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Executive summary

1.
Solar Terrestrial Physics is the study of the mesosphere, ionosphere, thermosphere, magnetosphere and that part of the heliosphere that affects processes in the Earth’s upper atmosphere. These regions offer unique opportunities to understand fundamental physical principles, such as particle acceleration, plasma physics and magnetic reconnection.

2.
The UK ground-based STP community is in the international vanguard of the discipline as demonstrated by a variety of quantitative measures.  The community has been particularly effective at exploiting the UK’s investment in the European Incoherent Scatter radar facility.

3.
Support for ground-based STP by STFC (formerly SERC) has declined very significantly over the last 5 years. This reduction is most marked in the level of technical staff.

4. 
The ground-based STP community has several well-defined scientific foci for the future. These include the physics of the polar cap, the substorm, and the magnetopause, the generation and evolution of the solar wind, and interactions of  macro and micro physical processes. Over the next 5 years, much of the ground-based STP programme will exploit the excellent facilities in and around Northern Scandinavia (e.g. EISCAT, CUTLASS, SAMNET and the Imaging riometer). Upgrades to existing facilities are required, and some new national facilities are identified. Other experiments of a specialist nature will be proposed by HEIs. The long term (>5 years) requirement for some existing facilities is questioned.  A vigorous theory and modelling programme is essential to complement the experimental activities.

5. 
Long term monitoring of the STP environment is essential, and the basic programme is defined in the report for the first time.

6. 
Significant changes are recommended for funding key national facilities.  A new committee to ensure effective exploitation of these national facilities and rigorous financial control is proposed.  It will require a part-time funded chairman.  It will replace existing committees.

7. 
Most of the activities carried out at RAL in support of the ground-based STP programme should not be market-tested.  However competitive tendering for some software is recommended.  Some economies in the RAL programme are possible.

8. 
The World Data Centre should be broadened to include archiving, and making available data sets from UK-funded ground and space-based STP instruments, which are no longer operational.

9.
A full list of recommendations is given in section 12 of the report.
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1.
Introduction

1.1 
In March 1996, the Science and Technology Facilities Council (STFC) established a Panel to review its programme in ground-based solar-terrestrial physics (STP).  The detailed terms of reference of the Panel and its membership are given in appendix 1.

1.2 
STP for the purposes of this report is defined as encompassing all the Earth’s atmosphere above the mesopause (above ~85 km altitude), and extending to the Sun. The review excluded solar physics and STP data collection from space, but included the long-term preservation of satellite data within its remit. The Panel considered the interfaces between STP and related areas of science: these are illustrated schematically in figure 1.

1.3
The Panel met on three occasions, and corresponded frequently.  It sought written input both from the UK ground-based and space-based STP communities.  Heads of the STP groups completed a long questionnaire on past, present and future activities, with follow-up of outstanding issues by telephone. 

1.4 
All members of the UK STP community were contacted directly for their input. Also everyone was given an opportunity to comment on a draft of the report.

1.5 
STFC staff carried out considerable analysis of past trends on the success of grant applications, fellowships, trends in funding of the ground-based STP community with time etc.  The key findings are presented in section 5.

1.6 
A subset of the Panel visited the Rutherford Appleton Laboratory (RAL) to receive oral and written presentations on the current and planned work of the RAL EISCAT group. 

1.7 
Sections 2-4 of this report review STP, and places the UK ground-based STP work in a wider, international context. The resources currently available to the community are summarised in section 5. Sections 6-8 specify the scientific objectives of the UK ground-based community over the next 5-10 years, and the need for long term STP monitoring. The future programme and its delivery in a cost effective way are detailed in sections 9-11. Section 12 contains all the recommendations of the Panel. Appendices 2-5 provide detailed information on several topics raised in the report.

2. 
STP at the end of the millennium

2.1 
Solar Terrestrial Physics is the study of the outermost part of Man’s environmental envelope and that part of the heliosphere that affects the structure and dynamics of the Earth’s upper atmosphere. Often the entire closely-coupled system is referred to as geospace.

2.2 
Geospace comprises several regions, illustrated schematically in figures 2 & 3. The main properties of these regions are summarised in the table below.

	Region
	Approximate altitude (km)
	Comments

	Mesosphere
	50-90
	Predominantly neutral particles; coldest part of the Earth’s atmosphere (<180 K); critical upper boundary condition to stratosphere; least known region of the atmosphere.

	Thermosphere
	90-1000
	Predominantly neutral particles; temperature cycles through 400 K/day, winds 100-1000 m/s; region in which all low Earth-orbiting satellites fly (meteorological and Earth observing, shuttle and space station).

	Ionosphere
	90-1000
	Ionised component of thermosphere; 1 part in 106 at 120 km, and 1 part in 104 at 300 km.

	Magnetosphere
	103- >106
	Nearly all particles ionised: energies typically 1eV- 1 keV;  some plasma highly energetic (>1 MeV): the latter are very damaging to all satellites and manned space activities.


2.3 
The main energy sources for geospace are X-rays and EUV from the sun, together with energy extracted from the solar wind. Energy transported from the stratosphere is also important.  Because much of geospace is ionised, the Earth’s magnetic field plays a critical role in determining its structure and dynamics. Indeed most solar wind energy entering the Earth’s environment is focused into the high-latitude magnetosphere and ionosphere.

2.4  
There is enormous variability in geospace on a wide variety of timescales spanning from 10-6 s (electron gyro-period) through to the effects of the variation of the Earth’s magnetic field (1013 s).  As an example, ~1013 W is transferred from the solar wind to the magnetosphere but this can reduce by at least 2 orders of magnitude in less than 1 minute owing to a slight change in the orientation of the Interplanetary Magnetic Field. 

2.5 
Recent evidence suggests that the increase in geomagnetic activity over the last 100 years, induced by changes on the sun, is related to the increase in the mean global surface temperature.  All of this increase has been previously ascribed to the effects of increased carbon and methane emissions. Thus it is still vitally important to understand sun-earth connections, and geospace is one vital element in the chain.

2.6 
Geospace is a wonderful plasma laboratory.  For example, both in situ and remote sensing observations of fundamental physical processes, such as particle acceleration, plasma physics and magnetic reconnection, are possible.

2.7 
The overall morphology of geospace is moderately well described, but detailed quantitative understanding remains.  Experimental geospace research now requires multi-point, multi-technique observations to address the critical issues.  In general, what is required on the ground are a few, sophisticated and flexible instruments (e.g. incoherent scatter radars, HF radars, imaging riometers, optical instruments and digital ionospheric sounders) together with a wider network of simpler instruments (such as magnetometers) to provide extended coverage.

2.8 
Theory, modelling and simulation studies, as well as space-based observations are essential to complement the ground-based STP experimental programme.

2.9 
Geospace is becoming increasingly important commercially owing to the ever-increasing use of space for Earth observations, communications and navigation. Space-based industries have turn-overs of >£109/annum. STFC currently supports basic research on geospace providing new knowledge that underpins space technology developments, and their exploitation.

3.
Review of the current standing of UK ground-based research in STP research

3.1 
Introduction

3.1.1
The Panel wished to determine the international standing of the UK ground-based research in STP. It is impossible to assess in a realistic manner the quality or productivity of one scientific discipline compared with another, because the criteria for intercomparison cannot be set with sufficient accuracy. Even quantitative measures, such as citation indices, cannot be used objectively. The Panel adopted several approaches to investigate the quality of UK ground-based STP science by intercomparison with STP science carried out elsewhere.

3.2 Outstanding scientific highlights

3.2.1
First, the Panel identified areas of UK ground-based STP science where a very major international contribution had been made within the last ~5 years.  The Panel used the following definition of an outstanding contribution:-


the research must have caused the international STP research community to stop working on the topic because the contribution essentially solved the remaining significant problems, or


the research caused the international STP research community to adopt very new concepts, owing to the importance of the new results, or


the research opened up a significant new area of study. 

3.2.2 
The Panel identified 8 separate areas of outstanding international contribution. In each area, no single paper was the key but the outstanding progress was represented by a series of ~5 publications. The major scientific achievements extend throughout geospace from studies of the solar wind to wave-wave interactions near the mesopause. These topics address basic physics questions, such as magnetic reconnection, plasma physics, and non-linear processes. The highlights represent both experimental work, and theory and modelling.  The topics are listed here. A brief overview of each topic is given in appendix 2.

 
The acceleration and evolution of the solar wind.

 
The first studies of the magnetopause reconnection site by utilising ion precipitation signatures.

 
Understanding the time variation of  plasma convection at high magnetic latitudes.

 
The resonant response of the atmosphere to forcing by buoyancy waves.

 
Seasonal and storm-induced changes in thermospheric composition.

 
The importance of the interactions of waves and tides in the mesosphere.

 
The critical importance of small-scale unstable waves on the electrodynamics of the auroral ionosphere.

 
Understanding how wave-induced transport plays the dominant role in determining key properties of collisionless plasmas.

3.3 
Invited papers

3.3.1 
The second output measure was to compare the number of invited papers given by the UK’s ground-based STP community at major international conferences with those presented by other nations.

3.3.2 
The table below summarises the total and percentages of the invited review papers presented in Divisions 2 and 3 (those relevant to STP) of the 1993 and 1995 IAGA conferences held in Argentina and the USA respectively.  Space-based work and other types of STP work is also summarised for comparison and completeness. Other conferences cannot be used for such analyses as their focus introduces a strong bias.  For example, COSPAR is primarily for space-based scientists, and URSI has a strong bias towards studies using radio-wave techniques. 

3.3.3
The countries selected for comparison are the USA and Japan who are by far the largest spenders on STP research, and France and Germany which are of comparable size and financial spend to the UK in ground-based STP research.

	Country   
	Predominantly ground‑based work
	Predominantly  space‑based work
	Theory, models, simulations and laboratory studies
	Total

	USA       
	27 (31.4%)
	68 (62.4%)
	49 (62.8%)
	144 (52.7%)

	UK        
	14 (16.3%)
	6 (5.5%)
	5 (6.4%)
	25 (9.2%)

	JAPAN
	5 (5.8%)
	12 (11.0%)
	3 (3.9%)
	20 (7.3%)

	GERMANY
	8 (9.3%)
	2 (1.8%)
	7 (9.0%)
	17 (6.2%)

	FRANCE    
	3 (3.5%)
	0
	5 (6.4%)
	8 (2.9%)

	OTHER     
	29 (33.7%)
	21 (19.3%)
	9 (11.5%)
	59 (21.6%)

	TOTAL
	 86
	109
	 78  
	273

	% of Total
	31
	40
	29
	100


Note 1: There are some differences between 1993 and 1995, which can be interpreted as a geographic bias.  For example, there were significantly more USA invited reviews at the USA meeting (19 compared with 8 at the 1993 meeting).

Note 2: No country in the ‘Other’ category exceeds 5% of the ground-based contributions.
3.3.4 
The main conclusions from this analysis are:-


Ground-based work (31%) continues to be about as important as space-based activity (40%), and theory, modelling, simulation and laboratory studies (29%).


The UK ground-based STP community is second only to the USA. It presented almost as many reviews as France, Germany and Japan combined.
3.4 
Exploitation of EISCAT - a comparison with other partners

3.4.1 
The third intercomparison was to analyse the research output in terms of published papers exploiting the EISCAT facilities.  This is valuable in the sense that the financial contributions of France and Germany are identical to that of the UK, namely 25% each.  The Scandinavian countries also contribute 25% to the funding of EISCAT. The analysis used publications in ‘hard’ international, refereed journals, listed in the back of each EISCAT Annual Report from 1982 to 1995. Accreditation has been allocated simply on the number of co-authors (for example, one of 20 co-authors is accredited as 0.05 papers to each).

3.4.2 
Summary of EISCAT publications

	Country
	Number of papers
	% of total published papers
	% of those published by EISCAT associate countries

	Finland
	 36.2
	7.0%
	9.1%

	France
	63.3
	12.2%
	15.9%

	Germany
	59.0
	11.4%
	14.8%

	Norway
	50.4
	9.8%
	12.7%

	Sweden
	38.4
	7.4%
	9.7%

	UK
	149.1
	28.8%
	37.5%

	EISCAT
	35.2
	6.8%
	***

	Others
	85.0
	16.5%
	***

	Total 
	517
	100%
	100%


3.4.3 
A similar analysis was made of the publications by University Groups.  The UK has strength in depth, with 6 out of the top 10 university departments. They are in alphabetical order Aberystwyth, Imperial College, Lancaster, Leicester, Southampton and University College London.

3.4.4  Rutherford Appleton Laboratory was second to Max Planck Institute fur Aeronomie as the most productive Government Laboratory.

3.4.5 
The main conclusion is that the UK is exploiting EISCAT very effectively with 38% of the publications for 25% of the investment, a performance that far exceeds that of France and Germany who invest in EISCAT at the same level.

3.5 
Realising our potential through ground-based STP

3.5.1 
In 1993, the Government issued a White Paper on science policy entitled ‘Realising our potential’. It indicated that there were several critical elements to research.  A brief statement on how ground-based STP contributes to these key areas is given below.

3.5.2 
The vast majority of the ground-based STP research is regarded as basic research - a fundamental driving force being the desire to understand and to predict the geospace environment. This ethos fits well within the Charter of STFC, as laid out in the White Paper.

3.5.3 
As indicated in section 2, there is an exponential growth of the use of space for commercial activities. Therefore there are opportunities to contribute to wealth creation directly. For example, developments carried out by the University of Leicester in the design of the CUTLASS HF radar have led to the manufacture of commercial GPS timing boards. Some university groups have an extended track record in collaboration with external contractors (e.g. MOD and RCA). The industrial relevance of STP is demonstrated by the number of CASE studentships, 29% of the Astronomy CASE studentships are for ground-based STP, although ground-based STP has only 5% of the STFC astronomy research studentships.

3.5.4 
Some aspects of STP research contribute to the measurement and understanding of global change and therefore have relevance to the quality of life. Examples include:-

The long‑term variation of the lower atmosphere (a critical  area of global change research) affects and is affected by conditions at the upper boundary, i.e. the mesopause. Trends in long term ionospheric data may provide a sensitive indicator of global temperature changes;

Chemical pollution of the lower and middle atmosphere,  including contamination from spacecraft launches, may produce long‑term effects;

Space debris poses a severe and increasing hazard to low  altitude space activities, particularly the exploitation of the Space Station;

Radio transmissions and radiation from electric power lines cause electromagnetic pollution of geospace, which affects the loss of energetic trapped energetic particles from the radiation belts.

The effects of chemical contamination and electromagnetic pollution will grow with time.

3.5.5 
The STP community has an excellent track record of producing high quality scientists with valuable practical knowledge that can be readily transferred to the work place, and particularly space-related industries. Thus the STP community contributes significantly to education and training of the workforce.

3.5.6. The ground-based STP community has increased its efforts appreciably in making the general public aware of the nature and value of its research. Because the ground-based STP community is small, in comparison with astronomy, the impact of this effort remains small and often local, rather than national. More could be done in public understanding of science but additional resources would be required.

3.6 
Summary

3.6.1
The UK ground-based STP community is contributing significant, international quality science and is fulfilling very effectively the remit of STFC as laid out in the 1993 Government White Paper on ‘Realising our Potential’.

4. 
The relationship between  ground-based STP and other communities

4.1 
The UK space-based STP community

4.1.1 
There is a good working relationship with the UK space-based STP community.  The strength of the relationship has increased markedly in recent years as each community recognised that simultaneous ground- and space-based measurements are highly complementary, and often essential to separate spatial from temporal variations.  The planning for the coordination of space and ground measurements carried out mainly by the World Data Centre at RAL in preparation for the Cluster launch played a very important role here, and provides a good model for future missions.

4.2 
STFC and NERC-supported STP research

4.2.1 
The majority of ground-based STP research in the UK is funded by STFC.  However, NERC supports significant STP projects through its magnetometer network and related activities at the British Geological Survey, and through the British Antarctic Survey, which supports all UK STP research in Antarctica.  The separation of funding sources does not impede in any way the successful prosecution of the science. There are very many effective collaborations that transcend the funding divisions.

4.2.2 The present split funding and responsibilities for STP research between NERC and STFC works well. The Panel strongly recommends that the status quo is maintained.
4.3 
Links with the lower atmosphere

4.3.1 
It is becoming increasingly apparent that the mesopause region will be an area of growing scientific importance in the next decade, as it forms the upper boundary condition for the stratosphere and the lower boundary to the thermosphere. Small changes of the temperature or wind in the mesopause affect dramatically the amount of energy reflected back to lower altitudes compared with that propagating upwards into the thermosphere.

4.3.2 
NERC has responsibility for supporting science below the mesopause, whereas STFC is responsible for science above the mesopause. The present split of responsibilities has caused problems in the past, and these may increase with time as the number of proposals seeking support to study phenomena that transcend the ‘funding boundary’ rises.

4.3.3 
STFC officers are urged strongly to discuss this potential interface problem with their counterparts in NERC.  The USA’s National Science Foundation has a solution to this problem which may be appropriate to adopt.

4.4 
The UK solar community

4.4.1 
There is an increasing awareness amongst the STP and Solar communities of several topics of common interest, such as Alfvén waves and particle acceleration.  This is reflected in a joint post-graduate school in the essentials of STP, and in more advanced study schools, such as the recent school on magnetic reconnection. 

4.4.2
For many studies, the UK STP community requires time variation measurements of the intensity of EUV and X-rays, the concentration and velocity of the solar wind, and the Interplanetary Magnetic Field.  The UK Solar Community cannot provide the required coverage of these parameters, therefore, the UK STP community will continue to seek these critical data via collaborations outside the UK.

4.5 
The international STP community

4.5.1 
Members of the ground-based UK STP community frequently initiate or are invited, to participate in international projects and in space-based projects. Specific examples are the way in which the UK first proposed the EISCAT Svalbard radar, and led the coordination of ground-based measurements with Cluster Also several UK ground-based scientists are co-investigators on the Global Geospace Science mission.  In this way, the UK is reaping enormous benefit from a comparatively modest investment.

4.5.2 
Many UK ground-based STP scientists hold high offices in international scientific programmes and organisations. There are too many to detail. As a specific examples, UK scientists have been chairman or vice chairman of IAGA division 3 for the last 5 years: for the last 5 years, there has been a UK member of the steering group of USA’s National Science Foundation Geospace Environment Modeling program, and the UK is almost always heavily represented in NASA grant evaluation panels. This is further evidence of the outstanding international reputation of the UK ground-based STP community.

4.6 
The UK astronomy community

4.6.1 
For many years, the UK astronomy and STP communities have been in direct competition for funding. As a result, tension has arisen between the communities from time to time. This position is very unfortunate because each community has much to offer the other as many of the scientific problems being addressed are similar.  For example, both communities are struggling to understand magnetic reconnection, particle acceleration, particle heating, shocks and turbulence. Some of the recommendations made in section 10 & 11 should improve relationships.

5.
Review of UK ground-based STP community and its present support

5.1 
Introduction

5.1.1
This section documents the support provided to the UK ground-based STP community through grants, fellowships and manpower allocation using figures provided from STFC.  Much of the analysis focuses on changes which occurred between 1990 and 1995/96.  There is some year-to-year variability but the trends in the changes in funding are very marked.  These are compared with funding of non-STP activities supported by STFC.

5.2 
Size, age and distribution of the UK ground-based STP community

5.2.1 
The Panel reviewed the age distribution of the UK ground-based STP community in HEFC-funded positions. It showed that there is about 25% in each age range 30-39, 40-49, 50-59 and 60+. This age profile is not of a pyramidal nature, often considered best for effective communities.

5.2.2 
At present, there was a reasonable balance between large groups (typically 3 or more HEFC staff, with 20-30 in the group) and small groups with one HEFC-funded post, with much less support.  This diversity of size and expertise was considered by the Panel to be very healthy for the community but needs to be maintained. The smaller groups have an important role in providing specialist knowledge, both theoretical and experimental, not available elsewhere.

5.2.3 
The Panel noted that the heads of several groups (large and small) were approaching retirement. The Panel urges the appropriate Universities to make provision for replacements of these key and highly effective personnel.   Lancaster, Southampton and York are pressing examples.

5.2.4 
Although the Panel did not quantify the balance between theory, experiment and modelling, it felt that the existing balance was acceptable.

5.3 
Facilities support

5.3.1 
The ground-based STP community has achieved support for new and improved experimental facilities in the last five years. These include the EISCAT Svalbard radar (ESR), CUTLASS, and an Imaging Riometer for Scandinavia.  These successes may be due to the quality of science being proposed, and also reflect STFC’s desire to capitalise effectively on the investments in the Cluster and SOHO missions. 

5.3.2 
The ESR has only one dish at present, three were originally proposed. This limits the type and quality of the science possible, although with the Japanese joining EISCAT there is the possibility of upgrading the ESR facility. Also, funding for CUTLASS was only achieved by closing a radar system (SABRE) that was still producing internationally-competitive STP science.

5.3.3 
Financial support for ground-based STP science

The table below summarises the distribution of resources towards ground-based STP research in comparison with other related fields of science supported by STFC.  The figures are taken from the 1995/96 Business Plan.

	
	Ground-based STP research
	
	Astronomy and space-based STP research
	
	

	
	£k
	% of STP
	£k
	% of astronomy
	STP spend as % of astronomy

	Research grants
	939
	32
	17205
	19
	5.5

	Facilities1
	2033
	682
	72670
	81
	2.8

	Total
	2972
	100
	89875
	100
	3.3


1  Includes international subscriptions, facilities supported both within and outside grants.

2 This comprises of EISCAT subscription (18%), RAL-supported facilities (27%) and facilities supported through research grants(23%).

5.3.4 
Key conclusions are:-


Ground-based STP receives 3.3% of the money spent on related fields of science.  


The ground-based STP community uses much more (as a percentage) of its limited resources exploiting the facilities than the related communities (32% compared with 19%).


About 32% of facilities being used by the ground-based STP community are being supported from the responsive mode grants line. The comparative number for the related fields of science is 14.2%. With such a large component of the facilities within the grants line, the STP community is much more susceptible to the vagaries of the grants round. The Panel concluded that this situation could lead to serious problems for such critical STP facilities, and proposes a new mechanism for funding them (10).
5.4 
Manpower supported by STFC
5.4.1 
The table below summarises the level of manpower support for STP ground-based and non-STP research determined from an analysis of grants current on 1 April 1990 and 1 April 1996.

Manpower supported by STFC 1/4/90 and 1/4/96

	
	
	Man-months
	
	
	
	

	
	RA1B
	RA1A
	Tech
	Other
	Total
	% of total

	1990
	
	
	
	
	
	

	STP
	0
	1107
	510
	0
	1617
	8.7

	Non-STP
	775
	13116
	2170
	879
	16940
	91.3

	1996
	
	
	
	
	
	

	STP
	3
	1047
	168
	99
	1317
	5.4

	Non STP
	300
	15672
	4902
	2086
	22960
	94.6


Note: As a result of Direct Transfer that occurred between 1990 and 1996, the number of technical staff might have been expected to increase. Earth Observation grants have been removed from this analysis to allow direct comparison between the two years.
5.4.2 
Key conclusions are:



STFC support for manpower involved in ground-based STP science has diminished by 19% over 5 years. During this period other areas have increased by 36%.


The technical staff supported fell by 67% between 1990 and 1996, whereas in non-STP areas it rose by 126%.


The number of RA1A man-months fell by 5% in ground-based STP whereas in non STP areas it rose by 19%.

The number of RA1B man-months in non-STP science fell dramatically from 775 to 300.  There are too few staff in this category to draw any conclusion for STP science.
5.4.3 
There is a very serious concern in the ground-based STP community over the loss of manpower, and particularly the reduction in technical expertise.  For example, over the last year, considerable expertise in the design and building of optical instruments for geospace research has been lost. A leading group in radar technology have reduced technical staff levels from 5 to 2 in the last 3 years. This loss of rare expertise will be very difficult to replace. High-quality science often goes hand in hand with excellence in technological developments. Long term scientific success may be compromised by a failure to support technological developments.

5.5 
Success rate of grant applications

5.5.1 
The number of awards (4 out of 6 applications in 1995) in STP is too small to make any comparisons concerning the success of grant applications.

5.6 
Success rate of fellowship applications

5.6.1 
The table below summarises the applications made for fellowships in Astronomy and Particle Physics in 1995 and 1996.  In STP there were two applications in each of the lecturer, advanced and post-doctoral levels.  None was successful.

STFC fellowship applications and their success, 1995 and 1996.

	
	Applied
	Awarded
	Success rate (%)

	Senior
	19
	4
	21

	Lecturer
	24
	1
	4

	Advanced
	202
	22
	11

	Post-doctoral
	202
	23
	11


5.6.2 
The number of applications for STFC fellowships from the STP community was small. Therefore no statistics are possible. There was a very strong feeling expressed by the Heads of Groups that as the success rate was so low in STP over many years there was very little point in applying. Action needs to be taken to encourage good applications and ensure these are supported. This is particularly important as fellowships are an excellent route into permanent teaching positions in Universities.

5.7 
Summary


5.7.1 
There is overwhelming evidence that the support being provided to the ground-based STP community has diminished markedly since 1990, whilst support for related fields of science has grown.

5.7.2 
There is no direct evidence that this diminution of support is a deliberate policy of STFC.  Indeed it is probably only this review that has stimulated such a close examination of the trends in funding.

5.7.3 
The ground-based STP community has grave concerns over funding and particularly the loss of technical expertise.  This trend if not reversed will seriously damage the long term health of the community. The problem is exacerbated by the present STFC funding mechanisms. Some changes are recommended in sections 10 and 11.

6.
 The future direction of UK ground-based STP research

6.1 
Introduction

6.1.1 
The Panel asked the Heads of ground- and space-based science groups to identify the likely scientific foci of their groups in the short term (~3 years),  and in the longer term. Also Heads of Groups were asked to specify the facilities that were essential for the successful prosecution of these scientific objectives, those that were highly desirable and those that were of only passing value both in the short and the long term.

6.1.2 
A brief synthesis of the science objectives is provided in section 6.2.   By its very nature, not every high quality scientific idea can be incorporated into a small number of themes, and new scientific findings can redirect scientific endeavour, as the UK ground-based STP community has already demonstrated (appendix 2).

6.1.3 
The Panel considers the plans of the UK ground-based STP community to be realistic and timely. They address important outstanding questions both in geospace research and in basic physics.  The UK STP community is also being highly selective in the topics it is choosing to study.  These topics represent a careful matching of its present expertise, and likely experimental facilities, with important unsolved problems.
6.2 
Polar Cap physics

6.2.1
The Polar Cap is normally defined to be the region where the magnetic flux tubes which thread the region are connected to the Interplanetary Magnetic Field, rather than being connected to the opposite hemisphere.  The Polar Cap is a very poorly explored region of geospace, owing to the lack of suitable ground-based measurements.  For many years, it was thought that the polar cap was a relatively benign regime, encompassed by the very active auroral oval. There is now overwhelming evidence that the polar cap is highly dynamic and plays a critical role in the jigsaw of geospace.

6.2.2
The features that the UK community plan to study in the polar cap include plasma convection during intervals of northward IMF, energy transfer from the solar wind, ionospheric structures (>10 km), magnetospheric topology, the variability of the structure and dynamics of the polar-cap ionosphere, and irregularity formation (<10 km).  Many new findings are expected which will lead to a greater understanding of the fundamental processes controlling geospace.

6.3 
Substorm physics

6.3.1
The substorm is a major, non-linear disruption to the topology of the tail of the magnetosphere.  It involves the enormous release of stored solar wind energy, through processes such as magnetic reconnection, and Ohmic dissipation.  Despite the extensive study of substorms over more than 30 years, it is still not possible to predict accurately where or when a substorm will occur, or how much energy will be released.

6.3.2
Data from the excellent flotilla of spacecraft launched for the International Solar Terrestrial Physics (ISTP) Programme will be combined with ground-based observations, offering unique opportunities to make substantive scientific progress.

6.4 
Magnetopause physics

6.4.1
The magnetopause is the boundary between the Interplanetary Magnetic Field and that of the Earth. Much solar wind energy is transferred across the magnetopause, mainly through the effects of magnetic reconnection. The UK ground-based STP community has made enormous contributions to understanding this process in recent years but many outstanding issues remain.  For example, exactly where and why does reconnection start, how does the reconnection site expand across the dayside magnetopause, and to what extent do solar wind pressure variations affect the reconnection site or rate of reconnection? Further studies exploiting the UK’s international lead on this topic are planned. They will use complementary measurements from ground and space-based instruments.

6.5 
Solar wind generation and evolution

6.5.1
New ground-based techniques have been developed recently by UK scientists to observe irregularities in the solar wind from close to the Sun’s surface through the interplanetary medium well beyond 1 AU.  Solar wind variations are one of the major factors affecting both the topology of the magnetosphere and the energy transfer into it. New studies to understand the sources and acceleration of the solar wind, and its evolution as it propagates away from the sun are planned. This research will contribute to non-linear plasma and shock formation physics, as well as being important for geospace research.

6.6 
Interaction of macro and micro physical processes 

6.6.1
There are many small-scale processes in the closely-coupled ionosphere-magnetosphere system that are not currently incorporated effectively into models of geospace.  These include the formation and consequences of auroral arcs, plasma irregularities, ion precipitation, and ion outflow from the ionosphere to the magnetosphere.  Just to illustrate the importance of one such phenomenon, it is thought that the concentration of oxygen ions flowing out from the ionosphere into the plasmasheet may have a critical bearing on the triggering of the magnetospheric substorm.

6.6.2
The UK STP community is planning to study many of these small-scale phenomena through ground-based experiments, complementary satellite measurements, and through computer modelling and simulation.

6.7 
Plasma Physics

6.7.1
Geospace is an excellent laboratory for plasma physics.  Recent advances (see appendix 2) have shown the importance of non-linear processes both in naturally-occurring plasma, and plasma heated by man-made HF radio waves.  The UK ground-based community has made major contributions in this field, particularly at E-region altitudes (~110 km altitude).  Focus is now turning to F-region altitudes where the role of the neutral atmosphere is very different owing to the much reduced collision frequency.

6.8 
Longer term developments

Stratosphere-thermosphere coupling

6.8.1 
Energy transfer between the thermosphere and stratosphere occurs via dynamical (gravity waves, tides, turbulence and diffusion) and chemical processes. As indicated earlier, this is a critical boundary and one that is likely to receive increased attention with time. New ground-based instruments are likely to be necessary to complement the existing suite of experiments.

Whole system geospace
6.8.2 
The scientific approach that is usually adopted is to study one piece of the geospace jigsaw at a time.  This approach will certainly continue as laid out in section 6.2-6.7.  However as multipoint measurements of geospace become increasingly available through the World-Wide Web (WWW), opportunities for novel research will be possible taking a ‘whole system’ approach.  

6.8.3
Two fundamental problems need to be resolved in the short/medium term if this initiative is to be successful.  First, investment in new data visualisation tools will be essential to provide a comprehensive way of displaying variations from perhaps 10 satellites and 100 ground-based observatories. 

6.8.4
Second, computer models of geospace, such as the internationally-acclaimed UCL/Sheffield coupled model of the thermosphere and ionosphere, are now becoming mature and realistic.  Their biggest limitation at present is the lack of a good method of ingesting observational data that can provide starting conditions for the model, then updating and correcting the model through the run. Another major step in the development of the model will be the coupling to the lower atmosphere (stratosphere and troposphere).

6.8.5
A special initiative, possibly involving image processing computer specialists would be required, to make substantive and rapid progress on this topic. This type of initiative, if adopted now,  would give the UK a substantial lead over other nations at the beginning of the next millennium.

Technology developments
6.8.6 
Continued developments in many areas of technology (e.g. computing, optical techniques, optical detectors, signal and image processing) are likely to lead to new opportunities for their applications in geospace research.  Some development work will be necessary.  STFC should look very sympathetically on proposals for such developments.

7. 
Post-Cluster review of the scientific themes

7.1 
The initial survey of the UK STP community was carried out, prior to the loss of the ESA Cluster mission. All groups in the UK were expecting to capitalise on the unique science possible with Cluster. This report is being written during the period when the future of the Cluster/Phoenix mission is undecided.  The Panel discussed briefly the impact of the Cluster disaster on the planned ground-based programme laid out in section 6.  Its preliminary conclusions were:-

The loss of Cluster, at least in the short term, is a serious blow to the UK ground-based STP community who were very well placed to make and exploit coordinated measurements with Cluster.

 
The planned scientific objectives of the ground-based programme are still timely and realistic. The requirements for new and improved ground-based instrumentation, laid out in section 10, are more pressing since the demise of Cluster.

 

The ground-based STP community will need to continue its very close cooperation with the Cluster community to retain its leading position with regard to coordination and exploitation of any components of a Cluster recovery mission. 
8. 
Long term monitoring of geospace

8.1 
The Royal Society Report

8.1.1  
In 1992, the Royal Society published a report entitled “Synoptic data for Solar Terrestrial Physics; The United Kingdom’s Contribution to Long Term Monitoring”. It dealt with the status of long term data sets, and the costs of maintaining them.

8.1.2 
The report indicated the significant importance of solar and geophysical monitoring.  This arises because of its relevance to global change, its many practical applications, its underpinning of fundamental research, and its potential for new scientific discoveries.  

8.1.3 
The report stressed that the UK must provide some return for the provision both of ground-based and space-based data from other countries.

8.1.4 
The report indicated that the long term monitoring programme should be funded through the research councils, with some support for the World Data Centre (WDC) and the ionosondes being provided by the Department for Innovation, Universities and Skills (DIUS).

8.1.5 
The Panel concluded that these findings of the Royal Society report were still highly relevant in 1996.

8.2 
Critical geospace data series

8.2.1  
The Panel then extended the Royal Society analysis by considering the value of several long term data series within the purview of STFC. The Panel noted that the ionosonde data from Slough (Chilton) and Port Stanley were of exceptional length and quality (65 and 50 years respectively), and concluded that they must be continued. 
8.2.2 
The Panel noted that there was very strong support from the STP applications community (DRA, DIUS, Marconi  etc.) for the maintenance of the Lerwick ionosonde for operational reasons. As this ionosonde was fully supported by the DIUS, the routine programme should continue. The data should be made available to users in near-real time, if possible.

8.2.3 
Data from the three ionosondes continue to be used frequently for research purposes, for example in support of the recent Tether and Sundial campaigns, for studies of geomagnetic storms, and for determining the mid-latitude response to Interplanetary Magnetic Field variations. 

8.2.4 
There are several other data sets that extend over a solar cycle or more e.g. from the SABRE radar, F-region wind measurements over Kiruna, and D/E region winds from the Sheffield meteor radar.  Whilst it was essential to maintain access to these valuable data sets, the Panel felt that the case for continuing or restarting these long term measurements should be made by the individual research group concerned, rather than form part of the essential STP core programme.

8.3 
The World Data Centre

8.3.1 
The WDC for STP was established 40 years ago to archive STP data and indices derived from them. Under its ICSU charter, the WDC must provide access to these data free of charge in a timely and effective manner. With modest STFC and DIUS investment over the last few years, the standard of service and range of data products available in a most convenient way at the WDC has improved substantially. Consequently the use of the WDC system has almost doubled in the last year.  In the year to April 1996, there were 11597 accesses from 2217 sites.  The corresponding figures for the previous year was 6838 and 976. The number of UK users has increased markedly, especially from the new universities.

8.3.2 
The Panel concluded that the WDC is fulfilling an essential role for the STP community, and should continue.  This view is strongly endorsed by the responses to the questionnaire sent to Heads of Groups. 

8.3.3 
The way in which the WDC and ionosonde programmes should be delivered is discussed in section 10 together with some recommendations for change.
9. 
Technical requirements for planned programme

9.1 
The Panel noted that there had been investment in the ground-based STP programme in the last 5 years to complement the Cluster space mission through support for the ESR, CUTLASS and the imaging riometer.

9.2 
The current STFC business plan clearly demonstrates that there is little room for financial manoeuvre in the coming quinquennium.  However the Panel took the view that the ground-based STP community must have access to, and controlling influence over some world class instruments if the community was to maintain its pre-eminent position. Therefore new instrumentation and/or upgrading of existing instrumentation is essential over the next 5 years.  

9.3 
As discussed in section 5.4.3, the maintenance of technical expertise is essential. Technical training of young scientists and engineers is part of the mission of STFC. The Panel accepts that maintaining technical expertise in every area of STP experimentation is  unrealistic but leading edge expertise in some areas is essential. STFC must examine the causes of the decline in technical support, and form an appropriate policy to ensure that its scientific objectives are not compromised in the future.
9.4 
The Heads of Groups were asked to anticipate their requirements for access to facilities both in the short (1-4 years) and the longer term (>4 years). The Panel has synthesised the findings. These are laid out below in three broad categories, essential national facilities (section 9.5 & 9.6), specialist experiments (9.7), and additional new facilities (9.8).

9.5 
Most ground-based STP groups considered the facilities listed below as absolutely essential to their scientific objectives for the foreseeable future (>4 years):-



EISCAT UHF


EISCAT Svalbard radar (ESR)


CUTLASS - the dual site HF radar operated by the University of Leicester


SAMNET  - the magnetometer array operated by the University of York


Imaging Riometer - operated by the University of Lancaster


World Data Centre for STP

In addition, the three ionosondes must be maintained (see section 8).

9.6 
There was also overwhelming support for the EISCAT VHF and Heating Facilities.  Excellent new science is anticipated from them in the near future, however, the pressing requirement for these facilities on a timescale of 5 years or more, is less clear. 

9.7 
There was a variety of specialist experiments available now that were being very effectively exploited for high quality scientific purposes.  These include:


Rapier VHF radar operated by the University of Leicester


Tomography receivers operated by the University of Wales


Fabry-Perot interferometers operated by the University College of London

Whilst the data from these some of these experiments have been made available to the UK STP community, they are generally regarded as being mainly for the scientific exploitation of the sponsoring group.

9.8 
Several very important scientific investigations cannot be carried out unless additional equipment were provided.  These experiments would be of outstanding value to the entire community.  They include:-


High-time resolution measurements of auroral spectral emissions, associated with small scale auroral features.  These measurements require and imaging spectrograph, and a narrow field of view 2-D imaging system.


Improved spatial and temporal resolution of the CUTLASS radar, possibly using new pulse coding and modulation techniques.  There would also be considerable scientific merit in making CUTLASS tri-static.


A modern digital ionosonde at the ESR site to provide accurate calibration of the ESR, and to provide vector measurements of plasma flow with high space and time resolution in the vicinity of the ESR.


Improvements in the signal to noise ratio of the EISCAT UHF radar.


A tri-static capability for the ESR.

Developments to EISCAT will require the support and agreement both of  STFC and other partners.

9.9
Two areas may develop in the medium term. They are an increased requirement for measurements in the height range 80-130 km altitude, and suite of modest experiments for Børnøya.  The latter would fill an important gap under the fields of view of the EISCAT, ESR and CUTLASS. 

9.10
It is expected that HEIs will propose to build some specialist experiments, seeking support from the responsive mode grants, when required. 

9.11
Support for the theory and modelling effort, which is highly competitive internationally, must be maintained at the current level of support, or increased. There is excellent synergism between the ground-based STP experimental scientists and those involved in theory and modelling. 

10. 
Delivery of the UK ground-based STP programme in the coming quinquennium

10.1 
Introduction

10.1.1
The Panel considered very carefully several options for capitalising on the investments already made in facilities, and minimising the costs for delivering the programme. As a result, several significant changes are advocated in the following sections.

10.2 
National Facilities

10.2.1 
The Panel considered the some experimental facilities are so widely used by the STP community that funding for their operations, preliminary data processing and data archiving should be provided from a central STFC budget.  The facilities are:


EISCAT


CUTLASS



SAMNET


Imaging riometer


World Data Centre

10.2.2 
The ionosonde programme is a vital long term monitoring programme that should also be funded from the same central STFC budget (section 8).

10.2.3 
The proposal above represents no substantive change for EISCAT, WDC and the ionosondes. It brings into the same umbrella SAMNET, CUTLASS and the Imaging Riometer, which were supported originally as grants but on the basis that they were national facilities.  The scientific exploitation of these experimental data would remain within rolling grants or responsive mode grants. The recommendation would remove the support for these critical experiments from the vagaries of the grants rounds.

10.2.4 
Strict financial control of the budgets for these facilities is essential.  Therefore it is expected that the budgets for each of these experiments would be presented annually to a new body, the UK Ground-based STP National Facilities Committee (STPNFC). This proposal seeks to impose a much greater level of financial control on the WDC, ionosonde and EISCAT activities than in the past, and is designed to make the programme even more cost-effective and accountable.

10.2.5 
For many years, the EISCAT Project Committee has supervised  EISCAT activities and other national radar projects (SABRE, CUTLASS, etc.).  This has been very important.  However this committee has sometimes been heavily burdened with reviewing grant proposals, and has exercised only limited supervision of the coherent radars and EISCAT software developments at RAL. 

10.2.6
The WDC and ionosonde programmes have been supervised by the World Data Centre Advisory Panel.

10.2.7 
It is proposed to rationalize the committee structure forming a single committee, termed the UK Ground-based STP National Facilities Committee (STPNFC).  The remit of this committee is laid out in appendix 3.  It summary, it would be responsible for:-


policy decisions associated with all national facilities;


close scrutiny of  budgets;


effective exploitation and coordination of the national facilities;

10.2.8
Formerly the UK EISCAT Project Scientist was a person at RAL whose role was to coordinate the scientific exploitation of EISCAT. It is estimated to be 0.25 man-years. The Panel recommends that this role is subsumed into a broader remit that would be fulfilled by the chairman of STPNFC. This position will be both onerous and time consuming. Thus the Panel recommends that the chairman of the STPNFC should be supported at ~0.25 man years/annum for two years in the first instance. A more detailed description of the requirements of this post is given in appendix 3.

10.3 
UK EISCAT support

10.3.1 A significant proportion of the expenditure on ground-based STP is used to provide EISCAT-support services at RAL.  In 1995/96, the level of support provided under a contract between STFC and CLRC was 8.5 staff years plus an operating budget of £128.8k.  Each man year costs ~£50k, and therefore the full cost to STFC in 1995/96 was £578.8k. The Panel therefore visited RAL to determine whether the support was of the type and level required by the STP community, and to determine whether this level of service was being provided in the most cost-effective manner.  Details of the visit are presented in appendix 4, but the key points and recommendations are listed below.

10.3.2 The visiting Panel had no doubt that a central EISCAT support group was essential. Its presence optimised the use of resources, and circumvented the need for all EISCAT research groups to have in-house expert EISCAT data handling and processing staff, thereby saving resources through duplication of effort.

10.3.3  The visiting Panel were impressed by the competence of the RAL EISCAT group, their enthusiasm and desire to provide a high quality service to the UK EISCAT community. Although in-house research work was not discussed in detail, its high quality and quantity was noted.

10.3.4 
The EISCAT user community is generally very satisfied with the level of support that is being provided from the RAL group, but some minor weaknesses were  identified (see appendix 4). 

10.3.5 
After very careful consideration, the Panel concluded that all campaign-related and user-support activities should be maintained at RAL and should be retained at RAL at this time. Some EISCAT software developments could be opened to competitive bids (see appendix 4). The principal reasons for these decisions are:


disruption to data analysis and campaign operations at this critical time when ESR data have just become available would be disastrous for the UK community;


the service ethos at RAL provides uniform, unbiased support to all of the community; 


the concentration of STP expertise in an even smaller number of large groups would be dangerous for the health of the community as a whole;


the transitional costs would be enormous as all computer facilities would remain at RAL, and RAL own most of the EISCAT software under the agreement signed during the reorganisation of the research councils; 


the RAL group has a professional and secure data management system that would be very expensive to replicate elsewhere;


the RAL group has carried out campaigns very effectively over many years;


the RAL group has experience in all areas associated with EISCAT operations (>80 MY) which would be lost;

the RAL level of EISCAT expertise is not available elsewhere, except at EISCAT;


the RAL group has an excellent working relationship with EISCAT HQ.

10.3.6
The Panel also examined carefully the resources used by RAL.  It believes that some savings both in manpower and recurrent costs should be possible amounting to about £60k per annum when fully implemented. Further explanation is provided in appendix 4.

10.4
The WDC

10.4.1 
Considerable improvements have been made to the WDC facilities in recent years. As a result, the level, number and quality of services has risen markedly.

10.4.2 
Through an internal RAL initiative, the WDC has made available all the UK AMPTE data.  Thus a long term data archive has been preserved, when no one in the UK appeared to have the responsibility for the task.  Since the AMPTE data were made available at the WDC, some new and innovative science has been carried out. Following the demise of Cluster, the value of such data sets has increased appreciably.

10.4.3 The Panel recommends that the WDC for STP is formally given the responsibility for archiving, and making available data sets from UK-funded STP instruments which are no longer operational. This should encompass both ground-based and space-based instruments.  A model for space-based data already exists in the USA in the National Space Science Data Center.  Much further examination of this issue is required to determine exactly what is practical and affordable; however, the Panel considers the principle a very important one.

10.4.4 
The WDC should consider providing a more comprehensive set of pointers to existing STP data sets held elsewhere.

10.4.5 
The Panel considered whether the WDC activities should be opened to competition. It concluded that the case for such action was not sensible.  The WDC is currently providing a very high quality service at modest cost to STFC. Even if there were any justification for change, the transitional costs would be very high indeed.  The Panel noted that the applications community valued this facilty

10.5 
Delivery of the ionosonde programme

10.5.1 
The Panel concluded that the ionosonde programme should not be opened to competition.  As with the WDC programme, the case was not sustainable, based upon the same criteria, namely that the programme is run efficiently, and transitional costs would be very high (in considerable excess of 1 year’s operational costs).  The Panel noted significant support, both verbal and financial, had been expressed for the programme as delivered by RAL from the applications community. 
10.6 
New experiments

10.6.1 
Section 9.9 identified several new experiments and technical developments that were considered by the Panel to be essential to the community in the near future. Brief explanations and costs of the development are provided here. STFC is requested to provide the funding in a timely manner.

10.6.2 
Recent UK research has shown that the auroral features are narrow (~100 m), and highly varying in time.  To investigate these auroral arcs with a view to understanding  the particle acceleration processes and the aeronomic consequences, a high resolution spectrograph (£120k) is required together with ancillary CCD camera equipment (£50k) to provide the context of the spectrograph observations.  The total cost of the necessary equipment and manpower is about £230k (at current prices).

10.6.3 
The spatial and temporal resolution of CUTLASS is outstanding but recent heating results, and studies of the high latitude ionosphere have indicated that higher resolution is going to be essential to understand the detailed plasma processes involved.  Developments with digital phasing matrices, and pulse-coding look like the most profitable way of providing these necessary improvements in the CUTLASS performance at modest cost. Preliminary estimates are of the order of £150k.

10.6.4 
Since the Japanese have become members of the EISCAT Scientific Association, the provision of a second dish, or the equivalent, for the ESR seems likely.  However to fully exploit the investment in the ESR three-beam measurements are essential, and thus a third antenna and receiver are required.  The UK’s contribution might be ~£2M. This development would require the full cooperation of all other EISCAT Associates.

10.6.5 
It may be possible to deploy the University of Leicester’s digital ionosonde at the ESR site.  If not then £40k for the equipment and a suitable antenna system is required for this project.

10.6.6 
The improvements in the signal to noise ratio of the EISCAT UHF radar should be provided from within the existing EISCAT budget.

10.6.7
Other bids for new experiments and improvements are likely to be forthcoming when the scientific requirements and technical specifications are clearly formulated.

11. 
STFC 

11.1 
The UK ground-based STP community was asked to comment on the strengths and weaknesses of STFC.  In general, they are pleased with the role of STFC, and felt that the peer review process is the best method for determining funding. 

11.2 
STFC officers are hard-working, dedicated and responsive. Reductions of STFC staff had increased the pressures markedly on those remaining, as a result the quality of support has been adversely effected.

11.3  
Senior officers are not familiar with the aims of the STP programmes, and thus appear to undervalue STP science.

11.4 
There are serious concerns over the lack of career development particularly amongst young scientists and engineers via STFC supported activities but they offered no substantive recommendations for improvements.

11.5 
The grants rounds are uneven in size: this introduces unfairness into the system.  Announcement of grants, and the feedback on rejected proposals is very slow indeed. Re-introduction of electronic submission of grant proposals would be helpful.

11.6 
As the STP community is small,  it feels threatened by the numerical disadvantage inherent in the make-up of any STFC panel. It is most important for ground-based STP (and other minority areas supported by STFC) are adequately represented in the decision making processes.

11.7 
With the contractor-customer relationship between CLRC RAL and STFC, information flow between the organisations is becoming inhibited.  This will reduce the cost-effectiveness of both parties in time.

11.8 
There is a feeling that STFC has instilled a more confrontational approach.  This did not suit STP science which requires considerable cooperation and collaboration between groups which brings different techniques and expertise to bear on common problems.

12. Recommendations
The following points summarise the list of actions recommended by the Panel.  They are given in the order in which they appear in the report, rather the priority order.

12.1 
More could be done to heighten public understanding of science (section 3.5.6).

12.2 
STFC officers must find a way to support effectively science that transcends the funding boundary between STFC and NERC near 85 km altitude (4.3.3).

12.3
The astronomy and ground-based STP communities have much in common scientifically, and need to work more effectively together (4.6).

12.4 
Universities with vigorous ground-based STP programmes are urged to make timely provision for replacements of retiring members of staff (5.2.3).

12.5  
STFC needs to encourage fellowships applications from the STP community and ensure that good applicants are supported (5.6.2).

12.6  
The planned ground-based STP scientific programmes were dealt a severe blow by the demise of Cluster, but the programme is still broad and innovative; cutting-edge international science is still expected (7.1).

12.7. 
The long term ionosonde data series from Slough and Port Stanley must be continued (8.2.1)

12.8 
Support for the operation of the Lerwick ionosonde is very strong from the user communities. Its operation must be continued, and the data should be made available in near-real time (8.2.2).

12.9 
The World Data Centre for STP is fulfilling an essential role for the STP community, and must be continued (8.3.2).

12.10 
The ground-based STP community must have access to, and significant influence over, some world class instruments (9.2).

12.11
The ground-based STP community must maintain technical expertise and innovation in some areas (9.3).  STFC needs to address the very serious decline in STP technical expertise.

12.12
STFC must maintain its support for the EISCAT UHF radar, the EISCAT Svalbard radar (ESR), CUTLASS, SAMNET, the Imaging Riometer, the World Data Centre for STP and the ionosondes for the foreseeable future (9.5).

12.13
STFC must maintain its support for the EISCAT VHF and Heating facilities for ~5 years (9.6). 

12.14
Several items of new experimental facilities of considerable value to the entire ground-based STP community are identified (9.8 and 10.6).  STFC should find resources to support these developments.

12.15
Specialist experiments will be required by University groups (9.9).  Theory and modelling is world class (9.10).  STFC should plan to support these activities through the grants line.

12.16
EISCAT, CUTLASS, SAMNET, the imaging riometer, the World Data Centre and the ionosondes should be run as national facilities and funded centrally (10.2). Rigorous financial control should be imposed upon such national facilities (10.2).

12.17
The WDC Advisory Panel and the EISCAT Project Committee should be replaced with a STP National Facilities Committee with wider responsibilities and a part time chairman. The STPNFC would report to the Ground-Based Facilities Committee, and should have a representative on the GBFC (10.2.7-10.2.9).

12.18
The RAL EISCAT group activities should remain at RAL at this time, but some software developments should be opened to competition. Some modest financial savings are possible in the RAL EISCAT-support group budget (10.3.5 - 10.3.6).

12.19
The WDC for STP should remain at RAL (10.4.5).  Its role should be broadened to include archiving and making available data sets from UK-funded ground-based and space-based STP instruments that are no longer operational. Further detailed evaluation of this proposal is required (10.4.3). The WDC should provide a more comprehensive set of pointers to STP data sets held elsewhere (10.4.4).

12.20
The Ionosonde programme should remain at RAL (10.5.1).

12.21
Several suggestions are made to improve the delivery of the programme by STFC.  STFC also needs to ensure that minority science groups are properly represented in decision-making processes (11).

12.22
  Pan-European coordination of experimental effort in Scandinavia is required, and the UK should contribute to this effort (Appendix 4).

13.
Concluding remarks

13.1 
The review of STFC’s ground-based programme in STP has proved to be a very valuable and worthwhile exercise.  It has shown that the UK ground-based STP community is highly successful and pre-eminent internationally, a feature that has been demonstrated quantitatively for the first time.

13.2 
STFC’s (previously SERC) support for ground-based STP has diminished dramatically in the last 5 years, but the community is highly effective at utilising the resources it has secured as demonstrated by the percentage of the budget spent on exploitation.

13.3 
A realistic ground-based programme has been outlined which capitalises on existing investments, and the UK’s lead in several areas of STP science. As a matter of priority, STFC needs to invest both in manpower and in hardware to support ground-based STP science to ensure that the UK STP ground-based community remains at the international forefront. 

13.4 
Many changes have been suggested to try to ensure that the delivery of the ground-based STP programme is even more effective.
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Appendix 1 - Terms of reference and Panel membership

A1.1 Terms of reference

1. Undertake an audit of:


1.1
the UK ground-based STP community;


1.2 
the facilities available to the community;


1.3 
the working practices, including interfaces with facilities;

2. Review the requirements of the community based upon existing suite and facilities.

3. Consider the options and make recommendation for:


3.1
the management of the UK facilities;


3.2
the management of the data arising from these facilities;


3.3
the coordination of STP research using ground-based facilities;


3.4
the requirements for new facilities or improvements to existing facilities.

4. Provide estimates of the costs of implementing the recommendations at 3. 

5. Report to the Head of Technology Group and to the Astronomy Committee at its annual meeting in October 1996.
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Appendix 2 - Outstanding scientific highlights
The UK ground-based STP community has made 8 very major science contributions in the last ~5 years. To be outstanding, the research must have fulfilled at least one of the criteria below.


the research must have caused the international STP research community to stop working on the topic because the contribution essentially solved the remaining significant problems, or


the research caused the international STP research community to adopt very new concepts, owing to the importance of the new results, or


the research opened up a significant new area of study. 

Each science topic is summarised below.

1. The generation and evolution of the solar wind

Changes in the solar wind are a major cause of the weather in geospace. Yet it is not known where or how the solar wind is accelerated nor how it then evolves between the Sun and the Earth.  New insight into these problems is now being provided by the development of novel applications of the VLBA in the USA, and EISCAT receivers in Scandinavia.

Using the technique of Interplanetary Scintillation (IPS), three new areas of science have been opened up recently.  First the velocity of the solar wind has been determined at all distances from the Sun between 5 and 100 solar radii. The experimental principle involves observing a small‑diameter radio source through the solar atmosphere. The power received from the source is constantly scintillating owing to scattering by plasma irregularities in the solar wind. If the same source is observed by two of the VLBA telescopes or by EISCAT, the radial velocity of the solar wind can be determined using the cross correlation of the scintillation records. This technique has shown for the first time that the fast streams of the solar wind reach terminal velocity within about 5 solar radii of the Sun. This result places a critical constraint on the mechanism for solar wind acceleration.

Second, EISCAT measurements often show two peaks in the correlation function corresponding to separate fast and slow solar wind streams. At high latitudes, the fast streams are dominant and they are clearly related to the permanent coronal holes at the solar poles. Near the solar equator slow streams are more common but the intermittent fast streams that are observed at low latitude can always be related to a low‑latitude coronal hole.

Finally, it has proved possible to identify regions in the inter-stellar medium where non-linear interactions occur when a fast stream overtakes a slow stream. At greater distances from the Sun such "co‑rotating interaction regions" generate shock fronts, but EISCAT has shown that closer to the Sun there is a proto‑interaction region where the fast stream is slowed down to an  intermediate velocity.

This work, involving non-linear plasma physics, has opened up new possibilities for studying the evolution of the solar wind. With further development, the technique may prove to be a very important predictor factor in sun-earth connections and predicting space weather.
2. Understanding of the time variations of plasma convection at high magnetic latitudes.

Since the pioneering work of Dungey (1961), it has been known that reconnection of the Earth’s and Sun’s magnetic fields was the principal mechanism by which energy was transferred from the solar wind to the magnetosphere and ionosphere. This reconnection drives a large‑scale circulation of plasma and magnetic flux within the Earth's magnetosphere, known as convection. It was also known that the rates of reconnection on the dayside and nightside magnetosphere on time-scales of several hours must be approximately equal. Until recently, reconnection at the magnetopause and in the geomagnetic tail had been largely considered a time independent one, but observations had shown that this was far from reality.

Over the last ~5 years, several UK scientists have made major contributions to the understanding of the time variation of reconnection. In particular, they have shown experimentally how the convection pattern evolves from one state to another.  These scientists developed in parallel a sound theoretical framework for their observations.   Thus this new interpretation, appreciating the non‑steady, non‑equilibrium nature of the magnetosphere‑ionosphere system was established. This was a fundamental change in thinking because steady‑state concepts were commonly and erroneously being applied to phenomena which take place on time scales much shorter than the evolution of one convection pattern to another.

These scientists have exploited the EISCAT and SABRE radar facilities, which make measurements of plasma motions in the ionosphere - the ionosphere acts as an excellent image of the reconnection processes because the geomagnetic field lines are highly conducting.  The early work on this topic also used AMPTE data extensively. This work has resulted in a completely new way of thinking about geospace, and its time variations, and is thus an excellent example of criterion (b) above.

3. The first studies of the magnetopause reconnection site by utilising ion precipitation signatures.

For over a decade, some particle and field signatures in the magnetosphere have been interpreted as evidence for the intermittent reconnection at the dayside magnetopause. The new understanding of how ionospheric convection is excited (see above) led UK scientists to predict a number of features that would be seen in the ionosphere if the magnetopause reconnection rate was pulsed. These included poleward‑moving auroral events, transient bursts of plasma motion in the high latitude ionosphere, and steps in the dispersion of "cusp" ions which enter the magnetosphere from the solar wind by flowing along the open field lines produced by the reconnection. UK scientists identified all these signatures using mainly EISCAT data, confirming the predictions of the time-varying reconnection model.

Recent observations made by EISCAT and the DMSP‑F10 satellite has taken this idea even further. The predicted association of the poleward‑moving events and cusp ion steps has been found, and the combined observations  allowed the first ever determination of:-

the location of the reconnection site on the magnetopause, 

the reconnection rate variation, and 

the plasma and field conditions prevailing at the reconnection site. 

Using the theories developed from these studies, UK scientists can now explain all significant features of the ‘cusp’ ion steps.  Therefore this work has both opened up new methods for remote sensing the reconnection processes on the magnetopause, and studying some of the related processes quantitatively.  Also the theory for the formation of cusp ion steps is so successful that this area of science is now effectively complete.

4. Understanding seasonal and storm induced changes in thermospheric composition 

Magnetic storms occur when considerable energy is transferred from the solar wind into the magnetosphere over an extended  period (>12 h).  The main sink for this energy in the short term is the high and mid-latitude ionosphere and thermosphere, resulting in major changes to composition, and hence electron concentration for several days following the storm onset.

No two storms produce exactly the same ionospheric response. Understanding this variability has proved elusive for at least 50 years. New insight has been possible using the coupled thermosphere‑ionosphere‑plasmasphere model (CTIP), developed in the UK.  It has been demonstrated quantitatively that the exact response to the energy input depends critically upon the time history of energy input, and the Universal Time of the storm start. Therefore the dramatic positive and negative changes of ionospheric concentration that occur both in the high and mid-latitude regions during a storm can be explained.  CTIP has proved ideal to tackle this problem. It has been possible to disentangle the various physical processes involved in  cause the observed storm phenomena, such the effects of neutral wind, Joule heating, and the changes in thermospheric composition as a function of latitude, longitude, altitude and time.  Therefore the causes of the so-called positive and negative storm effects, and the variability of the effects of storms have been explained for the first time.

Under geomagnetically quiet condition, CTIP has proved equally powerful in explaining in a very simple way the differing seasonal behaviour of F-region ionospheric concentrations observed at different longitudes. In some longitudes, the peak ionospheric concentrations occur at the equinoxes, while at other longitudes there is a single peak in winter. This semi‑annual effect has been the subject of much speculation over the years.  CTIP reveals that it is essentially a consequence of the competition between solar illumination effects and composition changes. The size of the latter effect at a given station depends on its distance from the geomagnetic pole. Hence the largest effects are seen in the southern hemisphere because the separation between the magnetic and geographic poles is larger there than in the north. Stations at the same longitude as the magnetic pole show the single winter peak; as longitude away from the pole increases, the double equinoctial peak begins to develop, maximising at 180 degrees separation.

Two of the major problems first identified over 50 years ago can now been understood in terms of coupling between the thermosphere and ionosphere.  The sophisticated computer model, CTIP,  has been of critical importance in these studies.

5. The resonant response of the atmosphere to forcing by buoyancy waves
Atmospheric gravity waves transport considerable energy in the thermosphere. There have been many analytical studies using an idealised thermosphere to determine the properties of the gravity waves.  Recent studies with CTIP have shown conclusively that large‑scale atmospheric gravity waves can propagate over thousands of kilometres. These gravity waves result from Joule heating and Lorentz forcing of the thermosphere due to enhanced electric fields in the auroral zone, and cause significant variations to the characteristics of the ionosphere through which they pass. Of particular note is the investigation of the reaction of the thermosphere to pulsed inputs. It is found that, for a random series of bursts in the auroral electric field, the gravity wave spectrum seen at mid‑latitudes will be strongly biased towards periods of 40 to 50 minutes, rather than shorter periods.  This is essentially because there is a resonance of the thermosphere about 45 minutes.

This is the first realistic demonstration of how gravity waves can propagate such large distances from their source.  These principles can now be used to explain the observed spectrum of atmospheric gravity waves.

6. The importance of the interactions of waves and tides in the mesosphere

The study of non‑linear processes has transformed all branches of modern physics, showing effects which range from simple modulation and mode change to chaotic behaviour and turbulence. An understanding of non‑linear dynamics is now central to our understanding of the neutral atmosphere where non‑linear interactions between waves and tides play a crucial role in the transport of energy and momentum from one level to another and in the generation and modulation of propagating modes.  Such interactions explain the very large day‑to‑day variation in the amplitude of atmospheric tides in the lower thermosphere. These tides are largely driven by solar heating of the troposphere and stratosphere and propagate through the mesosphere into the lower thermosphere, yet under conditions of steady solar and geomagnetic activity, when the profiles of atmospheric density and temperature can be assumed to be almost constant, the measured amplitude of the tidal modes can vary by a factor of two or more from one day to the next. 

In 1988, EISCAT made a series of measurements of the tides over a period of 21 days - unique in EISCAT’s history. On every day, a clear signature of a semidiurnal tide was observed, but the amplitude of the tide was strongly modulated with a period of about two days. This suggested that the 2‑day planetary wave was affecting the semidiurnal tide via a non‑linear interaction in the mesosphere for the first time. Recent analysis of a long set of Sheffield meteor‑radar measurements of the neutral velocity between 90 and 95 km have shown several examples where the onset of a strong quasi‑two‑day planetary wave co‑incides with a strong two‑day modulation of the semidiurnal tide. These observations have also confirmed the existence of the sum‑ and difference modes, including a strong 8‑hour component, demonstrating how non‑linear interactions in the mesosphere can generate strong tidal modes at frequencies which are only weakly represented in the tidal modes originally generated. 

This work has provided a mechanism to explain much of the day-to-day variability in the thermosphere and ionosphere, thus opening up a new area of study.  As the mesosphere acts as the upper boundary to stratospheric processes, changes in the energy reflected from this boundary may be important at lower altitudes too.  It should now be possible to include these non‑linear processes in the coupled model of the thermosphere and ionosphere; previously tides had been introduced in an empirical way.

7. Small-scale unstable waves on the electrodynamics of the auroral ionosphere

One of the most important developments in all physics over the past couple of decades has been the growing appreciation that nonlinear dynamical processes play a fundamental in the behaviour of coupled systems. These processes are especially important in space plasmas, since plasma, particularly when magnetised, can support a wide variety of waves and instabilities, which readily become nonlinear and ultimately turbulent, through wave‑wave and wave‑particle interactions. The turbulent state could legitimately be regarded as a "new" state of matter, since it is accompanied by huge changes in the parameters which govern transport properties, such as electrical and thermal conductivities. Understanding this turbulent state presents a major challenge to the current generation of theorists and experimenters alike.

New insight into how small scale current driven instabilities drastically modify the electrodynamic properties of the auroral ionospheric E region has been provided recently by UK STP scientists. The E region offers a unique challenge, since, unlike most space plasmas it is collisional and conventional MHD cannot be used. Furthermore, it is the region where the influence of solar atmosphere through solar wind‑magnetosphere coupling and the terrestrial atmosphere compete for control. This results in strong electrical currents, the electrojets, and nonlinear electron dynamics in the auroral E‑region. The new theory developed is self consistent in that it deals simultaneously with the temporal development of the turbulence and anomalous (wave enhanced) transport properties and with large-scale electron energy and momentum balance in the turbulent state. The theory is unique among current work addressing this problem in predicting a systematic repeatable relationship between the large-scale electron momentum and hugely-enhanced electron temperature (by a factor of 10), despite the underlying chaotic behaviour at small temporal and spatial scales.

The predictions of this new theory are in remarkably good agreement with experimental observations made by SABRE and EISCAT.  Therefore this topic fulfills criterion a) above.

8. Artificial modification of the auroral ionosphere by means of powerful electromagnetic waves

The interaction of high power electromagnetic waves with plasma is of interest both to laboratory and space plasma physicists. For example, radio wave heating of Tokamak and inertial plasma devices has become a vital element of plasma fusion research, and beamed electromagnetic waves occur in a variety of important space and astrophysical situations.

The high power facility (heater) at Tromsø together with the powerful suite of co‑located radar diagnostics have provided a unique opportunity for ionospheric physicists to probe the behaviour of the high latitude ionosphere in an active way. The interaction of powerful electromagnetic waves transmitted from the Tromsø facility not only causes heating of the plasma through classical collisional processes but also generates a variety of wave instabilities through the coupling of electromagnetic and electrostatic modes. This allows both fundamental wave‑wave interaction processes and active aeronomical studies to be undertaken.  UK STP ground-based scientists  have played a leading role in this area of research, contributed greatly this branch of space plasma physics.

Two recent results of particular significance are highlighted. The first involves the culmination of a series of experiments which have verified the role that small-scale field-aligned plasma irregularities, induced by the heater at the upper‑hybrid resonance, play in the anomalous radio heating of the F‑region of the ionosphere. These experiments have utilised the behaviour of the interaction at frequencies near harmonics of the electron gyrofrequency. The results confirm the UK theory that wave-induced transport plays the dominant role in the heating process and provide an important test for new kinetic theory of upper‑hybrid and electron cyclotron wave properties of collisionless plasma.

A second highlight is the remarkable observation that radio frequency heating of naturally occurring unstable electrojet waves can cool the auroral E‑region. Observations suggest that when naturally occurring waves caused by instabilities of auroral origin, are present in the electrojet, the efficiency of radio frequency heating is reduced. On a few occasions when the interaction between the high power radio waves and the E‑region plasma was observed to become resonant, the temperature in the electrojet appeared to fall when the radio transmitter was turned on. The explanation, again predicted by previous UK theory, involves nonlinear wave interactions between the man‑made EM waves and naturally occurring electrostatic modes produce negative feedback, in this case, which quenches the natural instability. This is first instance of the use of the heater to actively probe an auroral phenomenon and is a good example of how active experimentation can improve our understanding of natural aeronomy.

The first heating results effectively closes a topic of research, whilst the second opens up a new area for study.

Appendix 3

THE STP NATIONAL FACILITIES COMMITTEE

DRAFT TERMS OF REFERENCE

The Committee shall meet at least twice a year and will:

ensure that the UK national facilities are providing the service required by the community in a cost effective and efficient manner;

ensure that general data products and software needed by the community are easily  accessible in the format required by the community;

ensure that the development programmes of new UK facilities or instruments are properly costed, well managed and are completed to time and budget;

ensure that the facilities and/or their data are easily accessible and promote the use of the facilities and data;

monitor the scientific return from the facilities and ensure the return is maximised;

continue to develop a strategic framework for the STP community and identify the facility and instrument programmes to support this programme;

produce an STP facilities and instrument development programme, that meets the STFC budget, and to advise STFC on elements which can not be funded from within that budget.

Membership

The membership should consist of the following:

Chairman of STP National Facilities, a two-year, part-time post to be advertised;

Three members of the community;

An industrial member; 

A representative of the Radiocommunication Agency;

A representative of STFC.

Attendees

The named representative of each National facility, either the manager or grant holder (not both).

Facilities
At the outset, the facilities will be EISCAT, CUTLASS, SAMNET, the imaging riometer, the ionosonde programme and the World Data Centre.

CHAIRMAN OF THE NATIONAL FACILITIES COMMITTEE

Shall:

provide strategic advise on the operation of UK national STP facilities;

encourage collaboration between groups, where appropriate;

ensure that the UK STP programme is co-ordinated and in particular co-ordinate multi-national, multi-facility and multi-instrument campaigns;

brief UK EISCAT Council, SAC and AFC members on the UK communities requirements, priorities and concerns;

ensure that the UK programme is coordinated with international programmes.  This may include involvement in the international planning procedures;

liaise with researchers abroad and encourage collaborative work, where appropriate;

liaise with STFC officers;

encourage fellowship applications;

provide comments on grant applications as requested;

provide advice to young researchers on preparing grant applications.

prepare the UK’s contribution to the EISCAT annual report.

Appendix 4 
Summary of the Panel visit to the EISCAT Support Group at RAL
A4.1 
The Panel visited the RAL EISCAT Support Group to determine whether the support was of the type and level required by the STP community, and whether this level of service was being provided in the most cost-effective manner. During the visit, the Panel identified some wider issues affecting the STFC’s investment in EISCAT.  These points are also noted here.

A4.2
In 1995/96, the support provided under a contract between STFC and CLRC was 8.5 staff years plus an operating budget of £128.8k.  Each man year costs ~£50k, and therefore the full cost to STFC in 1995/96 was £578.8k.

A4.3
The Panel received a breakdown of work for every member of staff for the last year. When summed across the group, it comprised campaign-related activities (17%), user-support activities (15%), data management (25%), software development (16%), administration (14%), STFC support (5%), and experiment design (4%).

A4.4
The group responded to 363 requests for information (advice, software, data etc.) in the 13 month period from May 1995. These came from all UK University groups involved in EISCAT work, and were roughly in proportion to the size of the groups themselves (e.g. 86 from Aberystwyth and 88 from Leicester).

A4.5 
The Panel were impressed by the competence of the RAL EISCAT group, their enthusiasm and desire to provide a high quality service to the UK EISCAT community. Particular highlights are effective planning and operation of all types of EISCAT campaigns, and the professional standard of data management.  The RAL EISCAT group clearly benefits substantially from being part of a larger data management organisation. Although in-house research work was not discussed in detail, its high quality and quantity were noted. Some concerns were raised; these are addressed below.

A4.6
The visiting Panel had no doubt that a central EISCAT support group was essential. Its presence optimised the use of resources, and circumvented the need for all EISCAT research groups to have in-house expert EISCAT data handling and processing staff, thus saving resources and duplication of effort.

A4.7 
The EISCAT user community was also generally very satisfied with the level of support that was being provided from the RAL group, but some minor weaknesses were identified e.g. the speed at which new analysis software was provided.  Recommendations for improvement are given below.

A4.8
After very careful consideration, the Panel concluded that all campaign-related and user-support activities should be maintained at RAL. Further the Panel decided that some EISCAT software development should be bid for competitively. The main reasons for these decisions are:


disruption to data analysis and campaign operations at this critical time when ESR data have just become available would be disastrous for the UK community;


the service ethos at RAL provides uniform, unbiased support to all the community; 


the concentration of STP expertise in an even smaller number of large groups would be dangerous for the health of the community as a whole;


the transitional costs would be enormous as all computer facilities would remain at RAL, and RAL own most of the EISCAT software under the agreement signed during the reorganisation of the research councils; 


the RAL group has a professional and secure data management system that would be very expensive to replicate elsewhere;


the RAL group has carried out campaigns very effectively over many years;


the RAL group has experience in all areas associated with EISCAT operations (>80 MY) which would be lost;

the RAL level of EISCAT expertise is not available elsewhere, except at EISCAT;


the RAL group has an excellent working relationship with EISCAT HQ.

A4.9
The RAL group has made substantial improvements to EISCAT data handling techniques recently. Provided that the RAL group can develop effective data handling methods for the considerable increase in data from the ESR (by a factor of about a hundred), the Panel recommends that ½ MY of effort is removed from the allocation in 1997/98 FY, and a further ½ MY in the following year. This will save ~£50k annum when fully implemented.

A4.10
In 1995/96, the RAL EISCAT group was involved in at least 8 significant software developments, all stimulated by internal initiatives.  Some of the developments have increased efficiency by automating data processing tasks and improving user support. It was not entirely clear that all developments were absolutely essential or that the tasks being pursued were exactly what the user community required.  The STPNFC would need to exercise stringent supervision of the software developments implemented by the RAL EISCAT group.

A4.11
New software is required for EISCAT data analysis from time to time. Competitive bids should be sought both from RAL and HEIs to ensure that the person/group with the most appropriate knowledge and expertise carries out the work. Therefore the Panel recommends that 1 MY of effort from the existing RAL allocation be given to the STPNFC to commission chosen software. The STPNFC must be firmly established before this recommendation can be implemented.  Therefore it is not likely to proceed before the year starting April 1998.

A4.12
The Panel recommends that the level of financial support necessary for operating the RAL EISCAT group is bid annually, and outlined for the subsequent 4 years. Close scrutiny of these budgets will then be made by the STPNFC. Analysis of the budget for 1995/96 suggests that a modest reduction (£10k) might be achieved for 1997/98 without serious detriment to the programme, although some modest investment in new computer hardware may be required to cope with the ESR data.

A4.13
The Panel was concerned about the high number of hardware failures of the EISCAT radars occurring before and during campaigns.  This required UK staff to be present at all sites during campaigns to capitalise on the very limited UK time allocation. The maintenance levels may have diminished since work on the ESR started.  If the reliability of the radars can be increased, further remote operations should be possible, allowing savings both in costs and staff time.  There was also a relatively cheap modification (£70k) to the EISCAT receiver that would increase the signal to noise ratio by a factor of 1.4.  UK EISCAT council members need to press EISCAT HQ over these issues.

A4.14
 There is no doubt that the focus of European ground-based STP experimental work will be in northern Scandinavia for the foreseeable future.  It is clear that each country’s scientists wish to access multi-instrument data, yet there is no formal mechanism in place to coordinate instrument deployment and data exchange.  Therefore the European STP ground-based community is not being as effective as it might be in this regard.   As a matter of priority, there should be proper coordination of experimental effort.  Although EISCAT should not be responsible for the operation or maintenance of any additional facilities in northern Scandinavia, their Scientific Advisory Committee might be the best organisation to draw up an agreement of cooperation between the relevant nations.

A4.15 
The UK must be expected to contribute to the experiments in this area.  These might include a digital ionosonde for Longyearbyen,  neutral wind data, tomographic data, optical measurements from the new experiments (9.8.1), and perhaps some access to the National Facilities. In return the UK would gain access to data from a wide variety of other optical measurements, networks of riometers, magnetometers, etc.

A4.16
The proposed plans laid out in here would lead to a saving of about £60k/annum when fully implemented, with further modest savings when reliable remote operations became available.

Appendix 5 
Acronyms used in the report
CASE

Co-operative Award in Science and Engineering

CLRC

Central Laboratory of the Research Councils

COSPAR
Committee on Space Research

CUTLASS
Co-operative UK Twin Located Auroral Sounding System

DIUS

Department for Innovation, Universities and Skills (DIUS)

DRA 

Defence Research Agency

EISCAT
European Incoherent Scatter radar facility in Northern Scandinavia

ESA 

European Space Agency

ESR

EISCAT Svalbard radar (part of EISCAT)

EUV

extreme ultra-violet

GPS

Global positioning system

HEFC

Higher Education Funding Council

HEI 

Higher Educational Institute

HF

High frequency (3-30 MHZ)

IAGA

International Association for Geomagnetism and Aeronomy

ICSU

International Council for Scientific Unions

ISTP

International Solar Terrestrial Physics Programme

MOD

Ministry of Defence

NASA

National Air and Space Administration - USA space agency

NERC

Natural Environment Research Council

STFC

Particle Physics and Astronomy Research Councililities Council

RAL

Rutherford Appleton Laboratory

SABRE
Swedish and British Radar Experiment - a VHF radar system built and operated by the University of Leicester and German collaborators.


SAMNET
Sub-auroral magnetometer network build and operated by the University of York

STP

Solar terrestrial physics

STPNFC
STP National Facilities Committee

URSI

International Union of Radio Science

WDC

World Data Centre

WWW

World-wide web
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