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Abstract. The A-Train is an original international concept. It allows studying the Earth as s system, in line with the ESSP (Erath System Sciences Partnership) programs and the IPCC concerns among others. It mainly focus on atmosphere and more specifically aerosols, clouds, stratospheric chemistry, temperature and humidity profiles, and Earth radiative balance.  As of mid-2010, it is designed as a constellation of eight satellites, five on them being on orbit (one being deorbited). Each satellite brings information of its own, but synergies with in the constellation allows deriving parameters and information that could not be derived using data delivered from one satellite, or data delivered by all satellites but used independently from one another. The system is flexible and robust. Satellites may be lost or added. This weakens the overall delivered information or reinforces it, but basically the guidelines of the A-Train mission are kept up.  It also may switch smoothly to a new generation instrument. Last but ot least, it may reinforce international cooperation in a flexible way.  
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INTRODUCTION – THE A-TRAIN CONSTELLATION
The Planet Earth is a dynamic system and must be addressed as such. The Earth surface can no longer be studied without taking into account its interactions with ocean, atmosphere and cryosphere. Satellites made it possible to observe and analyze the Earth as an integrated system at various scales in a comprehensive way. This greatly contributed to dramatic advances in Global Change understanding, mitigation and adaptation, which in turn evidenced needs for innovative integrated observation and monitoring systems. 
Space programme managers understood for long that fulfilling such needs required a wide range of such integrated observation systems from space and ground and implemented relevant cooperation. CEOS/IGOS and more recently GEO/GEOSS are convenient frameworks to conceptualize such international systems. Such a vision widens the scope of ‘Remote Sensing’ to a contribution to a system approach of the Earth System and its evolutions at various time and space scales.
For that purpose, two quite different technological concepts can be developed. The first one is implementing different instruments on the same large satellite. Such is the ESA/ENVISAT concept – by far the largest environment satellite ever built and operated and well known by the EARSeL community.  Much poorly known, the second basic concept is to implement several mini or micro-satellites close to one another on the same orbit, thus crossing the equator within a few minutes interval – which can be considered as ‘quasi-simultaneity’ even to monitor the terrestrial atmosphere.
This has led to so-called “A-Train” constellation, a joint effort of France/Japan/USA with contributions of Brazil, Canada, and Netherlands. It potentially includes 8 mini or micro-satellites: AQUA, AURA, CLOUDSAT, CALIPSO, PARASOL, OCO, GLORY and GCOM-W1, which fly on the same orbit at a few minutes interval from each other and cross the equator at about 1:30 pm local time. Here, “potentially” means that the actual constellation is evolving with time. Satellites have different launch dates and lifetimes. Unfortunately some launches my fail (OCO). Other can reach the natural end of their lifetime and be deorbited (PARASOL). New satellites may join A-Train while not planned at its very beginning (GCOM-W1). This makes A-Train an evolving constellation, in which for instance follow-on consistent observations could be ensured by successive satellites. New generation instruments could replace previous ones. It could be imagined that hopefully someday A-Train will go on working with none of the satellites planned and launched at its beginning – only new generation ones. The A-Train constellation was born on May 4, 2002, when the AQUA satellite was launched. Figure 1 tells the past, present and expected A-Train story.
It is quite interesting first to analyze each of these satellites as a single dedicated observatory, then to understand how their synergy within the A-Train concept allows better answering some basic Earth system questions, such as: 
better understanding and quantifying some Earth surface properties, 
better characterizing the aerosols types and how do observation match global emission and transport models,
better understanding and quantifying the vertical distribution of cloud water/ice in cloud systems,
better understanding the role of polar stratospheric clouds in ozone depletion and their linkages with the Arctic vortex,
in a more global way, better understanding the Earth system major cycles (especially the role of aerosols and cloud layering in radiation budget and forcing).
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Fig. 1 – The evolution of the A-Train constellation with time. White: no satellite. Dark blue: active satellite. Light blue: deorbited satellite – Green: planned satellite (or expected lifetime duration)

Answering such basic questions are critical paths to better characterize, understand and predict global Earth system changes and the related impacts at global and regional scales as well as their coupling and teleconnections.   


Fig. 2 – This artist vision of the A-Train concept in 2008 (without GCOM-W1) evidences its evolution with time. Mid-2010, PARASOL had been deorbited, the launch of OCO failed and a new satellite was being built, GLORY was about to be launched and GCOM-W1 was planned to join the A-Train in 2012 (see fig. 1).
THE SATELLITES OF THE A-TRAIN CONSTELLATION (as of middle-2010)
– AQUA
The Aqua satellite was built up by NASA - the HSB instrument being provided by Brazil. It was launched on May 4, 2002. Its mission is to collect a large amount of information about the Earth's water cycle, including evaporation from the oceans, water vapour in the atmosphere, clouds, precipitation, soil moisture, sea ice, land ice, and snow cover on the land and ice. 
Some additional variables are measured by Aqua, such as radiative energy fluxes, aerosols, vegetation cover on the land, phytoplankton and dissolved organic matter in the oceans, and air, land and water temperatures. 
Six instruments are implemented on board AQUA, according to table 1:

	INSTRUMENT
	TECHNOLOGY
	MEASUREMENTS

	AIRS 
Atmospheric Infrared Sounder
	Sounder - 2378 infrared channels & 4 visible/near-infrared channels
	Atmosphere temperature profiles wih high accuracy: 1° K /1 km layer sampling in the troposphere and a variety of additional Earth/atmosphere products. 

	AMSU-A Advanced Microwave Sounding Unit
	15-channel microwave sounder

	Temperature profiles in the upper atmosphere (especially the stratosphere) and cloud-filtering capability for troposphere temperature observations

	HSB  
Humidity Sounder Brazil
	4-channel microwave sounder 

	Humidity profiles throughout the atmosphere even under conditions of heavy cloudiness and haze. The nadir spatial resolution is 13.5 km 

	MODIS
(MODIS & CERES are already on board TERRA)
	Optical scanner
36 spectral bands (0.4 to 14.4 µm) – 250 m to 1 km ground resolution
	TERRA & AQUA MODIS are viewing the entire Earth's surface every 1 to 2 days

	Two CERES Cloud and Earth Radiant Energy System
	A 3-channel radiometer

	Reflected solar radiation (0.3-5 µm)  
Emitted terrestrial radiation (8-12 µm) 
Total radiation (0.3 µm - >100 µm).
MODIS can bring details about clouds 

	AMSR 
Advanced Microwave Scanning Radiometer
	12 channel, six-frequency passive microwave radiometer

	Brightness temperatures at 6.925, 10.65, 18.7, 23.8, 36.5, and 89.0 GHz under a 55° scan angle. 




Table 1 – Main features of the six AQUA instruments
AIRS acts as a flagship in the homogeneous group of the three first instruments. The main mission of this first group is to measure the atmospheric temperatures and humidity profiles with a high accuracy. These measurements complement those delivered by METOP/IASI (Eumetsat – see §2.5).
MODIS (already on-board the TERRA satellite) is a low-resolution, high revisit period Earth surface observation instrument, which can complement other similar instruments (see §2.5).
CERES (already on board TERRA) complements or is the follow-on of several instruments, as evidenced in §2.5.  


Fig. 3 – Brightness temperature over the Mexico Gulf.  Cool brightness temperatures of clouds spiralling over East of Texas sharply contrast with surrounding land and sea.  



Fig. 4 – The Northern Atlantic Ocean and the Gulf Stream as observed by AQUA /MODIS. The upper image represents the sea surface temperature. The Gulf Stream is clearly visible, sharply contrasting with the cooler water masses close to the American coast. The lower image represents the chlorophyll concentration. 

AURA
The AURA satellite was launched on July 15, 2004, the key mission is to conduct research on the composition, chemistry and dynamics of the Earth’s atmosphere. The main final targets are: ozone, air quality & climate.
Four instruments are implemented on board to reach this objective. They are described in table 2:











	INSTRUMENT
	TECHNOLOGY
	MEASUREMENTS

	HIRDLS

	Scanning infrared limb sounder

	Global distribution of temperature and concentrations of O3, H2O, CH4, N2O, NO2, HNO3, N2O5, CFC11, CFC12, ClONO2.
Aerosols in the upper troposphere, stratosphere, and mesosphere

	MLS

	Passive microwave limb-sounding radiometer /spectrometer (millimeter and sub-millimeter wavelengths)
	Stratospheric temperature and upper tropospheric constituents that play an important role in stratospheric chemistry (OH, HO2, BrO)  
Upper tropospheric water vapor even in the presence of tropical cirrus & cirrus ice content. 

	OMI 
(contribution of Netherlands)
	Hyperspectral imager to observe solar backscatter radiation in the visible &ultraviolet
	Distinguish between aerosol types,   
Measure cloud pressure and coverage and such  components as NO2, SO2, BrO, OClO 
=> derive tropospheric ozone.

	TES

	High-resolution infrared-imaging Fourier transform spectrometer operating in a combination of limb and nadir mode
	Discrimination of most radiatively active molecular species in the Earth's lower atmosphere. 
Day-night coverage anywhere on the globe surface every 1 to 2 days


Table 2 – Main features of the four AURA instruments.



Fig. 5. Eruption of Eyjafjallajökull Volcano, Iceland - April 15, 2010, Aerosol index over the North Atlantic monitored by AURA/OMI. Aerosol index feed mathematical models to predict where the ash from an eruption may spread or how it might interact with clouds.      


Fig. 6 - Ozone Hole Maximum on 2008 as evidenced by AURA, Sept. 12, 2008  © NASA


Fig. 7 - Mapping NO2 in the troposphere by AURA/OMI. This map details strong presence of NO2, an important precursor in the production of ground-level ozone. (Image: KNMI/FMI/NIVR/Nasa).

CALIPSO
The CALIPSO satellite was launched in April, 2006. Its key mission is to probe the vertical structure and properties of thin clouds and aerosols over the globe. To achieve this objective, CALIPSO combines two categories of instruments.
CALIOP, the flagship CALIPSO instrument is an active retro-diffusion lidar instrument operating at 532 nm & 1064 nm wavelengths with polarized reception. The pulse frequency is 20 Hz .CALIOP is a large instrument: The diameter of its telescope is about 1 meter. The vertical resolution is 30 m, the horizontal resolution is 333 m. 
CALIOP is complemented by IIR, a passive infrared imager instrument operating at 8.65 µm, 10.6 µm and 12.05 µm wavelengths with a 125 m /1 km ground resolution and a passive visible imager instrument operating at 0.645 µm wavelength with a 125 m ground resolution.
The retro-diffusion lidar delivers information about height and thickness of the clouds and aerosols layers in the atmosphere, thus giving access to size, shape (spherical or not) and composition (ice/water) of particles. 
On AQUA and AURA, the instruments are complementary, but each one has a mission of its own. On CALIPSO, the main objective of the two imagers is to assist interpretation and correction of the signals delivered by CALIOP – even if auxiliary uses can be found (see comments in Fig. 11). The actual physical complement of CALIPSO/CALIOP is CLOUDSAT/CPR (see § 2.1, ‘spectral observation synergies’). Indeed, these two instruments cannot be separated to have a comprehensive view of clouds vertical profiles. 



Fig. 8 - Eruption of Eyjafjallajökull Volcano, Iceland -  April 21, 2010. Profile of the volcanic ash plume measured by CALIPSO/CALIOP. One can note (a) a first widely scattered layer of heavy ashes close to the Earth surface – probably overloaded by atmospheric water, ice and chemical contents (b) a second layer just under the tropopause, subject to turbulent movements but poorly scattered, and (c) a direct injection of aerosols into the stratosphere. Note that ashes are much less dense than the clouds, which blocks the lidar signal (no return from atmosphere under clouds). Note also the complementary information delivered by fig. 5 and 8. 

CLOUDSAT
The CloudSat satellite was launched in April, 2006. It is equipped with CPR (Cloud Profiling Radar  developed by NASA/JPL and the Canadian Space Agency) a 94-GHz nadir-looking radar which measures the power backscattered by clouds as a function of distance from the radar.
94-GHz is the frequency at which ground based ‘rain radars’ operate. So, the physics of interaction of 94-GHz radars with clouds has been extensively studied and understood for long. CLOUDSAT can rely upon a very sound previous scientific knowledge and practical experience. 
CLOUDSAT can be seen as the “microwave complement” of the optical CALIPSO ((see § 2.1, ‘spectral observation synergies’). CLOUDSAT and CALIPSO provide new insight into the role that clouds and atmospheric aerosols (airborne particles) play in regulating Earth's weather, climate, and air quality. CALIPSO and CLOUDSAT (+ AURA & PARASOL) allow evaluating some key properties of clouds and aerosols/clouds interaction.




Fig. 9 - CloudSat night-time overpass of the thunderstorms over Kentucky, Tennessee, and Mississippi on Feb. 5, 2008. The convection intensity is particularly evident in the CloudSat image (large hail present in these systems). Large regions of radar attenuation explain the lack of surface signal return in the image. Multiple scattering explain the apparent ‘sub-surface’ return. Comparing Fig. 8 and 9 allows a qualitative understanding of complementarities between CloudSat and CALIPSO, which will be developed further on (see § 2.1)  ‘
PARASOL
The CNES Parasol minisatellite was launched on December 18, 2004. For ageing reasons, it was removed out of the A-Train orbit on December 12, 2009. Mid-2010, it goes on transmitting observations, but they are compatible with those of the other satellite of the A-Train constellation only when its new orbit brings it in the vicinity of the A-Train. This is a first and good example of how a satellite can leave the A-train on purpose.
The Parasol mission is to characterize the radiative properties of clouds and aerosols. Parasol carries the wide-field imaging radiometer/polarimeter POLDER (Polarization and Directionality of the Earth’s Reflectance). Basically, POLDER measures the incoming radiance value and polarization of the Earth in narrow wavelength domains and under several observation angles. POLDER is designed to improve our knowledge of the radiative and microphysical properties of clouds and aerosols by measuring the directionality and polarization of light reflected by the Earth-atmosphere system. An ancillary result is the measurement of ground surfaces BDRF (Bidirectional Reflectance Function).

PARASOL can provide: 
Global AOD (Aerosol Optical Depth) over ocean and the fractions due to major natural and anthropogenic components: fine mode, and a coarse mode with a combination of hydrated spherical and non spherical particles (dust).
AOT (Aerosol Optical Thickness) of the fine mode over land.
Parasol exhibits significant complementarities with other A-Train instruments due to its ability to measure directional characteristics and polarization of emitted light:
CERES and MODIS on the AQUA satellite, 
the CALIOP lidar on CALIPSO, 
the CPS radar on CLOUDSAT, 
APS on GLORY, which can be considered as a follow-on observation instrument (see §1.6). 

	
	

	

	
The upper left image presents the global AOD, coarse mode (865 nm), upon the central Mediterranean Sea 
The upper right image presents the global AOD, fine mode, upon the same region
The lower left image presents the effective radius of particles over the same region. 



Fig. 10 – POLDER/PARASOL Aerosol products over Ocean (27 August 2007)


GLORY
The NASA GLORY satellite is to be launched during the second semester, 2010. Glory is designed to achieve two missions: 
To collect data on the chemical, microphysical, and optical properties, and spatial and temporal distributions of aerosols. 
To continue collection of total solar irradiance data for long-term climate records. 
Two instruments are implemented on board to reach this objective. They are described in table 3. 

	INSTRUMENT
	TECHNOLOGY
	MEASUREMENTS

	APS 
Aerosol Polarimetry Sensor 
	Scanning sensor collecting VIS, NIR & SWIR data scattered from aerosols and clouds.
	Extremely accurate multi-angle observations of Earth and atmosphere spectral polarization & radiance.

	TIM 
Total irradiance Monitor 


	Radiometer recording total solar irradiance with extreme accuracy and precision (including redundancies, self calibration, sun autonomous pointing). 
	Measuring total solar irradiance (among others as a component of Earth radiation balance).


Table 3 – Main features of the two GLORY instruments.
As noted in §1.5, GLORY/APS can be considered as a follow-on of POLDER/PARASOL instrument. 
OCO
The launch of the OCO satellite failed early 2009. NASA is actively preparing the launch of OCO-2, which should take place on the second semester, 2010.
Just as PARASOL for instance, OCO is a single instrument satellite. Its  sophisticated instrument is made of three parallel, high-resolution spectrometers, making simultaneous measurements of the carbon dioxide and molecular oxygen absorption of sunlight reflected off the same location on Earth's surface (wavelengths: 0.76 µm; 1.61 µm; 2.06 µm). 
OCO measures the intensity of reflected sunlight off of the Earth's surface at these specific wavelengths since the absorption level is indicative of the abundance of molecules of interest. A large number of densely spaced samples are used to compensate detrimental effects. The spectrum of the molecular oxygen can be considered as a reference which allows calibrating the other spectra and computing the requested information. The final objective is to measure the column averaged dry air CO2 mole fraction (Xco2). Models allow then inferring the location of sources and sinks. 
 GCOM -W1
GCOM-W1 (which stands for Global Changing Observation Mission / Water) is a JAXA satellite (Japan). It is scheduled to be launched in 2011. 
Just as OCO and PARASOL, GCOM -W1 is a single instrument satellite. The AMSR2 (Advanced Microwave Scanning Radiometer 2) Instrument is a. passive microwave radiometer with six different frequency bands ranging from 7 GHz to 89 GHz
GCOM -W1 mainly focuses on water cycle, which shows clear synergies with Aqua and some other A-Train instruments. The main Observed parameters are:  precipitation, vapor amounts, wind velocity above the ocean, sea water temperatures, water levels on land areas and snow depths. The key relevant Science Focus Areas are:
Atmospheric Composition
Climate Variability and Change
Water and Energy Cycles
Weather.
As underlined further on, GCOM-W1 is a clear signal about technological and scientific flexibility of A-Train, but also about its capacity to develop international space cooperation within a coherent and flexible framework targeting a major international objective. The contribution of Japan to A-Train is a very positive signal and is more than welcomed. 




SYNERGIES WITHIN A-TRAIN AND WITH OTHER SYSTEMS
As underlined above, the A-Train constellation concept was developed to study Earth as a system through observation synergies. Its evolution with time is largely due to its flexibility to add new satellites, which offer an innovative access to information. This information can have an interest in itself but can also improve the understanding of the System Earth, the way how it works and how it could evolve with time thanks to internal synergies within the information delivered by the A-Train. Higher level information generated by these synergies can in turn interact with information derived from other satellites and/or ground station measurement networks.
So, studying A-Train does not only mean studying each of its components, but also (if not mainly) study at least some of these synergies. Such synergies are more or less complex. A very simple case is when an instrument brings redundancies to another one or can be considered as a ‘second generation’ with respect to the previous one. Such is the case of APS/GLORY versus POSTEL/PARASOL, and to a large extent of GLORY/TIM versus CERES/AQUA. Apart from such cases, the most simple of such synergies are observations of the same ‘object’ in the same spatiotemporal conditions in various spectral domains: they could be called ‘spectral observation synergies’. 
‘Spectral observation synergies’

Fig. 11 – Evidencing spectral synergies between CALIOP/CALIPSO and CRP/CloudSat through images (left) and profiles (right).

‘Spectral observation synergies’ are typically the way how the CALIPSO lidar and the CLOUDSAT radar can complement each other to generate accurate clouds and thick aerosols profiles. Each other emit monochromatic coherent short electromagnetic pulses and observe the backscattered returns. Considering the size of the observed particles when compared to the wavelength of the electromagnetic waves gives the key of the physics phenomena at stake. CALIOP lidar operates at typically micrometric wavelengths, so the key phenomena at particle size are reflection, transmission, diffraction and absorption. CloudSat radar operates at typically 3mm wavelength, so interference and resonance phenomena are quite important. The lidar is highly sensitive to particle concentration, but is extinguished when the clouds are too thick (this has already noted in Fig. 8, evidencing the ashes profile from volcano eruption). The radar is sensitive to particle size, but cannot detect small crystals (the cut-off size is in the order of magnitude of the wavelength - about 3 mm). Fig. 11 evidences this synergy. A cloudy atmospheric profile is observed both by CALIOP/CALIPSO and CPS/CloudSat. The curves on the right of the figure evidence the profiles as detected by the lidar and the radar and the overall profile. It can be clearly seen that the CALIOP/CALIPSO lidar misses a significant amount of water droplets (temperature above 0°C) while the CPS/CloudSat radar misses a significant amount of ice particles. Complementing the two sources of information gives access to the actual cloud fraction profile. The two images illustrate these phenomena: the CALIPSO profile image evidences both high clouds that are not observed by CloudSat (left ellipse) and an area without any signal return from atmosphere under thick clouds (right ellipse - the same can be observed in Fig. 8). 
Many authoritative scientific studies have been led about this synergy, e.g. Pinel et al., 2005 [1] – indeed the right date to address the bases of the scientific use of joint CALIOP/CALIPSO and CPS/CloudSat observations. 
Synergies for targeted studies.
When some pre-processing or primary merging of raw data has been performed, such as ‘spectral observation synergies’ between the CALIPSO lidar and the CLOUDSAT radar (see above), some higher level synergies can be taken into consideration in order to generate specific information for targeted studies. Many examples could be found. Three of them could be underlined here. 
Imaging instruments such as MODIS or IIR/CALIPSO map the thermal infrared radiances under the orbit of the A-Train constellation. As underlined above, even in such a dynamic and turbulent medium as Earth atmosphere, a few minutes delay can be considered as simultaneity for most studies targeted by the A-train. As suggested in Fig. 11, these mapped thermal infrared radiances ensure that the profiles generated by merging CALIPSO and CLOUDSAT sounding data (‘spectral observation synergy’) can be used for radiative transfer studies. Using a single channel gives access to information on extinction near cloud top, while using two channels gives access to ice particle size information near cloud top.    
As underlined above, retrieving physical parameters using measurements of a single instrument is a difficult task, since the signal carries on signatures from many phenomena. Even if the instrument is optimized to retrieve the signature of the phenomenon of interest, other phenomena (considered as ‘disturbances’) always contribute to the observed signal and limit the retrieval algorithms. Sometimes, physical assumptions are made to ease physical retrieval. Sometimes, such physical values can be used to better correct observations of other parameters by other instruments, for which they are considered as ‘disturbances’. So, it is quite important to compare signals retrieved from independent sensors using independent methods to check the consistency and accuracy of retrieved physical values. Fig. 12 illustrates how aerosols optical depth of smoke spherical particles derived from CALIPSO/CLOUDSAT merged signals fit with optical depth derived from MODIS hyperspectral observations, without any microphysical assumption about particles. 

Fig. 12 – Evidencing good agreement between CALIPSO and CRMODIS/AQUA when estimating optical depth of spherical particle aerosols (smoke over the Gulf of Guinea during the fire season.
Aerosols products derived from PLODER/and clouds characterization by POLDER/PARASOL and CALIOP/CALIPSO show quite consistent both over lands an over sea. Fig. 13 qualitatively shows such a consistency.   


Fig. 13 – This figure shows AOD (fine mode) calculated from POLDER/PARASOL and mapped over land (Libya) on one hand, Mediterranean Sea on the other hand. The location of the CALIOP/CALIPSO collected profiles is shown against this map. These profiles are shown in the lower part of the figure. Quite clearly, the maxima in AOD as shown by PARASOL products do match with intense retrodiffusion collected by CALIOP/CALIPSO (white ellipses). 
High level characterization of Earth System components 
The System Earth can be described as made of several subsystems strongly interacting with each other. In turn, each subsystem can be described as made of several components strongly interacting with each other, and so on. So, signals detected from space by passive and active remote sensing sensors carry on information about all these components and their interaction processes. Extracting targeted information about one specific component and/or interaction process from the whole set of A-Train observations is challenging. The problem lies in the very nature of the collected signal in itself, which mixes up signatures of a wide range of physical phenomena. Collecting independent information from independent sources pave the way to considering such an issue as an ‘inverse” problem with limited uncertainties and mathematical stability.  To reach such an objective, it is necessary to collect signals which carry on a significant amount of information about information to be retrieved – hence the dramatic technological advances to best focus instruments on information of interest.
This paper clearly shows that the A-Train constellation collects independent signals of various types carrying out mainly information about atmosphere, and especially some of its components and interaction processes such as clouds and aerosols. It would be far out of the scope of this paper to mathematically and physically describe how some parameters or information about interaction processes can be extracted from the whole set of A-Train information. Some insights about such physical and mathematical processes have been given above. There is now a general consensus among those scientists who use A-Train data and products (possibly with information derived from other satellites and ground based measurements) about its capacity to retrieve some key information about clouds and aerosols. A limited list of such information can be listed here.  
Provide statistics on the vertical structure of clouds around the globe, 
Provide statistics on the geographic and vertical distribution of aerosols around the globe,  
Provide estimates of the percentage of Earth's clouds that produce rain, 
Detect sub-visible clouds in the upper troposphere and Polar Stratospheric Clouds, 
Provide vertically-resolved estimates of how much water and ice are in Earth's clouds, 
Detect snowfall from space, 
Estimate how efficiently the atmosphere produces rain from condensates, 
Provide an indirect estimate of how much clouds and aerosols contribute to atmospheric warming,
Provide follow-on measurements of the earth radiation balance and estimate clouds contribution.  

A short parenthesis about technology, operation and costs
It is time here to open a short parenthesis about technology and costs. Consider the issue of retrieving atmosphere humidity, cloud fraction and temperature profiles from space. It was not feasible as long as such instruments as lidar (CALIOP/CALIPSO), sounding radar (CPR/CLOUDSAT) and/or infrared Fourier Transform spectrometers (IASI/METOP, not in A-Train) could not be implemented on satellites for technological reasons. Building up such instruments was and remains quite expensive and developing a second generation to ensure measurements follow-on and improvements is very challenging in terms of technology and costs. It should not be forgotten that the general trend is to reduce space budgets. On the other hand, technological advances may reduce some costs and add flexibility, such easing international cooperation, both in A-Train and in other innovative international projects. For instance, POLDER is a rather simple and affordable instrument in itself. It was first implemented on the large Japanese satellite ADEOS. Advances in platform technology allowed developing the more affordable series of French PROTEUS platform to build up minisatellites. The PARASOL minisatellite makes use of a PROTEUS platform and an already developed and experimented POLDER instrument, which opened an affordable, flexible and efficient contribution from France to the A-Train, including the scientific know-how in processing PARASOL data. AQUA includes two instruments already on board of TERRA, which creates synergies in developing costs. The decision of a country to contribute to A-Train rather that to develop a standalone satellite creates synergies. So, the recent decision of Japan to include GCOM-W1 in A-Train is more than welcome. Globally, A-Train is remains affordable as a quite innovative global ‘space observatory’ since it mixes up consolidated and affordable solutions (PARASOL), re-use of instruments already developed (AQUA, PARASOL), inclusion of satellites developed within a national programme (GCOM-W1), expansive cutting-edge technological developments (OCO, CloudSat, CALIPSO).  It is also quite flexible since if a satellite is lost at launch (OCO) or comes to its natural end of lifetime (PARASOL) some parts of the mission may be weakened but the overall mission is not lost. Reversely, addition of new instruments or satellites (OCO, GCOM-W1) ensures an improvement of the mission (long term information series, more accurate results, new type of information). Coming back to the alternative described in the beginning of the paper about very large satellites such as ENVISAT versus flexible concepts such as A-Train, it is quite clear that the ‘ENVISAT’ concept was probably the best solution in the European context at a given time. But ENVISAT was quite challenging: a lunch failure would have been quite catastrophic for ESA and for the scientists and application developers which needed the wide range of data that ENVISAT is still delivering. The ‘A-Train’ concept is more secure but requests a high level of long term international cooperation and associated commitments.  
Synergies with other systems
First of all, as noted above, some of the instruments on board the A Train satellites have already flown, or are currently flying, on other satellites.  Such is the case of POSTEL/PARASOL, previously on board the satellite ADEOS from JAXA (Japan), of MODIS/AQUA and CERES/AQUA, both on board on TERRA (NASA). This creates a specific form of synergy in term of long term archive or increase in revisit period. For sure, the quasi simultaneity of observations is lost, so this advantage for a dedicated mission may not be operative for the comprehensive A-Train mission.  
Since Earth observation at large basically measures electromagnetic waves emitted and/or scattered by the System Earth, the collected signal potentially includes signatures of a large number of phenomena interfering within the earth subsystem – and at least atmospheric phenomena. Most of the time, systems are dedicated to targeted observations, so the signature of other phenomena at best can be isolated more or less precisely and then considered as ‘side-products’, and in most cases act as ‘noise’ in the ‘useful’ component of the signal and so limit the accuracy of final physical measurements. It may happen that information derived from other systems (for which it is considered as ‘the useful signal’) allow better interpreting or quantitatively correcting the signals delivered from a given targeted systems (for which it is considered as a perturbation in the useful signal’).   
In some cases however, information and products generated by a given system complement directly information and products generated by other systems. This is the case for some of the A-Train instruments, or products generated using A-Train internal synergies – which is not surprising since A-Train considered as a space observatory addresses a wide range of phenomena. This can even be a decisive advantage when long term coherent measurement series are needed. Here are four major examples of such synergies.
Observing the surface of the Earth at moderate resolution (in the 250-1000m range) and with high temporal frequency (one or a few days) is required to study various phenomena at a regional scale. This implies monitoring those surfaces which change quickly at regional scale, such as ice and snow, and vegetation cover properties. That allows consistently analyzing short term as well as yearly changes and determining whether these yearly changes are pure random or exhibit significant trends (arctic ice melting, average snow cover decrease, vegetation change trends) due to either natural or man made regional changes, or regional impacts of global changes. Observing vegetation dynamics during the growth period can give access to crop forecast. Inter-annual comparisons can give access to information about land use and land cover change, yield variations and such phenomena as desertification. Major humanitarian and commercial interests are at stake. Deforestation at regional scale can be detected as well. Observing ice and snow cover change can give access to changes in Earth albedo (and hence radiative balance), to climate change impacts, and to anticipate important major industrial issues such as extreme North infrastructure maintenance, or Arctic ship roads. As early as the 70’s, the NOAA/AVHRR instrument, which was neither designed nor well suited to achieve such goals,  was tentatively used for such purposes, in spite of many theoretical and practical hindering factors.. Considering that unexpected ‘half-success’ story, targeted instruments were developed and launched further on.  First, two other European instruments were launched: MERIS/ENVISAT (ESA, launched on 2002) and VEGETATION 1 and 2 (launched on 1998 and 2002) built by France, Belgium, Sweden, EC, exploited by VITO, Belgium). Further on, MODIS was first launched on NASA/TERRA (launched on 1999), then on NASA/AQUA in the A-Train constellation. 
Accurately monitoring the ‘stratospheric ozone hole’ in the Antarctic region is of a paramount importance, considering the major role of stratospheric ozone to protect life from deadly ultraviolet incoming radiation. It gives access to the efficiency of the ‘Montreal protocol’ which was adopted to combat the anthropic origins of this phenomenon as elucidated by Nobel Prize winner Paul Crutzen [2]. This implies having long term accurate, coherent and interoperable physical information datasets. For that purpose, AURA was developed as the follow-on of previous instruments such as TOMS, GOME and GOMOS for instance. The Nobel Prize winner P.J. Crutzen [2] evidenced those molecules or radicals that play a key role in stratospheric ozone depletion (mainly CFC’s). Some of these molecules or radicals can be monitored by stratospheric chemistry observation satellites, among which AURA. This acts in synergy with the so-called ‘atmospheric chemistry package’ in ENVISAT (GOMOS, MIPAS, SCHIAMACHY). 
The WGII IPCC reports – and especially the most recent one, issued in 2007 [3] - evidence the quite dramatic impacts of a change in mean Earth temperature in the range of 1°C. Changes in the Earth radiative balance (ERB) are both a cause and a signature of such a global climate change. ERB can be observed and monitored from change through very sensitive radiometers, both in the whole wavelength spectrum and in some bands of interest. Just as for stratospheric ozone monitoring (see above), this implies having long term accurate, coherent and interoperable physical information datasets. For that purpose, GLORY/TIM was developed as the follow on of previous instruments such as ScaRaB and ERBE and forthcoming ESA/EarthCARE
Humidity and temperature profiles are key variables for meteorological forecast. These profiles can be measured from space only by advanced technology instruments. At the beginning of the space era, technology was not advanced enough to bring such instruments into space. So, the first meteorological satellites of the WWW (World Weather Watch), whether polar orbiting or geostationary, mainly carried on imaging sensors in the visible, short wave infrared and thermal infrared domains. At the beginning, the polar orbiting observing system included two NOAA satellites (which carried on the NOAA/AVHRR sensor discussed above), while the geostationary orbiting system included satellites several agencies. A dramatic advance was achieved when NOAA and EUMETSAT decided to share the polar orbiting system. EUMETSAT provided the METOP satellite (EPS mission) which carried on the IASI instrument provided by France – basically an infrared Fourier transform spectrometer that gave access to vertical 1 km sampling of atmospheric temperature and humidity with 1°K and 10% accuracy respectively. These data are operationally assimilated into weather forecast models. Quite clearly, these measurements are fully compatible with the AIRS/AQUA measurements. Nevertheless, scientific and operational considerations justify having such similar measurements in the EPS and in the A-Train systems. 
Such synergies between the actual A-Train constellation and other observation and measurement systems match very well with the concept developed by GEO and GEOSS as ‘virtual constellations’. 
CONCLUSION
This paper presents the eight satellites which make the A-Train constellation as planned mid-2010, and which satellites operated, are operating and will hopefully operate from its beginning in 2002 to an expected long future. Each satellite delivers information of its own.  Synergies between information transmitted by each of them allow deriving upper level quite important and innovative information about how the system Earth – particularly the atmosphere – works. No doubt that the A-Train information will bring critical information to the scientific communities that acts among others within the ESSP (Earth System Science Partnership) programmes and within the IPCC, which will certainly take advantage of it to prepare its forthcoming report. 
The modular conception of the A-Train constellation makes it quite flexible and open to evolution, especially in the framework of international cooperation. The recent cooperation of Japan (JAXA/Learning processes can make A-Train even more efficient, both in its evolution and in the use of delivered products – possibly in synergy with other space borne and/or ground based observation systems.  
The A-Train demonstrates the European capacity to develop international cooperation and bring relevant innovative space observation systems to contribute to the objectives of the ESSP scientific community. European Earth System scientific research, European remote sensing technological research and achievements have always been on the forefront. This gives Europe a great and respected scientific capacity, making it a reliable partner for scientific and high-tech cooperation, giving European Union sound capacities to build up in-house policies about global change issues and an authoritative voice when advocating ambitious agendas on that key issue on the international arena. 
The A-Train capacities significantly contribute to these worldwide efforts. They have to be developed, widely advertised and exploited at their full capacity.
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