Annex A). This activity shall include the con-
sultation with the iLEAPS scientific community [T.1.1] to derive an updated analysis of the ma-
jor current needs [T.1.2] and characterize limitations and drawbacks of products and models al-
ready available related to the considered Theme [T.1.3].

On the basis of such analysis, the Contractor shall then derive a consolidated, coherent and com-
plete view of the scientific requirements associated with the Theme into consideration. Accord-
ingly, the Contractor shall describe into details the technical constraints for the target products,
the coupled model and the experimental dataset to be developed [T.1.4].

Deliverables:

Requirement Baseline (RB): This document shall include a complete and detailed description of
the information requirements concerning the investigated Theme identified by the iLEAPS IPO
(see Annex A). The RB will represent the basis for all the activities to be carried out during the
project.

Task 2: Preliminary Analysis

Description:

In this task, the Contractor shall perform a comprehensive review of current initiatives, algo-
rithms, models and EO-based products and datasets that are relevant in the context of the investi-
gated Theme, mainly stressing the attention on ESA and European missions. This shall include:

e An analysis of current ESA and non-ESA mission suitable EO data [T.2.1];

e A detailed review and assessment of existing algorithms, models, methods and EO-based
products and datasets, as well as related limitations and drawbacks [T.2.2];

e A cross comparison of currently available products and models [T.2.3];

e A survey of all accessible ancillary data (e.g., in situ data, airborne campaigns data, refer-
ence data) [T.2.4] which could be of use in helping the Contractor to perform an adequate
validation of both the target products and the coupled model to be developed, as well as
an effective cross-comparison with available state-of-art results and a quantitative evalua-
tion of uncertainties (problems such as the lack of sufficient ancillary data shall be inves-
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tigated, the impact assessed, and practical solutions identified);

e A survey of current and upcoming initiatives and projects related to the investigated
Theme [T.2.5].

In performing this analysis, the Contractor shall consider the most recent scientific publications,
as well as researches and operational projects funded in the last few years by ESA, the EC and
R&D national programmes.

Task 2 must be complemented by a proper risk analysis pointing out which risk areas could affect
the final success of the project (as concerns the considered Theme) and the proposed solutions.

All the outcomes from this activity shall be reported in the Preliminary Analysis Report (PAR).

Deliverables:

Preliminary Analysis Report (PAR): This document shall describe the outcomes of the Pre-
liminary analysis. The PAR must complement the RB and represent an input for completing the
Technical Specifications (see Task 3).

Task 3: Technical Specifications

Description:

In this task, the Contractor shall provide a technical answer to the RB and define the technical
specifications for the target products, the coupled model and the experimental dataset to be de-
veloped. In particular, the Contractor shall define, on the basis of both the product portfolio base-
line description (provided in Section 4.1.3 and Section 4.2.3) and the direct consultation with us-
ers, the set of novel EO-based products that are most likely to be useful for improving the esti-
mates of methane emissions from lakes and wetlands (Theme 1), as well as the forecast disper-
sion of greenhouse-gas and aerosol emissions due to vegetation fires (Theme 2) in boreal Eurasia.
The corresponding coupled model to be developed shall be able of taking full advantage of the
whole set of these products. The Contractor shall also specify the validation procedures to be then
adopted for assessing the effectiveness of the target products and the coupled model, respectively.
In both cases, at least three test sites (which may differently affect the respective performances)
shall be specified, for which suitable ancillary data identified in Task 2 are accessible by the Con-
tractor.

To this aim, the Contractor shall provide a description of:

e The technical specifications for each target product (defined on the basis of both the prod-
uct portfolio baseline description provided in Section 4.1.3 and Section 4.2.3 and the di-
rect consultation with users) in terms of accuracy, geographic/temporal coverage, and spa-
tial/temporal sampling [T.3.1];

e The prototype methodological and validation approaches for implementing each target
product and quantitatively estimating related uncertainties [T.3.2];

e The technical specifications for the land-atmosphere coupled model to be developed
(preferably properly adapting one of the available models identified in Task 2) capable of




STSE - ALANIS
e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 22 of 49

taking full advantage of the entire set of target products (to be employed as inputs and/or
constraints of the model) [T.3.3];

e The prototype methodological and validation approach for implementing the coupled
model and quantitatively estimating related uncertainties [T.3.4];

e The technical specifications of the final experimental dataset (to be generated in Phase 3)
in terms of geographic/temporal coverage [T.3.5];

e All EO and non-EO data required in the framework of the project [T.3.6];

e At least three test sites for both the target products and the coupled model to be developed
(which may differently affect the respective performances), for which suitable ancillary
data identified in Task 2 are accessible by the Contractor [T.3.7].

Deliverables:

Technical Specifications (TS): This document shall describe the technical answer to the RB and
shall provide a detailed and complete description of the target products, the coupled model and
the experimental dataset to be developed. The TS shall represent the baseline for Phase 2.

Validation Plan (VP): This document shall describe and justify the validation protocol and
measures to be employed in Phase 2 for assessing the effectiveness of both the target products
and the coupled model to be developed.

512 PHASE 2 - DEVELOPMENT AND VALIDATION

In this phase, which will last maximum 12 months, the Contractor shall develop, implement and
validate the target products and the coupled model defined in Phase 1. This shall be supported by a
verification analysis justifying the implementation choices.

In Phase 2, at least the following tasks shall be performed:
e Task 4: Product Development and Validation;
e Task 5: Model Development and Validation.

A Preliminary Development Review (PDR) will take place at the Contractor premises at the half
of Phase 2. During this meeting, the Contractor shall report the preliminary outcomes of Task4 and
Task 5. Potential modifications and improvements identified and agreed with ESA during the PDR
shall be implemented and properly validated by the Contractor before the end of Phase 2.

Phase 2 will end on ESA acceptance of all the deliverables scheduled for Task 4 and Task 5. In par-
ticular, at the end of Phase 2 a Qualification Review (QR) will take place in ESRIN to review the
progress of activities and results obtained. During the QR, the adequacy, reliability and accuracy of
the target products and the coupled model developed shall be reviewed and evaluated. Also deliver-
ables produced in Phase 2 will be considered in the review process, as well as validation results. A
special attention will be devoted to cross-comparison activities to be carried out for assessing the
effectiveness of the developed products and models with respect to currently available counterparts.
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On the basis of the outputs of the QR, the Agency reserves the right to revise successive tasks of the
activity and a contractual go/no-go decision shall be made by ESA on whether to continue to Phase
3. The decision will be based on:

Timely delivery of all deliverables;
Scientific and technical quality of deliverables;
Assessment of deliverables against the requirements specified in the SoW,;

(0]
(0]
(0]
o Feasibility of remaining activities.

Task 4: Product Development and Validation

Description:

In this task, on the basis of the PAR and the TS, the Contractor shall develop and validate the en-
tire suite of target products identified in collaboration with the iLEAPS IPO in the RB.

For each target product, an end to end suitable algorithm should be implemented [T.4.1]. Then,
the Contractor shall carry out a detailed experimental analysis for testing and verifying all the dif-
ferent implementation choices [T.4.2] and ultimately evaluate the effectiveness of the developed
products according to the VP [T.4.3]. In particular, the experimental analysis shall be carried out
on at least three different test sites (already identified in Task 3) with characteristics that could
differently affect the performances, for which suitable ancillary data shall be accessible by the
Contractor.

A detailed description of the final version of the algorithms (including related data sources, proc-
essing steps and output data) shall be reported by the Contractor into the Product Development
Definition File (DDF-P) [T.4.4]. Moreover, a scientific analysis of the results driving to specific
development choices and trade-offs (including technical considerations justifying the selected
methodologies) shall be provided by the Contractor into the Product Development Justification
File (DJF-P) [T.4.5].

The Contractor shall also report a detailed description of the validation analysis into the Product
Validation Report (VR-P) [T.4.6], which shall also include a cross-comparison against currently
available alternative products derived from both ESA and non-ESA missions. Moreover, the VR-
P shall also include a quantitative assessment of the uncertainties associated with each target
product, which shall demonstrate and emphasize their improved capabilities.

Note:

As concerns Theme 2, cross-comparison between the fire injection height product to be devel-
oped from ENVISAT AATSR/MERIS data and the TERRA MISR counterpart currently avail-
able product is mandatory.

Deliverables:

Product Development Definition File (DDF-P): This document shall describe into details all the
algorithms implemented for developing the whole suite of target products, as well as related data
sources, processing steps and output data. In particular, the DDF-P shall include both a Data
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Processing Model (DPM) and a Product Description Manual (PDM) providing a complete de-
scription of all the algorithms (both theoretical and technical) and corresponding input/output
data flows, respectively.

Product Development Justification File (DJF-P): This document shall report a scientific analy-
sis of the results driving to specific development choices and trade-offs for all the algorithms im-
plemented for developing the whole suite of target products. Technical considerations justifying
the selected methodologies shall be also provided.

Product Validation Report (VR-P): This document shall describe all the experimental valida-
tion activities carried out according to the procedure specified in the VP for assessing the effec-
tiveness of the developed target products. The VR-P shall compare final products against the TS.
Moreover, a detailed cross-comparison with already existing similar products shall also be in-
cluded, as well as a quantitative assessment of the uncertainties associated with each product.

Task 5: Model Development and Validation

Description:

In this task, on the basis of the PAR and the TS, the Contractor shall develop and validate a suit-
able land-atmosphere coupled model identified in collaboration with the iLEAPS IPO in the RB
capable of taking full advantage of the whole set of novel target products developed in Task 4 (to
be employed as inputs and/or constraints of the model) [T.5.1].

In particular, besides developing a coupled model ex-novo, the Contractor is encouraged to prop-
erly adapt one of the models currently available in the literature (among those already identified
in Task 2).

The Contractor shall carry out a detailed experimental analysis for testing and verifying all the
different implementation choices [T.5.2] and ultimately evaluate the effectiveness of the devel-
oped model according to the VP [T.5.3]. In particular, the experimental analysis shall be carried
out on at least three different test sites (already identified in Task 3) with characteristics that
could differently affect the performances, for which suitable ancillary data shall be accessible by
the Contractor.

A detailed description of the final version of the model (including a description of all the configu-
ration parameters and a summary assessment of their function, sensitivity, value range and likely
impact on model outputs) shall be reported by the Contractor into the Model Development Defi-
nition File (DDF-M) [T.5.4]. Moreover, a scientific analysis of the results driving to specific de-
velopment choices and trade-offs (including technical considerations justifying the selected
methodologies) shall be provided by the Contractor into the Model Development Justification
File (DJF-M) [T.5.5].

The Contractor shall also report a detailed description of the validation analysis into the Model
Validation Report (VR-M) [T.5.6], which shall also specify any deficiencies, problems and
known configuration limitations of the model, as well as describe the domain of validity of the
model in terms of space and time scales and range of physical parameters. Moreover, the VR-M
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shall also include a quantitative assessment of the uncertainties associated with model outputs,
which shall demonstrate and emphasize the improved capabilities of both the model and the suite
of target products developed in the framework of the project.

Note:

Employing the entire suite of target products as inputs and/or constraints of the coupled model to
be developed might entail the use and/or implementation of proper inverse modelling techniques:

e As concerns theme 1, the ensuing coupled model should be capable of improving methane
emission estimations from boreal Eurasian lakes and wetlands at a regional scale also di-
rectly exploiting satellite observations of atmospheric methane concentrations;

e As concerns theme 2, the ensuing coupled model should be capable of improving estima-
tions of greenhouse-gas and aerosol dispersion forecasts due to biomass burning events
occurred in boreal Eurasia at a global scale also directly exploiting satellite observations
of greenhouse-gas and aerosol dispersion over time.

Deliverables:

Model Development Definition File (DDF-M): This document shall provide a description of the
final version of the model (both theoretical and technical), as well as of all the configuration pa-
rameters for the model and a summary assessment of their function, sensitivity, value range and
likely impact on model outputs. Moreover, the DDF-M shall properly report how to configure the
model and how to read and interpret model outputs.

Model Development Justification File (DJF-M): This document shall report a scientific analy-
sis of the results driving to specific development choices and trade-offs for the developed coupled
model. Technical considerations justifying the selected methodologies shall be also provided.

Model Validation Report (VR-M): This document shall describe all the experimental validation
activities carried out according to the procedure specified in the VP for assessing the effective-
ness of the developed model. The VR-M shall describe the domain of validity of the model in
terms of space and time scales and range of physical parameters. Moreover, the VR-M shall also
include a quantitative assessment of the uncertainties associated with model outputs, which shall
demonstrate and emphasize the improved capabilities of both the model and the suite of target
products developed also with respect to already existing similar products.

5.13 PHASE 3 - DATASET GENERATION, MODEL PROCESSING AND PHASE OUT

In this final phase, which will last up to 4 months, the Contractor shall generate the experimental
dataset as well as the corresponding model experimental outputs (obtained by processing the ex-
perimental dataset into the coupled model developed in Phase 2). Moreover, the Contractor shall
also set up solid bases for further developments of the project and identify potential follow-up ac-
tivities. In particular, the attention shall be focused on identifying potential scientific developments
within the STSE and demonstration activities for dedicated large scale information services within
the Data User Element.
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In Phase 3, at least the following tasks shall be performed:
e Task 6: Experimental Dataset Generation;
e Task 7: Model Experimental Processing;
e Task 8: Scientific Roadmap;
e Task 9: ALANIS workshop.

At the end Phase 3, a Final Review (FR) will take place in ESRIN to review with the Contractor
the experimental datasets, the model experimental outputs and the proposed Scientific Roadmap.
The Contractor shall provide the final datasets and outputs, as well as Phase 3 deliverables within
the FR.

Task 6: Experimental Dataset Generation

Description:

In this task, the Contractor shall generate an experimental dataset consisting of the entire set of
novel target products (developed and validated in Task 4) engendered for a reference period over
a specific area of interest [T.6.1]. In particular:

e As concerns Theme 1, the experimental dataset shall cover a period of two years over the
whole boreal Eurasian region;

e As concerns Theme 2, the experimental dataset shall refer to a consistent number of fire
events occurred in a period of three years over the whole boreal Eurasian region.

The experimental dataset shall be complemented by proper documentation and metadata [T.6.2]
and then delivered to the scientific community for: i) fostering additional validation activities and
further cross-comparisons; and ii) supporting user acceptance.

Both the experimental dataset and related documentation and metadata shall be available on-line
and promoted within potential user communities [T.6.3]. To this aim, the Contractor shall guaran-
tee free access for consolidating the dataset within the iLEAPS scientific community and promote
its employment to potential future users (e.g., key institutions). In this context, synergies with
modellers and users shall be developed for testing the effectiveness of target products in the
framework of other state-of-art coupled models.

Deliverables:

Experimental Dataset: An experimental dataset consisting of the entire set of novel target prod-
ucts (developed and validated in Task 4) engendered for a reference period over a specific area of
interest (defined in accordance with ESA) as well as related documentation and metadata shall be
provided.

Task 7: Model Experimental Processing

Description:
In this task, the Contractor shall process the experimental dataset generated in Task 6 into the
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coupled model developed and properly validated in Task 5 [T.7.1]. This will allow to obtain the
following experimental output products:

e« Theme 1: estimates of methane emissions from northern lakes and wetlands over the en-
tire boreal Eurasian region for a period of two years;

o Theme 2: greenhouse-gas and aerosol dispersion forecasts for a consistent number of fire
events occurred in a period of three years over the whole boreal Eurasian region.

The Contractor shall also perform an impact analysis for investigating the sensitivity of the ex-
perimental output products [T.7.2], as well as properly estimating their uncertainties and charac-
terizing their effectiveness with similar products currently available (among those already identi-
fied in Task 2) [T.7.3]. These activities shall be described into details in the Impact Assessment
Report (IAR).

Model experimental output products shall be available on-line and promoted within potential user
communities [T.7.4]. To this aim, the Contractor shall guarantee free access for consolidating the
outputs of the model experimental activity within the iLEAPS scientific community and promote
their employment to potential future users (e.g., key institutions).

Deliverables:

Model Experimental Outputs: Output products obtained by processing the experimental dataset
generated in Task 6 into the coupled model developed and validated in Task 5 shall be provided.

Impact Assessment Report (IAR): This document shall describe the analysis carried out for
evaluating the sensitivity of the model experimental outputs. The IAR shall also include a proper
assessment of their uncertainties and a suitable comparison with similar products currently avail-
able (among those already identified in Task 2).

Task 8: Scientific Roadmap

Description:

In this task, the Contractor shall define a Scientific Roadmap for fostering future developments in
support of the iLEAPS community and transferring the outcomes of the ALANIS project (as con-
cerns the investigated Theme) into operational activities. In particular, attention shall be focused
on advancing toward maximizing the use of ESA data. Note that at least the following issues shall
be considered:

e Providing a critical analysis of all the feedbacks from scientists and institutions that have
accessed the experimental datasets [T.8.1];

e ldentifying potential strategies for integrating target products into other existing models at
different scales for demonstrating their improved effectiveness for science and applica-
tions [T.8.2];

e Defining a scientific development strategy for establishing long-term multi-mission data
records responding to the needs consolidated in the RB as a support to scientists and users
involved in investigating the considered Theme [T.8.3];
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e Defining a potential plan for fostering a transition from research to operational activities
(a demonstration end-to-end system shall be proposed) [T.8.4];

e ldentifying scientific priority areas to be addressed in future STSE projects in support of
the iLEAPS community as a follow up activity of the ALANIS project (as concerns the
investigated Theme) [T.8.5];

e Recommending further advances in other potential relevant areas (e.g., future missions,
in-situ validation, etc.) [T.8.6].

Deliverables:

Scientific Roadmap (SR): This document shall define strategic actions for fostering a transition
of the target products and the coupled model developed in the project from research to opera-
tional activities. In particular, the SR shall describe potential developments for establishing long-
term multi-mission data records, as well as identifying further relevant issues (related to the in-
vestigated Theme) to be addressed by future STSE projects in support to the iLEAPS community.

Task 9: ALANIS Final Workshop

Description:

In this task, the Contractors of each ALANIS theme shall integrate and cooperate for organizing a
final workshop in collaboration with the iLEAPS IPO [T.9.1] aimed at:

e Presenting and promoting the outcomes of the ALANIS project to the iLEAPS commu-
nity;

e Discussing the proposed scientific roadmap;

e Collecting feedback and deriving recommendations for further related ESA activities.

Deliverables:
Final Workshop.

5.2 Workplan for Theme 3

In Table 5.1, a description of the tasks to be carried out in the context of ALANIS Theme 3 is pro-
vided. Any eventual change or modification shall be properly justified by the Contractor. The pro-
ject shall last up to 20 months.

Note that at least the following tasks shall be performed:
e Task 1: Preliminary Analysis;
e Task 2: Development and Validation;
e Task 3: Scientific Roadmap.
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Table 5.1 - Description of the tasks to be carried out in the context of ALANIS Theme 3.

Task

Description

Deliverables

1. Preliminary
Analysis

The Contractor shall perform a comprehensive review
of current initiatives that are relevant in the context of
the investigated Theme. This shall include:

o A detailed assessment of existing products, datasets,
models and algorithms, as well as related limita-
tions and drawbacks;

e An analysis of current ESA and non-ESA mission
suitable EO data;

o Asurvey of all accessible ancillary data (e.g., in situ
data, airborne campaigns data, reference data)
which could be of use in helping the Contractor to
perform adequate validation activities;

e A survey of current and upcoming initiatives and
projects related to the investigated Theme.

In performing this analysis, the Contractor shall con-

sider the most recent scientific publications, as well as

researches and operational projects funded in the last
few years by ESA, the EC and R&D national pro-
grammes.

Preliminary Analysis Report:
This document shall describe the
outcomes of the Preliminary
analysis.

2. Development
and
Validation

The Contractor shall develop and validate:

e Novel algorithms solely exploiting as input cur-
rently available EO-based products for discriminat-
ing natural from anthropogenic aerosols in boreal
Eurasia;

o Novel strategies for assimilating already existing
EO-based products into chemical transport models
currently available in the literature to discriminate
natural from anthropogenic aerosols in boreal Eura-
sia.

The Contractor shall implement at least three different
case studies for evaluating the performances of both the
developed algorithms and models. Experimental activi-
ties shall be carried out on different test sites with char-
acteristics that could differently affect the perform-
ances, for which suitable input and ancillary data shall
be accessible by the Contractor. Moreover, the Contrac-
tor shall perform detailed quantitative and qualitative
analysis and cross-comparison of the final output prod-
ucts obtained by both the approaches.

Feasibility Study Report:

This document shall provide a
description of the final version of
the developed algorithms and
models, related validation, as well
as a detailed analysis of the out-
put products and comprehensive
cross-comparison activities.

Case Studies:

The Contractor shall provide at

least three case studies consisting

of:

o Input data for both the devel-
oped algorithms and models;

o Final output products;

o Related documentation.

3. Scientific
Roadmap

The Contractor shall define a Scientific Roadmap for
fostering future developments in support of the iLEAPS
community and transferring the outcomes of the project
into research and development activities. In particular,
attention shall be focused on advancing toward maxi-
mizing the use of ESA data.

Scientific Roadmap:

This document shall describe po-
tential developments for identify-
ing further relevant issues to be
addressed by future STSE pro-
jects in support to the iLEAPS
community.
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5.3 Horizontal activities

Two horizontal activities shall be addressed in the framework of the ALANIS project for all the
Themes:

e Promotion;

e Management and coordination.

531 PROMOTION

The Contractor shall define and implement a Promotion Plan (as concerns the investigated Theme)
[M.1] for:

e Providing evidence of submitted papers on the results of the ALANIS project in relevant
peer-reviewed international science journals;

e Establishing connections between ALANIS and other relevant projects within iLEAPS and
IGBP;

e Promoting the results of the ALANIS project within the iLEAPS and IGBP communities,
maximising the visibility of ESA into their individual programmes;

e Promoting the ALANIS results and distributing free experimental output data to scientific
and user communities;

e Representing ALANIS in scientific conferences, meeting and workshops through scientific
presentations and exhibitions.

This Promotion Plan shall be submitted to ESA for approval before the end of Task 1 and shall be
executed during and after the project lifetime.

The Contractor shall set up (before the end of Task 1) a web site for the project, which shall be
maintained up to at least two years after the end of the project [M.2]. The web site shall provide a
direct access to different products and data sets developed during the project. Contents of the web
site shall require the ESA approval before being published.

532 MANAGEMENT AND COORDINATION
The Contractor shall provide at least the following deliverables:

e Project Management Plan (due within the first month of the Project), which shall include
both a Quality Management Plan (applied during the project lifetime) and a Working Plan
(describing the intended approach to work with users) [M.3];

e Project Technical Deliverables (specified in Section 5.1 and Section 5.2) [M.4];
e Monthly Progress Reports [M.5];

e Final Report for public access (executive summary of the project summarising relevant
achievements) [M.6].
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Eesa

The Project Management Plan shall present the objectives of each deliverable, describe major ele-
ments and include a preliminary Table of Content. Moreover, it shall be updated during the whole
project (at least at the end of each Task).

As concerns Theme 1 and Theme 2, the schedule of planned activities shall comply with the mile-
stones reported in Table 5.2. In addition, a Progress Meeting (PM) will take place every 3 months at
the Contractor premises (except for those coinciding with one of the reviews).

For Theme 3, the Contractor shall propose a different reduced scheduling.

Table 5.2 - List of Milestones for ALANIS Theme 1 and Theme 2.

Phase Review Milestone Place
1 RER End of Phase 1 ESRIN

’ PDR End of Preliminary Development Contractor Premises
QR End of Phase 2 ESRIN
3 FR End of Phase 3 ESRIN

Tables 5.3 and 5.4 provide the list of deliverables for Themes 1 and 2, and Theme 3, respectively.

Table 5.3 - List of deliverables for ALANIS Theme 1 and Theme 2.

Activity

Deliverable

Scientific Requirement Consolidation

Requirement Baseline (RB)

Preliminary Analysis

Preliminary analysis Report (PAR)

Technical Specifications

Technical Specifications (TS)
Validation Plan (VP)

Product Development and Validation

Product Development Definition File (DDF-P)
Product Development Justification File (DJF-P)
Product Validation Report (VR-P)

Model Development and Validation

Model Development Definition File (DDF-M)
Model Development Justification File (DJF-M)
Model Validation Report (VR-M)

Experimental Dataset Generation

Experimental Datasets

Model Experimental Processing

Model Experimental Outputs
Impact Assessment Report (IAR)

Scientific Roadmap

Scientific Roadmap (SR)

ALANIS Final Workshop

ALANIS Final Workshop

Project web site

Promotion Publications
Presentations
Standard ESA documents
Management

Final Report
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Table 5.4 - List of deliverables for ALANIS Theme 3.

Activity Deliverable

Preliminary Analysis Preliminary analysis Report

Feasibility Study Report
Case Studies

Development and Validation

Scientific Roadmap Scientific Roadmap
Project web site
Promotion Publications

Presentations

Standard ESA documents
Final Report

Management

As concerns Theme 1 and Theme 2, the project manager shall ensure that the following coordina-
tion activities are implemented:

e Ensuring and coordinating the synergy with relevant national and European projects and
programmes [M.7];

e Coordinating the effective access to all the data required in the framework of the project (as
concerns the investigated Theme), with a special attention to those necessary for validation
activities [M.8];

e Coordinating the collection and the analysis of the scientific requirements (and correspond-
ing feedback) from the iLEAPS community [M.9].
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6 ADDITIONAL ISSUES

6.1 EO Data Procurement

The Contractor shall use suitable ESA data to the largest extent [M.10]. To this aim, the Contractor
shall be entitled to acquire any ESA data required at conditions and prices for Category-1 use [URL
3]

It is worth noting that all the products and related algorithms, as well as models to be developed
shall require input EO products derived from different sources of EO data. Accordingly, the Con-
tractor is encouraged to exploit both ESA and non-ESA EO mission data when appropriate to the
work to be performed.

Moreover, the Contractor is also encouraged to exploit ESA historical archives.

Data procurement can be quoted, but all the procurement with the ESA budget will be property of
ESA and will only be given at the disposal of the Contractor in the framework of the project. Terms
and conditions from the Data Distributors are to be fully understood and strictly fulfilled.

Due to Research and Development (R&D) nature of the present contract, the contractor shall ex-
plore the possibility of acquiring non-ESA data required for the project at an R&D compatible
price.

6.2 Special Requirements for Team Composition

Since the subject of the present ITT requires to combine complementary skills and expertise, the
Contractor shall team up a consortium capable of allocating the tasks to be performed to staff that
are qualified and well-experienced in the various relevant fields of the project [M.11]. In particular,
for each Thematic Area the team shall include:

o Scientific groups and/or value adding companies with a strong experience in EO data and
applications;

o Environmental organizations and/or scientific groups with a strong experience in land-
atmosphere processing and modelling.

Bidders shall provide evidence of team expertise in their proposals specifying, in particular, scien-
tific specialisation and involvement in other initiatives relevant to the ALANIS project for each
member.
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ALANIS
AOD
APP
CAT1
CTM
EO
DDF-M
DDF-P
DJF-M
DJF-P
DPM
fAPAR
FR
IAR
IGBP
iLEAPS
IPO
ITT
LAI
LCCS
LS
PAR
PDM
PDR
PM

QR
R&D
RB
RER
TPM
TS
SoWw
SRD
STSE
uT
VGC
VP
VR-M
VR-P

ACRONYMS AND ABBREVIATIONS

Atmosphere-LANd Interaction Study

Aerosol Optical Depth

Applicable Document

Category 1 (Data Policy for ESA EO data procurement)
Chemical Transport Model

Earth Observation

Model Development Definition File

Product Development Definition File

Model Development Justification File

Product Development Justification File

Data Processing Model

fraction of Absorbed Photosynthetically Active Radiation
Final Review

Impact Assessment Report

International Geosphere-Biosphere Programme
Integrated Land Ecosystem-Atmosphere Processes Study
International Project Office

Invitation To Tender

Leaf Area Index

Land Cover Classification System

Lower Stratosphere

Preliminary Analysis Report

Product Description Manual

Preliminary Development Review

Progress Meeting

Quialification Review

Research & Development

Requirement Baseline

Requirement Engineering Review

Third Party Mission

Technical Specifications

Statement of Work

Scientific Requirement Document

Support To Science Element

Upper Troposphere

Vegetation Growth Cycle

Validation Plan

Model Validation Report

Product Validation Report
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ANNEX A ALANIS SCIENTIFIC REQUIREMENT DOCUMENT

1 Introduction

The European Space Agency (ESA) and the Integrated Land Ecosystem-Atmosphere Processes
Study (iLEAPS) as part of the International Geosphere-Biosphere Programme (IGBP) organized a
Scientific Consultation Workshop, held on the 20™ April 2009 and hosted by the Austrian Academy
of Sciences in Vienna for setting up the basis of a joint activity aimed at improving the common
knowledge about land-atmosphere dynamics in Northern Eurasia.

Global biosphere and climate change processes manifest themselves at most in the boreal regions,
and particularly in Eurasia. Indeed, the role of Eurasian boreal ecosystems is essential in global cli-
mate regulation. On the one hand, northern forests are pools of terrestrial carbon and constitute a
global sink of atmospheric carbon dioxide (CO,), thus contributing to the attenuation of greenhouse
effects. On the other hand, boreal lakes and wetlands store large amounts of carbon, partially re-
leased as methane (CH,4) and other trace gases to the atmosphere during spring and summer.

The extent and remoteness of Boreal Eurasia, however, pose a challenge to quantification of both
terrestrial ecosystem processes and their feedbacks to regional and global climate conditions. More-
over, human activities and climate changes occurred in the last few years have altered the natural
equilibrium in that region, thus strengthening the need for an effective mapping and monitoring of
surface-atmosphere exchange interactions. Satellite remote sensing observations allow a regular
monitoring of key characteristics of both the state and time course of changes in boreal ecosystems,
thus being particularly useful for estimating climatic and biospheric changes, as well as for under-
standing their mechanisms and forecasting their future trends.

In this complex framework, the ESA-ILEAPS joint initiative is motivated, on the one hand, by the
increasing need for multi-source datasets required by scientists, modellers and institutions involved
in investigating boreal ecosystems, and, on the other hand, by the growing potentialities offered for
investigating northern high latitudes by existing (and upcoming) ESA and non-ESA missions (thus
allowing unprecedented availability of satellite Earth observation (EO) data for a variety of key pa-
rameters over boreal regions).

This document will describe the preliminary observational requirements needed for identifying key
variables characterizing land-atmosphere dynamics over boreal regions and will serve as the basis
for ESA to launch a dedicated activity (the Atmosphere-LANd Interaction Studies - ALANIS)
within the context of the new program Support to Science Element (STSE). iLEAPS will provide
the scientific input and coordination based upon its current state-of-art global data products.

2 The ESA-ILEAPS ALANIS project Objectives

The ALANIS project aims at supporting iLEAPS research for setting up the scientific grounds for:
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1) Advancing towards the development and validation of novel advanced EO-based multi-
mission products, improved data sets and enhanced applications that may respond directly to
the specific scientific requirements of the iLEAPS community;

2) Improving the observation, understanding and prediction of land-atmosphere processes in bo-
real ecosystems at different spatial and time scales;

3) Setting up a solid scientific basis for further ESA activities in support of the iLEAPS commu-
nity;

4) Defining a scientific roadmap to advance the establishment of long-term common activities.

3 Potential themes for ALANIS

During the ALANIS consultation workshop hosted by the Austrian Academy of Sciences in Vienna
on April 20™ 2009, four potential topics preliminary identified together with the iLEAPS Interna-
tional Project Office (IPO) have been discussed:

o Monitoring northern high latitude lake/wetland dynamics and methane emissions;
o Aerosol dynamics in boreal ecosystems;
o Boreal forest vegetation dynamics and carbon fluxes;

o Biomass burning plume detection and injection height determination.

These four themes refer to the most important areas of research currently carried out by the iLEAPS
community involving issues mainly related to the Northern Eurasia region.

In the following, for each of these topics we will summarize the most relevant outcomes of both
keynote speakers’ presentations and open discussions. In particular, the attention will be focused on
briefly characterizing the problems and pointing out current status and major needs identified dur-
ing the workshop.

Monitoring northern high latitude lake/wetland dynamics and methane emissions

Methane (CH,) is one of the most dangerous greenhouse gases and plays an important role in at-
mospheric chemistry; in particular, its contribution to the current greenhouse effect is about 22%.
Evidence has been found that boreal lakes and wetlands, due to peat accumulation, currently consti-
tute the biggest methane source on Earth, even in comparison to anthropogenic emissions. Accord-
ingly, monitoring their dynamics represent a central issue to be investigated for obtaining reliable
estimates of future emissions.

Besides natural lakes fed by rivers, boreal thaw lakes (over 8ha) and wetlands (below 8ha) form in
regions where ice-bearing permafrost warms and thaws due to a local change in ground conditions
and/or regional climate change. Generally, they tend to be relatively small but numerous, and may
cover 20-40% of the land surface in certain regions (i.e., notably the unglaciated terrain of North-
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east Siberia), often undergoing a dynamic cycle of formation and drainage. Once formed, they ex-
pand with continued thawing of surrounding soils until the following freezing season.

Interactions of CH,4 between water and the atmosphere are key factor for understanding the biologi-
cal and chemical dynamics of northern lakes and wetlands. A relatively small proportion of the total
amount of methane dissolved in water is input from external sources. Instead, although some CH4
may be dissolved in groundwater and surface-water inflow, the majority of dissolved methane is
produced by anaerobic decomposition in sediment. This CH, moves upward to the water column,
where it is ultimately converted to biomass and CO, by methanotrophic bacteria or emitted to the
atmosphere via plants, molecular diffusion and ebullition.

In order to obtain regional estimates of methane emissions more reliable than those currently avail-
able, nowadays there is a significant need for:

o A combined monitoring of different variables that can be provided as input to existing land-
surface models capable of simulating methane production;

o Direct measurements of CH, emissions to be employed for validation purposes.

In this context, it is largely partaken that only remote sensing provides both the necessary inputs
and reference values to verify the models at the required temporal and spatial scales.

So far, the most relevant parameters to be monitored have been identified as the following:
o Lake and wetland extent;

Soil moisture;

Surface temperature;

Vegetation type;

Snowmelt;

Freeze/thaw transition.

©O O O O O

It is worth noting that the development of long-term datasets of products referring to these variables
would allow sensible improvements in current estimates.

Assessing long-term changes in the extent of boreal lakes and wetlands can be performed by means
of optical satellite data, which proved effective discrimination capabilities (i.e., they also allow to
properly identify different types of inundated vegetation) but generally suffer from high cloud cov-
erage at northern latitudes (preventing their employment for short-term changes). SAR data, in-
stead, are particularly suitable for identifying daily to seasonal changes due to their all-weather
monitoring capabilities.

Since lakes and open waters can be easily identified with microwave data with a proper spatial reso-
lution, their dynamics can be monitored through the analysis of multitemporal series. In such
framework, ENVISAT ASAR GM and WS data have proven to be a valuable source of information
to this purpose. However, as concerns wetland monitoring, due to their complex nature, the integra-
tion of further information is mandatory for obtaining reliable discrimination. In particular, account-
ing for soil moisture will allow differentiating between different sub-types, to which specific
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amounts of methane emissions correspond. This could be possible for instance by employing active
microwave data derived from scatterometers (e.g., ERS series scatterometers, METOP ASCAT),
that permit a reliable retrieval of surface wetness. This type of data, due to the sensitivity to dielec-
tric properties, is also useful for determining the start/end of thawing/freezing period, which is di-
rectly related to snowmelt and, thus, helps identifying inundated vegetation areas. As concerns sur-
face temperature, both optical and passive microwave sensors can be used for an effective retrieval.

In the challenging task of monitoring northern lakes and wetlands, it must be taken into account that
different information classes are characterized by specific spatial and temporal dynamics. Peatlands
and fens may vary from an extent of few squared meters to several squared kilometres, but gener-
ally experiment long-term changes (i.e., annual to decadal). Tundra ponds, instead, are smaller (at
maximum few hectares) but often vary on a weekly to annual scale. Seasonal floodings even exhibit
a higher temporal variability (i.e., weekly to monthly), with a spatial extent from few hundreds of
squared meters to some tens of squared kilometres.

Due to the lack of input data for some of the aforementioned parameters at proper scale, current
methane-emission estimates derived from different land-surface models exhibited large uncertain-
ties. To this aim it would be important to obtain regular direct measurements of methane emissions
at regional scale (even characterized by a reduced spatial resolution with respect to the extent of bo-
real lakes and wetlands) for validation purposes. This has been proven to be feasible through the
employment of ENVISAT SCIAMACHY data. A proper long term analysis of this type of data
would help the improvement of existing models that can benefit from the use of several remote
sensing data as assessed above.

Aerosol dynamics in boreal ecosystems

Atmospheric aerosols play a key role in the Earth’s climate system by scattering and absorbing so-
lar radiation and by acting as cloud condensation nuclei (CCN).

Northern latitudes are affected by both natural and anthropogenic aerosols. On the one hand, natural
aerosols over the continental boreal environment are mostly generated as secondary organic aero-
sols from biogenic emissions of boreal forests (especially during the biogenically active part of the
year). On the other hand, high northern latitudes are impacted periodically by long-range trans-
ported anthropogenic aerosols, such as those formed by energy production, traffic and industrial
activities.

Quantifying the effects of atmospheric aerosols requires detailed information on their physical and
chemical properties as well as on their spatial distribution and temporal variability in the atmos-
phere. Detailed physic and chemical properties can only be measured in situ, and a few networks of
ground measurement sites have already been established for this purpose (e.g., AERONET). Aero-
sol vertical distributions, instead, can be effectively determined with lidar, aircraft or balloon meas-
urements. As concerns satellites, they provide aerosol data with a high spatial coverage, but they are
mainly confined to a few column-integrated properties such as the aerosol optical depth (AOD) and
the Angstrém parameter (which characterizes the shape of the size distribution). This is generally
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carried out by employing optical sensors (e.g., ENVISAT MERIS and ASAR, TERRA/AQUA
MODIS, NOAA AVHRR, MSG SEVIRI, etc.). However, disturbing effects by the varying surface
albedo and clouds make such data inaccurate at low aerosol concentrations.

In this complex framework, it has become clear that assessing the various effects of atmospheric
aerosols at a regional and global scale requires a synergic complementary use of surface measure-
ments, remote sensing techniques and proper transport and atmospheric models. Such a concept has
already been applied when trying to reduce the existing uncertainties in the direct radiative forcing
by anthropogenic aerosols, when determining ground-level aerosol concentrations over large geo-
graphic scales, and when analysing and predicting regional air pollution episodes caused by aero-
sols.

Nowadays, one of the primary objectives for researchers involves the possibility of effectively char-
acterizing both the spatial distribution and temporal variability of natural and anthropogenic aero-
sols at high northern latitudes and estimating their implications on air quality and climate change.

Related to these goals, the following aspects are also of major concern:
0 Characterizing the AOD associated with natural aerosols emitted by boreal forests;

o Deriving a statistically significant relationship between AOD and the concentration of both
natural and anthropogenic aerosols at high northern latitudes;

o Evaluating the contribution of natural aerosol loading over boreal forests in aerosol-cloud-
climate interactions;

Predicting particulate air pollution episodes over high northern latitudes;
Estimating the nucleation and Aitken mode particle concentrations.

Boreal forest vegetation dynamics and carbon fluxes

Boreal Eurasian forests are assumed to store more carbon than any other terrestrial ecosystem on
the planet (i.e., around 20-25% of the total carbon stored on Earth). Accordingly, due to both their
sensitivity to change and their size, they are likely to affect the global climate system by modifying
the global carbon budget altering its release and sequestration.

Warming in the northern high latitudes has been extremely rapid in recent decades and it is pro-
jected to considerably exceed global average rates in the next future. Changes in precipitation pat-
terns, instead, are less certain, but for large boreal regions, soil moisture is projected to decline as
increased evaporative demand exceeds possibly enhanced precipitation. Such estimated trends fuel
debate on the associated medium- to long-term changes in boreal Eurasian carbon pools. In particu-
lar, the possibility for substantial carbon cycle feedbacks in the climate system has been recently
identified in a number of modelling studies.

Complex interactions with natural disturbance regimes (e.g., fire events and insect outbreaks) have
demonstrated their effects on accelerating transient of carbon. However, the boreal region may not
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be uniformly vulnerable to climate change in terms of net carbon loss. In fact, warming is expected
to stimulate mineralization and hence to enhance nitrogen availability for plant growth. Considering
the strong nitrogen limitation observed in many boreal forest soils makes also this process crucial
for projecting climate-carbon cycle interactions in the future.

A number of important scientific questions arise from boreal land-atmosphere interactions in the
light of rapid climate change. In particular, main research themes involve the study of:

o Vegetation structure/type changes and related effects on carbon cycle;

o Effects of climate change on carbon-water-nutrient cycle and subsequent effects of carbon-
water-nutrient cycle changes on terrestrial climate;

o Effects of climate and atmospheric changes in albedo associated with vegetation cover
changes;

o Current status and recent trends of boreal Eurasian forests, not only in terms of total geo-
graphic extent but also in terms of relative proportions of major vegetation types (deciduous
vs. evergreen forest, forest vs. wetland) and canopy structure (height, density);

o Effects of climate change on carbon cycle, water cycle, and disturbances in permafrost re-
gions;

o Extent and effects of disturbances (e.g., logging; insect outbreaks, fire events) on climate
feedbacks.

It is worth noting that, small errors in spatial characterisation of boreal Eurasian forests can rapidly
cause large errors in overall carbon budget estimations. Therefore, ecosystem response to climate
change in such region must be carefully taken into consideration. As an example, increased green-
ing has already been documented from remote sensing (e.g., migration on larch forests into the tun-
dra in Siberia). However, a more general picture on vegetation dynamics is still missing. Equally
important is to detect traces of changes along the southern transition between forest into steppe or
even in the most central areas which may by vulnerable to increased evaporative demand and
changed vegetation patterns. At the same time the translation of vegetation changes into alterations
of biosphere-atmosphere exchanges of carbon (and water) is a crucial ingredient for understanding
the feedbacks of climate change on the carbon cycle. Eddy covariance flux tower provide an excel-
lent and non-destructive tool for this purpose. In fact, if cross-site analyses and integration with re-
mote sensing data are performed, it is possible to generalize and up-scale from single-site observa-
tions in space and time.

In the last decade, remote sensing has made a big progress towards specific land-surface observa-
tion and retrieval of biophysical quantities such as albedo and fraction of absorbed radiation (fA-
PAR), which have been effectively employed for continental-scale estimates of vegetation produc-
tivity. Promising attempts have been also carried out not only to infer the vegetation radiation ab-
sorption, but also its photochemical state through the estimation of the photochemical reflectance
index (PRI). Moreover, land surface temperature is operationally derived both from geostationary
and polar-orbiting satellites. A considerable improvement has been obtained by introducing passive
and active microwave sensors, which are not affected by cloud cover or other atmospheric distur-
bances and yield information both on vegetation structure/biomass and soil water status. Even more



STSE - ALANIS
e S a issue 1 revision 2 - 01 September 2009
STSE-LAND-EOPG-SW-09-0001

page 41 of 49

detailed information of canopy structure is expected from lidar applications, which are not yet op-
erational at continental scale.

Terrestrial models are rapidly improving their ability of representing canopy structure, vegetation
dynamics, disturbance events and associated links to carbon pool changes. In this framework, re-
mote sensing information is vital for model evaluation. However, remote sensing data can be even
directly integrated into the models themselves for obtaining an analysis of climatic change impacts
on future carbon fluxes. In particular, they can be used even to impose further model constraints
complementing ground observations.

For addressing these issues, the following remote sensing derived products are required at present:
o Continuous fields of canopy cover for major vegetation types;

Seasonal to interannual changes and trends in canopy leaf area index, fAPAR and albedo;

Land surface temperature;

Snow cover extent and thickness;

Soil moisture;

Frozen soil extent;

Continuous fields of growing stock volume or stem density and canopy height;

Defoliated area (e.g., due to insect attacks).

O 0O O 0O o o o©°

Biomass burning plume detection and injection height determination

Boreal fires play a major role in carbon dynamics as they can determine the magnitude of net biome
productivity through combustion (most direct carbon loss during fire events is usually from below-
ground fuel), decomposition of fire-killed vegetation and stand renewal (i.e., young successional
stands have potential to be greater sinks than mature stagnant forests). These events are particularly
stressed up in Eurasia, where the number and extent of boreal forest fires is dramatically increasing
(e.g., catastrophic fires cover approximately some millions of hectares annually in Russia alone, but
it is a general assumption that Russian statistics may be underestimated). Furthermore, trend obser-
vations let us expect an increase in fire activity in the next few years as well as longer fire seasons.
Warmer conditions caused by increased greenhouse gases will make the weather more conductive
to fires, and, thus, will cause a further increase in greenhouse gases due to greater carbon release.

Biomass burning events represent an important source of gases and particles released into the at-
mosphere; in particular, a wide variety of species are emitted, including mainly carbon dioxide
(COy), carbon monoxide (CO) and methane (CH,). In general, a large amount of thermal energy is
released creating a strong updraft. For most fires, the plume initially rises no further than the
boundary layer; then, after some time, it can be transported zonally as well as vertically into the free
and eventually the upper troposphere. In other cases, instead, the species are injected directly into
the upper troposphere or even the stratosphere (e.g., pyro-convective events). This has a strong im-
pact on pollutant dispersion, since in the troposphere the pollutants are advected away faster from
the source region and can extend even over several thousand kilometres. As it is crucial for under-
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standing how the smoke will disperse, the accurate estimate of injection heights for biomass burn-
ing emissions is of fundamental importance for aerosol transport modelling.

In this context, there have been numerous studies on the chemical characterization of biomass burn-
ing plumes at different stages of their evolution. Measurements have been made from the ground or
from aircrafts using a variety of techniques and modelling of transport and photochemistry have
been carried out. Nevertheless, up to now it has not been possible to obtain precise estimations of
injection height; therefore, a common assumption in global models is to assume a constant injection
height, which results in sub-optimal performances.

The employment of satellite-based instruments in recent years has helped in the analyses of the
chemical composition of plumes from large fires, providing a better spatial and temporal sampling
of the burning events. Infrared and UV-visible nadir sounders have provided a wealth of data, ena-
bling the concentration distributions of several important biomass burning products to be derived.
However, these measurements lack vertical resolution thus still avoiding precise estimation of injec-
tion height. Recently, automatic plume detection has been pioneered by exploiting both NASA'’s
AVHRR (advanced very high resolution radiometer) and MISR (multiangle imaging spectro-
radiometer) sensors. In particular, the MISR sensor has revealed the capability of effectively esti-
mating plume heights using multiple view observations by exploiting a method developed for cloud
top-height determination (i.e., plume height and movement are retrieved by matching the same
plume at three different angles) which is independent from radiometric calibration, atmospheric
temperature profile and plume emissivity. With respect to techniques based on lidar sensors (e.g.,
CALIPSO), this stereo approach does not rely on any external information or assumptions concern-
ing the aerosols or plumes.

In the light of: i) their dual view stereo scanning capability (i.e., nadir 0°-22° and forward 55°-52°);
and ii) the long-term availability of data (i.e., continuous records are available since 1991), in the
scientific community there is an increasing need for developing techniques based on ATSR sensor
series (ERS-1 ATSR-1, ERS-2 ATSR-2 and ENVISAT AATSR) similar to that developed for the
MISR sensor.

To obtain an accurate large-scale prediction of biomass smoke distribution, a proper combination of
models is necessary (i.e., emission models, injection models, transport models and chemical process
models). In such context, there is a significant need for obtaining datasets of remote sensing prod-
ucts which can be then effectively employed for improving current estimates. In particular informa-
tion related to fire radiated energy, fire geometry, fire weather and synoptic meteorology and emit-
ted species (e.g., CO, aerosol, particle size spectrum, optical properties, CO,, etc.) is needed.
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ANNEX B  TECHNICAL NOTES

For properly addressing the ALANIS project, the Contractor is encouraged to take into considera-
tion research and development advances recently proposed in the literature, as well as existing data
sets available from previous or on-going relevant ESA initiatives. A summary of the most signifi-
cant activities is provided in the following.

Technical Notes relevant to Theme 1

ALANIS Theme 1 involves the estimation of methane emissions (atmosphere component) from
Eurasian boreal lakes and wetlands (land component). In the literature, ESA data have already been
employed in the context of different studies for retrieving useful information about the EO-based
products included into the baseline portfolio described in Section 4.1.3 for this Thematic Area. In
particular:

Promising works accounting for C-band ENVISAT ASAR (Advanced Synthetic Aperture Ra-
dar) data time series have recently proved their effectiveness in estimating variations of boreal
lake/wetland spatial extent at different scales in Global (i.e., 1 km spatial resolution) [REF32]
or Wide Swath mode (i.e., 150 m spatial resolution) [REF33];

The ERS-1 and ERS-2 C-band scatterometers have been proven useful for globally deriving
relative soil moisture with 50 km spatial resolution since 1992 [REF34]. Nowadays, continua-
tion is ensured by the ASCAT (Advanced SCATterometer) instrument mounted on board of
MetOp-A (an ESA-EUMETSAT joint mission), which provides even shorter revisit intervals
and increased spatial resolution (i.e., 25 km). In particular, it has been demonstrated that near
surface soil moisture can be determined by means of a time series analysis [REF35],[REF36].
The ENVISAT Radar Altimeter 2 (RA-2), which is the improved follow-on to earlier radar al-
timeters on the ERS-1 and ERS-2 spacecrafts, has instead demonstrated a good capability of
detecting changes in water table levels [REF37];

C-band as well as Ku-band scatterometers proved suitable for detecting snowmelt events. In
this framework, C-band MetOp-A ASCAT as well as Ku-band SeaWinds Quickscat (ESA’s
third party mission) provides useful measurements (both with 25 km spatial resolution) for
identifying the exact day of the year of beginning/end of thaw-freezing cycle (large changes in
backscatter between morning and evening acquisitions are characteristic for the snowmelt pe-
riod, when freezing and thawing take place during night and daily hours, respectively)
[REF38];

Significant works have been carried out also for assessing the validity of the Land Surface
Temperature (LST) product generated from data acquired by the ENVISAT Advanced Along-
Track Scanning Radiometer (AATSR), which provides the opportunity to measure LST on a
global scale with a spatial resolution of 1 km. In particular, the target accuracy of the LST
product, which exploits nadir data from the AATSR thermal channels at 11 and 12 pym, has
demonstrated its reliability, varying between 1.0 K at night and 2.5 K for daytime retrievals
[REF39];
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As concerns vegetation cover, several studies proved the effectiveness of the ENVISAT Me-
dium Resolution Imaging Spectrometer (MERIS) in identifying different land-cover types at
300 m resolution [REF40]. However, at high latitudes significant cloud cover may prevent the
employment of most of the acquisitions, thus making it necessary to take into consideration
long-term mosaics, which may prevent a good discrimination between different information
classes. Recently other strategies have been also proposed for reliably classifying major vegeta-
tion classes on the basis of the analysis of ENVISAT ASAR data time series [REF41],
[REF42];

ENVISAT SCIAMACHY (SCanning Imaging Absorption SpectroMeter for Atmospheric Car-
tograpHY) has been the first satellite instrument capable of measuring the global distribution of
methane with high sensitivity down to the Earth surface where methane sources are located.
This is due to its near-infrared detectors which can identify those colours which methane mole-
cules absorb. Methane retrievals from SCIAMACHY have proven to be very successful, espe-
cially if concurrent retrievals of carbon dioxide are used as proxy for the light path [REF43].
However, poor spatial resolution is sometimes excessively impacting the retrieval precision and
accuracy. In this context, improvements could be obtained by utilising upcoming data from the
TANSO (Thermal And Near-infrared Sensor for carbon Observation) sensor mounted on the
GOSAT satellite (ESA’s third party mission) which will permit to obtain methane concentra-
tion estimates with a finer spatial resolution (i.e., 10 km) [URLS6].

Technical Notes relevant to Theme 2

ALANIS Theme 2 involves the estimation of plume injection height (land component) of biomass
burning events occurred in boreal Eurasia and the forecast of related greenhouse-gas and aerosol
dispersion over time into the atmosphere at global scale (atmosphere component).

As regards the land component, in the literature pioneer studies using stereo-height retrievals have
been recently proposed. In particular, data obtained from the Multiangle Imaging SpectroRadiome-
ter (MISR) mounted on board of the Terra satellite have provided promising results, making possi-
ble unique plume identification and injection height retrieval [REF17] using methods developed for
cloud-top-height determination [REF44]. The use of oblique-angle imagery from MISR (which ac-
quires in nine different view zenith angles in four spectral bands in the visible and near-infrared
spectrum) enhances plume sensitivity because of the longer optical path through the atmosphere,
and the combination of multi-angle multi-spectral information assists in distinguishing smoke from
clouds or other types of aerosols and, thus, to infer about its height. In such context, due to: i) their
dual view stereo scanning capability; and ii) the long-term availability of data (i.e., continuous re-
cords are available since 1991), in the scientific community there is an increasing need for develop-
ing techniques based on ATSR sensor series (ERS-1 ATSR-1, ERS-2 ATSR-2 and ENVISAT
AATSR) similar to those developed for the MISR sensor.

However, recently a novel interesting methodology has been presented in [REF45] also for MERIS
data. In particular, the proposed technique has demonstrated the capability of inferring the altitude
of aerosol plumes over the ocean from reflectance measurements in the window channel and the O,
absorption A-band (i.e., 759 to 770 nm). In particular, similarly to what is done for generating the
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MERIS Cloud Top Height (CTP) product, a reflectance ratio is computed between the reflectances
measured in the spectral channel cantered at 753.75 nm (15 nm wide), strongly attenuated by O,
absorption, and the spectral channel cantered at 760.625 nm (7.5 nm wide), minimally attenuated by
O,. For a given surface reflectance, simple relations are established between the reflectance ratio
and the altitude of an aerosol layer as a function of atmospheric conditions and the geometry of ob-
servation. The simulations show that the method is accurate over dark surfaces when aerosol optical
thickness at 765 nm is relatively large (i.e., > 0.3). In this case, the expected accuracy is on the or-
der of £0.2 km.

In this framework, it is worth also mentioning that information related to past fire events is already
available in terms of the longest current record of active fire monitoring [REF45] and for burned
area detection within the framework of the GlobCarbon project [REF46].

Concerning the atmosphere component, several satellite missions measuring the thermal infrared
radiation in a nadir viewing geometry from low orbiting satellites have recently demonstrated the
capability of identifying (and quantifying) a range of chemical species associated with fire emis-
sions. In particular, the Infrared Atmospheric Sounding Interferometer (IASI) mounted on the
MetOp-A satellite (a joint ESA-EUMETSAT mission) proved its effectiveness in capturing and
tracking the dispersion of reactive trace species (i.e., CO, NH3;, CH30H, C;H,) in biomass burning
plumes over space and time taking advantage of its spatial resolution (i.e., 25 km), coverage (i.e.,
global) and sampling (i.e., twice daily) [REF47]. This high spatial and temporal sampling capability
along with the spectral and radiometric performances of the Fourier transform spectrometer (FTS)
sensor, offer a unique support for identifying local and sudden emissions at the surface and for fol-
lowing the fate and transport of the resulting smoke plumes.

Technical Notes relevant to Theme 3

ALANIS Theme 2 investigates the feasibility of discriminating with existing EO-based products
long-range transported anthropogenic aerosols from natural aerosols emitted by boreal Eurasian
forests.

In the last few years, several efforts have been carried out for improving the quality of aerosol
products derived from ESA sensors. In particular, in [REF48] a simple physical model of light scat-
tering has been developed that is pertinent to the dual-view-angle sampling of the AATSR instru-
ment and can be used to retrieve surface bi-directional reflectance and atmospheric aerosol proper-
ties without recourse to a priori information of the land surface properties. From the dual-angle top-
of-atmosphere reflectances both the spectral and angular information can be used solve the inverse
problem and enable separation of the atmospheric and surface scattering contributions to the ob-
served signal.

Substantial success has been obtained previously by a number of studies involving also MERIS
aerosol retrieval using spectral methods over known targets. However, since MERIS and AATSR
provide similar resolution and swath but complementary information, encompassing different spec-
tral domains and viewing geometries, novel researches are exploring the advantages offered by us-
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ing information from both instruments simultaneously to constrain atmospheric profile [REF49].

Despite these promising advances, at present satellite remote sensing instruments do not allow
measuring the aerosol chemical composition required to discriminate anthropogenic from natural
aerosol components. Accordingly, so far a unique method has been developed [REF50] to this pur-
pose. In particular, the proposed technique exploits the capability of the MODIS sensor to distin-
guish fine (submicron) from coarse (supermicron) aerosols, which serves as a signature of the an-
thropogenic component and can be used to estimate the fraction of anthropogenic aerosols. Never-
theless, despite the technical soundness of the method, due to several heuristics that must be taken
into consideration, current uncertainties are around +30% [REF50].

Relevant ESA projects

The Bidders should make themselves familiar with and take careful consideration of datasets avail-
able from past and current ESA initiatives relevant to the ALANIS project. However, none of such
activities shall be duplicated in the framework of ALANIS. In the following, a brief description of
the most significant ESA projects related to ALANIS is provided.

GlobAerosol

The ESA GlobAerosol project aims at providing a 10 year aerosol climatology from European satel-
lite radiometers [URL7]. The project is making use of the ERS-2 ATSR-2, the ENVISAT AATSR
and MERIS, and the MSG SEVIRI sensors. The data products to be produced are: i) aerosol optical
depth at 550 and 870 nm; ii) Angstrem coefficient; and iii) aerosol speciation (from a selection of 5
pre-defined types, i.e. maritime, continental, desert, urban/polluted and biomass burning). Data will
be produced on a 10x10 km sinusoidal grid on both a daily and monthly composite basis, and will
be available for each individual instrument and as a combined product. The dataset will run from
1995 until the end of 2007 and products will be generated at the nominal overpass time of
ENVISAT (from 2002 onwards) or ERS-2 (until 2001).

GlobCarbon

The ESA GlobCarbon project was initiated to generate fully calibrated estimates of at-land products
quasi-independent of the original EO source, for use primarily in Dynamic Global Vegetation Mod-
els [URLS8],[REF46]. In particular, the GlobCarbon initiative features estimation of burned areas,
the fraction of absorbed photosynthetically active radiation (FAPAR), leaf area index (LAI) and
Vegetation Growth Cycle (VGC) for 10 complete years, from 1998 to 2007 when overlap exists be-
tween ESA EO sensors (i.e., ERS-2 ATSR-2, ENVISAT AATSR and ENVISAT MERIS) and the
French SPOT VEGETATION sensor at 1 km spatial resolution.

GlobCover

The ESA GlobCover project has developed a service capable of delivering global composite and
land-cover maps using as input 300m observations from the ENVISAT MERIS sensor [URL9],
[REF40]. The GlobCover service has been demonstrated over a period of 19 months (i.e. from De-
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cember 2004 to June 2006), for which a set of MERIS Full Resolution (FR) composites (bi-monthly
and annual) and a global land-cover map have been produced. The GlobCover composites have
been derived from a set of processing made on the MERIS FR images such as cloud detection, at-
mospheric correction, geolocalisation and re-mapping. The GlobCover land-cover map is compati-
ble with the UN Land Cover Classification System (LCCS). In particular, considered thematic
classes include main types of vegetation cover, water bodies, artificial surfaces, bare and cultivated
areas, as well as permanent snow and ice.

PERMAFROST

The objective of the oncoming ESA PERMAFROST project is the demonstration of the capabilities
offered by EO-based data to identify, monitor and assess permafrost related geo-hazards as a com-
plementary tool to existing practice, such as terrain analysis, permafrost science and geotechnical
engineering [URL10]. The end users to this proposal require deformation and geohazard maps to
determine the existence and extent of permafrost instability to reduce risk to resource development
and production. At a regional scale, land surface temperature, surface soil moisture and water bod-
ies products are planned to be implemented.
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ANNEX C REQUIREMENT MATRICES

Technical Requirement Matrix for Theme 1 and Theme 2

Task Rqulggrenent Requirement Description
T.1.1 Consultation with the iLEAPS Scientific Community
T.1.2 Updated analysis of major current needs
1 Characterization of limitations and drawbacks of
T.1.3 :
products and models currently already available
T14 Description of technical constraints for target products,
" models and experimental datasets to be developed
T.21 Analysis of current ESA and non-ESA mission suitable EO data
T22 Review and assessment of current relevant algorithms,
2 - models, methods and EO-based products and datasets
T.2.3 Cross comparison of currently available products and models
T.2.4 Survey of all accessible useful ancillary data
T.25 Survey of current/upcoming related initiatives and projects
T.3.1 Technical specifications for target products to be developed
Description of methodological and validation approaches for
T.3.2 . - S S
implementing target products and estimating related uncertainties
T.3.3 Technical specifications for the coupled model to be developed
T34 _ Descr_iption of methodological and yalid_ation approach for_ _
3 - implementing the coupled model and estimating related uncertainties
T.35 Technical specifications of the final experimental dataset
Description of EO and non-EO data required
T.3.6 . .
in the framework of the project
T37 Description of test sites for both the target products
- and the coupled model to be developed
T4.1 Implementation of an end to end suitable algorithm for each target product
T4.2 Experimental analysis for testing/verifying the implementation choices
4 T.4.3 Evaluation of the effectiveness of the developed products
T.4.4 Description of the final version of the algorithms
T.45 Analysis of the results driving to specific development choices and trade-offs
T.4.6 Description of the validation analysis
T5.1 Implementation of a suitable land-atmosphere coupled model
T5.2 Experimental analysis for testing and verifying the implementation choices
5 T.5.3 Evaluation of the effectiveness of the developed model
T.5.4 Description of the final version of the model
T.55 Analysis of the results driving to specific development choices and trade-offs
T.5.6 Description of the validation analysis
T.6.1 Generation of the experimental dataset
6 T.6.2 Description of the experimental dataset and related metadata
T.6.3 Free on-line access to the experimental dataset and metadata
T.7.1 Processing of the experimental dataset into the coupled model
7 T.7.2 Impact analysis of the experimental output products
T.7.3 Detailed description of the impact analysis
T.74 Free on-line access to the experimental output products
8 T8.1 Analysis of the feedbacks from scigzntists and institutions
o that have accessed the experimental datasets
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T8.2 Identification of potential strategies for integrating target
= products into other existing models at different scales
T83 Definition of a scientific development strategy for

establishing long-term multi-mission data records
8 Definition of a potential plan for fostering a
T.8.4 o . .
transition from research to operational activities
Identification of scientific priority areas to be addressed

U39 in future STSE projects in support of the iLEAPS community
T.8.6 Recommendations for further advances in other potential relevant areas
9 T9.1 Final workshop organization

Management Requirement Matrix for Theme 1 and Theme 2

Requirement Code Requirement Description
M.1 Definition and implementation of the Promotion Plan
M.2 Set-up and maintenance of a free-access project website
M.3 Definition of the Project Management Plan (including both the
) Quality Management Plan and the Working Plan)
M.4 Drawing up of Project Technical Deliverables
M.5 Drawing up of Monthly Progress Reports
M.6 Drawing up of the Final Report for public access
M.7 Coordination with relevant national and European projects and programmes
M.8 Coordination of the access to all the data
) required in the framework of the project
M.9 Coordination of the collection and the analysis of the scientific requirements
M.10 Employment of ESA data to the largest extent
M.11 Team up of a consortium capable of allocating the tasks
' to be performed to qualified and well-experienced staff




