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Rolling Review of Requirements and Statements of Guidance
REVIEW STATUS OF DATABASE OF USER REQUIREMENTS
(Submitted by the WMO Secretariat)
	SUMMARY AND PURPOSE OF DOCUMENT

The document reports on what is known as “the RRR Database of Observing Requirements”, i.e. the WMO repository of observing requirements, which is currently recorded in an Excel workbook. Substantial changes have been made since ET-EGOS-5 with a view to improve consistency of information and facilitate its migration to a relational database:
· The list of variables was reviewed with relevant application communities,
· Physical variables were defined independently on the layers where they are observed, and were associated with definitions and units,
· The focal points were invited to reformulate or update requirements using the standardized variable names, units, and layers,
· All available requirements were converted to a new template.
Recent feedback from application areas has raised several issues, which are reviewed in the document with comments and suggestions.  Until further guidance from ET-EGOS, the new version of the “Database” is not officially implemented but can be downloaded as a working document at : http://www.wmo.int/pages/prog/www/OSY/Meetings/ET-EGOS_Geneva2011/documents/ET-EGOS-6-Doc-8.1_1-ObsReq20110531.xls    
In parallel, the development of a relational database was initiated as mentioned in Document 8.1(2). A preliminary version of the database will be demonstrated with a view to seek feedback from ET-EGOS members. 


ACTION PROPOSED

The Meeting is invited:

· To provide guidance regarding the proposed new variables and application areas, 
· To take actions towards completing the requirements updating in this new framework, 
· To provide guidance for the finalization of the relational database, 
· To confirm the process for controlling further evolution of the observing requirements. 
___________
DISCUSSION
1.
BACKGROUND

Previous ET-EGOS meetings have discussed the need to review the formulation of observing requirements in order to achieve a better consistency and to facilitate the use of these requirements for gap analyses. ET-EGOS-5 agreed Actions 6, 7 and 8 in this respect. 


As a first step, the list of variables was reviewed with guidance from the ET-EGOS Chair. The purpose of the review was to establish a community agreed list of physical variables to be used in the Rolling Review of Requirements with unambiguous designation, definition, and units. A proposed selection of variables was circulated to the application area focal points on 4 August 2010 for review. The focal points were invited, in particular, to check that the existing requirements could be accommodated in the proposed set of variables, to propose additional candidate variables if necessary, and, if relevant, to update the requirements in accordance with the new definitions of the variables (e.g. as an effect of a change of metrics for the accuracy).  Feedback was received initially from the Atmospheric Chemistry community (Scientific Advisory Group on Aerosols and Scientific Advisory Group on Greenhouse Gases) and from the GCOS Secretariat. The Inter-Programme Coordination Team on Space Weather (ICTSW) provided a new contribution on Space Weather variables. 

In February 2011, in the course of the requirements updating process, the application areas focal points were reminded to use the new set of variables. At this stage, contributions were received on Agriculture Meteorology and - from JCOMM – on Ocean Applications.

The present document firstly recalls the guiding principles for the list of variables and the structure of the requirements database; it then summarizes the open issues and proposes comments and suggestions regarding the feedback received from application area focal points.
2.
LIST OF VARIABLES AND STRUCTURE OF THE DATABASE

2.1
Guiding principles for the list of variables

The list of variables is guided by the following principles:

· Avoiding redundancy between equivalent variables;

· Adopting a unique designation for a given physical variable;

· Selecting elementary variables describing basic physical properties of the environment rather than complex variables that can be derived from other variables; 
· Physical variables should be defined in a “technology free” manner and do not necessarily correspond with the output of a particular instrument. (See Figure 1). 
Each variable is documented with:

· A standard designation;

· A definition, relying as much as possible on community agreed definitions and/or the WMO Guide on Instruments and Methods of Observation (CIMO Guide);
· The spatial domain where the variable needs to be observed, i.e. the range of atmospheric layers (Lower Troposphere (LT); Higher Troposphere (HT);  Lower Stratosphere (LS); Higher Stratosphere and Mesosphere (HS&M); Total column (TC), or Troposphere column (TRC)), or oceanic layers (Deep ocean; Upper ocean), or as a surface area (over land, over sea, in costal zone), or terrestrial layers (e.g. root region, deep soil, etc.), or outer space layers (e.g. ionosphere, on the GEO orbit, at Lagrange Point L1, or sun’s surface);

· The physical unit of the measurement, and the unit utilized for expressing its accuracy. For any given physical variable there should be only one unit of measurement and one unit for the accuracy. Therefore, if different units have to be used when a variable is observed as a profile and as a total column, then the 3D variable and its total column should be regarded as different variables (e.g. Ozone Total Column is listed separately from Ozone) because one is measured in Dobson Unit while the other is in mol/mol).
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Figure 1: The main scope of the observing requirements is the physical variables needed to characterize and model the environment (green), as opposed to derived products (pink), or instrument output (blue). There is however no clear cut between these three broad categories.
2.2
Themes 
In order to facilitate their handling and sorting, variables are grouped in 11 themes:

1. Basic atmospheric 3D and 2D variables

2. Cloud and precipitation variables

3. Aerosols and radiation

4. Ocean and sea ice

5. Land surface (including snow)

6. Atmospheric chemistry

7. Solid Earth

8. Ionospheric disturbances

9. Radiation environment

10. Geomagnetic field
11. Solar and interplanetary domain
2.3
Structure of the requirements database


Each requirement must relate to a given variable, a given layer, for a given application.

· The variables must belong to the list of agreed variables, each variable being documented by an associated definition, unit, and theme, as explained above;

· The applications must belong to a determined list of applications, where each application is linked to an organization, which is the representative source of requirements for this application;

· The “layers” belong to a list of defined layers of either the atmospheric, oceanic, terrestrial or space environment domain (layer should be understood in a general meaning as a “portion of the domain”, rather than as a horizontal layer); for each variable, there is a defined subset of relevant layers; 
· Each requirement is characterized by three values (threshold, breakthrough, goal) for each of five criteria (accuracy, horizontal resolution, vertical resolution, temporal resolution (or observing cycle), and timeliness (or delay of availability) and is accompanied by a “confidence level”, optional comments, and an approval time stamp.

As an intermediate step before the development of a relational database, the requirements from the various application areas have been recorded in a single Excel workbook comprising several spreadsheets linked with each other:

· A “Requirements” spreadsheet containing the requirements
· A “Variables” spreadsheet containing the list of Variables and associated documentation;
· Additional spreadsheets containing respectively the list of “Applications”, “Layers”, and “Themes”.

3.
OPEN ISSUES AND COMMENTS

The requirements updating process by the respective application area focal points has been a test case for the proposed typology of variables. Several questions have emerged on this occasion. The section below summarizes the main open issues as well as comments and suggestions from the Secretariat.

3.1
Issues common to several application areas
	Proposed variables
	Comments

	Variable name


	Accuracy Unit
	

	Cloud imagery
	N/A
	Not considered a physical variable. It should be replaced by a requirement for either “Cloud type” or “Cloud cover”.


	Atmospheric stability index
	N/A
	This variable had been removed since it is a complex variable, derived from temperature profile.  It was recommended to replace this requirement by a requirement on Atmospheric temperature, in Low Troposphere, with coarse vertical resolution.

ET-EGOS may wish to confirm or reconsider this choice.


	Precipitation rate at the surface (liquid)
	N/A
	This variable being redundant with “Precipitation rate (liquid or solid)” and “Precipitation rate (solid)”, suggest not including it.


	Soil moisture
	g/kg
	1) There are 2 soil moisture variables with similar definitions: “Soil moisture (at surface)” and “Soil moisture”, the difference being in the layer concerned (“surface” or “root layer”). It is suggested to merge these 2 soil variables and use the “layer” criteria to specify the layer.  ET-EGOS should define these layers.

2) Accuracy unit to be clarified, since it is recommended in m3/m3 but requirements are still provided in g/Kg.



3.2
Aeronautical meteorology


According to the Statement of Guidance for Aeronautical Meteorology, the following variables are of particular interest to Aeronautical Meteorology: turbulence, icing potential, lightning detection, cloud base height, freezing level in clouds, or volcanic ash. At present, however, there is no requirement on these variables.
3.3
Agriculture meteorology

Twenty nine requirements have been proposed, instead of the previous set of 13 requirements. The proposed new requirements include references to a number of additional variables, which raises issues or comments as described below.

	Proposed variables
	Comments

	Variable Name
	Accuracy Unit
	

	CO2 flux


	N/A
	Complex variable, suggest replacing by P CO2

	Delta-T
	N/A
	No definition provided. Seemingly complex variable, suggest replacing by the relevant elementary variables (soil moisture?)


	Evapotranspiration

	N/A
	May be considered by ET-EGOS, assuming that definition and units are provided, to clarify what is actually required (e.g. actual or potential ET ?)


	Hail
	N/A
	May be considered by ET-EGOS, provided that definition and unit are provided, clarifying what is actually required (occurrence or amount of hail ? threshold?)


	Pan evaporation
	N/A
	Suggest not including such variable, which is an instrument output rather than a true physical characteristic of the environment. 



	Soil temperature
	N/A
	May be considered by ET-EGOS for inclusion, provided that definition, units and applicable layers are provided.


	Wind gust
	N/A
	May be considered by ET-EGOS for inclusion, provided that definition is provided (e.g. is it maximum speed in m/s or occurrence of a wind gust above a threshold?), as well as units and applicable layers.


3.4
Hydrology

	Proposed variables
	Comments

	Variable name
	Accuracy Unit
	

	Land surface imagery
	N/A
	Also required by GCOS/TOPC.

Not considered a physical variable. Land surface imagery is used by hydrology to monitor the area of large lakes. 

It is suggested to replace by a requirement for “Lake area”.


	Snow status (wet/dry)
	classes
	Need to clarify the accuracy unit, since accuracy is recommended to be expressed in “Hit Rate / False Alarm rate”, but is actually specified as “number of classes”.



3.5
Atmospheric chemistry


Important feedback was received from the atmospheric chemistry community, which led to reformulate several variables or redefine the proposed units.  Et-EGOS may wish to confirm, or review these changes.
	Proposed variables
	Comments

	Variable name


	Accuracy Unit
	

	Downward/Upward Terrestrial irradiance
	W/m2
	ET-EGOS should confirm whether we should use “terrestrial” instead of “long-wave” noting that the long-wave irradiance includes radiation not only from the Earth but also from the atmosphere and (for downward irradiance) from the sun.


	Downward/Upward Solar irradiance 
	W/m2
	ET-EGOS should confirm whether we should use “solar” instead of “short-wave” noting that the short-wave irradiance includes radiation from the sun and reflection by the atmosphere.


	Earth’s surface SW bidirectional reflectance distribution function (BRDF) 
	%
	ET-EGOS should confirm whether we should use “bidirectional reflectance distribution function” instead of “bidirectional reflectance”, which is the observed quantity. 

	Aerosol optical depth
	dimensionless
	The Aerosol Optical Depth is the vertical column integral of spectral aerosol extinction coefficient from the surface to TOA.  

For a plane parallel atmosphere, AOD is linked to the Aerosol Optical Thickness: AOT = exp (- K (z) = AOD ( cos ( -1  where ( is the zenith angle.  
ET-EGOS should confirm the use of “Aerosol Optical Depth” instead of “Aerosol Optical Thickness”, which depends on viewing conditions.



	Aerosol species mole fraction, 



Aerosol species total column burden
	Moles/mole of dry air, 

moles/m2
	For such requirements we need to clarify which species are considered: sulphate, dust, sea salt, organic carbon (OC), black carbon (BC), mixed aerosol, others?
If a distinction by species has to be made, separate requirements should be issued for each of the required species, however such detailed requirements are unlikely to be available in the short-term


	Aerosol mass mixing ratio
	g/Kg
	ET-EGOS should confirm the need to use this name instead of “Aerosol concentration” which is widely used, noting that the unit (g/kg) is specified besides the definition anyway.



	Trace gas profiles
	%
	The proposed accuracy unit is “mol/mol” for most species, or “1.3×1015 molecules/cm2» for two of them, but the available requirements are all expressed in “%”. 

It is suggested to acknowledge that accuracy requirements are currently expressed in “%”.



Moreover, the Atmospheric chemistry community expressed concern about the concept of “accuracy” and recommended that:
·  For CH4, CO and CO2, “compatibility” should be used instead of “accuracy”.

·  For NO, NO2 and O3, “uncertainty” should be used instead of “accuracy”.

3.6
Ocean Applications

Applications and sub-applications

Requirements have been recently submitted by the “Ocean Applications” area. This application area includes in fact a number of different uses, which justify different requirements for the same variables. The different uses are summarized in the table below.
	1
	Assimilation into/real-time validation of global wave forecast models and maritime Safety Services

	2
	Assimilation into/real-time validation of regional wave forecast models and Maritime Safety Services

	3
	Atmospheric and Marine Modeling (Global)

	4
	Atmospheric Modeling (Coastal)

	5
	Calibration/validation of satellite wave sensors. 

	6
	Climate Modeling

	7
	Climate Modeling (Offshore)

	8
	Coastal applications

	9
	Delayed mode validation of wave forecast models. 

	10
	Marine climatology

	11
	Marine Modeling

	12
	Maritime Safety Services

	13
	Ocean forecasting

	14
	Ocean forecasting (coastal)

	15
	Ocean forecasting (open)

	16
	Ocean wave climate and variability

	17
	Offshore applications

	18
	Open Ocean Applications

	19
	Role of waves in coupling. 

	20
	Sea-ice services

	21
	Storm Surge and tsunami  forecasting



ET-EGOS may wish to consider whether these different uses should be considered as different applications (as is the case for Global NWP, High resolution NWP, synoptic meteorology, etc) or whether the concept of “sub-application” should be defined, and the structure of the database modified accordingly, or whether for instance an intermediate strategy should be adopted in identifying within the list above a small number of major, independent applications.

Variables
The requirements submitted by the Ocean Applications area refer to a number of variables that are not presently included in the list, as indicated in the table below. 

	Proposed variables
	Comments

	Variable
	Accuracy Unit
	Proposed definition
	

	Snow depth


	cm
	Snow depth


	ET-EGOS is invited to include this variable

	Sea surface heat flux
	W/m2
	Sea surface heat flux
	ET-EGOS is invited to include this variable

	Sea surface mass flux
	Mm/h
	Sea surface mass flux
	ET-EGOS is invited to include this variable

	Sea-ice motion


	km.d-1
	Sea-ice motion


	ET-EGOS is invited to include this variable

	2D frequency spectral wave energy density
	m2٠Hz-1٠rad-1
	1D or 2D wave energy density 
	It is suggested to reword this variable “Wave directional energy frequency spectrum”. 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)

	1D Frequency spectral wave energy density
	m2/Hz
	1D or 2D wave energy density 
	For consistency with the above, suggest to rename: “Wave 1D energy frequency spectrum”. 1D variable colloquially referred to as “wave spectrum”.  Describes the wave energy in each frequency band (e.g.  25 frequency bands) regardless of the direction of propagation

	Sea Surface Height Anomaly
	m
	Sea Surface Height Anomaly
	Suggest to use the existing variable “Ocean Dynamic Topography”


	Sea-ice concentration
	%
	Sea-ice concentration
	Suggest to use the existing variable “Sea-ice cover”


	Sea-ice leads/polynyas
	km
	Sea-ice leads/polynyas
	Leads and polynyas are patterns of free water surrounded by sea ice. It is unclear whether the requirement is about length, width or diameter of leads or polynyas. 
Since the information results of a pattern recognition process rather than an elementary physical variable observation, it is suggested to replace this requirement by a requirement for “Sea ice cover”, or “Sea-ice type” with suitable horizontal resolution.


	Sea-ice melt onset, duration of melt
	d
	Sea-ice melt onset, duration of melt
	This is not an elementary physical variable, but an information derived from analyzing a time series of observations of sea-ice surface status. It is suggested to replace either by “Snow status (wet/dry)” or by “Sea-ice surface temperature”.


	Sea-ice stage of development
	%
	Sea-ice stage of development (ice age)
	Suggest to use the existing variable “Sea-ice type”


	Sea-ice surface characteristics
	%
	Sea-ice surface characteristics (albedo, meltpond, dust, snow properties, temperature)
	This is not a physical variable but a composite of several variables, one of them being already a collection of variables (“snow properties”). As such it cannot be used in the RRR process to assess an observing system.

It is suggested to replace this requirement  by specific requirements for albedo, snow status (wet/dry), sea-ice surface temperature, etc.


	Sea-ice volume/mass flux
	km3.d-1
	Sea-ice volume/mass flux
	From the definition it is not clear whether the information required is a volume or a mass flux, and whether this flux is across a particular area  (e.g. between 2 particular points ). Without further information it is assumed that this requirement can be addressed by “Sea-ice motion” above.


	Wave period
	s
	Time between the passage of two successive wave crests past a fixed point. It is equal to the wave length divided by the wave speed
	This is assumed to be redundant with  “Dominant  Wave period”

	Ocean surface currents
	cm/s
	
	Since it is a surface (2D) parameter, there should be no vertical resolution. The “1m” indication might be an indication of the layer rather than a vertical resolution.

	Sea surface temperature
	K
	
	Since it is a surface (2D) parameter, there should be no vertical resolution. The “0.5m” indication might be an indication of the layer rather than a vertical resolution.

	Wind vector over the surface
	m/s
	
	Since it is a surface (2D) parameter, there should be no vertical resolution. The “10m” indication might be an indication of the layer rather than a vertical resolution.

	Significant wave height  


	m
	
	Two values are provided for each of the accuracy requirements (e.g. 1% / 0.05 m), but the proposed unit for accuracy is “m”.  One unit should be adopted, either “%” or “m”, and only one value provided.

	River discharge

	m3.s-1
	
	1) The recommended accuracy unit is m3.s-1 but accuracy is expressed in Sv.

2) there should be no “vertical resolution” if it is not a vertically distributed variable.


3.7
Space weather

The ICTSW has proposed 31 variables related to Space Weather, grouped in four themes: Ionospheric disturbances, Radiation environment, Geomagnetic field, Solar and interplanetary domain.
For observations of charged particles, which are performed in-situ aboard a spacecraft,  horizontal resolution is expressed in “number of measurement points” on an orbit of a given radius, or the inverse of this number (i.e. sampling distance as a fraction of the whole orbit).
	Proposed Variable
	Unit
	Accuracy unit
	Definition

	Cosmic ray neutron flux density
	 (h)-1
	%
	Flux of neutrons on the surface of Earth due to collisions in the atmosphere of cosmic rays impacting Earth atmosphere from the Sun and outer space.

	Electron flux density energy spectrum
	(cm2 s sr)-1 or (cm2 s sr eV)-1
	%
	Flux density energy spectrum of low-, medium-, and high-energy protons from the magnetosphere, the radiation belts or the interplanetary medium.

	Heavy ion flux density energy and mass spectrum
	(cm2 s sr MeV/nuc)-1
	%
	Flux density energy and mass spectrum of heavy ions ranging from Helium to Iron.

	Proton flux density energy spectrum
	(cm2 s sr)-1 or (cm2 s sr eV)-1
	%
	Flux density energy spectrum of low-, medium-, and high-energy protons from the magnetosphere, the radiation belts or the interplanetary medium.

	Vector magnetic field
	nanoTesla (nT)
	nanoTesla (nT)
	Magnitude and direction of the magnetic field on the surface of Earth and within the magnetosphere (i.e., in low-Earth orbit and in geosynchronous orbit).

	Electron Density Profile
	Electrons/m3
	Electrons/m3
	Vertical profile of the electron density in the ionosphere

	foEs
	MHz
	MHz
	The highest ordinary-wave frequency reflected back from a sporadic E layer and observed by an ionosonde. 

	foF2
	MHz
	MHz
	Critical frequency of the F2 layer of the ionosphere. 

	h´F
	km
	km
	Virtual height of the bottom of the ionospheric F-layer.

	hmF2
	km
	km
	Altitude of the peak density in the ionospheric F2 layer. 

	Ionospheric plasma velocity
	km/sec
	km/sec
	Velocity of bulk plasma or electrons (depending on measurement technique) as a function of altitude in the ionosphere.

	Ionospheric Radio Absorption
	dB
	dB
	Attenuation of a radio wave passing through the lower ionosphere. 

	Ionospheric Scintillation (S4 and Sigma_Phi)
	dimensionless
	%
	Random fluctuations of radio waves resulting of variations in the refractive index of the ionosphere, characterized by the coefficient of variation of intensity (S4) and phase (Sigma_Phi) indices.  [Coefficient of variation = standard deviation divided by mean] - dimensionless

	Ionospheric Total Electron Content (TEC)
	electrons/m2

practical unit: TECU = 1016 electrons/m2 
	TECU
	Number of electrons in between two points.  

	Spread F 
(h´P)
	km
	km
	Vertical thickness of highly structured ion density in the F-region of the ionosphere. 

	f10.7
	Watts/(m2 Hz)
	Watts/(m2 Hz)
	Integrated radio flux over the solar disk at 10.7 cm wavelength

	Heliospheric image
	ergs/(cm2 arcsec s)
	%
	Image of the interplanetary space between the Sun and Earth

	Interplanetary magnetic field
	nanoTesla (nT)
	nanoTesla (nT)
	Vector magnetic field in the solar wind.

	Solar CaII-K image
	ergs/(cm2 arcsec s)
	%
	Image of the Sun in the K-line of Ca-II

	Solar EUV flux
	Watts/m2
	%
	Integrated EUV flux over the solar disk

	Solar EUV image
	ergs/(cm2 arcsec s)
	%
	Images of the Sun in the Extreme Ultra-Violet (EUV) wavelengths.

	Solar H-alpha image
	ergs/(cm2 arcsec s)
	%
	Image of the Sun in the Hydrogen-alpha transition wavelength (656.3 nm). 

	Solar magnetic field
	Gauss
	%
	Vector magnetic field at the solar surface (photosphere)

	Solar radio emission
	Watts/(m2 Hz)
	%
	Integrated radio flux over the solar disk.

	Solar white light image
	ergs/(cm2 arcsec s)
	%
	Image of the Sun in white light

	Solar wind density
	 cm-3
	%
	Density of solar wind plasma 

	Solar wind temperature
	 K
	%
	Temperature of solar wind protons

	Solar wind velocity
	 km/s
	%
	Vector velocity of solar wind plasma

	Solar X-ray flux
	Watts/m2
	%
	Integrated X-ray flux over the solar disk

	Solar X-ray image
	ergs/(cm2 arcsec s)
	%
	Image of the Sun in X-ray wavelengths

	Wide-angle solar corona image
	ergs/(cm2 arcsec s)
	%
	Image of the solar corona surrounding the sun


3.8
Other application areas

No particular issue is raised by the requirements from Global NWP, High-Resolution NWP, Synoptic meteorology, Nowcasting, except the cross-cutting issues indicated at the beginning of this section.

GCOS has undertaken a thorough review of its requirements following the completion of the 2010 update of the GCOS Implementation Plan (GCOS-IP). Work is on-going regarding the update of the “Satellite Supplement” associated with the GCOS-IP. Preliminary feedback suggests that GCOS may have difficulty to quantify requirements for “Goal”, “Breakthrough” and “Threshold”.

The Requirements Database currently includes requirements provided in the past by GOOS (GOOS-climate large scale, GOOS climate mesoscale, GOOS-surface, JGOOS-III, Marine biology), which have not been updated for several years. ET-EGOS should consider whether the requirements newly submitted by JCOMM are replacing the GOOS requirements.

No update was provided by WCRP since many years. ET-EGOS should consider whether the WCRP requirements should be removed from the database.

4.
CONCLUSIONS

An important work has been completed by different expert groups and the WMO Secretariat towards harmonizing the RRR process. While significant progress has been made, there remain open issues, in particular as regards the definition of variables and the reformulation of requirements in this updated framework.

ET-EGOS are invited:

· To provide guidance on the variables to be added, removed, or reformulated;

· To provide guidance on the application areas to be included, removed, or redefined,

· To decide on a course of actions enabling to complete the updating of requirements, with input from the focal points, in this new framework,

· To provide guidance for the completion of the Requirements Database currently under development,

· To confirm the process to be followed in order to control further evolution of the Observing Requirements Database in the coming years.
_________________
