CAWSES Working Group 4.4

Objectives and Discussion Topics

Working Group Title


“Climatological Variations of the Ionosphere and Upper Atmosphere”

Scope


 ‘Climatological variations’ refers to changes in the mean state (climatology, defined within a given parameter space) of a system on time scales longer than those represented by the parameter space. Time scales explicitly represented by climatological parameter spaces are typically less than 1 year (i.e., up to seasonal effects). For the purposes of this working group, the upper atmosphere is the region between the stratopause (~50 km) and 1500 km. The ionosphere is defined as the ionized portion of the atmosphere within this region.


In the upper atmosphere and ionosphere, the most relevant and commonly studied climatological components (roughly corresponding to the zeroth through second moments of a particle distribution) are nx (number density), vx (bulk velocity), and Tx (temperature), where x stands for the various neutral and ionized species. In practice, what is measured are derivatives (not necessarily in the mathematical sense) of these quantities, such as ( (total mass density) or hmF2 (the height of peak electron density). 


Important climatological parameters include latitude, longitude, height, solar and magnetic local times, day of year, solar EUV irradiance (typically represented by the F10.7 proxy), and magnetospheric energy input (typically represented by indices such as Kp and Dst).


The specific components and parameters that will be emphasized by the working group will be determined following the completion of the survey of existing climatologies.

Mission

· Synergise and clarify our knowledge of the climatology and extremes of the ionosphere and upper atmosphere. 

· Promote the collation, availability, quality control and scientific purpose of long-term data on the ionosphere and upper atmosphere.

· Advance the key goals of the peer scientific community and its stakeholders regarding climatology and its long-term change in the ionosphere and upper atmosphere. 

· Disseminate this knowledge to both the peer community and the wider non-specialist audience.

Objectives  

1) Assess the current state of climatological (especially empirical models) and trend estimates, particularly with respect to the relative reliability of the estimates.

2)  Promote the preservation and documentation of key long-running data sets, and distribution of this data to the international community. Candidate data sets are those that contain measurements of a key component or from a key location, and that are not readily available from other organizations. The documentation of data quality and measurement techniques is an essential aspect of this objective.

3)  Advocate new measurements to fill gaps in the climatological record, and for continued collection of data from key instruments.

4) Establish standardized procedures for producing climatologies and calculating long-term trends, in order to promote meaningful comparison of results from different data sets. 

5) Focus climatological and trend analyses on selected key data sets.

6) Produce a directory of data sets and climatologies, and a bibliography of important climatological and trend papers.

Interactions

CAWSES Theme 1: Solar Influences on Climate

· Consult on methods for calculating long-term trends.

· Collaborate to establish whole-atmosphere picture of trends.

CAWSES Theme 2: Space Weather: Science and Applications

· Consult on climatological parameters (i.e. indices of energy input) important for ionosphere and upper atmosphere processes.

· Provide assistance with baseline climatologies, from which storm effects can be interpreted.

CAWSES Theme 3: Atmospheric Coupling Processes

· Collaborate on the interpretation of climatological features and trends.

CAWSES Working Group 4.1: Solar Irradiance Variability

· Consult on solar irradiance indices

CAWSES Working Group 4.2: Heliosphere Near Earth

· Consult on geomagnetic activity indices

· Consult on changes in the magnetic field and implications for ionospheric climatology

CAWSES Working Group 4.3: Radiation Belt Climatology

· Collaborate on interactions between the two regions

IAGA, ICMA, and other scientific organizations

· Coordinate efforts to ensure a minimum of duplication. 

Peer Community

· Involve in the assessment of data priorities

· Encourage and coordinate the peer community to help the WG 4.4 core panel to meet its key objectives

· Solicit feedback on the working group’s progress and targets via the CAWSES website.

Organization

Co-Leads:

Martin Jarvis

John Emmert

Core Panel:

Rashid Akmaev (Also a member of WG 3.2)

Gufran Beig (Co-Chair, IAGA Working Group II-F)

Gary Burns

Jorge Chau (Also a member of WG 3.3)

Alexei Danilov

Jan Lastovicka (Chair, IAGA Working Group II-F)

Rick Niciejewski

Henry Rishbeth (Specialist Consultant)

Thomas Ulich

Rashid Akmaev and Jorge Chau will facilitate collaboration with CAWSES Theme 3. Gufran Beig and Jan Lastovicka will facilitate coordination with IAGA Working Group II-F (Long-Term Trends in the Mesosphere, Thermosphere and Ionosphere).

Tasks/Milestones 

· Choose one data series for close examination, history of usage, metadata generation, climatological assessment and presentation for public outreach (to meet the initial Theme 4 objective)

· Survey existing data sets and climatologies (esp. empirical models).

· Identify critical issues for understanding upper atmosphere climatological variation. 

· Assess which areas need special focus. Publicise these and encourage the peer community to focus on them

· Identify key gaps in the climatological record

· Advocate for new and continuing measurements, based on assessment results.

· Survey the potential for new, or newly extended, data series which would add to our knowledge of climatological change in the upper atmosphere.

· Consider whether new measurement techniques should be encouraged or sites of existing measurement techniques extended in number.

· Develop and/or select methods by which trends obtained from different data sets can be meaningfully compared. 

· Generate an annual newsletter regarding progress of the working group objectives

· Hold fora to discuss the issues within the peer community (e.g. symposia at scientific assemblies, specialist meetings, web discussions) and seek funding from external sources to support those fora.

Discussion Topics 


The following are topics for discussion among the WG4.4 core panel:-

1. With regard to dissemination of data sets, what level of data should we aim for? 

· Meta data would be easiest, but it would not permit truly independent analyses.

· User-level data is better suited for independent analyses, but data ownership issues would be more difficult to overcome.

· If user-level data exists in WDCs then we could provide metadata to go with these.

· If user-level data does not exist in a WDC, we could we encourage the provider to put it in a WDC..

·  Should we have a data area on the CAWSES web site for selected climatological means which have been achieved through analysis by individuals and may still have ownership issues? These could be transferred to a WDC at the end of CAWSES.WDC.

2. How much effort (if any) should we devote to obtaining new scientific results? 

· Given the amount of data involved in climatological analyses compared to that of short-term campaigns, we are at a disadvantage to groups like Theme 2 in terms of the core scientific contribution we can make with our limited resources.

·  Should we have targeted science areas (‘virtual workshops’) – where the peer community (not just the core working group panel) has a 1-year period of focus on a particular problem (for examples: “What is the observed global pattern of change in thermospheric wind between 1957 and 2004?” ; “Does this match numerical simulations?” ; “ How does this affect hmF2 trend estimates?” ; “How does it affect foF2 trend estimates?” etc. etc.)?

3. Should we include variability around the mean within the scope of our work, or just the mean itself?
· Variability here means short-term statistical variance about the mean – i.e. the predicted state of the system is the mean +/- the variance.

· The scatter is of interest in its own right, since it is potentially dependent on the same parameters as the mean.
4.   Should we include extremes within the scope of this work?

· How do we separate a natural extreme from an instrumental extreme?
· Different extremes can apply to different input variables.
Dictionary of terms:

Climatology. The mean state of a system within a given parameter space. The system consists of components (such as density) and the a priori parameters on which the values of the components depend (such as latitude). “Mean” implies an average over a certain time period, usually longer than one year. However, the parameters can vary over much shorter time periods. For example, the Kp index might be used to describe the average response of the system to geomagnetic storms; although this index changes every three hours, a given value is repeated many times over the course of several years, permitting an average state corresponding to those conditions to be computed. The key element of a climatology is repeatability.

Climatological component.  These roughly corresponding to the zeroth through second moments of a particle distribution. Examples are nx (number density), vx (bulk velocity), and Tx (temperature), where x stands for the various neutral and ionized species.
Climatological parameter. These define the dependent geophysical variables and include latitude, longitude, height, solar and magnetic local times, day of year, solar EUV irradiance (typically represented by the F10.7 proxy), and magnetospheric energy input (typically represented by indices such as Kp and Dst).

Ionosphere. Fro the purpose of this working group, the ionized portion of the atmosphere within the upper atmpsphere, 
Trend. The time-dependent change of a climatology. While absolute time might be included in the parameter space of a climatology, it is not a repeatable quantity, and therefore holds a special status. Non-repeatable states of a system can occur for three reasons: 


1) There is a monotonic evolution of the system.


2) There are periodic changes in the system occurring on time

                  scales greater than the span of the data.

             3) There is a sudden and rapid shift in mean state.

Upper Atmosphere.  For the purpose of this working group, the region between the stratopause (~50 km) and 1500 km
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