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5.
SPACE-BASED OBSERVATION OF GEOPHYSICAL VARIABLES

5.1
Introduction
This Chapter provides an overview of the geophysical variables that can be observed from space and of the performance that can be expected for their derivation. The performance is estimated by taking into account the physical principle involved in each measurement technique and the state of the art instrument technology at the time of writing this document and in the foreseeable future. Assumptions are made to provide in each case the most representative estimation. The figures do not necessarily represent the actual performance of a particular instrument, but are intended to illustrate the relative performances of the different remote sensing techniques.

5.1.1
Processing levels
For the purpose of this guide we focus on the “geophysical variables” that can be retrieved by processing the output from a single instrument or a set of closely associated instruments.  Product derivation may involve complex algorithms, physical or statistical models, and supporting information from external sources, either ancillary (necessary for processing) or auxiliary (to help processing).  The present chapter focuses on products that can be derived with a limited amount of external information, where this external information only plays a minor role compared to that of the satellite instrument output, and no significant bias can be introduced by a model. For instance, modelling of the physical phenomenon controlling the variable, radiative transfer models, inversion retrieval models, are within the scope of this chapter.  Outside of the scope of this chapter, for example, is assimilation that merges several measurements and background fields, that combines the physics of the phenomenon and the dynamics of the model to the point that the satellite contribution to the output product is hardly recognisable, and that can be biased to the model being used.
This chapter will focus on Level-2 products, and some Level-3 and Level-4 products for which there is a well-established and recognized methodology (see the processing levels defined in Chapter 2, Section 2.3.2.6, Table 2.11).
5.1.2
Product quality
For satellite imagery used directly by human interpretation, several quality criteria can be considered; these include spatial resolution, geo-location accuracy, calibration stability across consecutive images, and colour constancy in representing a given property within the observed scene in the case of RGB composite imagery. These components of the image product quality are not discussed further here.

In this chapter we will seek to address the quality of quantitative products with numbers that can be used in automatic procedures and numerical models. This evaluation can then be compared with the requirements for the same products. 

Product quality is specified here by:

· atmospheric volume (for vertical profiles),
· horizontal resolution ((x),
· vertical resolution ((z) (for vertical profiles),
· observing cycle ((t),
· accuracy (RMS), and
· timeliness (().

5.1.2.1
Atmospheric volumes (relevant to 3D observations)
User requirements may differ according to the layer of the atmosphere being considered.  Fig. 5.1 shows the definitions of the atmospheric volumes used in he WMO observation requirements database.

 While users requirements may change in a stepwise mode when moving along the vertical, the quality of satellite-derived products changes with height in a smooth way, depending mainly on the vertical gradient with better performance being achieved in stronger gradients.  A step change occurs when the required vertical resolution cannot be achieved by cross-nadir scanning instruments and limb scanning becomes necessary.  For the sake of simplicity, we will consider different product performances for the troposphere, the stratosphere, and the total atmospheric column (when applicable).  It is understood that quality will softly degrade with increasing altitude in the troposphere, and the same in the stratosphere.  Product quality is only quoted above the height of 1 km; below 1 km the accuracy is too irregular and difficult to estimate.
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Fig. 5.1 - Atmospheric volumes defined by the users.  Higher Stratosphere and Mesosphere go together (HS&M).The heights and pressures are qualitative, and refer to mid-latitudes / yearly average. The Planetary Boundary Layer is part of the Lower Troposphere.
5.1.2.2
The horizontal resolution ((x)

The horizontal resolution ((x) is the convolution of several features (sampling distance, degree of independence of the information relative to nearby samples, the point spread function, etc.).  For simplification, it is generally agreed to refer to the sampling distance between two successive product values carrying independent information.

The horizontal resolution of the geophysical variable being measured is controlled by instrument features (primarily the IFOV, the sampling distance, or pixel, and the Modulation Transfer Function) and by the processing scheme that may be designed to take into account interfering effects (e.g., clouds in the IFOV).  For example, if clouds prevent the measurement to be useful, it may be convenient to process pixel arrays searching or extrapolating for the less contaminated measurement in the cell of size (x.  The number of pixels to be co-processed depends on the spectral range used to perform the measurement (e.g., down to one for all-weather microwaves) and on the available spectral information (when more spectral channels are available, a smaller cluster of pixels is needed).  The extreme case is when a large pixel array (e.g., 32 x 32) is needed to characterise the geophysical variable (an example is the inference of atmospheric motion vectors from the displacement of highly correlated cloudy pixel arrays within two images at different times).

For parameters such as “cloud cover”, “snow cover”, etc., a sufficient number of samples (pixels) in the (x((x cell is necessary to achieve the required accuracy.  For cloud-disturbed surface measurements of slowly-changing variables (e.g., snow) it may be necessary to apply a multi-temporal analysis that waits for the clouds to move away (this would be a Level-3 product).  It is generally possible, within limits, to trade-off horizontal resolution against accuracy during product generation. Often, the product horizontal resolution is larger than a single pixel in order to enhance the SNR to meet the product accuracy requirements.

For cross-nadir scanning instruments, the instrument IFOV or pixel size gets larger from the sub-satellite-point (s.s.p.) towards the swath edge, therefore the product horizontal resolution performance must be averaged across the instrument swath.

For conical scanners, the along-scan resolution is constant, but the cross-scan resolution is degraded by the cosine of the azimuth angle (the IFOV is nearly-elliptical).  The quadratic average in the along and across scan directions must be considered, and account has to be taken of the IFOV elongation in the along-scan direction due to the line-of-scan motion during the measurement integration time.  If a single antenna is used for several frequencies, the resolution will change with frequency due to diffraction.

For limb sounding, the horizontal resolution is determined by the viewing geometry.  The atmospheric path may physically extend for a few thousand kilometres, but the effective path (i.e., accounting for higher atmospheric density around the tangent height) is around 300 km along-view.  Across the viewing direction, although the transversal IFOV may be much narrower (tens of kilometres), the product resolution is determined by the number of azimuth views (in most cases only one, fore or aft). For the sake of simplicity, we adopt 300 km as the typical horizontal resolution of limb measurements.

5.1.2.3
The vertical resolution ((z)
The vertical resolution ((z) is also defined by referring to the vertical sampling distance between two successive product values, carrying independent information.

The vertical resolution of the product depends on the sensing principle, the instrument spectral range, and the number of channels or spectral resolution.  The weighting function may be more or less broadened in the vertical depending on the spectral resolution and range (worse in MW, better in the optical ranges).  Moreover, the spectral channels may be narrow enough to observe single lines of the absorbing/emitting gas, or a few lines or line bands.  If several lines are included in the channel, the weighting function will be broadened since it will average surface emission between the lines (peaking in the lower atmosphere) and atmospheric emission in the lines (peaking at higher altitudes).  In general, resolving power (/((( 100 enables broad-resolution retrieval of temperature vertical profiles with roughly 2 km vertical resolution; (/((( 1000 enables higher vertical resolution retrieval of temperature at about 1 km along with total-column retrieval of trace gases; (/((( 10000 is needed for trace gas profiles. The gas density has a bearing on the achievable vertical resolution, so that with increasing altitude the measurement vertical resolution degrades, becoming unacceptable in the medium and high stratosphere.

It should be noted that the weighting function shifts to higher altitudes as the instrument viewing angle shifts from nadir to swath edge.  This is due to the longer path length through the atmosphere with increasing view angle. The transmittance is an exponential function of the number of absorbing molecules in the path of the escaping radiation; a more oblique angle implies the greater likelihood of encountering more molecules in the upper atmosphere and hence the weighting function moves up in altitude.
The vertical resolution depends on the sensitivity of the wavelength to temperature. IR sensitivity to temperature is higher in the MWIR range (around 3 to 6 (m), thus the weighting functions are narrower in the lower troposphere and very broad in the higher troposphere and stratosphere. Short-waves are less sensitive to temperature, so the vertical resolution is relatively homogeneous with altitude. MW is relatively more sensitive to cold temperature and the vertical resolution is relatively good in the stratosphere.

In the stratosphere and above, the vertical resolution achievable by cross-nadir scanning is poor.  Limb scanning offers better vertical resolution; it is determined by mechanical scanning along the vertical (angular IFOV combined with the scan rate) and is in the range of 1 to 3 km (which is not possible with cross-nadir scanning). The vertical resolution achieved by limb sounding degrades with altitude, as the SNR degrades with decreasing gas concentration.  Occultation instruments (including radio occultation) have vertical resolution that is determined by the sampling rate during the occultation phase. During ground processing, an algorithm performs some vertical integration to trade-off against product accuracy.   
5.1.2.4
The observing cycle ((t)

The observing cycle ((t) is defined as the time required to achieve global coverage (for LEO) or full disk coverage (for GEO).  It is closely linked to the scanning capability of the instrument and to the orbital features. The relationship between observing cycle and scanning mechanism has been extensively discussed in section 3.1.1.  However, the instrument observing cycle may not coincide with the product observing cycle since not all observations taken during an instrument observing cycle may be useful for a given product.  For example, a clear sky mapped product may exhibit too many gaps due to cloud-affected observations. Thus the effective product observing cycle is a compromise between the minimum theoretical observing cycle that will have many gaps or multi-temporal analysis degrading the product observing cycle but producing a more regular product field (generated by a Level-3 process).  The compromise takes into account the sensitivity of the spectral band to the disturbing factor and the intrinsic time-variability of the desired geophysical parameter (which might not tolerate delays implied by multi-temporal analysis).  In another example, the multi-temporal analysis might be necessary to collect enough signal when there is a problem achieving the required product accuracy.   

For most meteorological variables the required observing cycle prevents multi-temporal analysis. The solution is at system level, by establishing the number of satellites available to measure the geophysical variable.  A global observing cycle shorter than 12 hours (for measurements in IR and MW) or 24 hours (for measurements involving SW) requires more satellites in regularly spaced orbits.  For a 3-h cycle, four satellites are needed provided the instrument swath is as large as the decalage (e.g., VIS/IR imagers).  For limited-swath instruments (e.g., MW radiometers of the Global Precipitation Measurement mission) the 3-h cycle requires 8 satellites.

The observing cycle may be shortened at the expense of the global coverage by using low-inclination orbits.  The extreme limit is (t < one orbital period for a quasi-equatorial orbit run from E to W.  Latitudes beyond the reach of the instrument swath will not be covered.

For GEO orbits, the observing cycle depends on the instrument refresh cycle. It may be minutes if the observation is unaffected by clouds; otherwise multi-temporal analysis may be needed.  A constellation of six regularly-spaced GEO satellites provides coverage of all latitudes below 55°, rising to 70° and above for longitudes close to that of the six GEO locations. 
Instruments with only nadir-viewing (non-scanning) provide infrequent global coverage. Limb-scanning instruments, including radio occultation, are in a similar situation (see section 3.1.1).  For these instruments, the observing cycle is difficult to define.

5.1.2.5
The accuracy 

The accuracy is defined as the “closeness of the agreement between a measured quantity value  and a true quantity value of the measurand” (BIPM, 2008).  It is the combined result of several instrument features: random error, bias, sensitivity, precision, etc. The accuracy is generally characterized by the root-mean-square (RMS) error range, i.e. the RMS difference [observed - true values] or uncertainty of the measurement. The uncertainty of a satellite-derived observation of a geophysical variable is driven by the physical principle linking the satellite measurement to the observed variable, and in particular by the sensitivity of the measurement to variations of this variable.
The radiometric accuracy (NE(T, or Signal-to-Noise Ratio SNR, or Noise-Equivalent Spectral Radiance NESR) drives the product uncertainty. However, the product uncertainty is strongly affected by the retrieval algorithm and by the trade-off with the other quality features ((x, (z and (t). Furthermore, the nature of the target (intensity of the emitted or scattered signal), the sensitivity of the sensing technique to the geophysical variable, and the efficiency in filtering out disturbing factors (e.g., clouds) have strong impact on the final product uncertainty.  
For a new instrument, evaluating the uncertainty requires sensitivity studies based on complicated simulations.
In this Guide product uncertainty is estimated from the heritage of past and current instruments, and simulation of planned instruments. Some Validation of satellite-derived product accuracy (discussed in Chapter 6) enters into estimates for past and current instruments; for future instruments a theoretical calculation is performed.

5.1.2.6
The timeliness (()

The timeliness (() is defined as the time elapsed between the moment the observation is taken and the availability of the product assuming routine operations. The timeliness depends on the satellite transmission facilities, the availability of acquisition stations, the processing time required to generate the product, and the overall data management.

In this Guide, the timeliness ( of the various products has not been evaluated because it is a system feature that is not relying only on the instrument.

5.1.3
Evaluation of satellite product quality

This Chapter 5 provides an overview of the satellite products that can potentially be retrieved from current or planned instruments, for geophysical variables of the seven following themes:  

· Basic atmospheric (3D and 2D),
· Cloud and precipitation,
· Aerosols and radiation,
· Ocean and sea ice,
· Land surface (including snow),
· Solid Earth and Space Weather,

· Atmospheric chemistry.

This list of observation products is limited to “elementary” geophysical variables, it does not include products that can be derived from other products.
For each satellite product, the applicable remote sensing principles are indicated with the possible observing conditions or limitations. The Annex to this chapter contains an evaluation of the achievable quality in terms of RMS, (x, (z and (t, based on the characteristics of state-of-the art instruments that are being developed at the time of writing this Guide, and expected to be operational by 2020. 
5.2
Basic atmospheric 3D and 2D variables
Basic variables for weather prediction, including NWP, that are observable from space. (Table 5.1)
	Table 5.1 - Geophysical variables considered under the theme “Basic atmospheric (3D and 2D) variables”

	Atmospheric temperature 
	Wind (horizontal)
	Height of the top of PBL
	Height of the tropopause

	Specific humidity 
	Wind vector over the surface (horizontal)
	Temperature of the tropopause
	


Other basic variables such as atmospheric pressure, temperature and humidity at surface; wind vertical component are not included because they cannot be reliably measured from space with current technology.
5.2.1
Atmospheric temperature
Definition: 3D field of the atmospheric temperature - Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ K ] – Uncertainty unit: [ K ].

Method 1: IR spectroscopy  - Principle: IR emission from different atmospheric layers, selected by using spectral intervals of different absorption strength in bands of CO2 (( 4.3 (m and ( 15 (m).  Applicable both in LEO and in GEO.
Method 2: MW/Sub-mm radiometry  - Principle: MW and Sub-mm wave emission from different atmospheric layers, selected by using spectral intervals of different absorption strength in bands of O2 (( 54, 118 and potentially 425 GHz).  Applicable both in LEO and potentially in GEO.

Method 3: GNSS radio-occultation  - Principle: Atmospheric refraction of L-band signals from the Global Navigation Satellite System received by a LEO satellite during the occultation phase.  Applicable only in LEO.

Method 4: Limb sounding  - Principle: Emission by lines (in IR or MW) or line broadening (in SW) as observed by high-resolution spectrometers intended for atmospheric chemistry operating in the Earth's limb.  Applicable only in LEO.
5.2.2
Specific humidity
Definition: 3D field of the specific humidity in the atmosphere - Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical units: [ g/kg ] for layers, [ kg/m2 ] for total column - Uncertainty unit: [ % ] for layers, [ kg/m2 ] for total column.

Method 1: IR spectroscop  - Principle: IR emission from different atmospheric layers, selected by using spectral intervals of different absorption strength in bands of H2O (( 6 and potentially ( 18 (m)  with support of CO2 (( 4.3 and ( 15 (m). Applicable both in LEO and in GEO.
Method 2: MW/Sub-mm radiometry - Principle: MW and Sub-mm wave emission from different atmospheric layers, selected by using spectral intervals of different absorption strength in bands of H2O (183 and potentially 324, 380 GHz and others at higher frequencies) with necessary support of O2 (( 54, 118, and potentially 425 GHz). Applicable in LEO and potentially in GEO.
Method 3: GNSS radio-occultation - Principle: Atmospheric refraction of L-band signals from the Global Navigation Satellite System (GNSS) received by a LEO satellite during the occultation phase.  Applicable only in LEO.
Method 4: DIAL  - Principle: Backscattered radiation in a NIR water vapour absorption band (e.g., ( 935 nm) and a side window by Differential Absorption Lidar (DIAL).  Applicable only in LEO.
Method 5: Limb sounding  - Principle: Emission (in IR or MW/Sub-mm), absorption (in sun or star occultation of SW) or scattering (in SW)  by lines as observed by high-resolution spectrometers intended for atmospheric chemistry operating in the Earth's limb.  Applicable only in LEO.
Method 6: IR split window  - Principle: By-product of the retrieval of surface temperatures from IR images (split-windows such as 11 and 12 (m). Suitable only for total column.  Applicable both in LEO and in GEO.
Method 7: MW imaging (23 GHz) - Principle: MW emission in a weak H2O band (( 23 GHz), associated to a nearby window (19 or 37 GHz). Suitable only for total column over the sea.  Applicable in LEO and potentially in GEO.
Method 8: NIR imaging (935 nm) - Principle: Differential reflectance between a NIR water vapour absorption band (e.g., ( 935 nm) and a side window by narrow-bandwidth radiometers.  Suitable only for total column.  Applicable both in LEO and in GEO.
5.2.3
Wind (horizontal)
Definition: 3D field of the horizontal vector component (2D) of the 3D wind vector - Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ m/s ] - Uncertainty unit: [ m/s ] intended as vector error, i.e. the module of the vector difference between the observed vector and the true vector.

Method 1: Doppler lidar - Principle: Motion of atmospheric eddies "signed" by aerosol or molecular scattering, tracked by means of Doppler lidar.  Applicable only in LEO.
Method 2: VIS/IR image sequences  - Principle: Motion of atmospheric cells of determined size "signed" by clouds and water vapour patches (and possibly ozone patches) recognised and tracked in VIS/IR image sequences.  Applicable both in LEO and in GEO.
Method 3: IR imager-sounder  - Principle: Motion of water vapour patches tracked in frequent sounding by IR imaging spectrometers operating in absorption bands of H2O (( 6 (m) with support of CO2  (( 4.3 and ( 15 (m).  Applicable both in LEO and in GEO.
Method 4: Limb sounding - Principle: Doppler shift and broadening of spectral lines of O2, O3, OH- observed by high-resolution VIS spectrometers operating in the Earth's limb.  Applicable only in LEO.
5.2.4
Wind vector over the surface (horizontal)
Definition: Horizontal vector component (2D) of the 3D wind vector, conventionally measured at 10 m height - Requested over sea and land surface. Physical unit: [ m/s ] - Uncertainty unit: [ m/s ] intended as vector error, i.e. the module of the vector difference between the observed vector and the true vector.

Method 1: Radar scatterometry  - Principle: Backscattered radiation from capillary waves by medium frequency radar (around 5 or 11 GHz).  More viewing angles used to determine direction.  Applicable only over the sea.  Applicable only in LEO.
Method 2: Polarimetric MW radiometry  - Principle: Emitted and scattered MW radiation in atmospheric windows at several frequencies (e.g., 10, 19, 37 GHz).  Three Stokes parameters to be measured (e.g., at least four polarisations), four better (i.e., six polarisations).  Applicable only over the sea.  Applicable only in LEO.
Method 3: MW imagery  - Principle: Emitted and scattered MW radiation in atmospheric windows at several frequencies (e.g., 10, 19, 37 GHz).  At least two polarisations needed.  Applicable only over the sea.  Only speed measured.  Applicable only in LEO.
Method 4: Radar altimetry  - Principle: Backscattered radiation from sea surface by medium frequency radar (~ 13 GHz).  Wind speed associated to echoes scattered from capillary waves.  Applicable only over the sea.  Only speed measured.  Only nadir.  Applicable only in LEO.
5.2.5
Height of the top of the Planetary Boundary Layer
Definition: Height of the surface separating the PBL from the free atmosphere - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: From IR sounding  - Principle: Derived from IR sounding of temperature and humidity.  Applicable both in LEO and in GEO.
Method 3: From GNSS sounding  - Principle: Derived from GNSS radio-occultation sounding of temperature and humidity.  Applicable only in LEO.
5.2.6
Height of the tropopause
Definition: Height of the surface separating the troposphere from the stratosphere - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Two wavelengths preferred.  Applicable only in LEO.
Method 2: From IR sounding  - Principle: Derived from IR sounding of temperature.  Applicable both in LEO and in GEO.
Method 3: From GNSS sounding  - Principle: Derived from GNSS radio-occultation sounding of temperature.  Applicable only in LEO.
5.2.7
Temperature of the tropopause
Definition: Atmospheric temperature at the height of the surface separating the troposphere from the stratosphere - Physical unit: [ K ] - Uncertainty unit: [ K ].

Method 1: From IR sounding  - Principle: Derived from IR sounding of temperature.  Applicable both in LEO and in GEO.
Method 2: From GNSS sounding  - Principle: Derived from GNSS radio-occultation sounding of temperature.  Applicable only in LEO.
Method 3: From limb sounding  - Principle: Derived from limb sounding of temperature.  Applicable only in LEO.
5.3
Cloud and Precipitation variables

This theme includes the basic variables observable from space for actual weather analysis and short-term prediction and nowcasting, as well as for hydrology.  (Table 5.2)
	Table 5.2 - Geophysical variables considered under the theme “Cloud and Precipitation variables”

	Cloud top temperature
	Cloud base height
	Cloud ice 
	Precipitation (liquid or solid)

	Cloud top height
	Cloud optical depth
	Cloud ice effective radius 
	Precipitation intensity at surface (liquid or solid)

	Cloud type
	Cloud liquid water 
	Freezing level height in clouds
	Accumulated precipitation (over 24 h)

	Cloud cover 
	Cloud drop effective radius 
	Melting layer depth in clouds
	Lightning detection


5.3.1
Cloud top temperature

Definition: Temperature of upper surface of cloud - Physical unit: [ K ] - Uncertainty unit: [ K ].

Method 1: IR radiometry  - Principle: Derived from IR imagery in a number of channels including “windows” and other ones (in water vapour absorption bands) necessary to evaluate cloud emissivity.  Applicable both in LEO and in GEO.
Method 2: From IR sounding  - Principle: Derived as a by-product of temperature/humidity sounding retrieval from IR spectroscopy.  The different brightness temperature at different wavelengths sensitive to CO2 enables retrieval of cloud top temperature within the sounded IFOV.  Applicable both in LEO and in GEO.
5.3.2
Cloud top height
Definition: Height of the upper surface of the cloud - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: IR radiometry  - Principle: Derived from cloud top pressure converted to height and temperature using a forecast temperature profile after viewing the cloud through a 11 and 13.4 (m channel pair (comparison with “window”, measures the columnar defect of CO2 above cloud top).  Applicable both in LEO and in GEO.
Method 2: From IR sounding  - Principle: Derived as a by-product of temperature/humidity sounding retrieval from IR spectroscopy.  The different radiative transfer at different wavelengths enables retrieval of cloud top height within the sounded IFOV.  Applicable both in LEO and in GEO.
Method 3: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Two wavelengths preferred.  Applicable only in LEO.
Method 4: Cloud radar  - Principle: Backscattered radiation in MW (~ 94 GHz) by radar.  Applicable only in LEO.
Method 5: A-band spectroscopy  - Principle: Observed defect of columnar O2 above the cloud top by spectroscopy of the 760 nm A-band and nearby “window”.  Applicable both in LEO and in GEO.
5.3.3
Cloud type
Definition: Comprehensive properties of the observed cloud.  The list of types of interest is predetermined - Uncertainty expressed as number of discriminated types [ classes ].
Method 1: VIS/IR radiometry  - Principle: Multi-spectral analysis of cloud reflectance, top-surface temperature, optical depth, emissivity, phase, drop size, over different backgrounds, observed in a few discrete channels of relatively large bandwidths (5-10 cm-1).  Applicable both in LEO and in GEO.
5.3.4
Cloud cover
Definition: 3D field of fraction of sky where clouds are detected.  Requested as a 3D field in the troposphere (assumed height: 12 km) and also as a single layer (total column) to provide the Total Cloud Cover - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/IR radiometry  - Principle: Derived from cloud imagery in a few discrete channels selected so as to detect all cloud types.  The fractional cover refers to the number of cloudy pixels in a given pixel array.  Applicable both in LEO and in GEO.
Method 2: From IR sounding  - Principle: Derived as a by-product of temperature/humidity sounding retrieval from IR spectroscopy.  The different radiative transfer at different wavelengths enables retrieval of cloud fraction times cloud emissivity within the sounded IFOV.  Applicable both in LEO and in GEO.
Method 3: Cloud radar  - Principle: Backscattered radiation from cloud droplets observed by high-frequency radar (( 94 GHz).  Applicable only in LEO.
5.3.5
Cloud base height
Definition: Height of the bottom surface of the cloud - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: Cloud radar  - Principle: Derived as lower level of the backscattered radiation from cloud droplets observed by high-frequency radar (( 94 GHz).  Applicable only in LEO.
5.3.6
Cloud optical depth
Definition: Effective depth of the cloud from the viewpoint of radiation propagation.  The definition is OD = exp (-K Δz). K is the extinction coefficient [km-1], Δz the optical path [km] between the base and the top of the cloud.  It depends on the wavelength but is usually referred to visible radiation.  Physical unit: [ dimensionless ] - Uncertainty unit: [ dimensionless ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Two wavelengths preferred.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Applicable only in LEO.
Method 3: SW/TIR radiometry  - Principle: Scattered solar radiation in several narrow-band channels of VIS, NIR and SWIR, and emitted radiation in several window channels of TIR.  Applicable both in LEO and in GEO.
5.3.7
Cloud liquid water
Definition: 3D field of atmospheric water in the liquid phase (precipitating or not).  Requested in the troposphere (assumed height: 12 km) and for total column - Physical unit: [ g/kg ] for layers, [ g/m2 ] for total column - Uncertainty unit: [ % ] for layers, [ g/m2 ] for total column.

Method 1: Cloud radar  - Principle: Backscattered radiation from cloud droplets observed by high-frequency radar (( 94 GHz).  Applicable only in LEO.
Method 2: Precipitation radar  - Principle: Backscattered radiation from cloud droplets observed by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 3: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183 GHz).  Applicable in LEO and potentially in GEO.
5.3.8
Cloud droplet effective radius
Definition: 3D field of the size distribution of liquid water droplets, assimilated to spheres of the same volume.  Requested in the troposphere (assumed height: 12 km), and at the cloud top surface - Physical unit: [ (m ] - Uncertainty unit: [ (m ].

Method 1: Cloud radar  - Principle: Backscattered radiation from cloud droplets by high-frequency radar (( 94 GHz).  Applicable only in LEO.
Method 2: Precipitation radar  - Principle: Backscattered radiation from cloud droplets by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 3: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183 GHz).  Actually, the cloud droplet effective radius profile is retrieved with the help of an associated NWP model, possibly cloud-resolving.  Applicable in LEO and potentially in GEO.
Method 4: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Essentially limited to cloud top.  Applicable only in LEO.
Method 5: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Essentially limited to cloud top.  Applicable only in LEO.
Method 6: VIS/IR radiometry  - Principle: Scattered solar radiation in several narrow-band channels of VIS, NIR, SWIR and MWIR.  Also, differential emission in several channels of TIR (for cirrus clouds).  Essentially limited to cloud top.  Applicable both in LEO and in GEO.
5.3.9
Cloud ice
Definition: 3D field of atmospheric water in the solid phase (precipitating or not).  Requested in the troposphere (assumed height: 12 km) and for total column - Physical unit: [ g/kg ] for layers, [ g/m2] for total column - Uncertainty unit: layers [ % ], [ g/m2 ] for total column.

Method 1: Cloud radar  - Principle: Backscattered radiation from ice particles observed by high-frequency radar (( 94 GHz).  Applicable only in LEO.
Method 2: Precipitation radar  - Principle: Backscattered radiation from ice particles by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 3: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~ 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183, and potentially 380, 425 GHz).  Actually, the cloud ice profile is retrieved with the help of an associated NWP model, possibly cloud-resolving.  Applicable in LEO and potentially in GEO.
Method 4: Sub-mm imagery  - Principle: Emitted and scattered radiation in MW atmospheric windows (243, 664, 874 GHz) in dual polarisation supported by channels in H2O absorption bands (183, 325, 448 GHz).  Suitable only for total column.  Applicable only in LEO.
Method 5: Far IR imagery  - Principle: Emitted and scattered radiation in several atmospheric windows of FIR (18.2, 24.4, 52, 87 (m) as compared to TIR (8.7, 11, 12 (m).  Suitable only for total column.  Applicable only in LEO.
5.3.10
Cloud ice effective radius
Definition: 3D field of the size distribution of ice particles, assimilated to spheres of the same volume.  Requested in the troposphere (assumed height: 12 km), and at the cloud top surface - Physical unit: [ (m ] - Uncertainty unit: [ (m ].

Method 1: Cloud radar  - Principle: Backscattered radiation from ice particles by high-frequency radar (( 94 GHz).  Applicable only in LEO.
Method 2: Precipitation radar  - Principle: Backscattered radiation from ice particles by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 3: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183 GHz).  Actually, the cloud ice effective radius profile is retrieved with the help of an associated NWP model, possibly cloud-resolving.  Applicable in LEO and potentially in GEO.
Method 4: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Essentially limited to cloud top.  Applicable only in LEO.
Method 5: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Essentially limited to cloud top.  Applicable only in LEO.
Method 6: VIS/IR radiometry  - Principle: Scattered solar radiation in several narrow-band channels of VIS, NIR, SWIR and MWIR.  Also, differential emission in several channels of TIR (for cirrus clouds).  Essentially limited to cloud top.  Applicable both in LEO and in GEO.
5.3.11
Freezing level height in clouds
Definition: Height of the atmospheric layer in cloud where liquid-solid states transform into each other - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: Precipitation radar  - Principle: Backscattered radiation from cloud drops by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 2: From MW/Sub-mm sounding  - Principle: Derived from MW and Sub-mm wave sounding of temperature.  Applicable in LEO and potentially in GEO.
5.3.12
Melting layer depth in clouds
Definition: Depth of the atmospheric layer in cloud where liquid-solid states transform into each other - Physical unit: [ km ] - Uncertainty unit: [ km ].

Method 1: Precipitation radar  - Principle: Backscattered radiation from cloud drops by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Applicable only in LEO.
Method 2: From MW/Sub-mm sounding  - Principle: Derived from MW and Sub-mm wave sounding of temperature.  Applicable in LEO and potentially in GEO.
5.3.13
Precipitation(liquid or solid)
Definition: 3D field of the vertical flux of precipitating water mass.  Requested in the troposphere (assumed height: 12 km) - Physical unit: [ g٠s-1٠m-2 ] (vertical flux of precipitating water mass) - Uncertainty unit: [ % ].

Method 1: Precipitation radar  - Principle: Backscattered radiation from cloud drops by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Doppler capability also useful.  Applicable only in LEO.
Method 2: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~ 10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183, 380, 425 GHz).  Actually, the precipitation profile is retrieved with the help of an associated NWP model, possibly cloud-resolving.  Applicable in LEO and potentially in GEO
5.3.14
Precipitation intensity at surface (liquid or solid)
Definition: Intensityof precipitation reaching the ground - Physical unit: [ mm/h ] (if solid, mm/h of liquid water after melting) - Uncertainty unit: [ mm/h ].  Since uncertainty changes with intensity, it is necessary to specify a reference intensity.  Assumed intensity: 5 mm/h.

Method 1: Precipitation radar  - Principle: Backscattered radiation from cloud drops by medium frequency radar (dual-frequency preferred, 14 and 35 GHz).  Doppler capability also useful.  Applicable only in LEO.
Method 2: MW/Sub-mm sounding  - Principle: MW/Sub-mm radiation in window channels (typically, ~ 10, 19, 37, 90, 150 GHz) with dual polarisation, and absorption bands (typically, ( 54, 118, 183, 380, 425 GHz).  Actually, the precipitation rate at surface is retrieved from the profile reconstructed with the help of an associated NWP model, possibly cloud-resolving.  Applicable in LEO and potentially in GEO.
Method 3: VIS/IR radiometry  - Principle: Inferred from cloud imagery in a few discrete channels selected so as to detect all cloud types, assisted by conceptual models, generally more responsive to convective rain.  Applicable in GEO.
Method 4: Fusion between MW from LEO and IR from GEO  - Principle: Combined product of LEO/MW-derived accurate/infrequent measurements with GEO/IR frequent images used either to be ‘calibrated’ by MW measurements or to enable dynamical interpolation between MW-derived precipitation data.  Requiring both LEO and in GEO.
5.3.15
Accumulated precipitation (over 24 hours)
Definition: Integration of precipitation intensity reaching the ground in given time intervals.  The reference requirement refers to integration over 24 h - Physical unit: [ mm ] - Uncertainty unit: [ mm ].

Method 1: From fusion between MW from LEO and IR from GEO  - Principle: Derived by time integration of frequent precipitation rate measured by merging MW precipitation rate data from LEO with IR imagery from GEO.  Requiring both LEO and in GEO.
Method 2: From MW/Sub-mm sounding  - Principle: Derived by time integration of frequent precipitation rate measured by MW/Sub-mm sounders in GEO.    Applicable in GEO (potentially).
5.3.16
Lightning detection
Definition: Mapping of lightning events as number of flashes in a given time interval over a given area - Physical unit: [ Counts ] - Uncertainty expressed as Hit Rate (HR) and False Alarm Rate (FAR).

Method 1: Lightning mapping  - Principle: Detection of flashes by a CCD camera in a very-narrow channel in a NIR oxygen absorption band (generally at 777.4 nm) for operability also in daylight.  The number of flashes in a given time over a given area, and their intensity, are related to the maturity of the convective process in cloud.    Applicable both in LEO and in GEO.
5.4
Aerosol and Radiation
This theme comprises variables that affect the Earth radiation budget versus Space, cloud-radiation interaction, cloud formation, air quality and several characterising factors of Climate and climate change.  The variables observable from space are listed in Table 5.3.

	Table 5.3 - Geophysical variables considered under the theme “Aerosol and Radiation”

	Aerosol Optical Depth
	Upward spectral radiance at TOA
	Earth’s surface albedo

	Aerosol concentration
	Upward LW irradiance at TOA
	Earth’s surface SW bi-directional reflectance

	Aerosol effective radius
	Upward SW irradiance at TOA
	Upward LW irradiance at Earth’s surface

	Aerosol type
	Short-wave cloud reflectance
	Long-wave Earth surface emissivity

	Volcanic ash
	Downward LW irradiance at Earth’s surface
	Photosynthetically Active Radiation (PAR)

	Downward solar irradiance at TOA
	Downward SW irradiance at Earth’s surface
	Fraction of Absorbed PAR (FAPAR)


Further variables such as Aerosol absorption optical depth, Aerosol extinction coefficient, Aerosol single scattering albedo and Aerosol phase function have not been considered since closely linked to the selected ones (optical thickness, concentration, effective radius, and type), that are closer to the understanding of the general user.
5.4.1
Aerosol optical depth
Definition: Effective depth of the aerosol column from the viewpoint of radiation propagation.  The definition is OD = exp (-K (z). K is the extinction coefficient [km-1], (z the optical path [km] between the earth’s surface and TOA.  It depends on the wavelength - Physical unit: [ dimensionless ] - Uncertainty unit: [ dimensionless ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Also, multi-viewing at different incident angles.  Applicable only in LEO.
Method 3: SW spectroscopy (cross-nadir)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed cross-nadir with high spectral resolution.  Applicable both in LEO and in GEO.
Method 4: VIS/IR radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR.  Some information, relevant to absorbing aerosol, also available in Thermal IR windows.  Applicable both in LEO and in GEO.
5.4.2
Aerosol concentration
Definition: 3D field of the mass mixing ratio of condensed particles in the atmosphere (other than water) - Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical units: [ g/kg ] for layers, [ g/m2 ] for total column  - Uncertainty unit: [ % ] for layers, [ g/m2 ] for total column.

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Also, multi-viewing at different incident angles.  Applicable only in LEO.
Method 3: SW spectroscopy (cross-nadir)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed cross-nadir with high spectral resolution.  Applicable both in LEO and in GEO.
Method 4: SW spectroscopy (limb)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed in limb mode with high spectral resolution.  Also, absorbed radiation from sun or stars during occultation.  Applicable only in LEO.
Method 5: VIS/IR radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR.  Some information, relevant to absorbing aerosol, also available in Thermal IR windows.  Suitable only for total column.  Applicable both in LEO and in GEO.
5.4.3
Aerosol effective radius
Definition: 3D field of the mean size of the aerosol particles, assimilated to spheres of the same volume.  Requested in the troposphere (assumed height: 12 km) and as columnar average - Physical unit: [ (m ] - Uncertainty unit: [ (m ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Also, multi-viewing at different incident angles.  A-priori information and intensive modelling necessary.  Applicable only in LEO.
Method 3: SW spectroscopy (cross-nadir)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed cross-nadir with high spectral resolution.  A-priori information and intensive modelling necessary.  Applicable both in LEO and in GEO.
5.4.4
Aerosol type
Definition: 3D field.  Comprehensive properties of the aerosol being observed.  The list of types of interest is predetermined - Requested in the troposphere (assumed height: 12 km) and as columnar average - Uncertainty expressed as number of types that can actually be resolved [ classes ].

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Also, multi-viewing at different incident angles.  A-priori information and intensive aerosol modelling very much necessary.  Applicable only in LEO.
Method 3: SW spectroscopy (cross-nadir)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed cross-nadir with high spectral resolution.  A-priori information and intensive aerosol modelling very much necessary.  Applicable both in LEO and in GEO.
Method 4: VIS/IR radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR.  Some information also available in Thermal IR windows.  A-priori information and intensive aerosol modelling necessary.  Suitable only for total column. Applicable both in LEO and in GEO.
5.4.5
Volcanic ash
Definition: 3D field of concentration of volcanic ash - Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical units: [ g/kg ] for layers, [ g/m2 ] for total column  - Uncertainty unit: [ % ] for layers, [ g/m2 ] for total column.

Method 1: Backscatter lidar  - Principle: Backscattered radiation in a UV or VIS or NIR by lidar.  Applicable only in LEO.
Method 2: SW polarimetry  - Principle: Scattered solar radiation in several narrow-band channels of UV, VIS, NIR and SWIR, some with polarimetric measurements to determine 3 Stokes parameters.  Also, multi-viewing at different incident angles.  Applicable only in LEO.
Method 3: SW spectroscopy (cross-nadir)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed cross-nadir with high spectral resolution.  Applicable both in LEO and in GEO.
Method 4: SW spectroscopy (limb)  - Principle: Scattered radiation in  UV, VIS, NIR and SWIR observed in limb mode with high spectral resolution.  Also, absorbed radiation from sun or stars during occultation.  Applicable only in LEO.
Method 5: VIS/IR radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR.  Some information also available in Thermal IR windows.  Suitable only for total column.  Applicable both in LEO and in GEO.
5.4.6
Downward solar irradiance at TOA
Definition: Flux density of the solar radiation at the top of the atmosphere - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: Cavity radiometer  - Principle: Trapping of total downward solar radiation at satellite altitude into devices such as active cavities.  “Absolute” measurement.  Applicable in LEO, GEO, or on outer space orbits, e.g., at the L1 Lagrange libration point..
5.4.7
Upward spectral radiance at TOA
Definition: Level-1 product.  Spectral range 0.2-200 (m.  Resolving power λ/∆λ = 1000.  Uncertainty quoted as SNR (Signal-to-Noise-Ratio).
Method 1: Wide-range spectroscopy  - Principle: Measurement of the radiation in the interval 0.2-200 (m emitted by the Earth-atmosphere system towards Space.  Several spectrometers needed to cover SW and LW.  The objective is to monitor climate change by using the spectrum as an absolute ‘signature’.  Applicable only in LEO.
5.4.8
Upward long-wave irradiance at TOA
Definition: Flux density of terrestrial radiation emitted to Space by Earth surface, atmosphere and clouds at the top of the atmosphere - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: Broad-band radiometry  - Principle: Measurement of the radiation in the interval 4-200 (m emitted by the Earth-atmosphere system towards Space by means of detectors with as flat response in the interval as possible.  Applicable both in LEO and in GEO.
5.4.9
Upward short-wave irradiance at TOA
Definition: Flux density of terrestrial radiation reflected to Space by Earth surface, atmosphere and clouds at the top of the atmosphere - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: Broad-band radiometry  - Principle: Measurement of the radiation in the interval 0.2-4.0 (m reflected by the Earth-atmosphere system towards Space by means of detectors with as flat response in the interval as possible.  Information on bi-directional reflectance and modelling are required in order to convert radiance into irradiance.  Applicable both in LEO and in GEO.
5.4.10
Short-wave cloud reflectance
Definition: Reflectance of the solar radiation from clouds - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: SW radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR.  Multi-viewing geometry useful.  Applicable both in LEO and in GEO.
5.4.11
Downward LW irradiance at Earth’s surface

Definition: Flux density of long-wave radiation from sun, atmosphere and clouds to the Earth’s surface - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: From IR/MW sounding  - Principle: High-level product derived mostly from atmospheric temperature and water vapour profiles.  Contributions also from cloud cover profile, specifically cloud base height, defective to be observed.  Atmospheric modelling necessary.  Applicable both in LEO and in GEO.
5.4.12
Downward SW irradiance at Earth’s surface

Definition: Flux density of short-wave radiation from sun, atmosphere and clouds to the Earth’s surface - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: SW radiometry  - Principle: High-level product derived from observation of scattered solar radiation in several narrow-band channels of VIS, NIR and SWIR to estimate attenuation from clouds and aerosol.  Multiple viewing and multi-polarisation help.  Applicable both in LEO and in GEO.
5.4.13
Earth’s surface albedo
Definition: Hemispherically integrated reflectance of the Earth’s surface in the range 0.4-0.7 µm (or other specific short-wave ranges) - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: Multi-view SW radiometry  - Principle: High level product after measuring scattered solar radiation in several channels of VIS under several viewing angles and solar angles to estimate anisotropy effects and improve radiative fluxes computations.  Channels for atmospheric corrections also included.  Applicable only in LEO

Method 2: VIS radiometry  - Principle: Measurement of scattered solar radiation in several channels of VIS, including those for atmospheric corrections.  Anisotropy effects for hemispheric integration computed by modelling.  Applicable both in LEO and in GEO.
5.4.14
Earth’s surface SW bi-directional reflectance
Definition: Reflectance of the Earth’s surface as a function of the viewing angle and the illumination conditions in the range 0.4-0.7 µm (or other specific short-wave ranges) - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: SW radiometry  - Principle: Scattered solar radiation in several channels of VIS, NIR and SWIR observed under several viewing angles and solar angles to estimate anisotropy effects and improve radiative fluxes computations.  Channels for atmospheric corrections also included.  Applicable only in LEO.
5.4.15
Upward long-wave irradiance at Earth’s surface
Definition: Flux density of long-wave radiation emerging from the Earth’s surface - Physical unit: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: Broad-band radiometry  - Principle: Measurement of the radiation in the interval 4-200 (m emitted by the Earth surface towards the atmosphere and ultimately to Space.  Detectors are needed, with as flat response in the interval as possible.  Atmospheric corrections, mostly for water vapour and clouds, are necessary.  Applicable both in LEO and in GEO.
5.4.16
Long-wave Earth surface emissivity
Definition: Emissivity of the Earth’s surface in the thermal IR, function of the wavelength - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: IR radiometry - Principle: Emitted radiation in several relatively narrow-band IR window channels, to determine equivalent blackbody temperatures at several wavelengths.  Applicable both in LEO and in GEO.
Method 2: IR spectroscopy - Principle: Multiple determination of equivalent blackbody temperatures in highest number of narrow windows through the IR spectrum.  Applicable both in LEO and in GEO.
5.4.17
Photosynthetically Active Radiation (PAR)

Definition: Flux density of downward photons of wavelength 0.4-0.7 µm at surface - Physical unit: [ µ einstein ٠ m-2 s-1 ] (1 einstein = 6 ٠ 1023 photons); most frequently used: [ W/m2 ] - Uncertainty unit: [ W/m2 ].

Method 1: VIS radiometry - Principle: High-level product similar to “Donwelling short-wave irradiance at Earth surface” except that it refers to the interval 0.4-0.7 (m used by vegetation for photosynthesis.  Applicable both in LEO and in GEO.
5.4.18
Fraction of Absorbed Photosynthetically Active Radiation (FAPAR)
Definition: Fraction of PAR absorbed by vegetation (land or marine) for photosynthesis processes (generally around the “red”) - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS radiometry - Principle: Computed from the observed PAR and one measure in the “Red” region (( 670 nm).  Applicable both in LEO and in GEO.
5.5
Ocean and sea-ice
This theme comprises variables that characterise the ocean surface, including waves, and sea-ice.  The variables observable from space are listed in Table 5.4.

	Table 5.4 - Geophysical variables considered under the theme “Ocean and sea-ice”

	Ocean chlorophyll concentration 
	Oil spill cover
	Coastal sea level (tide)
	Wave directional energy frequency spectrum

	Colour Dissolved Organic Matter (CDOM)
	Sea surface temperature
	Significant wave height
	Sea-ice cover

	Ocean suspended sediments concentration
	Sea surface salinity
	Dominant wave direction
	Sea-ice thickness

	Ocean Diffuse Attenuation Coefficient (DAC)
	Ocean dynamic topography
	Dominant wave period
	Sea-ice type


Many variables have not been considered: under-water profiles of temperature and salinity (impossible to measure from space), currents (derivable from ocean topography as for the geostrophic component, impossible or too inaccurate otherwise), iceberg extension or height (special case of ice cover and thickness), ice drift (product of multi-temporal analysis).
5.5.1
Ocean chlorophyll concentration
Definition: Indicator of living phytoplankton biomass, extracted from ocean colour observation.  Requested in both open ocean and coastal zone - Physical unit: [ mg/m3 ] - Uncertainty unit: [mg/m3 ] at a specific concentration (e.g., 1 mg/m3).

Method 1: VIS radiometry - Principle: Measurement of reflected solar radiation in several channels (most significant: 442.5 nm, 490 nm, 560 nm, 665 nm, 681.25 nm).  Spectral resolution in the order of 2 %.  Applicable both in LEO and in GEO.
5.5.2
Colour Dissolved Organic Matter (CDOM)
Definition: Former name: “Yellow substance absorbance”.  Variable extracted from ocean colour observation.  Indicative of biomass undergoing decomposition processes.  Requested in both open ocean and coastal zone - Physical unit: [ m-1 ] - Uncertainty unit: [ m-1 ] at a specific concentration (e.g., 1 m-1).

Method 1: VIS radiometry - Principle: Measurement of reflected solar radiation in several channels (most significant: 412.5 nm).  Spectral resolution in the order of 2 %.  Applicable both in LEO and in GEO.
5.5.3
Ocean suspended sediments concentration
Definition: Variable extracted from ocean colour observation.  Indicative of river outflow, re-suspension or pollution of other-than-biological origin.  Requested in both open ocean and coastal zone - Physical unit: [ g/m3 ] - Uncertainty unit: [ g/m3 ] at a specific concentration (e.g., 2 g/m3).

Method 1: VIS radiometry - Principle: Measurement of reflected solar radiation in several channels (most significant: 510 nm, 560 nm, 620 nm).  Spectral resolution in the order of 2 %.  Applicable both in LEO and in GEO.
5.5.4
Ocean Diffuse Attenuation Coefficient (DAC)

Definition: Former name: "Water clarity".  Indicator of water turbidity and vertical processes in the ocean, extracted from ocean colour observation.  Requested in both open ocean and coastal zone - Physical unit: [ m-1 ] - Uncertainty unit: [ m-1 ].

Method 1: VIS radiometry - Principle: Measurement of reflected solar radiation in several channels of the range 400-700 nm.  Spectral resolution in the order of 2 %.  Applicable both in LEO and in GEO.
5.5.5
Oil spill cover
Definition: The fraction of an ocean area polluted by hydrocarbons release from ships, accidentally or deliberately.  Oil spills are impacting on ocean-atmosphere exchanges.  Requested in both open ocean and coastal zone - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/NIR radiometry - Principle: Measurement of reflected solar radiation in several channels of the range 400-1000 nm.  Spectral resolution in the order of 2 %.  Applicable both in LEO and in GEO.
Method 2: SW polarimetry - Principle: Scattered solar radiation in several narrow-band channels of VIS, NIR and SWIR, some with dual polarisation.  Applicable only in LEO.
Method 3: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %).  Applicable only in LEO.
Method 4: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.    Polarimetric capability useful.  Applicable only in LEO.
5.5.6
Sea surface temperature
Definition: Temperature of the sea water at surface.  The “bulk” temperature refers to the depth of typically 2 m, the “skin” temperature refers to within the upper 1 mm. - Physical unit: [ K ] - Uncertainty unit: [ K ].

Method 1: IR radiometry - Principle: Derived from IR imagery in a number of channels including “windows” and other ones (in water vapour absorption bands) necessary to evaluate atmospheric attenuation.  Dual-view improves the uncertainty of atmospheric correction.  Applicable both in LEO and in GEO.
Method 2: IR spectroscopy - Principle: Derived from the multiple number of narrow windows through the IR spectrum, associated to all possible information on atmospheric corrections.  Applicable both in LEO and in GEO.
Method 3: MW radiometry - Principle- Principle: Emitted and scattered MW radiation in atmospheric windows at low-medium frequencies (e.g., 5, 10 GHz).  More polarisations needed, to correct for roughness effects.  Applicable only in LEO.
5.5.7
Sea surface salinity
Definition: Salinity of sea water in the surface layer, which is the layer affected by turbulence associated to wind stress, waves and diurnal solar heating cycle. (The layer is a few metres deep but a microwave observation would be representative of the upper  ~ 1 m).  In the open ocean the correct term should be “halinity” in order to make reference to the most common anion, chlorine - Physical unit: [ psu ], Practical Salinity Unit, close to 1 ‰, or 1 g of salt for 1 litre of solution - Uncertainty unit: [ psu ].

Method 1: MW radiometry - Principle- Principle: Emitted and scattered MW radiation at low frequencies (e.g., 1.4 GHz).  More polarisations needed, to correct for roughness effects.  More channels desirable, to correct for temperature.  Applicable only in LEO.

5.5.8
Ocean dynamic topography
Definition: Deviation of sea level from the geoid caused by ocean currents (after corrections for tides and atmospheric pressure effects) - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: Radar altimetry - Principle- Principle: Backscattered radiation from sea surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Associated 2 or 3 channels passive MW radiometry (23 and 37 and/or 19 GHz) necessary for tropospheric path correction from water vapour and ionosphere-induced rotation.  Ocean topography extracted by filtering the fluctuation of wave heights out of the satellite-to-surface measured range.  Applicable only in LEO.

5.5.9
Coastal sea level (tide)
Definition: Deviation of sea level from local references in coastal zones, caused by local currents and tides (astronomical and wind-induced) - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: Radar altimetry - Principle- Principle: Backscattered radiation from sea surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Associated 2 or 3 channels passive MW radiometry (23 and 37 and/or 19 GHz) necessary for tropospheric path correction from water vapour and ionosphere-induced rotation.  Sea level extracted by filtering the fluctuation of wave heights out of the satellite-to-surface measured range.  Applicable only in LEO.

5.5.10
Significant wave height
Definition: Average amplitude of the highest 30 of 100 waves - Physical unit: [ m ] - Uncertainty unit: [ m ].

Method 1: Radar altimetry - Principle- Principle: Backscattered radiation from sea surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Wave height linked to the spread of range measurements.  Applicable only in LEO.

Method 2: From SAR spectra - Principle- Principle: From spectral analysis of SAR images at frequencies 1.3 or 5 GHz by processing spectrum power, wavelength and direction with the help of boundary conditions.  Applicable only in LEO.

5.5.11
Dominant wave direction
Definition: One feature of the ocean wave spectrum.  It is the direction of the most energetic wave in the spectrum - Physical unit: [ degrees ] - Uncertainty unit: [ degrees ].

Method 1: From SAR spectra - Principle- Principle: From spectral analysis of SAR images at frequencies 1.3 or 5 or 11 GHz.  Applicable only in LEO.

5.5.12
Dominant wave period
Definition: One feature of the ocean wave spectrum.  It is the period of the most energetic wave in the spectrum - Physical unit: [ s ] - Uncertainty unit: [ s ].

Method 1: From SAR spectra - Principle- Principle: From spectral analysis of SAR images at frequencies 1.3 or 5 or 11 GHz.  Applicable only in LEO.

5.5.13
Wave directional energy frequency spectrum
Definition: 2D variable colloquially referred to as “wave spectrum”.  Describes the wave energy travelling in each direction and frequency band (e.g., 24 distinct azimuth sectors each 15° wide, and 25 frequency bands) - Physical unit: [ m2٠Hz-1٠rad-1 ] - Uncertainty unit: [ m2٠Hz-1٠rad-1 ].

Method 1: From SAR spectra - Principle- Principle: From spectral analysis of SAR images at frequencies 1.3 or 5 or 11 GHz.  Applicable only in LEO.

5.5.14
Sea-ice cover
Definition: The fraction of an ocean area where ice is detected - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/IR radiometry - Principle- Principle: Reflected solar radiation in VIS/NIR/SWIR or emitted radiation in MWIR/IR observed in a few discrete channels of relatively large bandwidths (5-10 %).  The fractional cover refers to the number of pixels classified as “ice” in a given pixel array.  Applicable both in LEO and in GEO.

Method 2: MW radiometry - Principle- Principle: Emitted and scattered MW radiation in atmospheric windows at medium-high frequencies (e.g., 37, 90 GHz).  More polarisations needed (signal from sea strongly polarised).  The fractional cover refers to the number of pixels classified as “ice” in a given pixel array.  Applicable only in LEO.

Method 3: High-resolution optical imagery - Principle- Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels.  High-resolution is pursued at the expenses of the observing cycle.  Applicable only in LEO.

Method 4: SAR imagery - Principle- Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  The fractional cover refers to the number of pixels classified as “ice” in a given array.  Applicable only in LEO.

5.5.15
Sea-ice thickness
Definition: Thickness of the ice sheet. It is related to sea-ice elevation and ice density - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: Radar altimetry - Principle- Principle: Backscattered radiation from sea surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Associated two-channel passive MW radiometry (23 and 37 GHz) necessary for tropospheric path correction from water vapour.  Applicable only in LEO.

Method 2: Lidar altimetry - Principle- Principle: Backscattered VIS/NIR radiation by lidar.  Two wavelengths preferred, e.g. 532 ad 1064 nm.  Applicable only in LEO.

Method 3: SAR interferometry - Principle- Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Height of observed surface determined by interferometry between images from more passes.  Applicable only in LEO.

5.5.16
Sea-ice type

Definition: Comprehensive properties (age, roughness, density, etc.) of the observed sea-ice.  The list of types of interest is predetermined - Uncertainty expressed as number of discriminated types [ classes ].

Method 1: Radar scatterometry - Principle- Principle: Backscattered radiation by medium-frequency radar scatterometry (around 5 or 11 GHz).  Calibrated radar reflectivity depends on roughness and surface conductivity (linked to age).  Applicable only in LEO.

Method 2: MW radiometry - Principle: Emitted and scattered MW radiation in atmospheric windows at medium frequencies (e.g., 19, 37 GHz).  Three Stokes parameters (i.e. at least four polarisations) desirable.  Applicable only in LEO.

Method 3: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only in LEO.
5.6
Land surface (including snow)

This theme comprises variables that characterise the land surface, including vegetation, fire, glaciers and snow.  The variables observable from space are listed in Table 5.5.

	Table 5.5 - Geophysical variables considered under the theme “Land surface (including snow)”

	Land surface temperature
	Leaf Area Index (LAI)
	Snow status (wet/dry)
	Land surface topography

	Soil moisture at surface
	Normalised Difference Vegetation Index (NDVI)
	Snow cover
	Glacier cover

	Soil moisture (in the roots region)
	Fire fractional cover
	Snow water equivalent
	Glacier topography

	Fraction of vegetated land
	Fire temperature
	Soil type
	

	Vegetation type
	Fire radiative power
	Land cover
	


A few variables have not been considered: e.g., ground water (considered covered by soil moisture, snow, glaciers; and one type of Land cover), river discharge (too high-level products); sub-soil temperature profile (impossible from space); snow and lake surface temperature, permafrost (specific cases of surface temperature observation); coastlines (too obvious); biomass (too generic).
5.6.1
Land surface temperature
Definition: Temperature of the apparent surface of land (bare soil or vegetation) - Physical unit: [ K ] - Uncertainty unit: [ K ].

Method 1: IR radiometry - Principle: Derived from IR imagery in a number of channels including “windows” and other ones necessary to evaluate emissivity and atmospheric attenuation (from water vapour).  Dual-view improves the uncertainty of atmospheric correction.  Applicable both  in LEO and in GEO.

Method 2: IR spectroscopy - Principle: Derived from the multiple number of narrow windows through the IR spectrum, associated to all possible information on atmospheric corrections.  This enables to estimate emissivity.  Applicable both  in LEO and in GEO.

Method 2: MW radiometry - Principle: Emitted and scattered MW radiation in atmospheric windows at low-medium frequencies (e.g., 5, 10 GHz).  More polarisations needed, to correct for wetness effects.  Applicable only in LEO.

5.6.2
Soil moisture at surface
Definition: Fractional content of water in a volume of wet soil.  Surface layer (upper few centimetres) - Physical unit: [ m3/m3 ] - Uncertainty unit: [m3/m3 ].

Method 1: MW radiometry - Principle: Emitted MW radiation at low frequencies (e.g., 1.4 and 2.7 GHz).  More polarisations needed, to correct for roughness effects.  More channels desirable, to correct for temperature.  Higher frequencies (5, 10 GHz) also useful, particularly for bare soil.  Applicable only  in LEO.

Method 2: Radar scatterometry - Principle: Backscattered MW radiation at relatively low frequencies (e.g., 5 GHz).  The multiple viewing angle capability is exploited to correct for roughness.  Applicable only  in LEO.

Method 3: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only  in LEO.

Method 4: VIS/IR radiometry - Principle: Several proxies possible.  Examples: damping of reflectivity from VIS/NIR to SWIR; from Apparent Thermal Inertia (ATI) derived by measuring the delay of land temperature rising in response to incoming solar radiation (valid for bare soil).  Applicable both in LEO and in GEO.

5.6.3
Soil moisture (in the roots region)
Definition: Sub-soil 3D field of the fractional content of water in a volume of wet soil.  Requested from surface down to ~ 3 m - Physical unit: [ m3/m3 ] - Uncertainty unit: [ m3/m3 ].

Method 1: L-band MW radiometry - Principle: Emitted MW radiation at low frequencies (e.g., 1.4 GHz).  More polarisations needed, to correct for roughness effects.  Applicable only  in LEO.

Method 2: L-band SAR imagery - Principle: Backscattered MW radiation at low frequency (typical, 1.3 GHz) collected by SAR.  P-band (~ 400 MHz) and S-band (~ 2.7 GHz) also possible.  Applicable only  in LEO.

5.6.4
Fraction of vegetated land
Definition: The fraction of a land area where vegetation is present - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Hyperspectral (several hundred channels) possible.  Applicable in LEO and potentially in GEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only in LEO.

5.6.5
Vegetation type
Definition: Observed vegetal species or families.  The list of types of interest is predetermined - Uncertainty expressed as number of identified types [ classes ].

Method 1: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Hyperspectral (several hundred channels) possible.  Applicable in LEO and potentially in GEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only in LEO.

5.6.6
Leaf Area Index (LAI)
Definition: One half of the total projected green leaf fractional area in the plant canopy within a given area.  Representative of total biomass and health of vegetation - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: SW radiometry - Principle: Scattered solar radiation through VIS/NIR and deeply into SWIR (e.g., up to 2.4 (m).  Several channels needed, relatively narrow (2-3 %).  Applicable both in LEO and in GEO.

Method 2: Radar scatterometry - Principle: Backscattered radiation by medium-frequency radar scatterometry (around 5 or 11 GHz).  Calibrated radar reflectivity depends on surface conductivity (linked to biomass).  Applicable only in LEO.

Method 3: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Hyperspectral (several hundred channels) possible.  Applicable in LEO and potentially in GEO.

5.6.7
Normalised Difference Vegetation Index (NDVI)
Definition: Difference between maximum (in NIR) and minimum (around the Red) vegetation reflectance, normalised to the summation.  Representative of total biomass, supportive for computing LAI if not directly measured - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/NIR radiometry - Principle: Scattered solar radiation in VIS (“Red”, minimum reflectance from vegetation) and NIR (typically, 865 nm, high reflectance).  Applicable both in LEO and in GEO.

Method 2: High-resolution optical imagery - Principle: Scattered solar radiation in VIS (“Red”, minimum reflectance from vegetation) and NIR (typically, 865 nm, high reflectance).  Applicable in LEO and potentially in GEO.

5.6.8
Fire fractional cover

Definition: The fraction of a land area where fire is occurring - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/NIR radiometry - Principle: Reflected solar radiation in VIS/NIR/SWIR or emitted radiation in MWIR/IR observed in a few discrete channels of relatively large bandwidths (5-10 %).  The fractional cover refers to the number of pixels classified as “fire” in a given pixel array.  Applicable both in LEO and in GEO.

Method 2: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels.  Useful post-factum for damage inventory.  High-resolution is pursued at the expenses of the observing cycle.  Applicable only in LEO.

Method 3: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by SAR.  The fractional cover refers to the number of pixels classified as “fire” in a given array.  Useful post-factum for damage inventory.  Applicable only in LEO.

5.6.9
Fire temperature
Definition: Temperature of the fire occurring within an area - Physical unit: [ K ] - Uncertainty unit: [ K ].

Method 1: IR radiometry - Principle: Derived from IR imagery in a number of window channels.  MWIR (3.7 (m) most sensitive.  Applicable both in LEO and in GEO.

5.6.10
Fire radiative power
Definition: Power radiated by the fire occurring within an area - Physical unit: [ kW٠m-2 ] - Uncertainty unit: [ kW٠m-2 ].

Method 1: IR radiometry - Principle: Derived from IR imagery in a number of window channels.  MWIR (3.7 (m) most sensitive.  Applicable both in LEO and in GEO.

5.6.11
Snow status (wet/dry)
Definition: Binary product (dry or melting/thawing) expressing the presence of liquid water in a snow layer - Uncertainty expressed as Hit Rate [ HR ] and False Alarm Rate [ FAR ] when classifying the status as either wet or dry.
Method 1: MW radiometry - Principle: Emitted and scattered MW radiation in atmospheric windows at medium-high frequencies (e.g., 37, 90 GHz).  More polarisations needed.  Since wet snow can be confused with underlying soil, preventive snow detection (mask) is necessary.  Applicable only in LEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation collected by synthetic aperture radar at relatively high frequencies, e.g., ~ 10 GHz (X-band), possibly ~ 19 GHz (K-band), since dry snow tends to be transparent to SAR.  More useful for change detection during thawing and freezing cycles.  Applicable only in LEO.

5.6.12
Snow cover
Definition: The fraction of a given area which is covered by snow - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: VIS/IR radiometry - Principle: Reflected solar radiation in VIS/NIR/SWIR or emitted radiation in MWIR/IR observed in a few discrete channels of relatively large bandwidths (5-10 %).  The fractional cover refers to the number of pixels classified as “snow” in a given pixel array.  Alternatively, retrieval can be made at pixel level by exploiting the “defect” of brightness due to mixed snow / no-snow in the pixel (“effective snow cover”).  Applicable both in LEO and in GEO.

Method 2: MW radiometry - Principle: Emitted and scattered MW radiation in atmospheric windows at medium-high frequencies (e.g., 37, 90 GHz).  More polarisations needed.  The fractional cover refers to the number of pixels classified as “snow” in a given pixel array.  Snow surface status (dry or wet) also is determined.  Applicable only in LEO.

Method 3: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels. High-resolution is pursued at the expenses of the observing cycle.  Applicable in LEO and potentially in GEO.

5.6.13
Snow water equivalent
Definition: Vertical depth of the water that would be obtained by melting a snow layer.  The snow depth may be inferred by exploiting auxiliary information on the density of the snow layer - Physical unit: [ mm ] - Uncertainty unit: [ mm ].

Method 1: MW radiometry - Principle: Emitted and scattered MW radiation in atmospheric windows at medium-high frequencies (e.g., 37, 90 GHz), preferred because at low frequency dry snow is transparent.  More polarisations needed.  Applicable only in LEO.

Method 2: Radar scatterometry - Principle: Backscattered MW radiation at low-medium frequencies (5, 13 GHz).  Higher frequency preferred over dry snow. The multiple viewing angle capability is exploited to correct for roughness.  Applicable only in LEO.

Method 3: SAR imagery - Principle: Backscattered MW radiation collected by SAR at frequencies relatively high (dry snow is transparent to SAR).  Optimal would be ~ 19 GHz (Ku-band).  Lower frequencies can be used for monitoring changes by interferometry.  Applicable only in LEO.

5.6.14
Soil type
Definition: Observed soil composition or structure (acid, alkalin, rough, etc.).  The list of types of interest is predetermined - Uncertainty expressed as number of discriminated types [ classes ].
Method 1: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Hyperspectral (several hundred channels) possible.  Applicable in LEO and potentially in GEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only in LEO.

5.6.15
Land cover
Definition: Observed land utilisation (urban, cultivated, desertic, etc.).  The list of types of interest is predetermined- Uncertainty expressed as number of identified types [ classes ].

Method 1: High-resolution optical imagery - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Hyperspectral (several hundred channels) possible.  Applicable in LEO and potentially in GEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Applicable only in LEO.

5.6.16
Land surface topography
Definition: Map of land surface heights - Physical unit: [ m ] - Uncertainty unit: [ m ].

Method 1: High-resolution VIS stereoscopy - Principle: Reflected solar radiation in VIS observed in one or more channels of relatively narrow bandwidths (1-5 %) from at least two viewing directions, generally from successive orbits, so as two implement stereoscopy.  Applicable only in LEO.

Method 2: SAR interferometry - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Interferometry from successive orbital passes.  Applicable only in LEO.

Method 3: Radar altimetry - Principle: Backscattered radiation from land surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Associated 2 or 3 channels passive MW radiometry (23 and 37 and/or 19 GHz) necessary for tropospheric path correction from water vapour and ionosphere-induced rotation.  Along-track SAR processing needed for acceptable resolution.  Only nadir view.  Applicable only in LEO.

Method 4: Lidar altimetry - Principle: Backscattered VIS/NIR radiation by lidar.  Two wavelengths preferred, e.g. 532 and 1064 nm. Only nadir view.   Applicable only in LEO.

5.6.17
Glacier cover
Definition: The fraction of a land area covered by permanent ice - Physical unit: [ % ] - Uncertainty unit: [ % ].

Method 1: High-resolution VIS stereoscopy - Principle: Reflected solar radiation in VIS/NIR/SWIR observed in several discrete channels of relatively narrow bandwidths (1-5 %). Applicable in LEO and potentially in GEO.

Method 2: SAR imagery - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Interferometry used to detect changes. Applicable only in LEO.

5.6.18
Glacier topography
Definition: Map of the height of the glacier surface - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: SAR interferometry - Principle: Backscattered MW radiation at frequencies 1.3 or 5 or 11 GHz collected by synthetic aperture radar.  Interferometry from successive orbital passes. Applicable only in LEO.

5.7
Solid Earth
This theme comprises variables that characterise the Solid Earth (space geodesy and Earth interior).  The variables observable from space are listed in Table 5.6.

	Table 5.6 - Geophysical variables considered under the theme “Solid Earth”

	Geoid
	Crustal plates positioning
	Crustal motion (horizontal and vertical)
	Gravity field
	Gravity gradients


5.7.1
Geoid
Definition: Equipotential surface which would coincide exactly with the mean ocean surface of the Earth, if the oceans were in equilibrium, at rest, and extended through the continents (such as with very narrow channels) - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: Radar altimetry - Principle: Backscattered radiation from sea surface by medium frequency radar (dual-frequency preferred, 13 and 3 or 5 GHz).  Associated 2 or 3 channels passive MW radiometry (23 and 37 and/or 19 GHz) necessary for tropospheric path correction from water vapour and ionosphere-induced rotation.  Highly stable orbits needed (relatively high altitude, 50-70° inclination and accurate repeat cycle).  Multi-orbital analysis enable to filter transient perturbations from waves, ocean currents and tides. Applicable only in LEO.

Method 2: Gravity field observation - Principle: Observation of the gravity field at satellite altitude by accelerometers, gradiometers, satellite-satellite tracking (coupled satellites or with GPS satellites).  Low orbits used, changing during mission time. Applicable only in LEO.

5.7.2
Crustal plates positioning
Definition: Basis for monitoring the evolution of the lithosphere dynamics - Physical unit: [ cm ] - Uncertainty unit: [ cm ].

Method 1: Laser ranging - Principle: Accurate measurement of the satellite-ground distance by means of pointing the satellite by a ground-based laser that collects the light reflected by cube-corner mirrors covering the surface of the satellite.  A world-wide network enables to both provide precision orbitography, and position of the crustal plates supporting the laser ranging stations. Applicable only in LEO.

Method 2: GPS receiver - Principle: Statistical analysis of the position of a ground-based GPS receiver localised by the constellations of navigation satellites (GPS, GLONASS, Compass, Galileo).   Applicable only in LEO.

5.7.3
Crustal motion (horizontal and vertical)
Definition: Changes in time of the position and height of the Earth’s plates.  Indicative of the lithosphere dynamics, thus useful for earthquake prediction  - Physical unit: [ mm/y ] - Uncertainty unit: [ mm/y ].

Method 1: Laser ranging - Principle: Analysis of the changes of crustal plate positioning, accurately measured by satellite-ground distance through a ground-based laser that collects the light reflected by cube-corner mirrors covering the surface of the satellite.  A world-wide network of laser-ranging stations enables performing this analysis. Applicable only in LEO.

Method 2: GPS receiver - Principle: Analysis of the changes of crustal plate positioning, accurately measured by ground-based GPS receivers localised by the constellations of navigation satellites (GPS, GLONASS, Compas, Galileo). Applicable only in LEO.

5.7.4
Gravity field
Definition: 3D field, actually measured in situ at orbital height. Indicative of the statics and dynamics of the lithosphere and the mantle - Physical unit: [ mGal ] (1 Gal = 0.01 m/s2. i.e. 1 mGal ≈ 10-6 g0 .  “Gal” stands for Galileo) - Uncertainty unit: [ mGal ].

Method 1: Gradiometry - Principle: Appropriate network of accelerometers sensitive to anomalies of the gravity field crossed by the satellite during its motion in orbit.   Applicable only in LEO.

Method 2: Satellite-to-satellite tracking - Principle: Continuous monitoring of the distance between satellites in coordinated orbits by means of, e.g., K-band radar or lidar.   Applicable only in LEO.

5.7.5
Gravity gradients
Definition: 3D field, actually measured in situ at orbital height.  Indicative of fine details of the statics and dynamics of the lithosphere and the mantle - Physical unit: [ E ], Eötvös (1 E = 1 mGal / 10 km) - Uncertainty unit: [ E ].

Method 1: Gradiometry - Principle: Appropriate network of accelerometers sensitive to anomalies of the gravity field crossed by the satellite during its motion in orbit.   Applicable only in LEO.

Method 2: Satellite-to-satellite tracking - Principle: Continuous monitoring of the distance between satellites in coordinated orbits by means of, e.g., K-band radar or lidar.   Applicable only in LEO.

5.8
Atmospheric chemistry
This theme deals with species that impact on the ozone cycle, and/or provoke greenhouse effect, and/or affect air quality.  The species observable from space and so far subject of explicit requirement are listed in Table 5. 7.

	Table 5.7 - Geophysical variables considered under the theme “Atmospheric chemistry”

	O3
	C2H2
	CFC-11
	CH2O
	ClO
	CO
	COS
	HCl
	HNO3
	N2O5
	NO2
	PAN
	SF6

	BrO
	C2H6
	CFC-12
	CH4
	ClONO2
	CO2
	H2O
	HDO
	N2O
	NO
	OH
	PSC occurrence
	SO2


5.8.1
O3
Definition: 3D field of dry air mole fraction of O3 = Ozone.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical unit: [ nmol/mol ] for layers, [ DU ], Dobson Unit, for total column (1 DU = 2.69٠1020 molecules/m2) - Uncertainty unit: [ nmol/mol ] for layers, [ DU] for total column.

Method 1: SW spectroscopy (cross-nadir) - Principle: Scattered radiation in UV and VIS observed with high spectral resolution in several bands by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: IR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR ( ( 9.7 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SW spectroscopy (limb) - Principle: Scattered radiation in UV and VIS observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: IR spectroscopy (limb) - Principle: Emitted radiation in TIR ( ( 9.7 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 5: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm ( e.g., ( 240, 300 and 500 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 6: DIAL - Principle: Backscattered radiation in a UV or VIS or TIR ozone absorption band and a side window by Differential Absorption Lidar (DIAL). Applicable only in LEO.

5.8.2
BrO
Definition: 3D field of dry air mole fraction of BrO = Bromine monoxide.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: UV spectroscopy (cross-nadir) - Principle: Scattered radiation in UV observed with high spectral resolution in the 300 nm region by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: UV spectroscopy (limb) - Principle: Scattered radiation in UV (300 nm region) observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 3: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm ( e.g., ( 640 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.3
C2H2
Definition: 3D field of dry air mole fraction of C2H2 = Acetylene.  Requested in the troposphere (layers: LT, HT) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 7.5 and 13.7 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

5.8.4
C2H6
Definition: 3D field of dry air mole fraction of C2H6 = Ethane.  Requested in the troposphere (layers: LT, HT) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 3.3 and 12 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

5.8.5
CFC-11
Definition: 3D field of dry air mole fraction of CFC-11 = Trichlorofluoromethane = Freon-11.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 9.2 and 11.7 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 9.2 and 11.7 (m) observed with medium-high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.6
CFC-12
Definition: 3D field of dry air mole fraction of CFC-12 = Dichlorodifluoromethane = Freon-12.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 8.8 and 10.8 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 8.8 and 10.8 (m) observed with medium-high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.7
CH2O
Definition: 3D field of dry air mole fraction of CH2O = HCHO = Formaldehyde.  Requested in the troposphere (layers: LT, HT) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3×1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3×1015 cm-2 ] for total column.

Method 1: UV spectroscopy (cross-nadir) - Principle: Scattered radiation in UV (~ 350 nm)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

5.8.8
CH4
Definition: 3D field of dry air mole fraction of CH4 = Methane.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3(1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3(1015 molecules/cm2 ] for total column.

Method 1: SWIR spectroscopy (cross-nadir) - Principle: Scattered radiation in SWIR (~ 2.3 (m)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 3.4, 4.3 and 7.7 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SWIR spectroscopy (limb) - Principle: Scattered radiation in SWIR (~ 2.3 (m) observed in limb mode with high spectral resolution. Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 3.4, 4.3 and 7.7 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.9
ClO
Definition: 3D field of dry air mole fraction of ClO = Chlorine monoxide = Hypochlorite.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mo ] - Uncertainty unit: [ nmol/mol ].

Method 1: UV spectroscopy (cross-nadir) - Principle: Scattered radiation in UV observed with high spectral resolution in the 300 nm region by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: UV spectroscopy (limb) - Principle: Scattered radiation in UV (300 nm region) observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 3: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm ( e.g., ( 640 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.10
ClONO2
Definition: 3D field of dry air mole fraction of ClONO2 = Chlorine nitrate.  Requested from mid-troposphere to TOA (layers: HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (~ 5.7, 7.7 and 12.5 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (~ 5.7, 7.7 (m and 12.5 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.11
CO
Definition: 3D field of dry air mole fraction of CO = Carbon monoxide.  Requested from surface to low stratosphere (layers: LT, HT, LS) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3(1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3(1015 molecules/cm2 ] for total column.

Method 1: SWIR spectroscopy (cross-nadir) - Principle: Scattered radiation in SWIR (~ 2.3 (m)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 4.6 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.
Method 3: SWIR spectroscopy (limb) - Principle: Scattered radiation in SWIR (~ 2.3 (m) observed in limb mode with high spectral resolution. Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR ( (4.6 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.12
CO2
Definition: 3D field of dry air mole fraction of CO2 = Carbon dioxide.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3(1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3(1015 molecules/cm2 ] for total column.

Method 1: SWIR spectroscopy (cross-nadir) - Principle: Scattered radiation in SWIR (~ 1.6 and 2.1 (m)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 4.3 and 15 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SWIR spectroscopy (limb) - Principle: Scattered radiation in SWIR (~ 1.6 and 2.1 (m) observed in limb mode with high spectral resolution. Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 4.3 and 15 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 5: DIAL - Principle: Backscattered radiation in a CO2 absorption band and a side window by Differential Absorption Lidar (DIAL).  Several bands are available, e.g. around 1.6 and 2.0 (m. Only total column feasible.  Integration over large area and long time necessary to achieve the requested uncertainty (( 0.3 %).  Applicable only in LEO.

5.8.13
COS
Definition: 3-D field of dry air mole fraction of COS = Carbonyl sulfide.  Requested from surface to low stratosphere (layers: LT, HT, LS) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 4.8 and 11.6 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 4.8 and 11.6  (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.14
H2O
Definition: 3D field of dry air mole fraction of H2O = Water vapour (intended as a chemical species relevant for atmospheric chemistry).  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: SW spectroscopy (cross-nadir) - Principle: Scattered radiation in VIS, NIR and SWIR observed with high spectral resolution in several bands by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: IR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 6.3 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: Far IR spectroscopy (cross-nadir) - Principle: Emitted radiation in FIR (( 18 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 4: GNSS radio-occultation - Principle: Atmospheric refraction of L-band signals from the Global Navigation Satellite System (GNSS) received by a LEO satellite during the occultation phase. Applicable only in LEO.

Method 5: SW spectroscopy (limb) - Principle: Scattered radiation in VIS, NIR and SWIR observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 6: IR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 6.3 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 7: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in several bands of the MW/Sub-mm range observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 8: DIAL - Principle: Backscattered radiation in a UV or VIS or TIR absorption band and a side window by Differential Absorption Lidar (DIAL). Applicable only in LEO.

5.8.15
HCl
Definition: 3D field of dry air mole fraction of HCl = Hydrogen chloride.  Requested from mid-troposphere to TOA (layers: HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm (e.g., ( 625 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.16
HDO
Definition: 3D field of dry air mole fraction of HDO = Water vapour (with one hydrogen nucleus replaced by its deuterium isotope).  Requested from low stratosphere to TOA (layers: LS and HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm (e.g., ( 1000 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.17
HNO3
Definition: 3D field of dry air mole fraction of HNO3 = Nitric acid.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3(1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3(1015 molecules/cm2 ] for total column.

Method 1: IR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (~ 5.9, 7.6 and 11.3 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: IR spectroscopy (limb) - Principle: Emitted radiation in TIR (~ 5.9, 7.6 and 11.3 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 3: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm (e.g., ( 345 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.18
N2O
Definition: 3D field of dry air mole fraction of N2O = Nitrous oxide.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: SWIR spectroscopy (cross-nadir) - Principle: Scattered radiation in SWIR (~ 2.3 (m)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 4.5 and 7.7 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SWIR spectroscopy (limb) - Principle: Scattered radiation in SWIR (~ 2.3 (m) observed in limb mode with high spectral resolution. Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 4.5 and 7.7 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 5: MW/Sub-mm spectroscopy (limb) - Principle: Emitted radiation in MW/Sub-mm (e.g., ~ 300 and 500 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.19
N2O5
Definition: 3D field of dry air mole fraction of N2O5 = Nitrogen pentoxide.  Requested in the troposphere (layers: LT, HT) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 5.8 and 8.0 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

5.8.20
NO
Definition: 3D field of dry air mole fraction of NO = Nitric oxide.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: SW spectroscopy (cross-nadir) - Principle: Scattered radiation in UV (~ 250 nm) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: IR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR ( ( 5.3 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SW spectroscopy (limb) - Principle: Scattered radiation in UV (~ 250 nm) observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: IR spectroscopy (limb) - Principle: Emitted radiation in TIR ( ( 5.3 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.21
NO2
Definition: 3D field of dry air mole fraction of NO2 = Nitrogen peroxide.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3×1015 molecules/cm2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3×1015 cm-2 ] for total column.

Method 1: SW spectroscopy (cross-nadir) - Principle: Scattered radiation in UV and VIS observed with high spectral resolution in several bands by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: IR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR  ( 6.1 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 3: SW spectroscopy (limb) - Principle: Scattered radiation in UV and VIS observed in limb mode with high spectral resolution.  Also, missing lines from the spectrum of sun or moon or stars during occultation. Applicable only in LEO.

Method 4: IR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 6.1 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.22
OH
Definition: 3D field of dry air mole fraction of OH = Hydroxil radical.  Requested from surface to TOA (layers: LT, HT, LS, HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: Sub-mm spectroscopy (limb) - Principle: Emitted radiation in Sub-mm ((  2500 GHz) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 2: FIR spectroscopy (limb) - Principle: Emitted radiation in the Far IR (several lines in the range 28-182 (m, best ~ 84 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.23
PAN
Definition: 3D field of dry air mole fraction of PAN = Peroxy Acetyl Nitrate.  Requested in the troposphere (layers: LT, HT) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 5.7, 8.6 and 12.5 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable only in LEO.

5.8.24
PSC occurrence
Definition: 3D field of Polar Stratospheric Clouds occurrence. Requested in the lower stratosphere (layer: LS) - Uncertainty expressed as Hit Rate [ HR ] and False Alarm Rate [ FAR ].
Method 1: SW spectroscopy (cross-nadir) - Principle: Scattered radiation in UV and VIS observed with moderate spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: SW spectroscopy (limb) - Principle: Scattered radiation in UV and VIS  observed in limb mode with moderate spectral resolution. Applicable only in LEO.

Method 3: IR spectroscopy (limb) - Principle: Emitted radiation in TIR observed with moderate spectral resolution by limb sounding spectrometers. Applicable only in LEO.

Method 4: Backscatter lidar - Principle: Backscattered radiation in a UV or VIS or NIR by lidar. Applicable only in LEO.

5.8.25
SF6
Definition: 3D field of dry air mole fraction of SF6 = Sulfur hexafluoride.  Requested from low stratosphere to TOA (layers: LS and HS&M) - Physical unit: [ nmol/mol ] - Uncertainty unit: [ nmol/mol ].

Method 1: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 10.5 (m) observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (limb) - Principle: Emitted radiation in TIR (( 10.5 (m) observed with high spectral resolution by limb sounding spectrometers. Applicable only in LEO.

5.8.26
SO2
Definition: 3D field of dry air mole fraction of SO2 = Sulfur dioxide.  Requested from surface to lower stratosphere (layers: LT, HT, LS) + Total column - Physical unit: [ nmol/mol ] for layers, units of [ 1.3×1015 molecules/cm-2 ] for total column - Uncertainty unit: [ nmol/mol ] for layers, [ 1.3×1015 cm-2 ] for total column.

Method 1: UV spectroscopy (cross-nadir) - Principle: Scattered radiation in UV (~ 350 nm)  observed with high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

Method 2: TIR spectroscopy (cross-nadir) - Principle: Emitted radiation in TIR (( 7.3 and 8.6 (m) observed with medium-high spectral resolution by cross-nadir spectrometers. Applicable both in LEO and in GEO.

5.9
Space Weather
This theme comprises variables that characterise the Space Weather.  The structure of the variables relevant to this theme is such that the concepts and the methodology described in section 5.1 are difficult or impossible to apply.  For the moment, consideration is given only to the variables listed in Table 5.8.

	Table 5.8 - Geophysical variables considered under the theme “Space Weather”

	Total Electron Content (TEC)
	Electron density
	Magnetic field
	Electric field
	Charged particles
	Solar activity


5.9.1
Total Electron Content  (TEC)
Definition: Number of electrons along a path between two points.  Observed under different viewing angles so as to generate vertical profiles by tomography.  Requested in the ionosphere - Physical unit: [ electrons/m2 ]; practical unit: TECU = 1016 electrons/m2 - Uncertainty unit: [ % ].

Method 1: GNSS radio-occultation - Principle: Differential refraction between two frequencies (~ 1.2 and ~ 1.6 GHz) transmitted by a navigation satellite and received by a LEO satellite during the occultation phase.  Path-integrated content observed at changing tangent heights so as to provide vertical profile.   Applicable only in LEO.

Method 2: Radar altimetry - Principle: Differential phase delay between signals from dual-frequency radar altimeter (~ 13 GHz and ~ 3 or 5 GHz ).  Phase rotation measurement, primarily needed to correct the altimeter ranging measurement, is also used to infer the column-integrated TEC. Applicable only in LEO.

Method 3: GPS-LEO signal phase delay - Principle: Differential phase delay between signals from two-frequency GPS transmitters (~ 1.2 and ~ 1.6 GHz) and a receiver in LEO using GPS for navigation.  In principle, any satellite equipped with a GPS navigation system is suitable.  The information refers to the topside ionosphere and plasmasphere, i.e. the layer between the satellite altitude and the GPS altitude (~ 20,000 km). Applicable only in LEO.

5.9.2
Electron density
Definition: 3D field of the electron density. Requested in the ionosphere and plasmasphere - Physical unit: [ electrons/m3 ] - Uncertainty unit: [ % ].

Method 1: GNSS radio-occultation - Principle: Differential refraction between two frequencies (~ 1.2 and ~ 1.6 GHz) transmitted by a navigation satellite and received by a LEO satellite during the occultation phase.  Derived by tomography of Total Electron Content (TEC). Applicable only in LEO.

5.9.3
Magnetic field
Definition: Magnitude and direction of the Earth’s magnetic field.  Indicative of the degree of geomagnetic disturbance within the magnetosphere, and also of the Earth’s interior. Requested in the magnetosphere - Physical unit: [ nT ] (1 Tesla = 104 Gauss) - Uncertainty: [ nT ].
Method 1: Magnetometry - Principle: One (for scalar) or more (for vector) magnetometers for in situ measurement  along the orbit as the satellite moves. Applicable in LEO, in GEO and in Highly Elliptical Orbits.
5.9.4
Electric field
Definition: Magnitude and direction of the Earth’s electric field.  Requested in the magnetosphere - Physical unit: [ mV/m ] - Uncertainty: [mV/m ].
Method 1: Ion drift - Principle: Measurement of magnitude and direction of the incoming ion flux. The electric field is derived from the relationship between electric field, measured ion drift velocity and measured magnetic field strength.  In situ measurement  along the orbit as the satellite moves. Applicable in LEO, in GEO and in Highly Elliptical Orbits.

5.9.5
Charged particles
Definition: Flux of low-, medium-, and high-energy charged particles: mainly protons and electrons, but also alpha-particles as well as cosmic rays.  Requested in the magnetosphere - Physical unit: [ particles(cm-2(s-1(sr-1(eV-1] - Uncertainty: [ % ].

Method 1: Particle detection - Principle: Detecting and counting charged particles, screening their types and energy:  In situ measurement  along the orbit as the satellite moves. Applicable in LEO, in GEO, in Highly Elliptical Orbits and outer space orbits such as the L1 Lagrange libration point.
5.9.6
Solar activity
Definition: Set of observations informative of the solar activity: X-rays, Extreme UV, imagery of the corona, and others; both as imagery across the Sun disk, and as integral fluxes from the disk.  Referring to the sun surface - Physical unit: for imagery [ erg(cm-2(arcsec-1(s-1 ]; for fluxes [ W/m2 ] - Uncertainty: for imagery [ erg(cm-2(arcsec-1(s-1 ]; for fluxes [ W/m2 ].

Method 1: Sun imagery - Principle: Sun imagery by detector arrays equipped with appropriate filters, pointing the Sun as the satellite moves along its orbit. Applicable in LEO, in GEO, in Highly Elliptical Orbits and outer space orbits such as the L1 Lagrange libration point.

Method 2: Radiation fluxometry - Principle: Photometers equipped with appropriate filters, pointing the Sun as the satellite moves along its orbit. Applicable both in LEO and in GEO, as well as in outer space orbits, e.g., at the L1 Lagrange libration point.

ANNEX TO CHAPTER 5

This Annex indicates the achievable quality in terms of RMS error, horizontal resolution ((x), vertical resolution ((z) and observing cycle ((t), with assumptions made on the number of satellites needed for the quoted observing cycle (t, and the main possible observing conditions or limitations. These quality estimates are based on the characteristics of state-of-the art instruments that are being developed at the time of writing this Guide, and expected to be operational by 2020. 
This estimation is made for each applicable remote sensing principle for geophysical variables of the eight following themes:  
· Basic atmospheric 3D and 2D variables

· Cloud and precipitation variables

· Aerosols and radiation

· Ocean and sea ice

· Land surface (including snow)

· Solid Earth
· Atmospheric chemistry
· Space Weather.

1.  Basic atmospheric 3D and 2D variables

	Table 5.1 - Geophysical variables considered under the theme “Basic atmospheric 3D and 2D variables”

	Atmospheric temperature 
	Wind (horizontal)
	Height of the top of PBL
	Height of the tropopause

	Specific humidity 
	Wind vector over the surface (horizontal)
	Temperature of the tropopause
	


	Table 5.1.1 - Estimated potential quality of product “Atmospheric temperature” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)


	LEO
	IR spectroscopy 
	1
	K
	20
	1
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	1
	K
	20
	1
	0.5
	6
	Clear-air

	
	LEO
	MW/submm radiometry
	1.5
	K
	30
	1.5
	4
	3
	Nearly-all-weather

	
	GEO
	MW/submm radiometry
	1.5
	K
	30
	1.7
	0.5
	6
	Nearly-all-weather

	
	LEO
	GNSS radio-occultation
	1
	K
	300
	0.5
	12
	12
	All-weather

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy 
	3
	K
	20
	3
	4
	3
	-

	
	GEO
	IR spectroscopy
	4
	K
	20
	4
	0.5
	6
	-

	
	LEO
	MW/submm radiometry
	4
	K
	30
	4
	4
	3
	-

	
	GEO
	MW/submm radiometry
	4
	K
	30
	4
	0.5
	6
	-

	
	LEO
	GNSS radio-occultation
	2
	K
	300
	1
	12
	12
	-

	
	LEO
	Limb sounding
	2
	K
	300
	2
	72
	1
	-


	Table 5.1.2 - Estimated potential quality of product “Specific humidity” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	IR spectroscopy 
	10
	%
	20
	1.5
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	10
	%
	20
	2
	0.5
	6
	Clear-air

	
	LEO
	MW/submm radiometry
	15
	%
	30
	2.5
	4
	3
	Nearly-all-weather

	
	GEO
	MW/submm radiometry
	15
	%
	30
	2.5
	0.5
	6
	Nearly-all-weather

	
	LEO
	GNSS radio-occultation
	10
	%
	300
	0.5
	12
	12
	All-weather

	
	LEO
	DIAL (non-scanning)
	2
	%
	50
	0.3
	360
	1
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy 
	15
	%
	20
	4
	4
	3
	-

	
	GEO
	IR spectroscopy
	20
	%
	20
	5
	0.5
	6
	-

	
	LEO
	MW/submm radiometry
	30
	%
	30
	5
	4
	3
	-

	
	GEO
	MW/submm radiometry
	30
	%
	30
	5
	0.5
	6
	-

	
	LEO
	GNSS radio-occultation
	20
	%
	300
	5
	12
	12
	-

	
	LEO
	DIAL (non-scanning)
	10
	%
	50
	2
	360
	1
	-

	
	LEO
	Limb sounding
	20
	%
	300
	2
	72
	1
	-

	Total column
	LEO
	From IR sounding
	2
	kg/m2
	20
	-
	4
	3
	Clear-air

	
	GEO
	From IR sounding
	2
	kg/m2
	20
	-
	0.5
	6
	Clear-air

	
	LEO
	From MW sounding
	3
	kg/m2
	30
	-
	4
	3
	All-weather

	
	GEO
	From MW sounding
	3
	kg/m2
	30
	-
	0.5
	6
	All-weather

	
	LEO
	From DIAL (non-scanning)
	1
	kg/m2
	50
	-
	360
	1
	Clear-air

	
	LEO
	IR split-window
	4
	kg/m2
	1
	-
	4
	3
	Clear-air

	
	GEO
	IR split-window
	4
	kg/m2
	4
	-
	0.1
	6
	Clear-air

	
	LEO
	MW imaging (23 GHz)
	2
	kg/m2
	20
	-
	3
	8 (GPM)
	All-weather, sea

	
	LEO
	NIR imaging (935 nm)
	3
	kg/m2
	8
	-
	8
	3
	Clear-air, daylight

	
	GEO
	NIR imaging (935 nm)
	3
	kg/m2
	16
	-
	0.25
	6
	Clear-air, daylight


	Table 5.1.3 - Estimated potential quality of product “Wind (horizontal” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	Doppler lidar (non-scanning)
	1
	m/s
	50
	0.5
	180
	1
	Clear-air

	
	LEO
	VIS/IR image sequences
	6
	m/s
	15
	6
	4
	3
	Need for tracers, polar regions

	
	GEO
	VIS/IR image sequences
	5
	m/s
	50
	6
	1
	6
	Need for tracers

	
	LEO
	IR imager-sounder
	5
	m/s
	160
	2
	4
	3
	Clear-air, polar regions

	
	GEO
	IR imager-sounder
	4
	m/s
	160
	2
	1
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	Doppler lidar (non-scanning)
	4
	m/s
	50
	2
	180
	1
	Non-scanning

	
	LEO
	Doppler shift (limb mode)
	5
	m/s
	300
	2
	72
	1
	Daylight


	Table 5.1.4 - Estimated potential quality of product “Wind vector over the surface (horizontal” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface


	LEO
	Radar scatterometer
	2
	m/s
	20
	-
	12
	3
	Over sea. All weather

	
	LEO
	Polarimetric MW radiometry
	3
	m/s
	10
	-
	8
	3
	Over sea. All weather

	
	LEO
	MW imagery
	3
	m/s
	10
	-
	8
	3
	Over sea. All weather. Speed only

	
	LEO
	Radar altimetry (non-scanning)
	3
	m/s
	100
	-
	120
	2
	Over sea. All weather. Speed only


	Table 5.1.5 - Estimated potential quality of product “Height of the top of the Planetary Boundary Layer” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A


	LEO
	Backscatter lidar (non-scanning)
	0.1
	km
	50
	-
	360
	1
	Clear-air

	
	LEO
	From IR sounding 
	0.5
	km
	20
	-
	4
	3
	Clear-air

	
	GEO
	From IR sounding
	0.5
	km
	20
	-
	0.5
	6
	Clear-air

	
	LEO
	From GNSS sounding
	0.3
	km
	300
	-
	12
	12
	All weather


	Table 5.1.6 - Estimated potential quality of product “Height of the tropopause” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A


	LEO
	Backscatter lidar (non-scanning)
	0.1
	Km
	50
	-
	360
	1
	Clear-air

	
	LEO
	From IR sounding 
	2
	Km
	20
	-
	4
	3
	Clear-air

	
	GEO
	From IR sounding
	2
	Km
	20
	-
	0.5
	6
	Clear-air

	
	LEO
	From GNSS sounding
	0.5
	Km
	300
	-
	12
	12
	All weather


	Table 5.1.7 - Estimated potential quality of product “Temperature of the tropopause” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A


	LEO
	From IR sounding 
	2
	K
	20
	-
	4
	3
	Clear-air

	
	GEO
	From IR sounding
	2.5
	K
	20
	-
	0.5
	6
	Clear-air

	
	LEO
	From GNSS sounding
	1
	K
	300
	-
	12
	12
	All weather

	
	LEO
	From limb sounding
	1.5
	K
	300
	-
	72
	1
	Clear-air


2.  Cloud and Precipitation variables

	Table 5.2 - Geophysical variables considered under the theme “Cloud and Precipitation variables”

	Cloud top temperature
	Cloud base height
	Cloud ice 
	Precipitation (liquid or solid)

	Cloud top height
	Cloud optical depth
	Cloud ice effective radius 
	Precipitation intensity at surface (liquid or solid)

	Cloud type
	Cloud liquid water 
	Freezing level height in clouds
	Accumulated precipitation (over 24 h)

	Cloud cover 
	Cloud drop effective radius 
	Melting layer depth in clouds
	Lightning detection


	Table 5.2.1 - Estimated potential quality of product “Cloud top temperature” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	IR radiometry
	2
	K
	1
	-
	4
	3
	-

	
	GEO
	IR radiometry
	2
	K
	4
	-
	0.1
	6
	-

	
	LEO
	From IR sounding
	0.5
	K
	20
	-
	4
	3
	In sounder IFOV

	
	GEO
	From IR sounding
	1
	K
	20
	-
	0.5
	6
	In sounder IFOV


	Table 5.2.2 - Estimated potential quality of product “Cloud top height” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	IR radiometry
	0.5
	km
	1
	-
	4
	3
	-

	
	GEO
	IR radiometry
	0.5
	km
	4
	-
	0.1
	6
	-

	
	LEO
	From IR sounding
	0.3
	km
	20
	-
	4
	3
	In sounder IFOV

	
	GEO
	From IR sounding
	0.3
	km
	20
	-
	0.5
	6
	In sounder IFOV

	
	LEO
	Backscatter lidar (non-scanning)
	0.1
	km
	50
	-
	360
	1
	Multi-orbit 

	
	LEO
	Cloud radar (non-scanning)
	0.3
	km
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	A-band spectroscopy
	0.3
	km
	4
	-
	8
	3
	Daylight

	
	GEO
	A-band spectroscopy
	0.3
	km
	8
	-
	0.25
	6
	Daylight


	Table 5.2.3 - Estimated potential quality of product “Cloud type” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	VIS/IR radiometry
	10
	classes
	4
	-
	4
	3
	Degraded at night (no VIS)

	
	GEO
	VIS/IR radiometry
	8
	classes
	12
	-
	0.1
	1
	Degraded at night (no VIS)


	Table 5.2.4 - Estimated potential quality of product “Cloud cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	From IR sounding
	10
	%
	10
	6
	4
	3
	In sounder IFOV

	
	GEO
	From IR sounding
	10
	%
	10
	6
	0.1
	6
	In sounder IFOV

	
	LEO
	Cloud radar (non-scanning)
	10
	%
	250
	1
	720
	1
	Multi-orbit

	Total column
	LEO
	VIS/IR radiometry
	3
	%
	5
	-
	4
	3
	Degraded at night (no VIS)

	
	GEO
	VIS/IR radiometry
	3
	%
	30
	-
	0.1
	6
	Degraded at night (no VIS)

	
	LEO
	From IR sounding
	10
	%
	10
	-
	4
	3
	In sounder IFOV

	
	GEO
	From IR sounding
	10
	%
	10
	-
	0.1
	6
	In sounder IFOV


	Table 5.2.5 - Estimated potential quality of product “Cloud base height” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	Cloud radar (non-scanning)
	0.3
	km
	50
	-
	360
	1
	Multi-orbit


	Table 5.2.6 - Estimated potential quality of product “Cloud optical depth” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Total column
	LEO
	Backscatter lidar (non-scanning)
	0.1
	-
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	SW polarimetry
	0.5
	-
	20
	-
	48
	1
	Daylight

	
	LEO
	SW/TIR radiometry
	2
	-
	4
	-
	8
	3
	-

	
	GEO
	SW/TIR radiometry
	2
	-
	12
	-
	0.1
	6
	-


	Table 5.2.7 - Estimated potential quality of product “Cloud liquid water” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Cloud radar (non-scanning)
	10
	%
	50
	0.3
	360
	1
	Multi-orbit

	
	LEO
	Precipitation radar
	20
	%
	5
	0.5
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	40
	%
	20
	3
	3
	8 (GPM)
	-

	
	GEO
	MW/Sub-mm sounding
	60
	%
	30
	4
	0.5
	6
	-

	Total column
	LEO
	Cloud radar (non-scanning)
	0.1
	kg/m2
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	Precipitation radar
	0.2
	kg/m2
	5
	-
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	0.2
	kg/m2
	20
	-
	3
	8 (GPM)
	-

	
	GEO
	MW/Sub-mm sounding
	0.3
	kg/m2
	30
	-
	0.5
	6
	-


	Table 5.2.8 - Estimated potential quality of product “Cloud drop effective radius” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Cloud radar (non-scanning)
	3
	(m
	50
	0.3
	360
	1
	Non-precipitating clouds

	
	LEO
	Precipitation radar
	10
	(m
	5
	0.3
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	30
	(m
	20
	3
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	30
	(m
	30
	3
	0.5
	6
	Heavily model-aided

	Cloud top
	LEO
	Cloud radar (non-scanning)
	3
	(m
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	MW/Sub-mm sounding
	10
	(m
	20
	-
	3
	8 (GPM)
	-

	
	GEO
	MW/Sub-mm sounding
	10
	(m
	30
	-
	0.5
	6
	-

	
	LEO
	Backscatter lidar (non-scanning)
	0.2
	(m
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	SW polarimetry
	1
	(m
	10
	-
	48
	1
	Daylight

	
	LEO
	VIS/IR radiometry
	2
	(m
	1
	-
	4
	3
	Degraded at night (no VIS)

	
	GEO
	VIS/IR radiometry
	2
	(m
	4
	-
	0.1
	6
	Degraded at night (no VIS)


	Table 5.2.9 - Estimated potential quality of product “Cloud ice” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Cloud radar (non-scanning)
	10
	%
	50
	0.3
	360
	1
	Non-precipitating clouds

	
	LEO
	Precipitation radar
	20
	%
	5
	0.3
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	50
	%
	20
	3
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	50
	%
	30
	3
	0.5
	6
	Heavily model-aided

	Total column
	LEO
	Cloud radar (non-scanning)
	20
	g/m2
	50
	-
	360
	1
	Non-precipitating clouds

	
	LEO
	Precipitation radar
	20
	g/m2
	5
	-
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	40
	g/m2
	20
	-
	3
	8 (GPM)
	Model-aided

	
	GEO
	MW/Sub-mm sounding
	40
	g/m2
	30
	-
	0.5
	6
	Model-aided

	
	LEO
	Sub-mm imagery
	20
	g/m2
	10
	-
	24
	1
	-

	
	LEO
	FIR imagery
	20
	g/m2
	10
	-
	24
	1
	-


	Table 5.19 - Estimated potential quality of product “Cloud ice effective radius” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Cloud radar (non-scanning)
	3
	(m
	50
	0.3
	360
	1
	Non-precipitating clouds

	
	LEO
	Precipitation radar
	10
	(m
	5
	0.3
	120
	1
	Precipitating clouds

	
	LEO
	MW/Sub-mm sounding
	30
	(m
	20
	3
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	30
	(m
	30
	3
	0.5
	6
	Heavily model-aided

	Cloud top
	LEO
	Cloud radar (non-scanning)
	3
	(m
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	MW/Sub-mm sounding
	10
	(m
	20
	-
	3
	8 (GPM)
	-

	
	GEO
	MW/Sub-mm sounding
	10
	(m
	30
	-
	0.5
	6
	-

	
	LEO
	Backscatter lidar (non-scanning)
	0.2
	(m
	50
	-
	360
	1
	Multi-orbit

	
	LEO
	SW polarimetry
	1
	(m
	10
	-
	48
	1
	Daylight

	
	LEO
	VIS/IR radiometry
	4
	(m
	1
	-
	4
	3
	Degraded at night (no VIS)

	
	GEO
	VIS/IR radiometry
	4
	(m
	4
	-
	0.1
	6
	Degraded at night (no VIS)


	Table 5.2.10 - Estimated potential quality of product “Freezing level height in clouds” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	Precipitation radar
	0.3
	km
	5
	-
	120
	1
	-

	
	LEO
	MW/Sub-mm sounding
	1.5
	km
	30
	-
	4
	3
	-

	
	GEO
	MW/Sub-mm sounding
	1.5
	km
	30
	-
	0.5
	6
	-


	Table 5.2.11 - Estimated potential quality of product “Melting layer depth in clouds” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	Precipitation radar
	0.3
	km
	5
	-
	120
	1
	-

	
	LEO
	MW/Sub-mm sounding
	1.5
	km
	30
	-
	4
	3
	-

	
	GEO
	MW/Sub-mm sounding
	1.5
	km
	30
	-
	0.5
	6
	-


	Table 5.2.12 - Estimated potential quality of product “Precipitation (liquid or solid)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Precipitation radar
	10
	%
	5
	0.3
	120
	1
	-

	
	LEO
	MW/Sub-mm sounding
	30
	%
	20
	3
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	30
	%
	30
	3
	0.5
	6
	Heavily model-aided


	Table 5.2.13 - Estimated potential quality of product “Precipitation intensity at surface (liquid or solid)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Precipitation radar
	0.5
	mm/h
	5
	-
	120
	1
	-

	
	LEO
	MW/Sub-mm sounding
	1
	mm/h
	10
	-
	3
	8 (GPM)
	Heavily model-aided

	
	GEO
	MW/Sub-mm sounding
	1.5
	mm/h
	10
	-
	0.5
	6
	Heavily model-aided

	
	GEO
	VIS/IR radiometry
	5
	mm/h
	10
	-
	0.1
	6
	Convection only

	
	GEO
	LEO/MW + GEO/IR fusion
	2.5
	mm/h
	10
	-
	0.1
	6
	Product from data-fusion


	Table 5.2.14 - Estimated potential quality of product “Accumulated precipitation (over 24 hours)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	GEO
	LEO/MW + GEO/IR fusion
	5
	mm
	10
	-
	3
	3 (LEO) + 6 (GEO)
	Product from data-fusion

	
	GEO
	MW/Sub-mm sounding
	2
	mm
	10
	-
	3
	6
	Heavily model-aided


	Table 5.2.15 - Estimated potential quality of product “Lightning detection” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	N/A
	LEO
	Lightning mapping
	0.10/0.95
	FAR/HR
	5
	-
	12
	3
	-

	
	GEO
	Lightning mapping
	0.15/0.90
	FAR/HR
	10
	-
	0.01
	6
	-


3.  Aerosol and Radiation

	Table 5.3 - Geophysical variables considered under the theme “Aerosol and Radiation”

	Aerosol Optical Depth
	Upward spectral radiance at TOA
	Earth’s surface albedo

	Aerosol concentration
	Upward LW irradiance at TOA
	Earth’s surface SW bi-directional reflectance

	Aerosol effective radius
	Upward SW irradiance at TOA
	Upward LW irradiance at Earth’s surface

	Aerosol type
	Short-wave cloud reflectance
	Long-wave Earth surface emissivity

	Volcanic ash
	Downward LW irradiance at Earth’s surface
	Photosynthetically Active Radiation (PAR)

	Downward solar irradiance at TOA
	Downward SW irradiance at Earth’s surface
	Fraction of Absorbed PAR (FAPAR)


	Table 5.3.1 - Estimated potential quality of product “Aerosol optical depth” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Total column
	LEO
	Backscatter lidar (non-scanning)
	0.01
	
	50
	-
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	0.03
	
	20
	-
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy
	0.04
	
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy
	0.04
	
	20
	-
	1
	6
	Clear-air, daylight

	
	LEO
	VIS/IR radiometry
	0.05
	
	5
	-
	8
	3
	Clear-air, daylight

	
	GEO
	VIS/IR radiometry
	0.05
	
	2
	-
	0.1
	6
	Clear-air, daylight


	Table 5.3.2 - Estimated potential quality of product “Aerosol concentration” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	Backscatter lidar (non-scanning)
	1
	%
	50
	0.1
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	5
	%
	20
	3
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy (cross-nadir)
	5
	%
	20
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	10
	%
	20
	3
	1
	6
	Clear-air, daylight

	Stratosphere

(@ (30 hPa)
	LEO
	Backscatter lidar (non-scanning)
	2
	%
	50
	0.5
	360
	1
	-

	
	LEO
	SW polarimetry
	20
	%
	20
	7
	48
	1
	Daylight

	
	LEO
	SW spectroscopy (cross-nadir)
	20
	%
	20
	8
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	20
	%
	20
	10
	1
	6
	Daylight

	
	LEO
	SW spectroscopy (limb)
	10
	%
	300
	2
	144
	1
	Daylight

	Total column
	LEO
	Backscatter lidar (non-scanning)
	0.1
	g/m2
	50
	-
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	0.4
	g/m2
	20
	-
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy
	1
	g/m2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy
	1
	g/m2
	20
	-
	1
	6
	Clear-air, daylight

	
	LEO
	VIS/IR radiometry
	4
	g/m2
	4
	-
	8
	3
	Clear-air, daylight

	
	GEO
	VIS/IR radiometry
	4
	g/m2
	8
	-
	0.1
	6
	Clear-air, daylight


	Table 5.3.3 - Estimated potential quality of product “Aerosol effective radius” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Backscatter lidar (non-scanning)
	0.2
	(m
	50
	0.3
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	0.5
	(m
	20
	3
	48
	1
	Clear-air, daylight, model-aided

	
	LEO
	SW spectroscopy
	1
	(m
	20
	3
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	SW spectroscopy
	1
	(m
	20
	3
	1
	6
	Clear-air, daylight, model-aided

	Total column
	LEO
	Backscatter lidar (non-scanning)
	0.1
	(m
	50
	-
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	0.3
	(m
	20
	-
	48
	1
	Clear-air, daylight, model-aided

	
	LEO
	SW spectroscopy
	0.5
	(m
	20
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	SW spectroscopy
	0.5
	(m
	20
	-
	1
	6
	Clear-air, daylight, model-aided


	Table 5.3.4 - Estimated potential quality of product “Aerosol type” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Backscatter lidar (non-scanning)
	6
	classes
	50
	0.3
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	4
	classes
	20
	3
	48
	1
	Clear-air, daylight, model-aided

	
	LEO
	SW spectroscopy
	4
	classes
	20
	3
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	SW spectroscopy
	4
	classes
	20
	3
	1
	6
	Clear-air, daylight, model-aided

	Total column
	LEO
	Backscatter lidar (non-scanning)
	6
	classes
	50
	-
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	4
	classes
	20
	-
	48
	1
	Clear-air, daylight, model-aided

	
	LEO
	SW spectroscopy
	4
	classes
	20
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	SW spectroscopy
	4
	classes
	20
	-
	1
	6
	Clear-air, daylight, model-aided

	
	LEO
	VIS/IR radiometry
	2
	classes
	4
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	VIS/IR radiometry
	2
	classes
	8
	-
	0.1
	6
	Clear-air, daylight, model-aided


	Table 5.3.5 - Estimated potential quality of product “Volcanic ash” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere
	LEO
	Backscatter lidar (non-scanning)
	1
	%
	50
	0.1
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	5
	%
	20
	3
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy (cross-nadir)
	5
	%
	20
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	10
	%
	20
	3
	1
	6
	Clear-air, daylight

	Stratosphere
	LEO
	Backscatter lidar (non-scanning)
	2
	%
	50
	0.5
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	20
	%
	20
	7
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy (cross-nadir)
	20
	%
	20
	8
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	20
	%
	20
	10
	1
	6
	Clear-air, daylight

	
	LEO
	SW spectroscopy (limb)
	10
	%
	300
	2
	144
	1
	-

	Total column
	LEO
	Backscatter lidar (non-scanning)
	0.5
	g/m2
	50
	-
	360
	1
	Clear-air

	
	LEO
	SW polarimetry
	2
	g/m2
	20
	-
	48
	1
	Clear-air, daylight

	
	LEO
	SW spectroscopy
	4
	g/m2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy
	4
	g/m2
	20
	-
	1
	6
	Clear-air, daylight

	
	LEO
	VIS/IR radiometry
	10
	g/m2
	4
	-
	8
	3
	Clear-air, over sea

	
	GEO
	VIS/IR radiometry
	10
	g/m2
	8
	-
	0.1
	6
	Clear-air, over sea


	Table 5.3.6 - Estimated potential quality of product “Downward solar irradiance at TOA” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	TOA
	LEO
	Cavity radiometer
	0.2
	W/m2
	N/A
	-
	24
	1
	Multi-orbit integration

	TOA
	GEO
	Cavity radiometer
	0.15
	W/m2
	N/A
	-
	24
	6
	Daily integration


	Table 5.3.7 - Estimated potential quality of product “Upward spectral radiance at TOA” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(unit)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	TOA
	LEO
	SW+LW spectroscopy
	100
	SNR
	50
	-
	720
	1
	Non scanning

	
	
	
	
	
	10
	-
	168
	1
	Limited swath


	Table 5.3.8 - Estimated potential quality of product “Upward long-wave irradiance at TOA” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	TOA
	LEO
	Broad-band radiometry
	4
	W/m2
	20
	-
	4
	3
	-

	
	GEO
	Broad-band radiometry
	4
	W/m2
	30
	-
	0.25
	6
	-


	Table 5.3.9 - Estimated potential quality of product “Upward short-wave irradiance at TOA” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	TOA
	LEO
	Broad-band radiometry
	10
	W/m2
	20
	-
	4
	3
	Model-aided

	
	GEO
	Broad-band radiometry
	15
	W/m2
	30
	-
	0.25
	6
	Model-aided


	Table 5.3.10 - Estimated potential quality of product “Short-wave cloud reflectance” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	TOA
	LEO
	SW radiometry
	5
	% 
	4
	-
	4
	3
	-

	
	GEO
	SW radiometry
	7
	% 
	8
	-
	0.1
	6
	-


	Table 5.3.11 - Estimated potential quality of product “Downward LW irradiance at Earth’s surface” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	From IR/MW sounding
	10
	W/m2
	20
	-
	4
	3
	Model-aided

	
	GEO
	From IR/MW sounding
	10
	W/m2
	20
	-
	0.5
	6
	Model-aided


	Table 5.3.12 - Estimated potential quality of product “Downward SW irradiance at Earth’s surface” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	SW radiometry
	20
	W/m2
	4
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	SW radiometry
	30
	W/m2
	8
	-
	0.1
	6
	Clear-air, model-aided


	Table 5.3.13 - Estimated potential quality of product “Earth’s surface albedo” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Multi-view SW radiometry
	1
	%
	10
	-
	168
	1
	Clear-air, model-aided

	
	LEO
	VIS radiometry
	3
	%
	4
	-
	168
	3
	Clear-air, heavily model-aided

	
	GEO
	VIS radiometry
	5
	%
	8
	-
	72
	6
	Clear-air, heavily model-aided


	Table 5.3.14 - Estimated potential quality of product “Earth’s surface aSW bi-directional reflectance” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Multi-view SW radiometry
	3
	%
	8
	-
	168
	1
	Clear-air


	Table 5.3.15 - Estimated potential quality of product “Upward long-wave irradiance at Earth’s surface” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Broad-band radiometry
	15
	W/m2
	20
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	Broad-band radiometry
	15
	W/m2
	30
	-
	0.25
	6
	Clear-air, model-aided


	Table 5.3.16 - Estimated potential quality of product “Long-wave Earth surface emissivity” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	IR radiometry
	3
	%
	4
	-
	168
	3
	Clear-air

	
	GEO
	IR radiometry
	6
	%
	12
	-
	72
	6
	Clear-air

	
	LEO
	IR spectroscopy
	1
	%
	10
	-
	168
	3
	Clear-air

	
	GEO
	IR spectroscopy
	1
	%
	10
	-
	72
	6
	Clear-air


	Table 5.3.17 - Estimated potential quality of product “Photosynthetically Active Radiation (PAR)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	10
	W/m2
	4
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	VIS radiometry
	10
	W/m2
	8
	-
	0.1
	6
	Clear-air, model-aided


	Table 5.3.18 - Estimated potential quality of product “Fraction of AbsorbedPAR (FAPAR)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	10
	%
	4
	-
	4
	3
	Clear-air, model-aided

	
	GEO
	VIS radiometry
	10
	%
	8
	-
	0.1
	6
	Clear-air, model-aided


4.  Ocean and sea-ice

	Table 5.4 - Geophysical variables considered under the theme “Ocean and sea-ice”

	Ocean chlorophyll concentration 
	Oil spill cover
	Coastal sea level (tide)
	Wave directional energy frequency spectrum

	Colour Dissolved Organic Matter (CDOM)
	Sea surface temperature
	Significant wave height
	Sea-ice cover

	Ocean suspended sediments concentration
	Sea surface salinity
	Dominant wave direction
	Sea-ice thickness

	Ocean Diffuse Attenuation Coefficient (DAC)
	Ocean dynamic topography
	Dominant wave period
	Sea-ice type


	Table 5.4.1 - Estimated potential quality of product “Ocean chlorophyll concentration” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	0.1   
	mg(m-3
	4
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	VIS radiometry
	0.2
	mg(m-3
	8
	-
	0.25
	6
	Clear-air, daylight, model-aided


	Table 5.4.2 - Estimated potential quality of product “Colour Dissolved Organic Matter (CDOM)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	0.01   
	m-1
	4
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	VIS radiometry
	0.02
	m-1
	8
	-
	0.25
	6
	Clear-air, daylight, model-aided


	Table 5.4.3 - Estimated potential quality of product “Ocean suspended sediments concentration” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	0.05  
	g(m-3
	4
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	VIS radiometry
	0.1
	g(m-3
	8
	-
	0.25
	6
	Clear-air, daylight, model-aided


	Table 5.4.4 - Estimated potential quality of product “Ocean Diffuse Attenuation Coefficient (DAC)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS radiometry
	0.5
	m-1
	4
	-
	8
	3
	Clear-air, daylight, model-aided

	
	GEO
	VIS radiometry
	1
	m-1
	8
	-
	0.25
	6
	Clear-air, daylight, model-aided


	Table 5.4.5 - Estimated potential quality of product “Oil spill cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS/NIR radiometry
	15
	%
	4
	-
	8
	3
	Clear-air, daylight

	
	GEO
	VIS/NIR radiometry
	15
	%
	8
	-
	0.25
	6
	Clear-air, daylight

	
	LEO
	SW polarimetry
	10
	%
	20
	
	48
	1
	Clear-air, daylight

	
	LEO
	H.R. optical imagery
	20
	%
	0.3
	
	168
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	5
	%
	1
	-
	360
	2
	All weather


	Table 5.4.6 - Estimated potential quality of product “Sea surface temperature” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	IR radiometry
	0.4
	K
	8
	-
	4
	3
	Clear-air

	
	GEO
	IR radiometry
	0.8
	K
	24
	-
	0.1
	6
	Clear-air

	
	LEO
	IR spectroscopy
	0.3
	K
	20
	-
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	0.5
	K
	20
	-
	0.25
	6
	Clear-air

	
	LEO
	MW radiometry
	1
	K
	50
	-
	8
	3
	All weather


	Table 5.4.7 - Estimated potential quality of product “Sea surface salinity” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	L-band MW radiometry
	0.3
	psu
	200
	-
	240
	1
	All weather, space-time integrated


	Table 5.4.8 - Estimated potential quality of product “Ocean dynamic topography” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar altimetry (non-scanning)
	3
	cm
	50
	-
	240
	2
	All weather


	Table 5.4.9 - Estimated potential quality of product “Coastal sea level (tide)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar altimetry  (non-scanning)
	3
	cm
	50
	-
	240
	2
	All weather


	Table 5.4.10 - Estimated potential quality of product “Significant wave height” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar altimetry  (non-scanning)
	0.1
	m
	50
	-
	240
	2
	All weather

	
	LEO
	From SAR spectra
	0.5
	m
	50
	-
	240
	2
	All weather


	Table 5.4.11 - Estimated potential quality of product “Dominant wave direction” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	From SAR spectra
	10
	degrees
	50
	-
	240
	2
	All weather


	Table 5.4.12 - Estimated potential quality of product “Dominant wave period” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	From SAR spectra
	10
	s
	50
	-
	240
	2
	All weather


	Table 5.4.13 - Estimated potential quality of product “Wave directional energy frequency spectrum” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	From SAR spectra
	0.1
	m2(Hz-1(rad-1
	50
	-
	240
	2
	All weather


	Table 5.4.14 - Estimated potential quality of product “Sea-ice cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS/IR radiometry
	10
	%
	5
	-
	48
	3
	Clear-air

	
	GEO
	VIS/IR radiometry
	20
	%
	15
	-
	6
	6
	Clear-air

	
	LEO
	MW radiometry
	20
	%
	20
	
	3
	8 (GPM)
	All weather

	
	LEO
	H.R. optical imagery
	5
	%
	1
	
	168
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	3
	%
	3
	-
	360
	2
	All weather


	Table 5.4.15 - Estimated potential quality of product “Sea-ice thickness” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar altimetry (non-scanning)
	25
	cm
	30
	-
	720
	1
	All weather

	
	LEO
	Lidar altimetry (non-scanning)
	10
	cm
	30
	-
	720
	1
	Clear-air

	
	LEO
	SAR interferometry
	100
	cm
	1
	-
	360
	2
	All weather


	Table 5.4.16 - Estimated potential quality of product “Sea-ice type” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar scatterometry
	5
	classes
	20
	-
	12
	3
	All weather

	
	LEO
	MW radiometry
	3
	classes
	10
	-
	3
	8 (GPM)
	All weather

	
	LEO
	SAR imagery
	4
	classes
	1
	-
	360
	2
	All weather


5.  Land surface (including snow)

	Table 5.5 - Geophysical variables considered under the theme “Land surface (including snow)”

	Land surface temperature
	Leaf Area Index (LAI)
	Snow status (wet/dry)
	Land surface topography

	Soil moisture at surface
	Normalised Difference Vegetation Index (NDVI)
	Snow cover
	Glacier cover

	Soil moisture (in the roots region)
	Fire fractional cover
	Snow water equivalent
	Glacier topography

	Fraction of vegetated land
	Fire temperature
	Soil type
	

	Vegetation type
	Fire radiative power
	Land cover
	


	Table 5.5.1 - Estimated potential quality of product “Land surface temperature” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	IR radiometry
	2
	K
	8
	-
	4
	3
	Clear-air

	
	GEO
	IR radiometry
	4
	K
	24
	-
	0.1
	6
	Clear-air

	
	LEO
	IR spectroscopy
	1
	K
	20
	
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	1
	K
	20
	
	0.25
	6
	Clear-air

	
	LEO
	MW radiometry
	1
	K
	50
	-
	8
	3
	All weather


	Table 5.5.2 - Estimated potential quality of product “Soil moisture at surface” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	MW radiometry
	0.05
	m3(m-3
	30
	-
	8
	3
	All weather, vegetation-sensitive

	
	LEO
	Radar scatterometry
	0.05
	m3(m-3
	20
	-
	36
	1
	All weather, vegetation-sensitive

	
	LEO
	SAR imagery
	0.1
	m3(m-3
	0.1
	-
	360
	2
	All weather, vegetation-sensitive

	
	LEO
	VIS/IR radiometry
	0.5
	m3(m-3
	4
	-
	4
	3
	Clear-air, vegetation-sensitive

	
	GEO
	VIS/IR radiometry
	0.5
	m3(m-3
	12
	-
	0.1
	6
	Clear-air, vegetation-sensitive


	Table 5.5.3 - Estimated potential quality of product “Soil moisture (in the roots region)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	L-band MW radiometry
	0.05
	m3(m-3
	50
	0.0001
	72
	1
	All weather, model-aided

	
	LEO
	L-band SAR imagery
	0.1
	m3(m-3
	0.1
	0.0001
	1440
	1
	All weather, model-aided


	Table 5.5.4 - Estimated potential quality of product “Fraction of vegetated land” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. optical imagery
	10
	%
	1
	-
	168
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	20
	%
	5
	-
	360
	2
	All weather


	Table 5.5.5 - Estimated potential quality of product “Vegetated type” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. optical imagery
	20
	classes
	0.1
	-
	2160
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	10
	classes
	0.2
	-
	2160
	2
	All weather


	Table 5.5.6 - Estimated potential quality of product “Leaf Area Index (LAI)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	SW radiometry
	10
	%
	2
	-
	168
	3
	Clear-air, daylight

	
	GEO
	SW radiometry
	10
	%
	4
	-
	72
	6
	Clear-air, daylight

	
	LEO
	Radar scatterometry
	30
	%
	20
	-
	12
	3
	All weather

	
	LEO
	H.R. optical imagery
	10
	%
	0.1
	-
	168
	4
	Clear-air, daylight


	Table 5.5.7 - Estimated potential quality of product “Normalised Difference Vegetation Index (NDVI)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS/NIR radiometry
	5
	%
	2
	-
	168
	3
	Clear-air, daylight

	
	GEO
	VIS/NIR radiometry
	5
	%
	4
	-
	72
	6
	Clear-air, daylight

	
	LEO
	H.R. optical imagery
	5
	%
	0.1
	-
	168
	4
	Clear-air, daylight


	Table 5.5.8 - Estimated potential quality of product “Fire fractional cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS/IR radiometry
	12
	%
	4
	-
	4
	3
	Degraded at night (no VIS)

	
	GEO
	VIS/IR radiometry
	25
	%
	12
	-
	0.1
	6
	Degraded at night (no VIS)

	
	LEO
	H.R. optical imagery
	10
	%
	0.1
	-
	168
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	10
	%
	0.1
	-
	360
	2
	All weather


	Table 5.5.9 - Estimated potential quality of product “Fire temperature” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	IR radiometry
	10
	K
	2
	-
	4
	3
	Clear-air

	
	GEO
	IR radiometry
	20
	K
	6
	-
	0.1
	6
	Clear-air


	Table 5.5.10 - Estimated potential quality of product “Fire radiative power” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	IR radiometry
	10
	kW(m-2
	2
	-
	4
	3
	Clear-air

	
	GEO
	IR radiometry
	20
	kW(m-2
	6
	-
	0.1
	6
	Clear-air


	Table 5.5.11 - Estimated potential quality of product “Snow status (wet/dry)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	MW radiometry
	0.15/0.90
	FAR/HR
	10
	-
	3
	8 (GPM)
	All weather

	
	LEO
	SAR imagery
	0.25/0.80
	FAR/HR
	1
	-
	360
	2
	All weather


	Table 5.5.12 - Estimated potential quality of product “Snow cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	VIS/IR radiometry
	10
	%
	5
	-
	48
	3
	Clear-air

	
	GEO
	VIS/IR radiometry
	10
	%
	10
	-
	6
	6
	Clear-air

	
	LEO
	MW radiometry
	20
	%
	20
	-
	3
	8 (GPM)
	All weather

	
	LEO
	H.R. optical imagery
	1
	%
	1
	-
	168
	4
	Clear-air, daylight


	Table 5.5.13 - Estimated potential quality of product “Snow water equivalent” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	MW radiometry
	20
	mm
	10
	-
	8
	3
	All weather

	
	LEO
	Radar scatterometry
	20
	mm
	20
	-
	12
	3
	All weather

	
	LEO
	SAR imagery
	30
	mm
	0.1
	-
	360
	2
	All weather


	Table 5.5.14 - Estimated potential quality of product “Soil type” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. optical imagery
	20
	classes
	0.01
	-
	8760
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	20
	classes
	0.01
	-
	8760
	2
	All weather


	Table 5.5.15 - Estimated potential quality of product “Land cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. optical imagery
	20
	classes
	0.01
	-
	8760
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	10
	classes
	0.01
	-
	8760
	2
	All weather


	Table 5.5.16 - Estimated potential quality of product “Land surface topography” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. VIS stereoscopy
	2
	m
	0.01
	-
	8760
	4
	Clear-air, daylight

	
	LEO
	SAR interferometry
	1
	m
	0.01
	-
	8760
	2
	All weather

	
	LEO
	Radar altimetry (non-scanning)
	0.2
	m
	0.2
	-
	43800
	1
	All weather

	
	LEO
	Lidar altimetry (non-scanning)
	0.1
	m
	0.1
	-
	43800
	1
	Clear-air


	Table 5.5.17 - Estimated potential quality of product “Glacier cover” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	H.R. optical imagery
	10
	%
	0.01
	-
	8760
	4
	Clear-air, daylight

	
	LEO
	SAR imagery
	10
	%
	0.01
	-
	8760
	2
	All weather


	Table 5.5.18 - Estimated potential quality of product “Glacier topography” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	SAR interferometry
	100
	cm
	0.01
	-
	8760
	2
	All weather


6.  Solid Earth

	Table 5.6 - Geophysical variables considered under the theme “Solid Earth”

	Geoid
	Crustal plates positioning
	Crustal motion (horizontal and vertical)
	Gravity field
	Gravity gradients


	Table 5.6.1 - Estimated potential quality of product “Geoid” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Radar altimetry (non-scanning)
	10
	cm
	500
	-
	8760
	2
	All weather, model-aided

	
	LEO
	Gravity field
	1
	cm
	100
	-
	17520
	1
	All weather, heavily model-aided


	Table 5.6.2 - Estimated potential quality of product “Crustal plates positioning” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Laser ranging
	2
	cm
	500
	-
	8760
	5
	Night time, clear-air

	
	LEO
	GPS receiver
	2
	cm
	100
	-
	8760
	24
	All weather


	Table 5.6.3 - Estimated potential quality of product “Crustal motion (horizontal and vertical)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Surface
	LEO
	Laser ranging
	2
	mm/y
	500
	-
	8760
	5
	Night time, clear-air

	
	LEO
	GPS receiver
	2
	mm/y
	100
	-
	8760
	24
	All weather


	Table 5.6.4 - Estimated potential quality of product “Gravity field” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Orbit height
	LEO
	Gradiometry
	2
	mGal
	300
	-
	8760
	1
	Orbit to change during mission

	
	LEO
	Sat-Sat ranging
	2
	mGal
	300
	-
	8760
	2
	Orbit to change during mission


	Table 5.6.5 - Estimated potential quality of product “Gravity gradients” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Orbit height
	LEO
	Gradiometry
	0.1
	E
	300
	-
	8760
	1
	Orbit to change during mission

	
	LEO
	Sat-Sat ranging
	0.1
	E
	300
	-
	8760
	2
	Orbit to change during mission


7. Atmospheric chemistry

	Table 5.7 - Geophysical variables considered under the theme “Atmospheric chemistry”

	O3
	C2H2
	CFC-11
	CH2O
	ClO
	CO
	COS
	HCl
	HNO3
	N2O5
	NO2
	PAN
	SF6

	BrO
	C2H6
	CFC-12
	CH4
	ClONO2
	CO2
	H2O
	HDO
	N2O
	NO
	OH
	PSC occurrence
	SO2


	Table 5.7.1 - Estimated potential quality of product “O3” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	10
	nmol/mol
	20
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	15
	nmol/mol
	20
	4
	1
	6
	Clear-air, daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	10
	nmol/mol
	20
	3
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	20
	4
	0.5
	6
	Clear-air

	
	LEO
	DIAL (non-scanning)
	3
	nmol/mol
	50
	0.5
	360
	1
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	20
	nmol/mol
	20
	5
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	30
	nmol/mol
	20
	6
	1
	6
	Daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	20
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	30
	nmol/mol
	20
	8
	0.5
	6
	-

	
	LEO
	SW spectroscopy (limb)
	10
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	IR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	Sub-mm spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	DIAL (non-scanning)
	5
	nmol/mol
	50
	1
	360
	1
	-

	Total column
	LEO
	SW spectroscopy
	6
	DU
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy
	9
	DU
	20
	-
	1
	6
	Clear-air, daylight

	
	LEO
	IR spectroscopy
	12
	DU
	20
	-
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	15
	DU
	20
	-
	0.5
	6
	Clear-air


	Table 5.7.2 - Estimated potential quality of product “BrO” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	5
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	6
	1
	6
	Clear-air, daylight

	Stratosphere

(@ (30 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	8
	8
	3
	Daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	10
	1
	6
	Daylight

	
	LEO
	UV spectroscopy (limb)
	30
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	Sub-mm spectroscopy (limb)
	20
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.3 - Estimated potential quality of product “C2H2” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	4
	0.5
	6
	Clear-air


	Table 5.7.4 - Estimated potential quality of product “C2H6” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	5
	0.5
	6
	Clear-air


	Table 5.7.5 - Estimated potential quality of product “CFC-11” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	4
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	5
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	8
	0.5
	6
	-

	
	LEO
	IR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.6 - Estimated potential quality of product “CFC-12” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	4
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	5
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	8
	0.5
	6
	-

	
	LEO
	IR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.7 - Estimated potential quality of product “CH2O” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	25
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	1
	6
	Clear-air, daylight

	Total column
	LEO
	UV spectroscopy
	1.5
	(1.3(1015 cm-2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy
	2
	(1.3(1015 cm-2
	20
	-
	1
	1
	Clear-air, daylight


	Table 5.7.8 - Estimated potential quality of product “CH4” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	4
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	5
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	4
	0.25
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	6
	8
	3
	Daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	7
	0.5
	6
	Daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	10
	0.25
	6
	-

	
	LEO
	SWIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	TIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	Total column
	LEO
	SWIR spectroscopy
	2
	(1.3(1015 cm-2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy
	3
	(1.3(1015 cm-2
	20
	.
	1
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy
	4
	(1.3(1015 cm-2
	20
	-
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy
	5
	(1.3(1015 cm-2
	20
	-
	0.5
	6
	Clear-air


	Table 5.7.9 - Estimated potential quality of product “ClO” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	5
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	6
	1
	6
	Clear-air, daylight

	Stratosphere

(@ (30 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	5
	8
	3
	Daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	1
	6
	Daylight

	
	LEO
	UV spectroscopy (limb)
	30
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	Sub-mm spectroscopy (limb)
	30
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.10 - Estimated potential quality of product “ClONO2” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	4
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	5
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	8
	0.5
	1
	-

	
	LEO
	IR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.11 - Estimated potential quality of product “CO” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	25
	nmol/mol
	50
	4
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	0.25
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	5
	8
	3
	Daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	6
	0.5
	6
	Daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	5
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	0.25
	6
	-

	
	LEO
	SWIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	TIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	Total column
	LEO
	SWIR spectroscopy
	4
	(1.3(1015 cm-2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy
	5
	(1.3(1015 cm-2
	20
	-
	1
	1
	Clear-air, daylight

	
	LEO
	TIR spectroscopy
	5
	(1.3(1015 cm-2
	20
	-
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy
	6
	(1.3(1015 cm-2
	20
	-
	0.5
	1
	Clear-air


	Table 5.7.12 - Estimated potential quality of product “CO2” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	10
	nmol/mol
	100
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	15
	nmol/mol
	100
	4
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	10
	nmol/mol
	100
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	15
	nmol/mol
	100
	4
	0.25
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	20
	nmol/mol
	100
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	30
	nmol/mol
	100
	4
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	20
	nmol/mol
	100
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	100
	4
	0.25
	6
	Clear-air

	
	LEO
	SWIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	TIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	Total column
	LEO
	SWIR spectroscopy
	1
	(1.3(1015 cm-2
	50
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy
	1.5
	(1.3(1015 cm-2
	50
	-
	1
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy
	2
	(1.3(1015 cm-2
	50
	-
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy
	2.5
	(1.3(1015 cm-2
	50
	-
	0.5
	6
	Clear-air

	
	LEO 
	DIAL (non-scanning)
	0.3
	(1.3(1015 cm-2
	500
	-
	8760
	1
	Clear-air


	Table 5.7.13 - Estimated potential quality of product “COS” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	0.25
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	5
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	0.25
	6
	-

	
	LEO
	TIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.14 - Estimated potential quality of product “H2O” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	5
	nmol/mol
	10
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	6
	nmol/mol
	10
	4
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	7
	nmol/mol
	10
	1.5
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	8
	nmol/mol
	10
	2
	0.25
	6
	Clear-air

	
	LEO
	FIR spectroscopy
	5
	nmol/mol
	10
	2
	168
	1
	Clear-air

	
	LEO
	GNSS radio-occultation
	10
	nmol/mol
	300
	0.5
	12
	12
	All-weather

	
	LEO
	DIAL (non-scanning)
	2
	nmol/mol
	50
	0.5
	360
	1
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	15
	nmol/mol
	10
	5
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	20
	nmol/mol
	10
	6
	0.5
	6
	Daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	20
	nmol/mol
	10
	5
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	10
	6
	0.25
	6
	-

	
	LEO
	FIR spectroscopy
	10
	nmol/mol
	10
	4
	168
	1
	-

	
	LEO
	GNSS radio-occultation
	20
	nmol/mol
	300
	1
	12
	12
	-

	
	LEO
	SW spectroscopy (limb)
	10
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	TIR spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	Sub-mm spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	DIAL (non-scanning)
	7
	nmol/mol
	50
	1
	360
	1
	-


	Table 5.7.15 - Estimated potential quality of product “HCl” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Stratosphere (@ (30 hPa)
	LEO
	Sub-mm spectroscopy (limb)
	30
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.16 - Estimated potential quality of product “HDO” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Stratosphere (@ (30 hPa)
	LEO
	Sub-mm spectroscopy (limb)
	15
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.17 - Estimated potential quality of product “HNO3” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	4
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	IR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	60
	nmol/mol
	50
	8
	0.5
	6
	-

	
	LEO
	IR spectroscopy (limb)
	30
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	Sub-mm spectroscopy (limb)
	30
	nmol/mol
	300
	2
	72
	1
	-

	Total column
	LEO
	IR spectroscopy
	3
	(1.3(1015 cm-2
	20
	-
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	5
	(1.3(1015 cm-2
	20
	-
	0.5
	6
	Clear-air


	Table 5.7.18 - Estimated potential quality of product “N2O” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	4
	0.5
	6
	Clear-air, daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	10
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	15
	nmol/mol
	50
	4
	0.25
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SWIR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	6
	8
	3
	Daylight

	
	GEO
	SWIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	8
	0.5
	6
	Daylight

	
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	8
	0.25
	6
	-

	
	LEO
	SWIR spectroscopy (limb)
	15
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	TIR spectroscopy (limb)
	15
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	Sub-mm spectroscopy (limb)
	10
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.19 - Estimated potential quality of product “N2O5” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	4
	0.5
	1
	Clear-air


	Table 5.7.20 - Estimated potential quality of product “NO” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	1
	6
	Clear-air, daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	60
	nmol/mol
	50
	8
	1
	6
	Daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	60
	nmol/mol
	50
	8
	0.5
	6
	-

	
	LEO
	SW spectroscopy (limb)
	20
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	IR spectroscopy (limb)
	20
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.21 - Estimated potential quality of product “NO2” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	1
	6
	Clear-air, daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	4
	0.5
	6
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	60
	nmol/mol
	50
	8
	1
	6
	Daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	60
	nmol/mol
	50
	8
	0.5
	6
	-

	
	LEO
	SW spectroscopy (limb)
	20
	nmol/mol
	300
	2
	144
	1
	Daylight

	
	LEO
	IR spectroscopy (limb)
	20
	nmol/mol
	300
	2
	72
	1
	-

	Total column
	LEO
	SW spectroscopy
	2
	(1.3(1015 cm-2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	SW spectroscopy
	2
	(1.3(1015 cm-2
	20
	-
	1
	6
	Clear-air, daylight

	
	LEO
	IR spectroscopy
	3
	(1.3(1015 cm-2
	20
	-
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy
	3
	(1.3(1015 cm-2
	20
	-
	0.5
	6
	Clear-air


	Table 5.7.22 - Estimated potential quality of product “OH” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Stratosphere

(@ (30 hPa)
	LEO
	Sub-mm spectroscopy (limb)
	30
	nmol/mol
	300
	2
	72
	1
	-

	
	LEO
	FIR spectroscopy (limb)
	20
	nmol/mol
	300
	2
	72
	1
	-

	Table 5.7.23 - Estimated potential quality of product “PAN” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	4
	0.5
	6
	Clear-air


	Table 5.7.24 - Estimated potential quality of product “PSC occurrence” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Stratosphere

(@ (30 hPa)
	LEO
	SW spectroscopy (cross-nadir)
	0.30/0.80
	FAR/HR
	50
	4
	8
	3
	Daylight

	
	GEO
	SW spectroscopy (cross-nadir)
	0.40/0.70
	FAR/HR
	50
	4
	8
	6
	Daylight

	
	LEO
	SW spectroscopy (limb)
	0.20/0.85
	FAR/HR
	300
	2
	144
	1
	Daylight

	
	LEO
	IR spectroscopy (limb)
	0.25/0.80
	FAR/HR
	300
	2
	72
	1
	-

	
	LEO
	Backscatter lidar (nadir-viewing)
	0.10/0.95
	FAR/HR
	50
	0.1
	360
	1
	-


	Table 5.7.25 - Estimated potential quality of product “SF6” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Stratosphere

(@ (30 hPa)
	LEO
	TIR spectroscopy (cross-nadir)
	25
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	TIR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	8
	0.25
	6
	-

	
	LEO
	TIR spectroscopy (limb)
	15
	nmol/mol
	300
	2
	72
	1
	-


	Table 5.7.26 - Estimated potential quality of product “SO2” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Troposphere

(@ (500 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	20
	nmol/mol
	50
	3
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	25
	nmol/mol
	50
	4
	1
	1
	Clear-air, daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	3
	4
	3
	Clear-air

	
	GEO
	IR spectroscopy (cross-nadir)
	35
	nmol/mol
	50
	4
	0.5
	1
	Clear-air

	Stratosphere

(@ (30 hPa)
	LEO
	UV spectroscopy (cross-nadir)
	30
	nmol/mol
	50
	6
	8
	3
	Daylight

	
	GEO
	UV spectroscopy (cross-nadir)
	35
	nmol/mol
	50
	8
	1
	1
	Daylight

	
	LEO
	IR spectroscopy (cross-nadir)
	40
	nmol/mol
	50
	6
	4
	3
	-

	
	GEO
	IR spectroscopy (cross-nadir)
	50
	nmol/mol
	50
	8
	0.5
	1
	-

	Total column
	LEO
	UV spectroscopy
	1,5
	(1.3(1015 cm-2
	20
	-
	8
	3
	Clear-air, daylight

	
	GEO
	UV spectroscopy
	2
	(1.3(1015 cm-2
	20
	-
	1
	1
	Clear-air, daylight

	
	LEO
	TIR spectroscopy
	2.5
	(1.3(1015 cm-2
	20
	-
	4
	3
	Clear-air

	
	GEO
	TIR spectroscopy
	3
	(1.3(1015 cm-2
	20
	-
	0.5
	1
	Clear-air


8. Space Weather

	Table 5.8 - Geophysical variables considered under the theme “Space Weather”

	Total Electron Content (TEC)
	Electron density
	Magnetic field
	Electric field
	Charged particles
	Solar activity


	Table 5.8.1 - Estimated potential quality of product “Total Electron Content  (TEC)” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Ionosphere
	LEO
	GNSS radio-occultation
	5
	%
	300
	3
	12
	12
	90-800 km altitude

	
	LEO
	Radar altimetry (non-scanning)
	10
	%
	100
	200
	120
	2
	90-1300 km altitude

	
	LEO
	GPS-LEO signal phase delay
	20
	%
	300
	4000
	12
	12
	1000-20000 km altitude


	Table 5.8.2 - Estimated potential quality of product “Electron density” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Ionosphere
	LEO
	GNSS radio-occultation
	10
	%
	300
	10
	12
	12
	90-800 km altitude


	Table 5.8.3 - Estimated potential quality of product “Magnetic field” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Magnetosphere
	LEO
	Magnetometry
	0.3
	nT
	100
	-
	240
	1
	Limited to satellite orbit

	
	GEO
	Magnetometry
	1
	nT
	100
	-
	0.25
	6
	Limited to satellite orbit


	Table 5.8.4 - Estimated potential quality of product “Electric field” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Magnetosphere
	LEO
	Ion drift
	10
	mV/m
	100
	-
	240
	1
	Limited to satellite orbit

	
	GEO
	Ion drift
	10
	mV/m
	100
	-
	0.25
	6
	Limited to satellite orbit


	Table 5.8.5 - Estimated potential quality of product “Charged particles” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Magnetosphere
	LEO
	Particle detection
	1
	%
	100
	-
	240
	1
	Limited to satellite orbit

	
	GEO
	Particle detection
	1
	%
	100
	-
	0.25
	6
	Limited to satellite orbit


	Table 5.8.6 - Estimated potential quality of product “Solar activity” (by 2020)

	Layer
	Orbit
	Technique
	Uncertainty
	(RMS)
	(x (km)
	(z (km)
	(t (h)
	Number of sats
	Conditions

	Sun surface
	LEO
	Imagery
	1(10-8
	erg(cm-2(arcsec-1(s-1
	1000 (on Sun)
	-
	0.0003
	1
	Daylight

	
	GEO
	Imagery
	1(10-8
	erg(cm-2(arcsec-1(s-1
	1000 (on Sun)
	-
	0.0003
	6
	Daylight

	
	LEO
	Fluxometry
	1(10-6
	W/m2
	1400000 (on Sun)
	-
	0.0003
	1
	Daylight

	
	GEO
	Fluxometry
	1(10-6
	W/m2
	1400000 (on Sun)
	-
	0.0003
	6
	Daylight



