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1.   Introduction 
 
As part of its Earth Observation Envelope Programme, the European Space Agency 

(ESA) announces an opportunity for scientists from the Earth Observation 

communities in ESA Member States and Canada to make proposals for ideas to be 

assessed as potential Earth Explorer Core Missions. These missions are intended to 

be used to conduct research in the field of Earth Observation and/or to demonstrate 

the potential of new innovative Earth Observation techniques of relevance to both the 

scientific and the applications communities. 
 
The Earth Observation Envelope Programme is a rolling programme designed to 

underpin European efforts in Earth Observation from space. The Earth Explorer 

element of the programme consists of a series of space missions addressing critical 

Earth science issues. In the past, six missions have been selected for implementation, 

namely three Earth Explorer Core Missions, GOCE (Gravity and Ocean Circulation 

Explorer), ADM-Aeolus (Doppler Wind Lidar), EarthCARE (Clouds, Aerosols and 

Radiation Explorer); and three Earth Explorer Opportunity Missions, Cryosat (Polar 

Ice Monitoring), SMOS (Soil Moisture and Ocean Salinity) and Swarm (Earth’s 

Magnetic Field and Environment Explorer). 

 

The motivation behind this Call is the Agency’s wish to involve the scientific 

community as far as possible in determining the content of the Earth Observation 
Envelope Programme. The Agency wants to achieve a clear appreciation of the 

science community's views on what missions will give the highest scientific return. 

 

Taking into account the experience from previous calls and in line with the spirit of 

the programme, the Agency is soliciting mission ideas for implementation as ESA-led 

Earth Explorer Core missions with a ceiling cost of 300 MEURO at 2005 economic 

conditions. 

 

A response to the Call may be made by European or Canadian scientists, or teams of 

scientists, where proposing teams also may include scientists from non-ESA member 

states.  

 

Copies of this announcement and of the key reference documents will be found on the 

Agency’s Earth Explorer website <http://explorercall.esa.int/>.  
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2.   Scope and Nature 
 
Responses to this Call can cover any topic in Earth Observation science relevant to 

the ESA Earth Observation Envelope Programme and in accordance with the 

attached scientific priorities. Information on the scientific context of the Earth 
Explorer element of this programme will be found in Earth Explorers: The Science 
and Research Elements of ESA’s Living Planet Programme (ESA SP-1227, 

September 1998). This identifies four research themes, namely Theme 1 Earth 
Interior; Theme 2 Physical Climate; Theme 3 Geosphere/Biosphere; Theme 4 

Atmosphere and Marine Environment; Anthropogenic Impact. The present strategic 

framework of the ESA Earth Observation programme is given in Introducing the ESA 
‘Living Planet’ Programme; the ESA Strategy for Earth Observation (ESA SP-1234, 

June 1999). The detailed set of scientific priorities applicable to this call is presented 

in Annex A to this document. These priorities are not exclusive, but represent the 

Earth Science Advisory Committee’s (ESAC) view on what are major scientific 

issues to be addressed in this call. Proposals on other topics, including those already 

being addressed by the Earth Explorer missions currently under implementation are 

not excluded, but must demonstrate novel approaches and new scientific insights. 
 
The response to the Call for ideas for ESA-led Earth Explorer Core missions is 

intentionally page-limited as ideas do not need to be worked out in detail; the future 

assessment study (pre-Phase A) and Phase A work will fill out the idea. In a similar 

spirit, ideas for potential international co-operative approaches may be put forward, 

but commitments do not need to be sought from the proposed partners at this stage. 

 

Groups of scientists with common interests are encouraged to respond collectively. 

However, there is no question of that group being regarded as a ‘science team’. A 

Mission Advisory Group (MAG) will be subsequently set up for each mission 

selected for assessment and all respondents to an idea will, in principle, be regarded as 

candidates for the MAG associated with such an idea. This MAG will be tasked with 

producing the Report for Assessment as well as advising on pre-Phase A activities. 

 
 
3.   Guidelines for Preparation of a Response to the Call 
 
Concerning the proposals for Core mission ideas, submission will be performed in 

two steps: 

 

� A letter of intent should be submitted, via the Call website in Adobe Acrobat PDF 

format, by 30 April 2005, introducing the proposing team and outlining the 

mission objectives and characteristics. The letter should have 4-5 pages. 

 

� The full response to be submitted (in Adobe Acrobat PDF format) by 15 July 

2005 
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The total length of a full response must not exceed twenty pages (they can be shorter), 

made up as follows: 

 
a)  Cover Page – title of the Response to the Call with name and full address 

and affiliation (plus phone, fax and e-mail) of the Respondent plus list 

(names and affiliations) of associated scientists. 

 

b)  Objectives (5-6 pages) – concise description of the idea/mission objectives 

with justification. 

 

c)  Characteristics (5-6 pages) – concise description of the overall 

characteristics of the idea/mission i.e. duration, timing requirements and 

relation/dependence on other missions (including potential for international 

co-operation or synergy with already planned missions).  There should be a 

list of the key observational requirements.  

 

d) Technical Concept (4-5 pages) – outline of envisaged technical concept 

with some indication of its heritage and potential feasibility. A preliminary 

listing of the specific products or deliverables should be provided. 

 

e)  Relevance to Evaluation Criteria (3 pages) – response to the seven criteria 

(see Section 5, Evaluation Criteria), including relevance to the research 

programme of the European Commission (<http://www.cordis.lu/>) and 

international programmes, such as the World Climate Research Programme 

(WCRP) and the International Geosphere-Biosphere Programme (IGBP). 
 

Although the total length may not exceed twenty pages, the Response to the Call can 

depart from the nominal allocation of pages between sections. Reference to relevant 

publications can be included but are not obligatory. There is greater interest in 

proposals supported by scientists from several countries as opposed to those 

originating mainly at national level.  

 
Any Response that misses the deadlines for submissions (i.e. letter of intent to 

reach the Agency by 30 April 2005 and full response by midnight GMT of 

15 July 2005) will not be accepted for evaluation.  

 

Responses should be submitted in English, A4 page, single-line spacing, Font:  Times 

New Roman or Times, font size 11, in Adobe Acrobat v.4 PDF format. Submissions 

can only be made via the EOPUS website  <http://explorercall.esa.int/>.  Information 

regarding the use of this website can be found in Annex B to this document. 
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4.   General Procedures 
 
A stepwise implementation mechanism for the ideas for Earth Explorer Core missions 

will be followed. 

 

Step 1: Call for Ideas and Selection for Step 2 
 

The Agency will provide comments to the letters of intent, received via its website by 

30 April 2005, not later than 15 May 2005. In the comments the Agency will identify 

commonalities between the proposals, indicate potential major problems if any, and 

inform the proposing teams. 

 

The full responses to the Call (due by 15 July 2005) will be reviewed by the ESA 

advisory structure, led by the ESAC, which will identify up to six mission concepts to 

propose to go forward for assessment study. This evaluation will be supported by the 

Executive who will cover technical and programmatic issues. During the evaluation 

process individual Respondents may be requested to provide clarification of aspects 

of their Response to the Call. 
 
The mission concepts (up to six) recommended for assessment will be presented by 

the Chair of the ESAC and the ESA Executive to the Programme Board for Earth 

Observation (PB-EO) for approval. The PB-EO is the Delegate Body mandated by the 

ESA Council to oversee the execution of the Agency’s Earth Observation Programme.  

 

Step 2: Assessment and Selection for Step - 3 
 

After completion of the evaluation process and the final endorsement of missions for 

assessment study by the Programme Board for Earth Observation (PB-EO), the 

assessment phase will be initiated immediately. Following the period of assessment, a 

subsequent review, accompanied by a public consultation workshop, will identify up 

to three mission candidates to be recommended to go into Phase A study. 
 
Step –3: Feasibility and Selection for full Implementation 
 
The intention is to present the results of the Phase A studies to the community in 2008 

for a final consultation which will then lead to selection, again involving the ESAC 

and PB-EO. 

 

Responses to the Call that do not lead directly to an assessment study may still be 

further investigated by the Agency. All responses will be reviewed to identify 

potential new scientific areas where the technology may not yet be mature enough for 

the development of a mission and where technological development is needed. 
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5.   Evaluation Criteria 
 
Any Response to the Call conforming to the format indicated in Section 3 and that is 

received within the established deadlines, will be evaluated by the ESAC. The review 

will be carried out with the support of ESA staff, who will give guidance on technical 

and programmatic aspects. 
 
The seven criteria established by the Programme Board for Earth Observation for the 

evaluation of Earth Explorer Missions will be used to assess Proposals, namely: 

 

1. Relevance to the research objectives of the Earth Explorer programme 

(see ESA SP-1227 and the Annex A to this document for scientific 

priorities) 

2. Need, usefulness and excellence 

3. Uniqueness and complementarity 

4. Degree of innovation and contribution to the advancement of European 

Earth Observation capabilities 

5. Feasibility and level of maturity 

6. Timeliness 

7. Programmatics (including realism of cost estimates) 
 
 
6.   Overall Schedule 
 
The major milestones are as follows: 

 

Release of the call – 15 March 2005 

Letter of Intent on ESA-led Earth Explorer Core missions – 30 April 2005 

ESA Comments to the letters of intent – 15 May 2005 

Deadline for receipt of full Responses to the Call – 15 July 2005 

Announcement of results of evaluation – 30 November 2005 

 
All Responses to the Call must conform to the format specified in Section 3, 

Guidelines for Preparation of a Response to the Call, and must be submitted 

electronically following the directions posted on the Earth Explorer website 

<http://explorercall.esa.int/> by the deadlines indicated above. 

 

Responses to the Call may not be submitted other than by electronic means. In the 

event of difficulty contact the Mission Experts Division (EOP-SM), European Space 
Agency, ESTEC, Keplerlaan 1, 2200 AG Noordwijk ZH, The Netherlands, 
(Phone: +31 71 565 5674, Fax: +31 71 565 5675).
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3.4   ADM-Aeolus 

The prime aim of the Atmospheric Dynamics Mission is to demonstrate measurements of 

vertical wind profiles from space, using a high performance Doppler Wind Lidar based on 

direct-detection interferometric techniques. Such a system, with a pulsed laser operating at 

0.35µm wavelength, will utilise both Rayleigh scattering from molecules and Mie scattering 

from thin cloud and aerosol particles. Measurement of the Doppler shift from successive 

levels in the atmosphere provides the vertical wind profiles.  The lidar will be accommodated 

on a satellite flying in a sun-synchronous dawn-dusk orbit, at an altitude of 400 km, providing 

near-global coverage. The target date for launch is 2007 and the mission duration is three 

years. 

 

Knowledge of the wind field over large parts of the tropics and major oceans is presently 

quite incomplete. This is leading to major difficulties in studying key processes in the coupled 

system and in making progress in numerical forecast systems. The satellite measurements will 

provide about 3000 globally distributed wind profiles per day, above thick clouds or down to 

the surface in clear or partly cloudy air, at typically 200 km separation along the satellite 

track. The expected improved knowledge of the global wind field is crucial to climate 

research and weather prediction. 

 

 

3.5   Swarm 
Swarm is the fifth Earth Explorer mission. The objective of the mission is to provide the best 

ever survey of the geomagnetic field and its temporal evolution, in order to gain new insights 

into the Earth system by improving our understanding of the Earth’s interior and sun-Earth 

connections. The mission is scheduled for launch in 2009. After release from a single 

launcher, a side-by-side flying lower pair of satellites at an initial altitude of 450 km and a 

single higher satellite at 530 km will form the Swarm constellation. High-precision and high-

resolution measurements of the strength, direction and variation of the magnetic field, 

complemented by precise navigation, accelerometer and electric field measurements, will 

provide the necessary observations that are required to separate and model various sources of 

the geomagnetic field. This results in a unique “view” inside the Earth from space to study the 

composition and processes in the interior. It also allows the Sun’s influence on the Earth 

system to be analysed. In addition, practical applications in many different areas, such as 

space weather, radiation hazards, navigation and resource management, benefit from the 

Swarm concept. 

 

 

3.6   EarthCARE 
Understanding both natural and anthropogenic climate change is of paramount importance in 

the 21st century. All predictions of future climate rely on global numerical models, all of 

which have limitations arising from the parameterisation of sub-grid scale processes. Clouds 

are a key feature of weather and play a crucial role in both the hydrological cycle and the 

energy budget of the Earth. Despite their importance there are still large deficiencies in the 

representation of clouds, aerosols and radiative transfer in atmospheric models and these are 

the source of large uncertainties in the predictions of climate change. Advances in the 

representation of the radiative effects of clouds and aerosols will require improved data on 
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their vertical distributions and radiative characteristics. The lack of such data is a serious 

deficiency when attempting to validate model simulations of current climate and to establish 

confidence in the ability to predict climate change. These requirements are recognized by the 

WMO, which identified the treatment of clouds and radiation to be a fundamental source of 

error in numerical models. 

 

EarthCARE has been defined with the objective of quantifying aerosol-cloud-radiation 

interactions so they may be included correctly in climate and numerical weather forecasting 

models to provide: 

• Vertical profiles of natural and anthropogenic aerosols on a global scale, their 

radiative properties and interaction with clouds. 

• Vertical distribution of atmospheric liquid water and ice on a global scale, their 

transport by clouds and radiative impact. 

• Cloud overlap in the vertical, cloud-precipitation interactions and the characteristics 

of vertical motion within clouds. 

• The combination of the retrieved aerosols and cloud properties to derive the profile of 

atmospheric radiative heating and cooling. 

To realise the measurement goals and meet the scientific objectives, it is proposed to launch a 

single platform with a payload of two active sounders (lidar and radar) and two 

complementary passive instruments (multi-spectral imager and a broad-band radiometer). The 

two active instruments will provide vertical profiles of cloud and aerosol parameters. The 

multi-spectral imager will enable different cloud types and aerosols to be distinguished and 

will provide the meteorological/optical context of the active-sampled profiles. The radiometer 

will provide broad-band radiances at the top of the atmosphere, allowing the consistency of 

the retrievals of cloud radiative properties from the active instruments to be tested. 

 

 

4.   New Scientific Challenges 

At the start of the 21
st
 century, the primary environmental issue currently facing mankind is 

global change, which encompasses not only climate change but also large-scale modification 

of the Earth’s condition and processes by direct human intervention. The planet’s 

biogeochemical cycles, on which life depends, are being increasingly influenced, and in many 

regions dominated, by human activities. With a growing global population, continued 

economic growth in industrialised countries, and the increasing economic development in 

many developing countries, growing pressures on ecosystems seem inevitable. This threatens 

the ecosystem services on which mankind depends, for example through widespread 

salinisation due to ill-adapted irrigation.  

 

The context for understanding the impact of humans on the planet is provided by the recent 

great advances in understanding the complex web of connections and feedbacks making up 

the Earth system. As we have understood more, we have also realised better what we don’t 

know. It has also become much clearer which measurements are needed to remove key areas 

of ignorance in our understanding. Many of these measurements have been summarised in 

authoritative reports produced by the international community (IPCC, IGOS, GCOS, IGCO, 

GEOSS, etc.). The development of ever more powerful coupled Earth system models and 
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methods to integrate these models with observations has transformed our ability to describe 

how the Earth system is functioning and will function in the future.  

 

Despite these major steps forward, much remains to be done to produce the level of Earth 

system understanding needed if our de facto position as managers of the Earth is to be carried 

out effectively. Any approach to sustainable development requires a globally co-ordinated 

research effort and the political will to take research results forward into an international 

decision making process. It is in this context that the four major international Global Change 

research programmes have recently launched, within their Earth System Science Partnership 

(ESS-P), three inter-programme projects on Carbon, Water and Food Systems, and are 

planning a fourth on Human Health. These programmes offer a context whereby global 

observations by satellites can play an increasing role in our approach to sustainability. This 

role presents four major scientific challenges to Earth observation:  

 

4.1 First Challenge – Improved Understanding of Processes and their    
Interactions 

Global observations from space have been central to our insight that the physical, chemical, 

biological and anthropogenic processes which together determine the Earth’s behaviour are 

intimately intertwined and cannot be understood in isolation. For example, the growth of 

atmospheric carbon dioxide due to burning fossil fuels exhibits strong inter-annual variability 

that is highly correlated with the different phases of the El Niño/Southern Oscillation 

(ENSO). This results from modifications to the physical and biological processes causing 

uptake of CO2 into both the terrestrial and marine biosphere. However, the spatial and 

temporal variation of these processes, their driving mechanisms and interactions, and the 

long-term behaviour of these processes in a warming climate are all poorly known. Improved 

understanding is essential for forecasting how the system is likely to evolve, and such 

understanding will rely heavily on obtaining data that characterises how the system and its 

individual components behave and interact. 

 

4.2   Second Challenge – Increased Vulnerability of Societies and Ecosystems 

In a world in transition, ecosystems and human societies are becoming more vulnerable as 

their adaptive capacities become stretched to the limit. The interconnectedness of the Earth 

system means that societies are being increasingly affected by activities in distant regions 

over which they have no control. Existing infrastructure (dikes, etc.) will become increasingly 

inadequate to cope with extreme events associated with climate change. Data from satellites 

can help to reduce the vulnerability and enhance the resilience of societies and ecosystems by: 

• Providing information on their status, identifying dangerous developments (such as 

loss of mangroves), and acquiring observations of new parameters from space that 

are not or inadequately measured by in situ networks, e.g. stream flow, that can be 

used in hazard assessment systems.  

• Supplying the data needed by numerical models in order to forecast meteorological, 

oceanographic and hydrological extremes (droughts, floods, storm surges, landslides) 

or to project other major events (volcanic eruptions, earthquakes).  

• Contributing to integrated regional impact assessment within transdisciplinary 

research projects. 
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Space data can also play an important role in monitoring and managing environmental and 

societal disasters. 

 

4.3   Third Challenge – Model-Data Integration  

It has become routine in numerical weather prediction to optimise the combined information 

contained in models and observations through data assimilation schemes. This improves not 

only global circulation analyses but also the starting fields of forecast models. These 

successes have revealed data assimilation to be an extremely powerful approach for 

exploiting Earth observation data in predictions of the behaviour of the Earth system and its 

potential states and reactions to disturbances. Although other disciplines, notably 

oceanography, have taken up this challenge, there is a long way to go before observations of 

important components of global cycles, such as absorbed photosynthetically active radiation 

or soil moisture, will routinely enter global and regional numerical models used for 

forecasting or scenario calculations.  

 

4.4  Fourth Challenge – Including the Human Dimension in Earth System 
Models 

The Earth’s energy budget and all global cycles are already influenced, in some cases 

considerably, by human activities. Hence global or regional numerical models of climate and 

the entire Earth system must increasingly include the human dimension if they are to be 

considered realistic. This not only involves accounting for activities such as land-use, 

exploitation of water resources and emission of gases, but also requires including the 

dynamics of societies and their responses to environmental change. Earth observation has a 

key role to play in this endeavour as social science data sets will increasingly be augmented 

by space data (e.g. population settlements, infrastructures, land use). 

 

 

5.   The Wider Context 

ESA’s Earth Observation Envelope Programme (EOEP) is an important contribution to the 

global attempt to understand the functioning of the Earth system, to extract its predictable 

portions and to later use operational Earth observation data both for forecasting, e.g. of 

weather, oceans and seasonal climate anomalies, and for projections of changes under 

prescribed scenarios of human activities. While humankind already has implemented the full 

range from experimental satellite sensor development via pre-operational remote sensing or in 

situ observations to fully operational global services for meteorology, all other potential 

operational applications of spaceborne data are either still in the pre-operational phase and far 

from a global service, or non-existent. 

 

A major step towards new services is the agreement between ESA and the European Union 

(EU) on Global Monitoring for Environment and Security (GMES) that will accelerate 

applications of Earth observation products by end-users, firstly by encouraging exploitation of 

existing data streams and secondly by fostering a European service infrastructure, e.g. for 

forestry, agriculture and coastal zone management. The litmus test of this endeavour will be 

the implementation of continuous space observations of geophysical and biological 

parameters, called Earth Watch missions in the ESA SP-1227 document. After the successful 

ERS-1, ERS-2 and ENVISAT missions, there is a clear demand for a continuation of their 

extremely useful observations, e.g. Synthetic Aperture Radar (SAR) measurements for a 
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multitude of observations. However, all operational applications also need continual infusion 

from new technologies that allow more precise measurements of known environmental 

parameters or first measurements of new ones, opening novel applications, a good example 

being Meteosat Second Generation (MSG). 

 

At the global scale, the Group on Earth Observation (GEO), an initiative of the US 

government supported by many countries and in parts stimulated by GMES, is formulating a 

framework for global monitoring that includes data processing, archiving and dissemination 

for both operational and scientific applications. GEO’s 10-year plan, that paves the way 

towards a Global Earth Observation System of Systems (GEOSS), will be adopted in 

February 2005 at a meeting in Brussels, hosted by the European Commission. 

 

International scientific programmes and the Integrated Global Observing Strategy (IGOS) are 

undertaking major coordination efforts that lay out strategies for obtaining the observations 

needed for both scientific and operational purposes. IGOS has, for example, developed a 

number of strategy reports based on themes, e.g. the ocean, the water cycle, the carbon cycle 

and atmospheric chemistry. These reports also outline the major science issues that should be 

addressed. 

 

National space programmes of ESA member states have always contributed to Earth 

observation, either by technology demonstration missions or add-on payloads on ESA 

satellites (e.g. ATSR, MOS, AATSR and SCIAMACHY). They also contribute to Earth 

Explorer missions already selected (e.g. SMOS). 

 

 

6.   Priorities for 2005 Call 

The scientific challenges in Section 4 provide the context for the current Call, within which 

priorities can be sharpened by taking account of the capabilities, gaps and balance of existing 

Earth observation capabilities in an Earth system perspective, both within the Agency and 

internationally. This analysis leads to four focus areas for the current Call: the global water 

cycle, the global carbon cycle, atmospheric chemistry (together with its relationship to 

climate), and the human element in the Earth system, within which more refined priorities are 

indicated in the following sections. In all of these there are significant gaps in our 

understanding and our ability to obtain important information, each of them has major 

impacts on societies and ecosystems, all of them require coupled modelling of processes 

within an Earth system perspective, and credible models of the planet as it is must take 

account of the human element in the system. 

 

6.1   The Global Water Cycle 

The global water cycle is of fundamental importance for life on Earth and the processes 

involved span an extremely wide time scale. Within the Earth system water is stored in 

gaseous, liquid and frozen phases, and in three principal reservoirs: oceans, atmosphere and 

land, where land includes surface and subsurface water storage. Although only a fraction of 

the water is stored in the atmosphere, this part is highly dynamic and links strongly to the 

energy cycle. In particular the role of clouds is highly important and not well understood. 

 

Changes in the water cycle arise from natural variability and human activities. The impacts of 

these changes are potentially very large, particularly in polar, arid and semi-arid regions. It is 
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a priority area to determine the causes and extent of such variability because of the high 

impacts incurred. Closure of the water budget over a given area requires detailed and 

quantified knowledge of the processes involved. For example, evapotranspiration over land 

depends on vegetation, soil, topography and a number of other parameters, and is a largely 

unsolved problem. The dynamics of floodplains and wetlands in response to hydrological 

scenarios need increased scientific investment. Also the role and dynamics of solid 

precipitation and the associated snow cover are major unknowns in the global water cycle. 

 

The hydrological cycle involved in continental water budgets is the result of complex physical 

and biological processes. The associated fluxes and stores, together with energy and transport 

processes, need to be quantified. This increasingly concerns the interfaces between the 

atmospheric, terrestrial and oceanic domains, and is strongly linked to both the energy and the 

carbon cycles. 

 

Most surface measurements of variables in the water cycle are performed in situ, are of highly 

varying quality and format, and are not always readily available. It is a major challenge to 

establish systems that combine space data with existing systems in an optimum way. For 

ungauged basins the role of spaceborne data could be particularly significant. A strong 

contribution of space techniques to the estimation of streamflow would represent a major 

advance. 

 

The close link between the water cycle and human life, through availability of fresh water, 

water-borne diseases and the impact of human activities on water quantity and quality, 

indicates that a system approach to the water cycle needs to include the human element. This 

is strongly illustrated by the fact that water extraction causes some rivers (e.g., the Colorado, 

Indus and Yellow River) to have a near zero outflow to the sea.  

 

Additionally the water cycle is strongly interrelated with the dynamics of aquatic ecosystems 

(wetlands, rivers, lakes, estuaries, etc.) that are crucial for aquatic biodiversity and play a role 

in water quality preservation, aquatic productivity and human health. Characterising the 

physical and ecological status of aquatic ecosystems would constitute a major contribution to 

understanding the Global Water Cycle. 

 

6.2   The Global Carbon Cycle 

Current knowledge about the magnitude of the fluxes involved in the global carbon cycle are 

illustrated in the Table below, where the values are global decadal averages, together with 

their uncertainties, in Gt C y
-1

 (IPCC, 2001). Key points are: 

• The atmospheric increase in CO2 is accurately known, and is less than half of the 

emissions from fossil fuels, cement and biomass burning. 

• The discrepancy between the emissions and the atmospheric increase can only be 

explained by CO2 uptake by the oceans and land. 

• There are very large errors in the estimates of the latter fluxes, and the quoted 

uncertainties are questionable. 

• The decadal average values shown conceal very large inter-annual variability, mainly 

connected to climate variability. 
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• The IPCC report regards the information on land use change for the 1990s to be so 

questionable that no values are supplied. 

 

  1980s 1990s 

 Atmospheric increase 3.3 +/- 0.1 3.2 +/- 0.1 

 Emissions 5.4 +/- 0.3 6.3 +/- 0.4 
 Ocean-atmosphere flux  -1.9 +/- 0.6 -1.7 +/- 0.5 

 Land-atmosphere flux  
          * land-use change 
          * residual land sink 

-0.2 +/- 0.7 
1.7 (0.6 to 2.5) 

-1.9 (-3.8 to 0.3) 

-1.4 +/- 0.6 
NA 
NA 

 

In addition, there are great uncertainties about the spatial and temporal variation in carbon 

fluxes and what drives these variations. Against this background, key science questions about 

the global carbon cycle can be grouped under three headings (Global Carbon Project Rpt. No 

1, 2003): 

1. Patterns and Variability: What are the current geographical and temporal distributions 

of the major pools and fluxes in the global carbon cycle? 

2. Processes and Mechanisms: What control and feedback mechanisms – both 

anthropogenic and non-anthropogenic – determine carbon cycle dynamics? 

3. Carbon Management: What are the likely dynamics of the carbon-human-climate 

system into the future, and what opportunities exist to manage this system? 

Space-based measurements of carbon cycle components of the atmosphere, land and ocean 

are essential if we are to answer these questions with any degree of confidence. A general 

framework for exploiting such measurements within a model-data integration scheme is 

provided by the Integrated Global Carbon Observing Strategy (IGCO 2004), the Terrestrial 

Carbon Observations Initiative (2000) and the implementation plan of the Global Ocean 

Observing System. The implementation plan of the Global Climate Observing System 

provides important supplementary motivation. 

 

Amongst the key measurements identified in the above reports are (a) column-integrated 

atmospheric CO2, building on experience with SCIAMACHY and AIRS; (b) regional 

estimates of physically and biologically driven atmosphere-ocean CO2 fluxes, linked to ocean 

circulation, sea surface temperature, wind speed, nutrients and aquatic biomass; (c) regional 

estimates of CO2 fluxes due to carbon sequestration by vegetation and the short and long-term 

effects of disturbance; (d) improved estimates of above-ground biomass; (e) wetland 

dynamics, related to methane emissions. Measurements that can improve our ability to 

quantify soil respiration would also be of enormous value. 

 

6.3   Atmospheric Chemistry and Climate 

The atmosphere, like the other components of the Earth system, is affected by the continuous 

increase in human population and activity, which have resulted in a variety of remarkable 

changes since the industrial revolution of the 19
th
 century. These ongoing changes take place 

rapidly – i.e. within a few decades – and on a global scale. As a consequence, air quality is 

degrading in large areas and changes in the climate system are being triggered. Stratospheric 

ozone has decreased globally, emphasised by the ozone hole appearing over the Antarctic, but 
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the ozone layer is expected to start recovering from the depletion caused by manufactured 

halogen compounds that are regulated by the Montreal Protocol and its Amendments. 

Nevertheless, large uncertainties remain concerning the onset as well as the speed of the 

ozone recovery. Although there are some uncertainties in the extent of the hazards, it is 

unambiguous that air quality degradation and anthropogenic climate change are prominent 

threats to the well-being of mankind in the coming decades.  

 

Most of the pollutants (trace gases, aerosols) are emitted at the surface, transported and 

chemically processed in the atmosphere and finally deposited back on the Earth’s surface. It 

has been shown that satellite measurements can be used to locate and quantify emissions 

globally, even in the planetary boundary layer. Satellite measurements of the troposphere will 

help to better constrain the (inverse) modelling of the sources and sinks of pollutants by 

capturing the high temporal and spatial variability of the pollutants over larger domains for 

which ground-based networks are typically too sparse and in situ measurements typically lack 

representativity. 

 

Operational satellite measurements are required to monitor these large-scale and long-term 

atmospheric changes and to measure the long-term effectiveness of policy measures that exist 

or will come into force.  

 

New spaceborne observations of the atmospheric composition are needed to increase the 

understanding of the relevant chemical and dynamical processes determining air quality, in 

support of policy decisions, as input data to monitor trends and for services such as forecasts 

(alerts) of boundary layer pollution and the transport and dispersion of volcanic plumes. 

Spaceborne atmospheric composition measurements are becoming increasingly important for 

further improvement of weather forecasts. 

 

Atmospheric composition changes induce climate change, but changes in the climate system 

(e.g., circulation, temperature, humidity, clouds, radiation and the Earth’s surface), also feed 

back into atmospheric composition. For the coupling of chemistry and climate, the 

troposphere, stratosphere and mesosphere are all important. In recent years the tropopause 

region has been identified as a key region where many composition-climate interactions 

manifest themselves, and where global-scale spaceborne measurements of the spatial 

distribution of trace gases could boost scientific understanding. This region is also crucial for 

better understanding of the interrelations between climate change and expected ozone 

recovery and the fluxes of trace gases between the troposphere and stratosphere. In this 

context the distribution of several trace gases (such as ozone, methane and the nitrogen 

oxides), water vapour, the Brewer-Dobson circulation, ice clouds and also temperature play a 

role. 

 

Dedicated satellite measurements together with ground-based observations, chemistry-climate 

models and assimilation techniques are needed to unravel the mechanisms that are underlying 

the coupling between chemistry and climate and to answer scientific questions on the causes 

and the effects of the observed changes. 
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6.4  The Human Element and the Impact on Topics 1-3 
As underlined in the above descriptions of the Global Water Cycle, the Global Carbon Cycle 

and the Atmospheric Chemistry and Climate priorities, all biophysical systems and processes 

are strongly interwoven with human activities. They exert pressures on human societies 

through resource availability, extreme events, and disease, but also experience strong 

influences from human activities through land use changes, resource exploitation (vegetation, 

water, energy, livestock, mineral extraction, etc.) and pollution. Therefore, any integrated 

Earth System approach needs to take into account the human element in a comprehensive way 

and requires spatial and temporal characterisation of the human population, its activities, 

practices in resources exploitation and use and contaminant release. 

 

Earth Observation can play a key role in the characterization of the “human element” through 

regular time and space monitoring of relevant variables, coupled with in situ observations and 

Earth System models. The Earth Explorer Programme will carefully consider proposals from 

the scientific community for innovative Earth Observation techniques and sensors to provide 

spatio-temporal data on human population, settlements, practices and dynamics that allow an 

improved understanding of interactions between societies and their environments, and the 

resulting vulnerabilities. 
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Using ESA EOPUS 
 

The ESA EOPUS website <http://explorercall.esa.int/> is designed to provide you with easy 

access to facilities you can use to upload your proposal for ESA's next Earth Explorer Core 

mission. It also allows you to track your proposal through ESA's evaluation procedure. The 

Current Call section of the website equips you with all the necessary resources and 

background information to meet the requirements of the Call. 

 

The Call for Proposals consists of a number of separate phases: 

 

1. In the initial phase, the Call is released and the web site will accept new registrations 

from those wishing to participate. Once registered, you will be allocated your 

personal page where you can upload your Letter of Intent. The personal page also 

provides the option to update your account details should this be necessary.  

 

Please note that only one Letter of Intent and the idea proposal relating to that Letter 
of Intent can be used per registration. However, there is no restriction on the number 
of idea proposals that an individual or consortium can make. For example, you may 
have ideas for two separate missions. In order to submit a Letter of Intent for each 
idea, you would need to register in the system twice under different usernames. 

 

2. Once the Letter of Intent phase has ended, registration will be closed and the first 

round of evaluations commences. Candidates that pass the first round of evaluations 

will automatically enter into the third phase. ESA will contact you with particulars 

concerning your Letter of Intent. 

 

3. The website will indicate when you can upload your Proposal. This must be done in 

PDF file format. You will be permitted to upload one file only. However, you can 

overwrite this file as until this phase closes. Files cannot be viewed on-line. All 

uploaded files are treated as confidential. 

 

4. Once the Call has closed, the system will no longer accept any further files. ESA will 

begin the next round of evaluations and you will be contacted regarding the outcome. 

 

To guide you through the whole process, the website provides a number of tools that will 

indicate your progress. The EOPUS guide (see right-hand column of the page on the EOPUS 

website) will tick-off all completed steps and track your progress through all the phases. A 

website status-indicator, which provides you with the start and end dates of the current phase 

as well as your status within the current phase, is also available. You will find a more 

extensive version of this indicator on your personal page. 

 

We hope to have provided you with all the necessary information you need to successfully 

enter your ideas for the current call for next Earth Explorer Core missions. If at any time you 

have any questions or comments that are not addressed in the FAQ section please contact us 

(explorer@esa.int). 
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