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6.  
CALIBRATION AND VALIDATION

6.1 Instrument calibration

6.1.1 Introduction
Calibration is the process of quantitatively defining the satellite instrument response to known, controlled signal inputs
. The calibration information is contained in a calibration formula, or calibration coefficients that are then used to convert the instrument output (“counts”, previously “analogue signals”) into physical units (e.g., a radiance value).  Instrument calibration is critical for any higher-level data processing, especially for deriving quantitative products or when data from different instruments need to be merged (e.g., composite imagery). For climate applications, the requirement for accurate calibration is particularly stringent
 since detection of small trends over long periods requires comparability of different instruments flown on different satellites at different times. Building homogeneous climate data records is contingent on very good calibration and error characterization. 
The following considerations apply to passive and active instruments alike. 

Five calibration domains should be generally considered: radiometric, spectral, spatial, temporal, and polarization. A complete calibration record should allow estimates of uncertainties in calibration parameters. Satellite instrument calibration should take into account all phases of an instrument’s lifetime: from design and pre-launch phases to post-launch, and on-orbit operations. 

Inter-calibration of instruments against a common reference instrument allows achieving consistency among satellite measurements at a given point in time. By comparing model-simulated and observed satellite radiances in data assimilation schemes, major NWP centres can also help determine relative biases between instruments. Calibration to absolute standards is, however, necessary to allow traceability of errors and to detect any long-term drift over time. 

Calibration using well-characterized, stable Earth targets (“vicarious” calibration) is a fall-back option when a satellite instrument cannot be directly traceable to an agreed reference standard
, for example due to the absence of reliable on-board calibration device. Data records from past instruments can be “re-calibrated” retrospectively, if additional information on the state of these instruments becomes available, for example through comparison with reprocessed, well-known historical time series. 

6.1.2 Factors affecting calibration

The response of an instrument to signal input, i.e., the relationship between the irradiance the instrument is exposed to and the numerical value assigned to the measurement (in physical units, e.g., W(m-2) depends on several elements, such as:

· viewing geometry, shielding effects, stray-light, antenna pattern

· detector sensitivity and aging

· filter optics, its possible contamination and its stability

· temperature of all parts of the instrument, including front-end optics, detector and back-end electronics (focal plane electronics, pre-amplifier, etc.)

· signal processing system (gain, analogue-digital converter, etc.).

All these elements contribute to determine the Spectral Response Function (SRF) and the Point Spread Function (PSF) that characterize the instrument from a radiometric and geometric viewpoint, respectively. They must be modelled before launch and monitored in flight by a set of onboard internal measurements (“housekeeping”). The instrument model and the housekeeping system are useful for understanding the status of the instruments and its trend as well as for prediction and correction of biases.  However, it is generally not possible to analytically describe the exact variation of the instrument response resulting from these factors.  Reference measurements are mandatory to characterize the actual calibration.  
6.1.3 Pre-flight calibration

The pre-launch calibration of an instrument is performed in the laboratory, by using accurately known radiation sources under controlled conditions.  Simulating all possible instrument states and stress factors before launch is very important because it is the only way to accurately characterize and model the instrument before it is exposed to the harsh orbital environment. Housekeeping systems and instruments need to be built robust enough to withstand physical stress incurred during launch, commissioning, and exploitation phases. Housekeeping data, in combination with post-launch calibration information, will then allow operators to infer the calibration status of the instrument in orbit, and to resolve on-orbit anomalies.
6.1.4 On-board calibration

On-board calibration enables monitoring the instrument performance (and stability) while in orbit.  It is performed by using reference targets (e.g., blackbodies in IR, solar diffusers and lamp line sources in SW) for passive instruments or by internal calibration systems (e.g., gain monitors) for active instruments. Some heritage instruments have been in operation without adequate means of on-board calibration, such as the Advanced Very High Resolution Radiometer (AVHRR) which provides long-term observations in VIS and NIR. Other means of calibration (e.g., vicarious, inter-calibration) need to be used for characterizing such instruments. Accuracy of in-flight instrument calibration is a function of the stability of on-board calibration systems (e.g., blackbodies, gain monitors) throughout the instrument’s lifetime. Therefore, the calibration itself must be regularly checked by inter-calibration against highly accurate references. 

In the case of IR instruments, if the radiometer detectors are assumed to have linear response, the output voltage is given as:
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where R is input radiance, α  is radiometer responsivity, and V0 is system offset. Calibration consists of determining α, V0, which is accomplished by exposing the radiometer to at least two reference targets with significantly different brightness temperatures. 
For IR and MW instruments, one reference target is deep space, at a temperature of 2.725 K.  Direct viewing of deep space is not always possible for instruments on a satellite platform.  For instance, pushbroom instruments constantly pointing to the Earth’s surface need to be equipped with a sub-reflector to supply the deep space view at intervals.  A second target is usually a well-characterized source with temperature in the medium to upper dynamic range, often a blackbody, which is ideally traceable to SI standards, i.e., a radiance scale provided by a national metrology institute. 

If the instrument response is not linear across the dynamic range, this needs to be accounted for in the pre-launch instrument characterization, e.g., by using a quadratic function, or through linearization in different parts of the dynamic range and possible addition of a second blackbody kept at a different temperature.
For UV, VIS and NIR instruments, on-board calibration is more challenging since it is affected by many factors. On the low-signal extreme, deep space is a useful reference, provided that disturbing effects (e.g., reflections from other parts of the spacecraft) are avoided.  At the high-signal end, an absolute source is generally replaced by Sun diffusers that provide a relatively stable reference. The Moon also may be used as a reference target, with the advantage that it can be viewed without an attenuator; however it must be used in conjunction with an accurate model of the moon’s brightness. Neither the solar diffuser nor the Moon provides an absolute calibration. Another system often used is a bench of lamp line sources of well-controlled intensity.  Spectrally-dependent polarization effects induced by the reflecting surfaces of the instrument optics also need to be taken into account
Another problem with on-board calibration is that often the instrument structure does not allow illumination of the full primary optics with reference sources.  For example, a spin-stabilised radiometer in GEO uses an internal blackbody requiring a model of the contributions of the telescope and foreoptics to the background radiation.  Often, the reference source only illuminates a fraction of the total instrument optics, therefore is more used for stability monitoring than for absolute calibration.
6.1.5 Vicarious calibration

On-board calibration can be complemented by stable ground targets used as references in a process termed vicarious calibration.  The target needs to be well characterised in order to infer the emitted or reflected radiance towards space.  The combined effects of the viewing geometry and, in shortwave, the bi-directional reflectance distribution function (BRDF) of surface and atmosphere combined must be taken into account. The radiative transfer through the atmosphere between the satellite and the ground reference source must be accurately known at the time of the satellite overpass.  In a cloud-free case, the short-wave spectrum is particularly affected by aerosols, whereas the long-wave spectrum is particularly influenced by the presence of water vapour.
Vicarious calibration can involve different kinds of targets: polar ice fields as blackbody for MW radiometers; snow fields, sun glint, homogeneous desert areas, deep convective cloud tops, for the upper end of the VIS dynamic range; cloud-free ocean surface for dark VIS targets; cube-corner reflectors for SAR; the rain forest as blackbody for radar scatterometers; etc. Calibration field sites equipped with in-situ observations are used for the calibration of high spatial resolution space-based instruments. During initial payload commissioning or at regular intervals, aircraft over-flights of a target area synchronous with the satellite overpass offer additional vicarious calibration data.
6.1.6 Inter-calibration by simultaneous observations

Inter-calibration of satellite instruments involves relating the measurements of one instrument to those of another. This is done for the dual purposes of:

· providing vicarious calibration to instruments that have no or defective internal calibration device (inter-calibration being performed against a high-quality, well-calibrated instrument serving as a reference);

· merging the data from several instruments for the generation of consistent time series.

Inter-calibration of instruments operated during the same period requires careful collocation wherein instrument outputs are compared when the instruments are viewing the same Earth scenes, at the same times, from the same viewing angles. Simultaneous observations from collocations between GEO imagers and a LEO reference imager have been performed on a monthly basis for almost 30 years as a means to normalize GEO satellite imagery; this has been done within the International Satellite Cloud Climatology Project (ISCCP) of the World Climate Research Programme (WCRP). More recently, the Global Space-based Inter-calibration System (GSICS) has developed an operational methodology for such inter-calibrations, specifically for simultaneous collocated observations. The methodology considers the trade-off between accurate spatial-temporal co-registration of the instruments and frequency of occurrence of such events, and takes into account the corrections to be applied for:

· different viewing geometries (with regard to both instrument scan angle and solar position);

· different atmospheric states in the line of sight, including aerosol and clouds;

· different spectral response functions.

It should be noted that simultaneous observations between two sun-synchronous satellites can only occur at the intersections of their orbital planes, which are always located at a given local solar time and at a given, generally high north or south, latitude
.   
6.1.7 Bias adjustment of long-term data records

An alternative approach for instrument inter-calibration, which is less demanding in computation and applicable a posteriori to long data series, is to simply compare the statistical distribution of overlapping time series of two satellite instrument data records without imposing individual matches of individual scenes. This approach enables identifying the relative bias between the two data records. The observed bias is analyzed so that the different conditions of observations (e.g., different local solar times) are accounted for leaving the remaining bias as that part that is actually due to difference in instrument calibration. One successful example of this approach is the inter-calibration of the nine Microwave Sounding Units (MSU) onboard the early NOAA satellites, which represent a 26 year record of global tropospheric temperatures. 
6.1.8 Using calibration information

The type of calibration information available depends on the processing level and on the instrument considered. Each instrument has its own operating mode and calibration cycle, which includes regular measurements of calibration targets each time a certain number of observations is performed. For instance, Table 6.1 indicates the calibration cycles of AMSU-A, MHS and HIRS/4.
	Table 6.1 – Examples of observation/calibration cycles

	
	AMSU-A
	MHS
	HIRS/4

	Number of Earth views 
	1 line of 30 pixels
	1 line of 90 pixels
	38 lines of 56 pixels

	Number of warm target views
	2 (~ 300 K)
	4 (~ 273 K)
	48 (~ 290 K)

	Number of cold target views
	2 (deep space ~ 2.73 K)
	4 (deep space ~ 2.73 K)
	56   (deep space ~ 2.73 K)

	Overall duration of the cycle
	8 s
	8/3 s
	256 s


An important step in the pre-processing from level 0 to level 1b data is to extract the calibration information in the form of warm/cold view counts and then to compute the resulting calibration coefficients in accordance with the calibration model defined by the satellite operator for the particular instrument (e.g. linear or quadratic calibration function, Look Up Table, etc.). This provides the “operational calibration” for that instrument. 
For applications requiring high accuracy and consistency among different instrument data records, a correction can be applied on top of the operational calibration in order to take into account the latest results of inter-calibration activities. Such corrections are provided by GSICS. The corrected calibration coefficients may be included in the level 1.b / level 1.5 data formats as additional calibration information.
6.1.9 Traceability of space-based measurement

While inter-calibration can ensure consistency between satellite instruments, it does not necessarily provide traceability to the International System of Units (SI) unless a reference instrument in orbit is SI traceable. There are major challenges to achieving SI traceability in orbit, as most sensors degrade physically after launch. Achieving SI traceability poses instrument design challenges and remains a research topic for all but a few measurement types. 

The Climate Absolute Radiance and Refractivity Observatory (CLARREO) mission proposed by the United States National Research Council consists of a highly accurate IR interferometer with a high emissivity reference black-body using a multiple phase-change cells thermometer, a UV-VIS-NIR spectrometer calibrated by Sun and Moonviews, a cryogenically cooled active cavity radiometer, and radio occultation measurements. This suite of instruments is intended to provide absolutely traceable measurements of the full Earth-emitted and reflected solar spectrum. Implementing and maintaining such a mission would provide an anchor point in support of the calibration and traceability of the whole fleet of operational radiometers.

For measurement traceability, one should take advantage of instruments that do not depend on radiometric calibration, such as radio-occultation and Sun or star occultation sensors (see Sections 2.2.4.3 and 2.2.5.1).
6.2 Product validation

6.2.1 Factors to be accounted for in validation

Validation is the process of assessing, by independent means, the quality of the data products derived from satellite instrument measurements
.  Product validation should be performed by product developers, downstream of instrument calibration, and should be documented in instrument-specific product validation plans. Guidelines for documenting product quality are provided in the Quality Assurance Framework for Earth Observation (QA4EO).
Geophysical products are generated from satellite data (often radiance measurements) by applying an algorithm that is either physically or empirically based. Comparing the retrieved products, and their trends with in-situ observations or model outputs is an important part of the process to assess and document the reliability of given retrieval algorithms in deriving these products as well as to define its domain of applicability. 

If a particular trend is detected, it may relate to the instrument’s performance; a careful analysis of the satellite instrument’s calibration and environmental data must be performed before any empirical correction can be applied. 
For many products validation is a complex problem since the comparison between products derived from satellite measurements and independent reference products often from in situ measurements is subject to several errors: (1) an inherent satellite-derived product error, (2) the error in the reference data, and (3) the error introduced by the comparison methodology, often due to non-collocation in time and space. In general, different measurement techniques measure different things: a satellite observation usually refers to a relatively large area (the instantaneous field-of-view, IFOV) and nearly-instantaneous measurements (within milliseconds); ground (in-situ) measurements are generally very local and integrated over a relatively long time. Ground-based remote sensing usually provides information representative of the atmospheric column. Comparison of the different types of measurement requires down-scaling or up-scaling methods that can introduce spatially or temporally dependent errors. 

A validation assessment model can be used to improve comparisons by understanding and accounting for these differences and to better account for the advantages and disadvantages of different validation approaches. Validation campaigns run by satellite operators are usually accompanied by such an assessment model.
It should be noted that for certain satellite products, independent validation measurements may not exist, and validation can only be performed by evaluating the impact of the product when used in an application (e.g., when assimilated in a NWP model).

6.2.2 Validation strategies
Validation of satellite-derived products should follow defined best-practice, variable-dependent protocols, such as those developed by the CEOS Working Group on Calibration and Validation (WGCV). Validation of satellite-derived parameters and products can be carried out using the following sources:

· Ground-based in-situ measurements

· Ground-based remote sensing measurements

· Model comparison and assimilation

· Other satellite-derived or blended products of a similar type.
For using such validation sources, it is essential that: 
· Measurement errors are well-known

· Temporal and spatial sampling follow best-practice protocols

· Sampling is representative of the typical application-dependent environment (e.g., climatic zones, marine regimes, atmospheric regions, land cover types).
For example, to support validated generation of combined sea-surface temperature (SST) satellite products, the Group for High-Resolution SST has developed a comprehensive validation strategy
 which includes detailed description of protocols, strategies to harmonize validation concepts for different satellite sensors contributing to SST measurements, needs for in-situ (buoy) measurements as in-situ data sources, and metrics to monitor product quality. 

6.2.3 Impact studies

Experience shows that the results of direct validation are less significant for some satellite-derived products than for others.  Since validation tests combine the effects of different error sources (satellite product, ground measurement, comparison method), the error due to the satellite product itself may be difficult to single out.  For certain geophysical variables ground measurements may be rather inaccurate.  For others the comparison method may depend too much on the observation environment.

An option to evaluate a product for a particular application is thus to evaluate its impact on the application skill.  In this case, the evaluation reflects the quality of the product, combined with the ability of the application to use it. For example, NWP models showed marginal impact for a couple of decades from atmospheric temperature-humidity soundings; this changed to significant positive impact only when direct radiance assimilation was introduced.  An opposite example is the assimilation of cloud-motion winds, which exhibited a strong positive impact at first attempt, although the initial validation exercises were disappointing.

In summary, validation requires rigorous analysis of all error sources and of all steps in the comparison method.  If the analysis shows that the error of the satellite product cannot be singled out, performing an impact study is a remaining validation mechanism.

7.  
CROSS-CUTTING ISSUES

7.1
Frequency protection issues
7.1.1 Overall frequency management

A critical issue for sustaining space-based Earth observations is whether the radio-frequency spectrum in the MW range (1 to 300 GHz and above) remains available.  This is important for:
· passive observations of the Earth surface (in windows) and atmospheric trace gases (in absorption bands)

· active observations with radar (altimeters, scatterometers, SAR)

· communications necessary for data downloading and satellite control.

The use of the radio-frequency spectrum is coordinated at the global level by the International Telecommunications Union (ITU).  “Radio Regulations” are adopted by ITU Members at the World Radio Conferences every four years. The ITU is regulating the allocation of radio-frequency bands to the different applications known as “services”, such as fixed and mobile telecommunications, broadband mobile applications, radio navigation, ground-based radars, short-range devices, electronic news gathering, etc. Earth observation applications are identified by ITU as two particular services: the Earth Exploration Satellite Service (EESS) and Meteorological Satellite Service (METSAT).  While some bands are allocated to a service on an exclusive basis, most bands are allocated to several services with certain conditions (e.g., limitation of the number, the emitting power, and the geographical distribution of sources) that aim at avoiding harmful interference. 
With the rapid expansion of the telecommunication sector and its increasing spectrum needs, the protection of frequencies required for EESS and METSAT has become very critical. Concerns include:
- interference from uncontrolled emissions within exclusive EESS or METSAT bands, or to out-of-band emissions from nearby frequency bands;

- sharing bands under conditions that are not stringent enough to guarantee reliable protection;

- desire of other services to expand to bands formerly allocated to EESS or METSAT;

- need of EESS or METSAT to use new bands arising because of the evolving remote sensing technology (e.g., MW above 300 GHz), or growing data rates, or expanding telecommunication bandwidths.
In addressing these issues, one must note that frequencies used for passive measurements cannot be selected in any part of the spectrum: they are determined by the physics and must correspond to either absorption peaks of atmospheric components or window channels. Natural emissions are extremely weak compared to most artificial sources, and hence they are easily corrupted.  Therefore, we must consider the passive radiometric bands as a natural heritage to be preserved.

7.1.2
Passive MW radiometry
The spectral MW range utilised for Earth observation stretches from ( 1.4 GHz (e.g., for ocean salinity) to ( 2500 GHz and beyond. The most critical issues are for frequencies below 300 GHz. The use of frequencies above ( 300 GHz is still emerging; moreover, since the water vapour continuum prevents viewing the lower troposphere, most of the instruments operating at those frequencies are designed for atmospheric chemistry and exploit limb viewing, which makes them less prone to interferences from ground sources.  The ITU has identified a limited number of bands allocated to EESS, for which active uses are either prohibited or limited.  As the radio-frequency spectrum becomes more crowded and users have a need for higher data rates, there is increasing pressure on higher frequencies, leading the ITU to share EESS bands with active services.  Only a few narrow bands are assigned to EESS on an exclusive basis ensuring reliable legal protection.  This has the following effects:

· the position of the allocated MW channels often does not coincide with the sensitivity peak for the needed geophysical variable or with a spectral area free of contamination from other effects;

· the protected bandwidth may be so narrow that the SNR is poor; this may force consideration of an unprotected band where a wider bandwidth is available, accepting the risk of interference.

Unfortunately, the pressure from other users of the spectrum, including commercial and mobile services, is continuously increasing; specialised groups of WMO, CGMS and space agencies must continuously monitor the situation at each update of ITU Regulations.
7.1.3
Active MW sensing
The problem of frequency protection also holds for active sensing (altimeters, scatterometers, SAR).  For some applications of radar backscattering like precipitation measurement, the sensing frequency has to be chosen in relation with the target properties. In other cases, like altimetry or SAR imagery, it is not very selective and there is some flexibility to find a frequency allocation in  any of the L, S, C, X, Ku, K, Ka, V, or W band (see Table 2.8 for definitions) .

7.1.4
Satellite operation and communication frequencies
Frequency allocation for satellite-ground communications is another critical issue.  In this case, as it involves active usage, the ITU Regulations are very restrictive in terms of allowed frequency, bandwidth, and emitted power.  The consequences are:

· higher cost for a ground receiving station that works with low signals;

· higher cost because insufficient bandwidth available in one band for the data rate to be handled forces relocation to higher-frequency bands that require more challenging technology and antenna pointing;

· ultimately, more difficulty to secure a frequency, particularly for real-time transmission; fewer frequencies are available, and sometimes this provokes interferences between satellites of the same family that are in orbit simultaneously.

In any event, frequency protection is difficult to guarantee, and users experience problems, especially in industrialised areas. Table 7.2 provides the frequency bands allocated to data transmission to and from meteorological satellites (From Handbook on Use of Radio Spectrum for Meteorology:  Weather, Water and Climate Monitoring and Prediction, ITU-WMO, 2008, updated after WRC-12).
TABLE 7.2: Frequency bands for use by meteorological satellites for data transmission

	Frequency band (MHz)
	MetSat allocations

	137-138
	Primary for space-to-Earth direction

	400.15-401
	Primary for space-to-Earth direction

	401-403
	Primary for Earth-to-space direction

	460-470
	Secondary for space-to-Earth direction

	1 670-1 710
	Primary for space-to-Earth direction

	7 450-7 550
	Primary for space-to-Earth direction, geostationary satellites only

	7 750-7 900
	Primary for space-to-Earth direction, non-geostationary satellites only

	8 025-8 400
	Primary for space-to-Earth direction for Earth exploration-satellites (Note 1)

	8 175-8 215
	Primary for Earth-to-space direction

	18 000-18 300
	Primary for space-to-Earth direction in Region 2, geostationary satellites only

	18 100-18 400
	Primary for space-to-Earth direction in Regions 1 and 3, geostationary satellites only

	25 500-27 000
	Primary for space-to-Earth direction for Earth exploration-satellites (Note 1)

	Note  − Since the MetSat is a sub-class of the Earth exploration-satellite service, Earth exploration-satellite service allocations (as an example: 25 500-27 000 MHz) can also be used for the operation of MetSat applications.


7.2 International coordination

7.2.1 The Coordination Group for Meteorological Satellites (CGMS)
With a focus on long-term sustained missions, the CGMS, in accordance with an agreed baseline, is coordinating satellite constellations in geostationary and low-Earth orbit in support of WMO and co-sponsored programmes. Established in 1972 with a focus on weather monitoring by geostationary satellites for weather forecasting, CGMS initially defined common standards for low-resolution image dissemination in “weather fac-simile” (WEFAX) and for the International Data Collection System to support mobile stations viewed by the different satellites. The scope of CGMS was extended in 1992 to polar-orbiting meteorological satellites and is now increasingly addressing key climate observations. The agreed baseline describes the missions to be maintained on a long-term basis; it serves as a reference for the intended contributions of the participating members to the Global Observing System (GOS) in response to the WMO Vision for the GOS in 2025. CGMS defines technical standards or best practices to ensure inter-operability across the global system. It has developed contingency plans which provide a framework for action in case of satellite outage or other unexpected difficulties in fully implementing the agreed baseline.

CGMS operates through Working Groups dedicated to: (i) Satellite Systems and Telecommunications, (ii) Satellite Products, (iii) Continuity and Contingency Planning, and (iv) Satellite Data Services. Together with WMO, CGMS originated major collaboration initiatives including GSICS, SCOPE-CM, and the Virtual Laboratory for Education and Training. CGMS works in partnership with several international science groups, is active on a continuous basis, and helps to organise working group meetings at two-year intervals:
· ITWG (International TOVS Working Group)

· IWWG (International Winds Working Group)

· IPWG (International Precipitation Working Group)

· IROWG (International Radio Occultation Working Group).
7.2.2 The Committee on Earth Observation Satellites (CEOS)

CEOS was established in 1984 by the Group of Seven (most industrialised countries of the world).  Unlike CGMS, at first CEOS was focussed on land observation satellites (initially Landsat, then also SPOT and IRS), specifically on new technologies such as SAR.  Later, the scope of CEOS was extended to all Earth observation programmes but with less emphasis on meteorology until a new interest arose for climate issues.  An important activity since its establishment was calibration and validation, through the Working Group on Calibration and Validation (WGCV). Other CEOS working groups are the Working Group on Information Systems and Services (WGISS), the Working Group on Capacity Building and Data Democracy (WGCap), and the new Working Group on Climate (WGClimate).
The coordination activity of CEOS is now articulated around the concept of “constellations” to share experience in the development of algorithms, to standardize data products and formats, to exchange information regarding the calibration and validation of measurements, to facilitate the timely exchange of and access to data products from existing and planned missions, and to facilitate planning of new missions. There are currently seven “constellations”:
· ACC (Atmospheric Composition Constellation)

· LSI (Land Surface Imaging constellation)

· OST (Ocean Surface Topography constellation)

· PC (Precipitation Constellation)

· OCR (Ocean Colour Radiometry constellation)

· OSVW (Ocean Surface Vector Wind constellation).

· SST (Sea Surface Temperature constellation).
7.3
Satellite mission planning 

7.3.1 Satellite programme lifecycle

In the early days of satellite meteorology, the lifecycle of a satellite mission was only a few years. Mission definition, satellite design, system development, and science demonstration happened in one or two years each;  the exploitation period was short and the ground segment often under-dimensioned.

In recent years, an operational programme (e.g., for meteorological purposes) generally proceeds with the following phases:

· Phase 0: User requirements definition, involving the user community, and Mission requirements definition, i.e., identification of the possible techniques to fulfil the user requirements: this lasts about 3 to 4 years;

· Phase A: Feasibility assessment at system level (including a preliminary definition of the ground segment) and of critical instruments (possibly including instrument simulations); and rough order-of-magnitude cost estimation: duration is about 2 years;

· Phase B: Preliminary design, preparatory activities (including airborne campaigns), detailed cost estimation: this takes about another 2 years;

· Phase C: Detailed design and development and testing of all systems (including the ground segment) and subsystems: this phase is the longest requiring about 5 years;

· Phase D: Integration of all subsystems, testing of the whole satellite, and launch campaign: this is often accomplished in 1 year.

Adding some time for the decision making and approval processes, and for in-orbit commissioning, the duration of the development phase is of the order of 15 years.  

· Phase E, the exploitation phase, is generally aimed at 15 years for an operational programme including a series of 3 or 4 satellites, with some overlap for contingency purposes (typical lifetime of a LEO satellite is 5 years, of a GEO 7 years). The duration of a satellite generation is a trade-off between the need for a long series to pay-off the development cost and the user learning curve, on one hand, and the need to develop a new generation of satellite instruments in order to benefit from state-of-the-art technology, on the other hand.

The organisation of a space programme involves many participants: the applications community, scientific institutes, R&D space agencies, industry, and governments with their industrial policy and budget constraints. In the case of Earth observation programmes with world-wide scope, coordination with many international partners must be accomplished as much as possible, which may further complicate the decision-making process.

7.3.2 Continuity and contingency planning 

Continuity of space-based observations has been a critical requirement for the meteorological satellite constellation in geostationary orbit, ever since nowcasting and severe weather forecasting, including tropical cyclone warning, began relying on satellite monitoring. The operational continuity of GEO imagery entails round-the-clock operation, high availability, near-real time data dissemination, and long-term continuity guaranteed by a robust programme that includes provisions for in orbit back-up. When the polar-orbiting constellation was established, and NWP models were increasingly relying on satellite sounding (IR, MW and radio-occultation) and other key satellite observations such as ocean surface winds, a similar requirement for operational continuity was applied to the morning and afternoon satellites that became the core meteorological constellation in polar-orbit. A baseline configuration of the operational space-based observing system was defined and committed upon by the satellite operators contributing to WMO programmes.

While satellite operators committed to give their best efforts to maintain the geostationary and the polar Sun-synchronous constellations, CGMS developed a Global Contingency Plan (see 7.3.1 and box below) providing a technical and legal framework for contingency measures to be taken on a “help-your-neighbour” basis in case of deficiency of one of the elements of the operational configuration. 

For geostationary satellites contingency support can be provided if the number of satellites is sufficiently high and their nominal positions are appropriately spaced along the equator (see, for instance, Fig. 4.1).  Moving a satellite from one longitude to another requires little fuel if implemented at a slow pace.  Per the contingency plan, several satellites are maintained in back-up positions and it is possible to relocate a satellite to fill a gap through a manoeuvre lasting a few days or weeks depending on the urgency and the fuel available onboard. Several examples have taken place:  a spare Meteosat satellite was moved to cover the West Atlantic Ocean at the time when the GOES system suffered a launch delay in the early 1990’s; a spare GOES satellite filled the gap in the Western Pacific Ocean during the transition from GMS to MTSAT in the early 2000’s; and the Indian Ocean position has been covered, at instances in the last two decades, by GOES and Meteosat satellites.

CGMS continuity and contingency planning
The CGMS baseline defines (i) a geostationary constellation comprising six satellites nominally located at fixed longitudes (135°W, 75°W, 0°, 76°E, 105°E, 140°E) and performing a set of agreed missions, (ii) a core meteorological constellation in polar sun-synchronous orbit performing imagery and sounding, and (iii) different constellations dedicated to additional missions in either sun-synchronous or inclined low Earth orbits. The CGMS Working Group on continuity and contingency planning keeps under review the implementation of the baseline, the availability of in-orbit back-ups and the risks of interruption of key missions.

CGMS has adopted a Global Contingency Plan which includes guidelines to ensure continuity e.g. in terms of in orbit back-up and re-launch policy, sets criteria for entering into contingency mode, and identifies actions to be taken in such contingency situation. In particular, the Global Contingency Plan defines a generic procedure for relocating a spare geostationary satellite to take over from a failing satellite, which is referred to as the “Help your neighbour” strategy. This global plan is supplemented by bilateral contingency agreements among geostationary satellite operators. On several occasions over the past three decades such contingency relocations have been essential to preserve the continuity of vital operational missions.

For sun-synchronous satellites contingency is more complicated.  Changing the orbital plane of a satellite requires a very large amount of fuel and is not envisaged, apart from the natural drift of the orbital plane due to precession or orbit keeping manoeuvres to correct this drift. The contingency plan therefore focuses on the availability of back-up satellites in each orbital plane along with regular spacing of the Equatorial Crossing Times (ECT) of these planes.  

When WMO adopted its “Vision for the GOS in 2025”, the scope of the operational space-based observing system was extended to climate monitoring, reflecting both the requirement to monitor the climate on a continuing basis, and the maturity of space-based systems evolving from research and development to an operational status. In response, a new baseline was subsequently defined and adopted by CGMS that incorporates a number of climate-oriented missions. Continuity is as crucial for climate monitoring as for operational weather forecasting, however the requirements are different because climate monitoring involves different time scales. On one hand, near-real time availability and short-term gaps in a daily cycle are not driving requirements. On the other hand, major importance is attached to long-term continuity and stability of measurements throughout decades. The GCOS Climate Monitoring Principles require systematic overlap between all consecutive satellites to allow for inter-calibration and traceability. Stability and traceability could also be achieved through maintaining one highly secured reference mission, with in orbit back-up, that serves as a calibration reference standard for all the others (as discussed in Section 6.1.9).  Such a provision should be a major element in the definition of an Architecture for Climate Monitoring from Space.

7.3.3     Long-term evolution

The evolving user requirements for satellite data and the dramatic progress of space and remote-sensing technology call for continuous improvements to satellite systems and instrumentation. 
At the same time, the strong pressure on resources stresses the need to seek an optimization of the global effort that assures the availability of a comprehensive observing system and avoids unnecessary redundancy beyond the required margins for robustness. Optimization is also needed in the development, validation, and sustained processing of derived products and requires data sharing, interoperability, and quality assurance. Global coordination under the auspices of the WMO aims at ensuring such optimization, building on the Rolling Review of Requirements, the high-level guidance provided by the Vision of the Global Observing Systems, the Statement of Guidance in each application area, and the Implementation Plan for Evolution of the Global Observing Systems which consolidates the recommendations to observing system implementation agents. A notable initiative is also the Architecture for Climate Monitoring from Space, promoted by WMO, CEOS, and CGMS to provide an end-to-end response from the space-based observing system to the climate monitoring requirements. 
_____________________
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ACRONYMS

	3MI
	Multi-viewing Multi-channel Multi-polarisation Imager (on EPS-SG)

	AATSR
	Advanced Along-Track Scanning Radiometer (= ATSR-2) (on Envisat)

	ABI
	Advanced Baseline Imager (on GOES-R)

	ABM
	Apogee Bust Motor

	ACC
	Accelerometer (on SWARM)

	ACC
	Fraction Correct Accuracy

	ACE
	Advanced Composition Explorer (of NASA)

	ACE-FTS
	Atmospheric Chemistry Experiment - Fourier Transform Spectrometer (on SCISAT)

	ACRIM-III
	Active Cavity Radiometer Irradiance Monitoring - III (on ACRIMSat)

	ACRIMSat
	Satellite carrying ACRIM (of NASA)

	ADEOS
	Advanced Earth Observing Satellite (original name: “Midori”) (of JAXA)

	ADM-Aeolus
	Atmospheric Dynamics Mission - Aeolus (of ESA)

	AEISS
	Advanced Electronic Image Scanning System (on KOMPSAT-3)

	AHI
	Advanced Himawari Imager (on Himawari 8 and 9)

	AIRS 
	Atmospheric Infra-Red Sounder (on Aqua)

	ALADIN
	Atmospheric Laser Doppler Instrument (on ADM-Aeolus)

	ALI
	Advanced Land Imager (on NMP EO-1)

	ALOS
	Advanced Land Observing Satellite (original name: “Daichi”) (of JAXA)

	AlSat
	Algeria Satellite (of CNTS)

	ALT
	Radar Altimeter (on HY-2A)

	AltiKa
	Ka-band Altimeter (on SARAL)

	AM or a.m.
	Ante Meridiem (morning)

	AMAZONIA
	AMAZONIA (on INPE)

	AMI-SAR
	Active Microwave Instrument - SAR mode (on ERS)

	AMI-SCAT
	Active Microwave Instrument - Scat mode (on ERS)

	AMR
	Advanced Microwave Radiometer (on Jason-2/3)

	AMSR-2
	Advanced Microwave Scanning Radiometer - 2 (on GCOM-W)

	AMSR-E
	Advanced Microwave Scanning Radiometer for EOS (on Aqua)

	AMSU-A
	Advanced Microwave Sounding Unit - A (on NOAA 15 to 19, MetOp, Aqua)

	AMSU-B
	Advanced Microwave Sounding Unit - B (on NOAA-15/16/17)

	AOPOD
	Radio-occultation receiver (on KOMPSAT-5)

	APS
	Aerosol Polarimetry Sensor (on Glory)

	Aqua
	EOS-Aqua (of NASA)

	Aquarius
	Aquarius (on SAC-D)

	ASAR
	Advanced Synthetic Aperture Radar (on Envisat)

	ASCAT
	Advanced Scatterometer (on MetOp)

	A-SCOPE
	Advanced Space Carbon and Climate Observation of Planet Earth (ESA study)

	ASI
	Atmospheric Sounding Interferometer (on FY-3 D to G)

	ASI
	Agenzia Spaziale Italiana

	ASM
	Absolute Scalar Magnetometer (on SWARM)

	ASPRS
	American Society for Photogrammetry and Remote Sensing

	ASTER 
	Advanced Spaceborne Thermal Emission & Reflection radiometer (on Terra) 

	ATI
	Apparent Thermal Inertia (a proxy of Soil moisture)

	ATLID
	Atmospheric Lidar (on Earth-CARE)

	ATMS
	Advanced Technology Microwave Sounder (on SNPP, JPSS)

	ATS
	Application Technology Satellite (of NASA)

	ATSR
	Along-Track Scanning Radiometer (on ERS-1)

	ATSR-2
	Along-Track Scanning Radiometer (on ERS-2)

	Aura
	EOS-Aura (of NASA)

	AVHRR/3
	Advanced Very High Resolution Radiometer (on NOAA, MetOp)

	AVNIR
	Advanced Visible and Near-Infrared Radiometer (on ADEOS-1)

	AVNIR-2
	Advanced Visible and Near-Infrared Radiometer - 2 (on ALOS)

	AWFI
	Advanced Wide Field Imager (on AMAZONIA)

	AWIFS
	Advanced Wide Field Sensor (on ResourceSat)

	BILSat
	BILTEN Satellte (of TÜBITAK-UZAY)

	BILTEN
	Information Technologies and Electronics Research Institute (in Turkey), now UZAY

	BJ-1
	Beijing-1 (of NRSCC)

	BlackJack
	BlackJack (on CHAMP, GRACE, SAC-C)

	BNSC
	British National Space Centre

	BRDF
	Bidirectional Reflectance Distribution Function

	CALIOP
	Cloud-Aerosol Lidar with Orthogonal Polarisation (on CALIPSO)

	CALIPSO
	Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (of NASA)

	CartoSat
	Satellite for Cartography (of ISRO)

	CAST
	Chinese Academy of Space Technology

	CBERS
	China-Brazil Earth Resources Satellite (of CAST, INPE)

	CC
	Cloud Camera (on Glory)

	CC
	Correlation Coefficient

	CCD
	Charge Coupled Device Camera (on INSAT 2E and 3A, HJ-A/B)

	CDOM
	Colour Dissolved Organic Matter - Former name: “Yellow substance absorbance”

	CDTI
	Centro para el Desarrollo Tecnológico Industrial

	CEOS
	Committee on Earth Observation Satellites

	CERES 
	Clouds and the Earth’s Radiant Energy System (on TRMM, Terra, Aqua, SNPP, JPSS-1)

	CGMS
	Coordination Group for Meteorological Satelllites

	CHAMP
	Challenging Mini-Satellite Payload (of DLR)

	CHRIS
	Compact High Resolution Imaging Spectrometer (on PROBA)

	CIMO
	Committee for Instruments and Methods of Observation (of WMO)

	CLARREO
	Climate Absolute Radiance and Refractivity Observatory

	CloudSat
	CloudSat (of NASA)

	CMA
	China Meteorological Administration

	CNES
	Centre National d’Etudes Spatiales (in France)

	CNTS
	Centre National des Techniques Spatiales (of Algeria)

	COCTS
	China Ocean Colour & Temperature Scanner (on HY-1)

	COMS
	Communication, Oceanography and Meteorology Satellite (of KMA)

	CONAE
	Comisión Nacional de Actividades Espaciales (in Argentina)

	Coriolis
	Coriolis (of DoD and NASA)

	COSI
	Corea SAR Instrument (on KOMPSAT-5)

	COSMIC
	Constellation Observing System for Meteorology, Ionosphere & Climate (of NSPO and UCAR)

	COSMO-SkyMed
	Constellation of Small Satellites for Mediterranean basin Observation (of ASI)

	COSPAR
	Committee on Space Research (of ICSU, the International Council of Scientific Unions)

	CPD
	Charged Particle Detector (on Ørsted)

	CPR
	Cloud Profiling Radar for CloudSat (on CloudSat, Earth-CARE)

	CrIS
	Cross-track Infrared Sounder (on SNPP, JPSS)

	CryoSat
	CryoSat (of ESA)

	CSA
	Canadian Space Agency

	CSG
	COSMO-SkyMed 2nd Generation (of ASI)

	CSI
	Critical Success Index

	CSK
	1st generation of COSMO-SkyMed (of ASI)

	CZCS
	Coastal Zone Colour Scanner (on Nimbus-7)

	CZI
	Coastal Zone Imager (on HY-1 B/C/D)

	DAC
	Ocean Diffuse Attenuation Coefficient - Former name: "Water clarity"

	DCP
	Data Collection Platform

	DCS
	Data Collection Service

	Deimos
	Deimos (of CDTI)

	DEM
	Digital Elevation Model

	DIAL
	Differential Absorption Lidar

	DIS
	Deimos Imaging SL (subsidiary of Deimos Space SL, Spain)

	DLR
	Deutsches Zentrum für Luft- und Raumfahrt (German Aerospace Centre)

	DMC
	Disaster Monitoring Constellation (intended as satellites)

	DMSP
	Defense Meteorological Satellite Program (of DoD)

	DNSC
	Danish National Space Centre

	DoD
	Department of Defense (of the USA)

	DORIS
	Doppler Orbitography and Radiopositioning Integrated by Satellite

	DPR
	Dual-frequency Precipitation Radar (on GPM-core)

	DRS
	Data Relay Satellite

	DubaiSat
	DubaiSat (of EIAST)

	DWR
	Dry-to-Wet Ratio

	DWSS
	Defense Weather Satellite System (formerly NPOESS 2 and 4) (of DoD)

	E
	Eötvös: physical unit for gravity gradients (1 E = 1 mGal / 10 km)

	Earth-CARE
	Earth Clouds, Aerosol and Radiation Explorer (of ESA)

	EC
	European Commission

	ECT
	Equatorial Crossing Time

	ECV
	Essential Climate Variable

	EFI
	Electric Field Instrument (on SWARM)

	EGG
	3-Axis Electrostatic Gravity Gradiometer (on GOCE)

	EIAST
	Emirates Institution for Advanced Science and Technology

	Electro
	Other name for GOMS (of RosHydroMet)

	EnMAP
	Environmental Mapping and Analysis Programme (of DLR)

	Envisat
	Environmental Satellite (of ESA)

	EOS
	Earth Observing System (Terra, Aqua, Aura) (of NASA)

	EPS
	EUMETSAT Polar System (of EUMETSAT)

	EPS-SG
	EPS Second Generation (of EUMETSAT)

	ERB
	Earth Radiation Budget

	ERBS
	Earth Radiation Budget Satellite (of NASA)

	ERM-1
	Earth Radiation Measurement – 1 (on FY-3 A, B, C)

	ERM-2
	Earth Radiation Measurement – 2 (on FY-3E&G)

	ERS
	European Remote-sensing Satellite (of ESA)

	ERTS
	Earth Resources Technology Satellite (of NASA)

	ESA
	European Space Agency

	ETM+
	Enhanced Thematic Mapper + (on Landsat-7)

	ETS
	Equitable Threat Score

	ET-SAT
	Expert Team on Satellite Systems (of WMO)

	EUMETSAT
	European organisation for the exploitation of meteorological satellites

	EXIS
	Extreme Ultraviolet & X-Ray Irradiance Sensor (on GOES-R)

	FAPAR
	Fraction of Absorbed Photosynthetically Active Radiation

	FAR
	False Alarm Rate

	FBI
	Frequency BIas

	FCI
	Flexible Combined Imager (on Meteosat Third Generation)

	FGGE
	First GARP Global Experiment

	FIR
	Far Infra-Red

	FM-E
	Magnetometer instrument (part of HMS on Electro-L)

	FormoSat-2
	FormoSat-2 (NSPO)

	FormoSat-3
	Other name of COSMIC (of NSPO and UCAR)

	FOV
	Field Of View

	FVM
	Fluxgate Vector Magnetometer (on Ørsted)

	FY-1
	Feng-Yun -1 (in LEO) (of CMA)

	FY-2
	Feng-Yun - 2 (in GEO) (of CMA)

	FY-3
	Feng-Yun - 3 (in LEO) (of CMA)

	FY-4
	Feng-Yun - 4 (in GEO) (of CMA)

	GACM
	Global Atmospheric Composition Mission

	Gal
	“Galileo”: physical unit for the gravity field (1 Gal = 0.01 m/s2. i.e. 1 mGal ≈ 10-6 g0)

	GAMI
	Hyper-spectral Green House Gas Monitor (FY-3 D&F)

	GARP
	Global Atmospheric Research Programme

	GAS
	Geostationary Atmospheric Sounder (ESA study)

	GCM
	General Circulation Model

	GCOM-C
	Global Change Observation Mission for Climate (of JAXA)

	GCOM-W
	Global Change Observation Mission for Water (of JAXA)

	GEMS
	Geostationary Environmental Monitoring Spectrometer (on COMS-2B)

	GEO
	Geostationary Earth Orbit

	GEOSAR
	Geostationary Search and Rescue

	GEOSS
	Global Earth Observation System of Systems

	GeoSTAR
	Geostationary Synthetic Thinned-Aperture Radiometer (on PATH)

	Geoton
	Panchromatic and multispectral radiometer (on Resurs-DK)

	GERB
	Geostationary Earth Radiation Budget (on Meteosat Second Generation)

	GIC
	Geomagnetically Induced Currents

	GISICS
	Global Space-based Inter-Calibration  System

	GISTDA
	Geo-Informatics and Space Technology Development Agency (in Tailand)

	GLAS
	Geoscience Laser Altimeter System (on ICESat)

	GLM
	Geostationary Lightning Mapper (on GOES-R)

	GLONASS
	GLObal NAvigation Satellite System (of Russian Federation)

	Glory
	Glory (of NASA)

	GMI
	GPM Microwave Imager (on GPM-core, GPM-NASA, GPM-Brazil)

	GMSC
	Geophysical Monitoring System Complex (on Meteor-M)

	GNOS
	Radio-occultation receiver (on FY-3)

	GNSS
	Global Navigation Satellite System (GPS + GLONASS)

	GOCE
	Gravity Field and Steady-State Ocean Circulation Explorer (ESA)

	GOCI
	Geostationary Ocean Color Imager (on COMS-1 and COMS-2B)

	GOES
	Geostationary Operational Environmental Satellite (of NOAA)

	GOLPE/BlackJack
	GPS Occultation and Passive reflection Experiment (on SAC-C)

	GOME
	Global Ozone Monitoring Experiment (on ERS-2)

	GOME-2
	Global Ozone Monitoring Experiment - 2 (on MetOp)

	GOMOS 
	Global Ozone Monitoring by Occultation of Stars (on Envisat)

	GOMS
	Geostationary Operational Meteorological Satellite (also Electro) (of RosHydroMet)

	GOS
	Global Observing System

	GOSAT
	Green-house gas Observing Satellite (of JAXA)

	GPM
	Global Precipitation Measurement mission

	GPM-constellation
	GPM satellites equipped with MW radiometers (NASA, Brazil)

	GPM-core
	GPM satellite equipped with radar (of NASA and JAXA)

	GPS
	Global Positioning System (intended as navigation system) (of USA)

	GPS
	Global Positioning System (intended as receiver on GOCE, SWARM et al.)

	GPS/MET
	Global Positioning System / Meteorology (on Microlab-1)

	GRACE
	Gravity Recovery and Climate Experiment (of NASA)

	GRAS
	GNSS Receiver for Atmospheric Sounding (on MetOp)

	GSICS
	Global Space-based Inter-Calibration System

	GUVI
	Global Ultraviolet Imager (on TIMED)

	HAIRS
	High Accuracy Inter-satellite Ranging System (on GRACE)

	Himawari
	Follow-on of Multi-functional Transport Satellite (of JMA)

	Hinode
	Japanese name of better-known Solar-B (of ISAS)

	HIRDLS 
	High-Resolution Dynamics Limb Sounder (on Aura)

	HiRI 
	High-Resolution Imager (on Pléiades)

	HIRS-3/4
	High-resolution Infra Red Sounder (on NOAA, MetOp A&B)

	HJ
	Huan Jing (of CAST)

	HMS
	Heliogeophysical Measurements System (on Electro-L)

	HR
	Hit Rate

	H.R,
	High Resolution

	HRG 
	Haute Résolution Géométrique (on SPOT-5)

	HRS 
	Haute Résolution Stéréoscopique (on SPOT-5)

	HRVIR 
	Haute Résolution dans le Visible et l’Infra-Rouge (on SPOT-4)

	HS 
	Higher Stratosphere

	HS&M
	Higher Stratosphere and Mesosphere

	HSI
	Hyper-Spectral Imager (on EnMAP)

	HSI
	Hyper Spectral Imager (on HJ-1A)

	HSRL
	High Spectral Resolution Laser

	HSS
	Heidke Skill Score

	HT
	Higher Troposphere

	HY
	Hai Yang (of NSOAS and CAST)

	HYC
	HYperspectral Camera (on PRISMA)

	Hyperion
	Hyperion (on NMP EO-1)

	HyS-I
	Hyper Spectral Imager (on IMS-1)

	IAS
	Infrared Atmospheric Sounder (on EPS-SG)

	IASI 
	Infrared Atmospheric Sounding Interferometer (on MetOp)

	ICESat
	Ice, Cloud and land Elevation Satellite (of NASA)

	IFOV
	Instantaneous Field Of View

	IGOR
	Integrated GPS Occultation Receiver (on COSMIC, TerraSAR, TanDEM)

	IIR
	Imaging Infrared Radiometer (on CALIPSO)

	IIS
	Interferometric Infrared Sounder (on FY-4)

	IMAGER
	Imager (on GOES 8 to 15, MTSAT-2, INSAT-3D)

	IMD
	India Meteorological Department

	IMS
	Indian Mini-Satellite (of ISRO)

	Ingenio
	Other name of SEOSat (Spanish Earth Observation Satellite) (of CDTI)

	INPE
	Instituto Nacional de Pesquisas Espaciais (in Brazil)

	INSAT
	Indian National Satellite (of IMD and ISRO)

	IPM
	Ionospheric PhotoMeter (part of SES on FY-3)

	IR
	Infra-Red (MWIR + TIR)

	IR
	Infra Red Camera (on HJ-1B)

	IRAS
	Infra Red Atmospheric Sounder (on FY-3 A to C)

	IRFS-2
	IR Sounding Spectrometer (on Meteor-M N2)

	IRMSS
	Infrared Multispectral Scanner (on CBERS 3/4)

	IRS
	Indian Remote-sensing Satellite (of ISRO)

	IRS
	Infra Red Sounder (on Meteosat Third Generation)

	ISA
	Israeli Space Agency

	ISAS
	Institute of Space and Aeronautics Science (of Japan)

	ISRO
	India Space Research Organisation

	ITRS
	International Terrestrial Reference System

	ITU
	International Telecommunication Union

	JAMI
	Japanese Advanced Meteorological Imager (on MTSAT-1R)

	JASON-1
	Joint Altimetry Satellite Oceanography Network -1 (of NASA and CNES)

	JASON-2/3
	Joint Altimetry Satellite Oceanography Network -2/3 (also OSTM) (of NASA, CNES, EUM, NOAA)

	JAXA
	Japan Aerospace Exploration Agency (formerly NASDA)

	JMA
	Japan Meteorological Agency

	JMR
	Jason Microwave Radiometer (on Jason-1)

	JPSS
	Joint Polar Satellite System (formerly NPOESS 1 and 3) (of NOAA)

	Kalpana
	Kalpana (previously MetSat) (of IMD and ISRO)

	KANOPUS-V
	KANOPUS Vulkan (of Roscosmos)

	KARI
	Korea Aerospace Research Institute

	KGI-4C
	Radiation Monitoring System (part of GMSC)

	KMA
	Korea Meteorological Administration

	KMSS
	High-resolution VIS/IR Radiometer (on Meteor-M N1&2)

	KOMPSAT
	KOMPSAT (of KARI)

	LAGEOS-1
	Laser Geodynamics Satellite - 1 (of NASA)

	LAGEOS-2
	Laser Geodynamics Satellite - 2 (of ASI and NASA)

	LAI
	Leaf Area Index

	Landsat
	Landsat (of USGS and NASA)

	LARES
	LAser RElativity Satellite (of ASI)

	Laser
	Light Amplification by Stimulated Emission of Radiation

	LDCM
	Landsat Data Continuity Mission (of USGS and NASA)

	LEO
	Low Earth Orbit

	LI
	Lightning Imager (on Meteosat Third Generation)

	Lidar
	LIght Detection And Ranging

	LIS 
	Lightning Imaging Sensor (on TRMM)

	LISS-3
	Linear Imaging Self-Scanning Sensor - 3 (on IRS-1C/1D, ResourceSat)

	LISS-4
	Linear Imaging Self-Scanning Sensor - 4 (on ResourceSat)

	LM
	Lightning Mapper (on FY-4)

	LR
	Laser Reflector (on GOCE, STARLETTE, STELLA et al.)

	LRA
	Laser Retroreflector Array (on LAGEOS, LARES et al.)

	LS
	Lower Stratosphere

	LST
	Local Solar Time

	LT
	Lower Troposphere

	LW
	Long Wave

	M
	Mesosphere

	MADRAS 
	MW Analysis & Detection of Rain & Atmospheric Structures (on Megha-Tropiques)

	MAESTRO
	Measurements of Aerosol Extinction in the Stratosphere and Troposphere Retrieved by Occultation (on SCISAT)

	MAG
	Magnetometer (on GOES-R)

	MBEI
	Multi-Band Earth Imager (on SICH-2)

	MCSI 
	Multiple Channel Scanning Imager (on FY-4)

	ME
	Mean Error (or Bias)

	Megha-Tropiques
	Megha-Tropiques (of CNES and ISRO)

	MERIS 
	Medium Resolution Imaging Spectrometer (on Envisat)

	MERSI-1
	Medium Resolution Spectral Imager – 1 (on FY-3 A to B)

	MERSI-2
	Medium Resolution Spectral Imager - 2 (on FY-3 C to G)

	Meteor
	Meteor (of RosHydroMet)

	Meteosat
	Meteorological Satellite (of EUMETSAT)

	METI
	Ministry of Economy, trade and Industry (of Japan)

	MetOp
	Meteorological Operational satellite (of EUMETSAT)

	MHS
	Microwave Humidity Sounding (on NOAA-18/19, MetOp)

	MI
	Meteorological Imager (on COMS-1)

	MIAS
	Magnetometer Instrument Assembly System (on CHAMP)

	MicroLab-1
	Re-named OrbView-1 (of NASA and UCAR)

	MI-FO
	COMS Follow-On Imager (on COMS-2A)

	MIPAS 
	Michelson Interferometer for Passive Atmospheric Sounding (on Envisat)

	MIRAS 
	Microwave Imaging Radiometer using Aperture Synthesis (on SMOS)

	MIREI
	Middle IR Earth Imager (on SICH-2)

	MIS
	Microwave Imager/Sounder (on DWSS)

	MISR 
	Multi-angle Imaging Spectro-Radiometer (on Terra)

	MLS 
	Microwave Limb Sounder (on UARS, Aura)

	Mm
	Millimetre wave (part of MW)

	MMC/ Ørsted-2
	Magnetic Mapping Payload / Ørsted-2 (on SAC-C)

	MMS
	Magnetospheric Multiscale mission (of NASA)

	MODIS 
	Moderate-resolution Imaging Spectro-radiometer (on Terra, Aqua)

	MOPITT 
	Measurement Of Pollution In The Troposphere (on Terra)

	MSC
	Multi-Spectral Camera (on KOMPSAT-2)

	MSG
	Meteosat Second Generation (Meteosat 8 to 11)

	MSGI-MKA
	Spectrometer for Geoactive Measurements (part of GMSC)

	MSI
	Multi-Spectral Imager for Earth-CARE

	MSI
	Multi-Spectral Imager (on Sentinel-2)

	MSMR
	Multi-frequency Scanning Microwave Radiometer (on OceanSat-1)

	MSS
	Multi-Spectral Scanner (on Landsat 1 to 5)

	MSS
	Multispectral film-making system (on KANOPS-V)

	MSU
	Microwave Sounding Unit (on NOAA)

	MSU-200
	Multispectral high resolution electronic scanner (on KANOPS-V)

	MSU-GS
	Electro-GOMS Imager (on Electro-L N2/3)

	MSU-MR
	VIS/IR Imaging Radiometer (on Meteor-M N1/2)

	MTF
	Modulation Transfer Function

	MTG-I
	Meteosat Third Generation (Meteosat ≥ 12), Imaging

	MTG-S
	Meteosat Third Generation (Meteosat ≥ 13), Sounding

	MTSAT
	Multi-functional Transport Satellite (of JMA)

	MTVZA-GY
	Imaging/Sounding Microwave Radiometer (on Meteor-M N1&2)

	MUXCAM
	Multispectral Camera (on CBERS 3/4)

	MVIRI
	Meteosat Visible Infra-Red Imager (on Meteosat 1 to 7)

	MVISR
	Multichannel Visible Infrared Scanning Radiometer (on FY-1 A to D)

	MW
	Microwave

	MWHS-1
	Micro-Wave Humidity Sounder - 1 (on FY-3 A and B)

	MWHS-2
	Micro-Wave Humidity Sounder - 2 (on FY-3 C to G)

	MWI
	Micro-Wave Imager (on EPS-SG)

	MWIR
	Medium-Wave Infra-Red

	MWR
	Micro-Wave Radiometer (on ERS, Envisat, SAD-D, Sentinel-3)

	MWRI
	Micro-Wave Radiation Imager (on FY-3 A to F except E)

	MWS
	Micro-Wave Sounder (on EPS-SG)

	MWTS-1
	Micro-Wave Temperature Sounder – 1 (on FY-3 A and B)

	MWTS-2
	Micro-Wave Temperature Sounder – 2 (on FY-3 C to G) 

	Mx-T
	Multispectral CCD Camera (on IMS)

	NAOMI
	New AstroSat Optical Modular Instrument (on AlSat)

	NASA
	National Aeronautics and Space Administration (of USA)

	NASDA
	National Space Development Agency (of Japan), now JAXA

	NASRDA
	National Space Research and Development Agency (in Nigeria)

	NDVI
	Normalised Difference Vegetation Index

	NE(R
	Noise Equivalent Difference Radiance

	NE(T
	Noise Equivalent Difference Temperature

	NESR
	Noise Equivalent Spectral Radiance

	NigeriaSat
	NigeriaSat (of NASRDA)

	Nimbus
	Nimbus (of NASA)

	NIR
	Near Infra-Red

	NIRST
	New Infra Red Scanner Technology (on SAC-D)

	NIVR
	Netherlands Institute for Air and Space Development

	NMP-EO-1
	New Millennium Program - Earth Observing - 1 (of NASA)

	NOAA
	National Oceanic and Atmospheric Administration (also intended as satellite)

	NPOESS
	National Polar-orbiting Operational Environmental Satellite System (of NOAA, DoD and NASA)

	
	

	NRA
	NASA Radar Altimeter (on TOPEX-Poseidon)

	NRL
	Naval Research Laboratory (in the USA) 

	NRSCC
	National Remote Sensing Centre of China

	NSAU
	National Space Agency of Ukraine (now SSAU, State Space Agency of Ukraine)

	NSOAS
	National Satellite Ocean Application Services (in China)

	NSPO
	National Space Organization (in Taiwan)

	NWP
	Numerical Weather Prediction

	OceanSat
	Satellite for the Ocean (of ISRO)

	OCM
	Ocean Color Monitor (on OceanSat)

	OCO 
	Orbiting Carbon Observatory (on OCO-2)

	OCO-2
	Orbiting Carbon Observatory - 2 (of NASA)

	OCS
	Ocean Colour Scanner (on Meteor-M N3)

	Odin
	Odin (of SNSB)

	OIS
	Optical Imaging System (on RASAT)

	OLCI 
	Ocean and Land Colour Imager (on Sentinel-3)

	OLI
	Operational Land Imager (on LDCM)

	OLS
	Operational Linescan System (on DMSP)

	OMI 
	Ozone Monitoring Instrument (on Aura)

	OMPS
	Ozone Mapping and Profiler Suite (on SNPP, JPSS)

	OMS
	Hyper-spectral Resolution Ultraviolet Ozone Sounder (on FY-3E&G)

	OPD
	Optical Path Difference

	OrbView-1
	New name for MicroLab-1 (of NASA and UCAR)

	OrbView-2
	New name for SeaStar (of NASA)

	Ørsted
	Ørsted (of DNSC)

	OSIRIS
	Optical Spectrograph and Infra-Red Imaging System (on Odin)

	OSTM
	Ocean Surface Topography Mission (also Jason 2 and 3)

	OT
	Optical Thickness

	OVM
	Overhauser Magnetometer (on Ørsted)

	PALSAR
	Phased-Array L-band Synthetic Aperture Radar (on ALOS)

	PAN
	Panchromatic

	PAN
	Panchromatic Camera (on IRS 1 C/D, CartoSat, PRISMA)

	PAN
	Panchromatic Imager (on Ingenio/SEOSat, THEOS )

	PANMUX
	Panchromatic and Multispectral Camera (on CBERS 3/4)

	PAR
	Photosynthetically Active Radiation

	PARASOL
	Polarisation et Anisotropie des Réflectances au sommet de l'Atmosphère, couplées avec un Satellite d'Observation emportant un Lidar (of CNES)

	PATH
	Precipitation and All-weather Temperature and Humidity (a NASA project)

	Paz
	Paz (“Peace”), other name of SEOSAR (Spanish Earth Observation SAR) (of CDTI)

	PBL
	Planetary Boundary Layer

	Pixel
	Picture element

	Pléiades
	Pléiades (of CNES)

	PM or p.m.
	Post-Meridiem (afternoon)

	POAM
	Polar Ozone and Aerosol Measurement  [sun occultation] (on SPOT)

	POD
	Probability Of Detection

	POFD
	Probability Of False Detection

	POLDER 
	Polarization and Directionality of the Earth’s Reflectances (on PARASOL)

	Poseidon 2/3
	Poseidon 2/3 (on JASON)

	Post-EPS
	Programme to follow EPS/MetOp, now called “EPS Second Generation”, or EPS-SG

	PR 
	Precipitation Radar (on TRMM)

	PRARE
	Precise Range And Range-rate Equipment (on ERS)

	PRISM
	PAN Remote-sensing Instrument for Stereo Mapping (on ALOS)

	PRISMA
	PRecursore IperSpettrale della Missione Applicativa (of ASI)

	PROBA
	Project for On-Board Autonomy (of ESA)

	PSC
	Polar Stratospheric Clouds

	PSF
	Point Spread Function

	PSS
	Panchromatic film-making system (on KANOPS-V)

	QuikSCAT
	Quick Scatterometer Mission (of NASA)

	RA
	Radar Altimeter (on ERS-1/2)

	RA-2
	Radar Altimeter (on Envisat)

	RAD
	Microwave Radiometer (on HY-2A)

	Radar
	RAdio Detection And Ranging

	RadarSat
	RadarSat (of CSA)

	Radiomet
	Radio-occultation sounder (on Meteor-M N3)

	RapidEye
	RapidEye (of DLR)

	RASAT
	Remote Sensing Satellite (of TÜBITAK-UZAY)

	RCM
	RadarSat Constellation Mission (of CSA)

	REIS
	RapidEye Earth Imaging System (on RapidEye)

	RER
	Radiant Energy Radiometer (on EPS-SG)

	ResourceSat
	Satellite for Earth Resources (of ISRO)

	Resurs
	Resurs (of Roscosmos)

	RISAT
	Radar Imaging Satellite (of ISRO)

	RMS
	Root Mean Square (used to quote accuracy)

	RMSE
	Root Mean Square Error

	RO
	Radio Occultation sounder (on EPS-SG)

	ROSA
	Radio Occultation Sounder of the Atmosphere (on OceanSat, SAC-D, Megha-Tropiques)

	Roscosmos
	Aeronautics and Space Agency of the Russian Federation

	RosHydroMet
	Hydro-Meteorological Service of the Russian Federation

	RSI
	Remote Sensing Instrument (on Formosat-2)

	S&R
	Search & Rescue

	SAC-C
	Satélite de Aplicaciones Cientificas - C (of CONAE)

	SAC-D
	Satélite de Aplicaciones Cientificas - D (of CONAE)

	SANSA
	South African National Space Agency

	SAOCOM
	SAtélite Argentino de Observación COn Microondas - 1 (of CONAE)

	SAPHIR 
	Sondeur Atmospherique du Profil d’Humidite Intertropicale par Radiometrie (on Megha-Tropiques)

	SAR
	Synthetic Aperture Radar

	SAR RCM
	Synthetic Aperture Radar of RadarSat Constellation (on RCM)

	SAR-2000
	Synthetic Aperture Radar 2000 (on COSMO-SkyMed)

	SAR-2000 S.G.
	Synthetic Aperture Radar 2000 Second Generation (on COSMO-SkyMed S.G.)

	SARAL
	Satellite with ARgos and ALtiKa (of CNES and ISRO)

	SAR-C
	Synthetic Aperture Radar, C-band (on RADARSAT, RISAT-1, Sentinel-1)

	SAR-L
	Synthetic Aperture Radar, L-band (on SAOCOM)

	SAR-S
	Synthetic Aperture Radar (on HJ-1C)

	SARSAT
	Search and Rescue Satellite-Aided Tracking System

	SAR-X
	Synthetic Aperture Radar, X-band (on Meteor-3 N3, Paz/SEOSAR, RISAT-2, TerraSAR, TanDEM

	SBUS
	Solar Backscatter Ultraviolet Sounder (on FT-3 A to C)

	SBUV/2
	Solar Backscatter Ultraviolet / 2 (on NOAA 9 to 19 except 12/15)

	SCA
	Scatterometer (ASCAT-like) (on EPS-SG)

	ScaRaB 
	Scanner for Radiation Budget (on Megha-Tropiques)

	SCAT
	Scatterometer (SeaWinds-like) (on OceanSat, HY-2A, Meteor-M N3

	SCIAMACHY 
	Scanning Imaging Absorption Spectrometer for Atmospheric Cartography (on Envisat)

	SCISAT
	Scientific Satellite (of CSA)

	SD
	Standard Deviation

	SDO
	Solar Dynamics Observatory (of NASA)

	SeaSat
	SeaSat (of NASA)

	SeaStar
	SeaStar (new name: OrbView-2) (of NASA)

	SeaWiFS
	Sea-viewing Wide Field-of-view Sensor (on Orbview-2/SeaStar)

	SeaWinds
	SeaWinds (on QuikSCAT)

	SEE
	Solar Extreme Ultraviolet Experiment (on TIMED)

	SEISS
	Space Environment In-Situ Suite (on GOES-R)

	SEM (in GEO)
	Space Environment Monitor (on GOES, FY-2, FY-4 et al.)

	SEM (in LEO)
	Space Environment Monitor (on NOAA, MetOp, FY-1, FY-3A&B et al.)

	SEM-N
	Space Environment Monitoring for NPOESS (on JPSS, DWSS, EPS-SG)

	Sentinel-1
	Sentinel-1 (for SAR-C continuity) (of ESA and EC)

	Sentinel-2
	Sentinel-2 (for land observation) (of ESA and EC)

	Sentinel-3
	Sentinel-3 (for ocean and land) (of ESA and EC)

	Sentinel-4
	Sentinel-4 (for chemistry in GEO) (of ESA and EC) (on MTG-S)

	Sentinel-5
	Sentinel-5 (for chemistry in LEO) (of ESA and EC) (precursor, then on Post-EPS)

	SEOSAR
	Spanish Earth Observation SAR (also called “Paz”) (of CDTI)

	SEOSat
	Spanish Earth Observation Satellite (also called “Ingenio”) (of CDTI)

	SES
	Space Environment Suite (on FY-3C to G)

	Severjanin-M
	Onboard Radar Complex (on Meteor-M N1&2)

	SEVIRI
	Spinning Enhanced Visible Infra-Red Imager (on Meteosat Second Generation)

	SGLI
	Second-generation Global Imager (on GCOM-C)

	SICH
	SICH (of NSAU)

	SIM 
	Spectral Irradiance Monitor (on SORCE)

	SIM-1
	Solar Irradiance Monitor - 1 (on FY-3 A&B)

	SIM-2
	Solar Irradiance Monitor - 2 (on FY-3 C,E,G)

	SIRAL
	SAR Interferometer Radar Altimeter (on CryoSat)

	SIR-C/X-SAR
	Shuttle Imaging Radar with Payload C / X-SAR (of NASA, DLR, ASI)

	SLIM6
	Surrey Linear Imager Multispectral 6 channels - but 3 spectral bands (on UK-DMC, BJ, Deimos, AlSat, NigeriaSat)

	SLSTR
	Sea and Land Surface Temperature Radiometer (on Sentinel-3)

	SMM
	Solar Maximum Mission (of NASA)

	SMMR
	Scanning Multichannel Microwave Radiometer) (on Nimbus-7 & SeaSat)

	SMOS
	Soil Moisture and Ocean Salinity (of ESA)

	SMR
	Sub-Millimetre Radiometer (on Odin)

	SMS
	Synchronous Meteorological Satellite (of NOAA and NASA)

	SNPP
	Suomi National Polar Partnership (formerly named NPOESS Preparatory Project)

	SNR
	Signal-to-Noise Ratio

	SNSB
	Swedish National Space Board

	SOHO
	Solar and Heliographic Observatory (of NASA and ESA)

	SORCE
	Solar Radiation and Climate Experiment (of NASA)

	SOUNDER
	Sounder (on GOES 8 to 15, INSAT-3D)

	SPOT
	Satellite Pour l’Observation de la Terre (CNES)

	SRAL
	SAR Radar Altimeter (on Sentinel-3)

	SSAU
	State Space Agency of Ukraine (formerly NSAU, National Space Agency of Ukraine)

	SSIES
	Special Sensor Ion and Electron Scintillation Monitor (on DMSP)

	SSM/I
	Special Sensor Microwave - Imager (on DMSP F8 to 15)

	SSJ5
	Special Sensor Precipitating Electron and Ion Spectrometer (part of SEM-N)

	SSM
	Special Sensor Magnetometer (on DMSP)

	SSM/T
	Special Sensor Microwave - Temperature (F04 to F15)

	SSM/T-2
	Special Sensor Microwave - Humidity (on DMSP F11 to F15

	SSMIS
	Special Sensor Microwave Imager/Sounder (on DMSP F16 to S20)

	SSP or s.s.p.
	Sub Satellite Point

	SSPD
	Data Collection and Transmission System (on Meteor-M N1/N2)

	SST
	Sea Surface Temperature

	SSTI
	Satellite-to-Satellite Tracking System (on GOCE)

	SSTL
	Surrey Satellite Technology Ltd  (in UK)

	SSULI
	Special Sensor Ultraviolet Limb Imager (on DMSP)

	SSUVI
	Special Sensor Ultraviolet Spectrographic Imager (on DMSP)

	STAR
	Space Three-axis Accelerometer for Research (on CHAMP)

	STARLETTE
	Satellite de Taille Adaptée avec Réflecteurs Laser por les Etudes de la Terre (of CNES)

	STELLA
	Companion of STARLETTE (of CNES)

	STEREO
	Solar-TErrestrial RElations Observatory (of NASA)

	STR
	Star Tracker (on SWARM)

	Sub-mm
	Submillimetre wave (part of FIR)

	SumbandilaSat
	SumbandilaSat (of SANSA)

	SuperSTAR
	Super Space Three-axis Accelerometer for Research (on GRACE)

	SUVI
	Solar Ultraviolet Imager (on GOES-R)

	S-VISSR
	Stretched Visible-Infrared Spin Scan Radiometer (on FY-2 A to H) 

	SW
	Short Wave

	SWARM
	The Earth’s Magnetic Field and Environment Explorers (of ESA)

	SWIR
	Short-Wave Infra-Red

	SWOT
	Surface Water and Ocean Topography (a NASA project)

	SXEUV
	Solar X-EUV imaging telescope (on FY-4)

	SXI
	Solar X-ray Imager (on GOES 12 to 15)

	SZS
	Shore Zone Scanner (on Meteor-M N3)

	TacSat-2
	Tactical Satellite (also known as RoadRunner) (of DoD and NASA)

	TanDEM-X
	Coupled to TerraSAR for improved DEM (of DLR)

	TANSO-CAI
	Thermal And Near infrared Sensor for carbon Observations - Cloud and Aerosol Imager (on GOSAT)

	TANSO-FTS
	Thermal And Near infrared Sensor for carbon Observations - Fourier Transform Spectrometer (on GOSAT)

	TBC
	To Be Confirmed

	TEC
	Total Electron Content

	Terra
	EOS-Terra (of NASA)

	TerraSAR
	TerraSAR (X-band) (of DLR)

	TES 
	Tropospheric Emission Spectrometer (on Aura)

	THEMIS
	Time History of Events and Macroscale Interactions during Substorms (of NASA)

	THEOS
	Thailand Earth Observation System (of GISTDA)

	TIDI
	TIMED Doppler Interferometer (on TIMED)

	TIM 
	Total Irradiance Monitoring (on SORCE, Glory)

	TIMED
	Thermosphere, Ionosphere, Mesosphere Energetics and Dynamics mission (of NASA)

	TIR
	Thermal Infra-Red

	TIROS
	Television and Infra-Red Observation Satellite (of NASA)

	TIRS
	Thermal Infra-Red Sensor (on LDCM)

	TM
	Thematic Mapper (on Landsat-4/5)

	TMI 
	TRMM Microwave Imager (on TRMM)

	TOA
	Top Of Atmosphere

	TOMS
	Total Ozone Mapping Spectrometer (on Nimbus-7, Meteor-3 6, ADEOS-1)

	TOPEX-Poseidon
	Topography Experiment + Poseidon (of NASA and CNES)

	TopSat
	TopSat (of BNSC)

	TOU
	Total Ozone Unit (on FT-3 A to C)

	TRACE
	Transition Region and Coronal Explorer

	TRMM
	Tropical Rainfall Measuring Mission (of NASA and JAXA)

	TRSR
	Turbo Rogue Space Receiver (for radio occultation) (on Ørsted)

	TSIS
	Total Solar Irradiance Sensor (on JPSS)

	TÜBITAK
	Scientific and Technological Research Council (of Turkey)

	UARS
	Upper Atmosphere Research Satellite (of NASA)

	UCAR
	University Corporation for Atmospheric Research (in USA)

	UHF
	Ultra-High Frequency

	UK-DMC
	UK contribution to the DMC (of BNSC)

	USGS
	United States Geological Survey

	UTC
	Universal Coordinated Time

	UV
	Ultra-Violet

	UVN
	Ultra-violet, Visible and Near-infrared sounder (on Sentinel-5 precursor, MTG/Sentinel-4

	UVNS
	Ultra-violet, Visible and Near-infrared Sounder (on EPS-SG/Sentinel-5)

	UZAY
	Space Technologies Research Institute (of TÜBITAK)

	Végétation 
	Végétation (on SPOT 4/5)

	VENμS
	Vegetation and Environment monitoring on a New Micro-Satellite (of CNES, ISA)

	VFM
	Vector Field Magnetometer (on SWARM)

	VHF
	Very-High Frequency

	VHRR (in GEO)
	Very High Resolution Radiometer (on INSAT-1A to 3A, Kalpana)

	VHRR (in LEO)
	Very High Resolution Radiometer (on NOAA)

	VII
	Visible and Infrared Imager (on EPS-SG)

	VIIRS
	Visible/Infrared Imager Radiometer Suite (on SNPP, JPSS)

	VIRR
	Visible and Infra Red Radiometer (on FY-3 A to C)

	VIRS
	Visible and Infra Red Scanner (on TRMM)

	VIS
	Visible

	VNIR
	Visible and Near Infra-Red (VIS + NIR)

	VSSC
	VENμS SuperSpectral Camera (on VEN(S)

	WAI
	Wide-field Auroral Imager (part of SES on FY-3)

	WALES
	Water vApour and Lidar Experiment in Space (ESA study)

	WFI-2
	Wide-Field Imager – 2 (on CBERS-3/4)

	WindRAD
	Sea Wind Measurement Radar (on FY-3)

	WindSat
	WindSat (on Coriolis)

	WMO
	World Meteorological Organization

	WVC
	Wide View CCD Camera (on HJ A and B)


� From the Committee on Earth Observation Satellites (CEOS) Working Group on Calibration and Validation.


� See for example: Ohring, G. (Ed.) (2007): Achieving Satellite Instrument Calibration for Climate Change (ASIC3). Report of a workshop organized by NOAA, NIST, NASA, NPOESS-IPO, SDL-USU; Lansdowne VA, USA, 16-18 May 2006.


� For guidance on reference standards, see e.g. A Guide to “Reference Standards” in Support of Quality Assurance Requirements of GEO, QA4EO-QAEO-GEN-DQK-003, � HYPERLINK "http://www.qa4eo.org/docs/QA4EO-QAEO-GEN-DQK-003_v4.0.pdf" �http://www.qa4eo.org/docs/QA4EO-QAEO-GEN-DQK-003_v4.0.pdf�


� For a 98 degree inclination, the crossing latitude is above 70 deg when the Equatorial Crossing Time of the two orbits are differing by less than 8 hours, and only drops significantly when the ECT difference increases towards 12 hours.


� From the Committee on Earth Observation satellites (CEOS) Working Group on Calibration and Validation.


� � HYPERLINK "https://www.ghrsst.org/ghrsst-science/product-validation/" �https://www.ghrsst.org/ghrsst-science/product-validation/�
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