Agenda Item 9

	WINDFARMS:  EFFECT ON RADAR




1.
At the last meeting at Gatwick it was agreed that the Secretary to the Conference should pursue the issues raised by Glasgow Prestwick International Airport Consultative Committee in its correspondence with the DfT concerning the impact which wind farms have on the operation of radar installations and thus on the safety of aircraft.

2.
There have been two developments:

(a) New arrangements
 came into force in February 2003 for the safeguarding of airports, military aerodromes and en-route technical sites (e.g. radar stations)  operated by NATS and the MoD.  A summary note about the new arrangements – prompted mostly by a transfer from the CAA to individual Airports of the responsibility for vetting planning applications - is attached (Appendix 1) along with an extract dealing with wind turbine developments (Appendix 2).

(b) The Department of Trade and Industry has issued Wind Energy And Aviation Interests – Interim Guidelines
.  These include a detailed annex describing the effects of wind turbines on radar systems and this is reproduced at Appendix 3 below.

3.
The key points to emerge from these documents are:

· According to Government targets by 2010 some 10% of UK electricity should be met from renewable sources and a substantial proportion of this is likely to come from wind energy.  It is conservatively estimated by the British Wind Energy Association (BWEA) that this could represent around 4,000 turbines, in both onshore and offshore locations.

· Some  interactions between wind farms and aviation have in the past given rise to difficulty

· Because of these difficulties wind turbine developments within 30 km of airports and en-route technical sites continue to fall within the aerodrome safeguarding arrangements and must be referred to the Airport and/or NATS before decisions on planning permission are taken.

· The Interim Guidelines strongly emphasise throughout that early consultation with aviation stakeholders is of vital importance to address any potential problems as soon in the development process as possible and to ensure that any objections are resolved by the time a development reaches the formal planning stage. To assist the process a consultation proforma drawn up and agreed between the BWEA and key aviation stakeholders (the MOD, CAA and NATS) is provided.

· Many of the effects which wind turbines have on both civil and military aviation can be resolved based upon the new Interim Guidance. Others, such as the effects of turbines on radar installations, will still have to be considered on a detailed case-by-case basis and not all the information that may be necessary to reassure stakeholders fully in this area may yet be available. There is, nevertheless, good reason for optimism that these issues may be resolved both in general and in specific cases.

· As further research is conducted into the effects of turbines on radar installations, and experience with existing (and currently approved) wind farms grows, all stakeholders will be able to determine more precisely what may be acceptable and what will not. These effects are an area in which early dialogue with the relevant stakeholders is particularly recommended

· As the title suggests the Interim Guidelines provide interim guidance; indeed they  are described as a “living document” and the intention is to update them “in the light of the findings from research currently under way and to incorporate feedback from all stakeholders”.

· Current research includes:

-
a study by QinetiQ, which will produce a model that will be used for predicting the impact of wind turbines on radar systems. This tool will be used to predict the effect a proposed wind farm will have on a specific radar system, and will therefore be of use to both developers and radar users when assessing such issues.  The report of this study has been delayed and is now expected in the Autumn of 2003

-
a study by AMS who are investigating the different technical approaches which could reduce the effect of wind turbines on radar function. The report of this study is now available from the Secretariat.

-
a study examining European experience and practice in dealing with similar problems.  This study is now available from the Secretariat.

4.
The increasing use of wind turbines for the generation of electricity is a key feature of the country's energy policy.  However wind farms have given rise to considerable problems for those responsible for the safe and expeditious movement of aircraft, and there continue to be difficulties and uncertainties.  It seems, though, that the government have recognised the problems and there is now machinery in place through guidelines, and ultimately the aerodrome safeguarding procedures, to ensure that the impact on aviation is fully and formally considered before decisions on new wind farms are taken. There is also a programme of research aimed at clarifying the impact of wind turbines on radar and other navaids and, where possible, to identify suitable remedies to deal with adverse effects.  In the light of this the meeting may feel there is no action which needs to be taken at this stage beyond asking the Secretariat to monitor progress.

Prepared by:  Stuart Innes (Secretariat)

4th July 2003
Appendix 1

AIRPORT SAFEGUARDING
What is Airport Safeguarding?

Safeguarding is the process by which development in the vicinity of specified airports and military aerodromes, and en-route technical sites operated by NATS or the MoD, is controlled in order to ensure the continuity of safe operations.  It is primarily concerned with:

· The maintenance of airspace sufficiently free of obstacles to ensure the safety of flying aircraft, known as physical safeguarding.

· The control of developments, including wind farms, which may interfere with aircraft/airport navigational aids such as the Instrument Landing System (ILS), Distance Measuring Equipment (DME) and radio navigational beacons, known as technical safeguarding.

· The control of developments likely to attract birds, or introduce distractions that may compromise the safety of aircraft.

Obstacles include not just buildings but also other structures such as transmitter towers and tall cranes used on construction sites which can present real problems.

The Safeguarding Process
New arrangements for safeguarding came into force on 10th February 2003.  The details are to be found in ODPM Circular 1/2003 which includes at Annex 1 the text of the Town And Country Planning (Safeguarded Aerodromes, Technical Sites And Military Explosives Storage Areas) Direction 2002.  For the equivalent arrangements in Scotland see Scottish Executive Planning Circular 2/03.

In summary the airport safeguarding process is centred around safeguarding maps issued to local planning authorities by the Civil Aviation Authority.  These show colour-coded areas which together represent the safeguarded area around the airport. The safeguarding map can be seen at the offices of the local planning authority or at the Airport concerned.

Where in a proposed development the height of a building or structure would exceed the level indicated on the safeguarding map for that area the local planning authority is required to consult the Airport. Consultation is also required in any case within a 13 kilometre zone marked on the map where the proposed development is for other aviation uses or is likely to attract birds.

As indicated above the arrangements also apply to:

· specified en-route technical sites operated by NATS or the MoD which have been notified by the CAA to the local planning authority for the area concerned.

· applications for wind turbine developments within a 30 km  radius of the airport or the specified technical sites.  

Consultation applies not only to applications for full or outline planning permission but also to applications for the amendment of an outline planning permission, for the renewal of a planning permission or for the removal or modification of conditions imposed on a previous planning permission.

When consulted the Airport considers whether the proposed development might compromise the safe operation of the aerodrome or interfere with the navigational aids or Instrument Flight Procedures (IFP) and offers its comments accordingly.  If then the local planning authority proposes to grant planning permission contrary to an objection made by the Airport, or not to attach conditions which they have recommended, it is required to notify the Civil Aviation Authority.  There is then a period of 28 days during which the CAA considers the disputed application and, if it thinks it necessary, to ask the Secretary of State to issue a direction under s.77 of the Town and Country Planning Act 1990 calling in the application for determination by the Secretary of State. 

Appendix 2

EXTRACT FROM ODPM CIRCULAR 1/2003 - AERODROME SAFEGUARDING -

WIND TURBINE DEVELOPMENTS
Wind Turbine Development
15.
The safeguarding requirements for the civil aerodromes listed at Annex 3 and for officially safeguarded civil en-route technical sites are completed by separate maps showing circles with a 30 kilometre radius centred on the aerodrome reference point or technical site to indicate the area within which a proposed wind turbine development requires consultation. The issue of these maps recognises the fact that the introduction of wind powered generator turbines within the United Kingdom as part of an alternative energy policy can create certain problems for aviation. In addition to their potential for presenting a physical obstacle to air navigation, wind generator turbines can affect signals radiated from and received by aeronautical systems. The rotating blades create electromagnetic disturbance, which can degrade the performance of these systems and cause incorrect information to be received. The amount of interference depends on the number of wind turbines, on a wind turbine's size, construction materials and location and on the shape of its blades. Local planning authorities, consultees, developers and others may wish to refer to Wind Energy and Aviation Interests - Interim Guidelines, published by the Department of Trade and Industry in 2002 (www.dti.gov.uk/renewable/pdf/wind_energy.pdf).

ANNEX 3

EXTRACT FROM “WIND ENERGY AND AVIATION INTERESTS -

INTERIM GUIDELINES”

ANNEX D – RADAR SYSTEMS AND THE EFFECTS OF WIND TURBINES

D1 GENERAL

D1.1 There are two types of radar used for air traffic control and air defence control and surveillance: primary radar and secondary surveillance radar (SSR).

D1.2 Primary radar operates by radiating electromagnetic energy and detecting the presence and character of the echo returned from reflecting objects. Comparison of the returned signal with that transmitted yields information about the target, such as location, size and whether it is in motion relative to the radar.

D1.3 Primary radar cannot differentiate between types of object; its energy will bounce off any reflective surface in its path. Moreover, air traffic control primary radar has no means of determining the height of an object, whereas modern air defence radars do possess this capability, using electronic beam control techniques.

D1.4 For SSR, the ground station emits ‘interrogation’ pulses of RF energy via the directional beam of a rotating antenna system. When the antenna beam is pointing in the direction of an aircraft, airborne equipment, known as a transponder, transmits a reply to the interrogation. The reply is detected by the ground station and processed by a plot extractor. The plot extractor measures the range and bearing of the aircraft and decodes the aircraft replies to determine the aircraft’s flight level and identity (Mode C operation).

D1.5 In the UK, all aircraft flying above 10,000 feet or in controlled airspace must carry a SSR transponder. Some light aircraft do not, and aircraft that do carry them may not have them switched on, in which case they will not be visible to SSR. Most ATC units are equipped with both primary and SSR, but, increasingly, radar services are provided using SSR only, especially at levels above 24,500 feet.

D1.6 From 2005 onwards, a new type of SSR called ‘Mode S’ will begin to be introduced in UK airspace. Mode S is a development of classical SSR that overcomes many of the current limitations of the SSR system. It is proposed, subject to formal consultation, to introduce Mode S initially in 2005 with a second phase of regulatory changes in 2008. In addition, it is proposed that the requirements for the carriage and operation of transponders will be significantly extended in conjunction with the Mode S plans for 2008.

D2 RADAR FUNCTIONS

D2.1 AIR TRAFFIC CONTROL (ATC)

D2.1.1 Radar performs two functions for air traffic control:

a) Aerodrome surveillance radar allows air traffic controllers to provide air traffic services to aircraft in the vicinity of an airport. This service may include vectoring aircraft to land, providing a radar service to departing aircraft or providing a service to aircraft either transiting through the area or in the airfield circuit.

b) En route (or area) radars (which in the UK are all operated by NATS) are used to provide services to traffic in transit. This includes commercial airliners and military traffic. Area radars have a longer range than aerodrome radars, particularly at high altitudes.

D2.2 AIR DEFENCE
D2.2.1 Air Defence radars are used in two ways. On the one hand, they perform a similar function to their ATC counterparts, in that they are used by air defence controllers to provide control services to military (usually air defence) traffic. However, they are also used to monitor all air traffic activity within the UK and its approaches in order that a Recognised Air Picture (RAP) can be produced, with the aim of preserving the integrity of UK airspace through air policing. The RAP is produced by allocating Track Identities to each radar return (or “plot”) of interest. Often, a radar plot can fade from a radar display for a period of time due to a number of factors, but the Track Identity will remain, indicating that the associated plot is still actually present.

D2.3 METEOROLOGICAL RADARS

D2.3.1 Met Office weather radars use EM energy to monitor weather conditions (predominantly cloud and precipitation) at low altitudes, in order to assist weather forecasting. Wind profiling radars are used to measure wind speed at different altitudes. 

D3 THE NATURE OF THE IMPACTS OF WIND TURBINES

D3.1 MASKING 

D3.1.1 This is the main anticipated effect on air defence surveillance radars. Such radars work at high radio frequencies and therefore depend on a clear “line of sight” to the target object for successful detection. It follows that any geographical feature or structure which lies between the radar and the target will cause a shadowing or masking effect; indeed this phenomenon is readily exploited by military aircraft wishing to avoid detection. It is possible that, depending on their size, wind turbines may cause shadowing effects. Such effects may be expected to vary, depending upon the turbine dimensions, the type of transmitting radar and the aspect of the turbine relative to it.

D3.1.2 The Met Office is also concerned with the effect of masking on their sensors. Met Office radars look at a relatively narrow altitude band, as near to the earth’s surface as possible. Due to the sensitivity of the radars, wind turbines, if they are poorly sited, have the potential to significantly reduce weather radar performance. 

D3.2 RADAR RETURNS/RADAR CLUTTER

D3.2.1 Radar returns may be received from any radar-reflective surface. In certain geographical areas, or under particular meteorological conditions, radar performance may be adversely affected by unwanted returns, which may mask those of interest. Such unwanted returns are known as radar clutter. Clutter is displayed to a controller as “interference” and is of concern primarily to ASACS and aerodrome radar operators, because it occurs more often at lower altitudes. 

D3.2.2 For an aerodrome radar operator, a wind turbine or turbines in the vicinity of his airfield can present operational problems. If the turbine generates a return on his radar screen and the controller recognises it as such, he may choose to ignore it (as is the case, for example, at RAF Marham). However, such unwanted returns may obscure others that genuinely represent aircraft, thereby creating a potential hazard to flight safety. This may be of particular concern in poor weather. 

D3.2.3 A structure which permanently paints on the radar in the same position is preferable to one that only presents an intermittent return. This is because an intermittent return is more likely to represent a manoeuvring or unknown aircraft, obliging the controller to act accordingly. With this in mind, it is possible that aviators and radar operators could work safely with one or perhaps two turbines in the vicinity of an aerodrome. Of greater concern is the prospect of a proliferation of turbines, which could potentially saturate an airfield radar picture, making safe flying operations difficult to guarantee. 

D3.2.4 Several turbines in close proximity to each other, painting on radar, can present particular difficulties for long-range air surveillance radars. A rotating wind turbine is likely to appear on a radar display intermittently (studies suggest a working figure to be one paint every six sweeps). Multiple turbines, in proximity to each other, will present several returns during every radar sweep, causing a ‘twinkling’ effect. As these will appear at slightly different points in space, the radar system may interpret them as being one or more moving objects and a surveillance radar will then initiate a ‘track’ on the returns. This can confuse the system and may eventually overload it with too many tracks. Measures can be taken to mitigate this problem and they are amplified in Section D4, but these too have their drawbacks. 

D3.3 ‘SCATTERING’, ‘REFRACTION’ AND/OR ‘FALSE RETURNS’

D3.3.1 Scattering occurs when the rotating wind turbine blades reflect, or refract radar waves in the atmosphere. These are then subsequently absorbed either by the source radar system or another system and can then give false information to that system. It may affect both primary and SSR radars. This effect is as yet unquantified but is certainly possible - it has, for example, been witnessed at Copenhagen airport as a result of the Middelgrunden offshore wind farm. 

D3.3.2 The possible effects are:

a) Multiple, false radar returns being displayed to the radar operator: blade reflections may be displayed at the controller’s console as spurious radar contacts.

b) Radar returns from genuine aircraft being displayed, but in an incorrect location (range, azimuth or both).

c) Garbling or loss of SSR information. The SSR code allocated to an aircraft may not be received correctly at the radar installation because of attenuation, scattering or refraction effects. Moreover, it is possible that  displayed aircraft altitude information derived from Mode ‘C’ (described in Section D1.4) may also be lost or degraded.

D4 POTENTIAL MITIGATING MEASURES

D4.1 TECHNICAL MEASURES

D4.1.1 Moving Target Indicator Processing

D4.1.1.1 Objects that are moving cause a shift in the frequency of the returned EM energy to the radar receiver; this is known as Doppler shift. Moving Target Indicator (MTI) processing removes from the display any returned pulses which indicate no movement or are within a specified range of Doppler shift. This removes unnecessary clutter, eliminates unwanted moving targets (such as road traffic) and makes moving targets above a certain velocity more visible. 

D4.1.1.2 Rotating wind turbine blades can impart Doppler shift to EM energy reflecting off the blades. Depending on the MTI thresholds set in the radar processor, this may be displayed as a moving target. Changes in wind direction at the turbine, the position of the blade in its rotation, the blade pitch, plus other factors, may cause the amount of energy  returned to the radar on different sweeps to vary. At single turbine sites, a radar return will be repeatedly displayed in the same position and MTI processing can be deployed. However, multiple-turbine sites cause a different effect and MTI processing is much more difficult. On one return, blades from one (or more) turbine(s) may paint on the radar; on the next sweep, the blades of a different turbine may paint. This can create  the appearance of radar returns moving around within the area of the wind farm. 

D4.1.1.3 On both aerodrome and air defence radar this can appear (depending on the type of radar and the processing thresholds in effect) as unknown aircraft manoeuvring unpredictably. On air defence radars such as those used in the UK ASACS, the overall system may well interpret the activity as an aircraft and automatically start tracking the activity. 

D4.1.2 Filters

D4.1.2.1 It is technically possible with many radars to filter out returns from a given area to ensure they are not presented on operational displays. However, this is at the expense of detecting actual aircraft in the area concerned. In the case of radars that have the ability to discriminate returns in height, it may be possible to filter out only the affected height band. On other radars, all returns in the given area will be lost and, in effect, no overall operational benefit is gained. 

D4.1.3 Non-Automatic Initiation

D4.1.3.1 A measure that can be taken within the Command and Control system to mitigate the effects of spurious radar returns is to establish what is known as a Non-Automatic Initiation (NAI) area. Within this area the system does not perform its normal function of automatic track association and correlation. This would prevent the system attempting to correlate the returns from a large number of turbines in order to form what it perceives to be aircraft tracks. Instead, a human operator monitors the affected area to manually detect genuine aircraft tracks. Whilst this technique can help to avoid the problems both for surveillance and control of spurious tracks, it can be manpower intensive and requires operator expertise. Furthermore, it can not help to overcome the effect on safety of clutter. Indeed, the use of clutter filters and NAIs may be operationally mutually exclusive.

D4.2 OPERATIONAL MEASURES

D4.2.1 The type of operations being conducted and the type of airspace within which a controller is operating are both relevant factors if radar clutter is being experienced.

D4.2.2 Controlled Airspace. Within controlled airspace, flight is only possible if approved by an ATC authority. Therefore, controllers should know of all aircraft within that controlled airspace. In this case, if radar clutter is experienced, whether from a wind turbine or other obstacle, the controller may assume that the return is not from an unknown aircraft and will not need to take any action. (There are exceptions to this rule, which need not be explored here.) 

D4.2.3 Outside Controlled Airspace. Outside controlled airspace (in the UK,categorised as ‘Class G’ airspace), clutter and unknown radar returns present more of a problem. In such airspace, the radar returns of aircraft are the primary means on which the separation of aircraft is based; therefore, clutter must be avoided, as it is the only way of ensuring separation from unknown aircraft.

D4.2.4 What may occur is that radar clutter from a wind turbine may be interpreted as being a return from an aircraft; or the clutter may be obscuring a genuine radar return from an actual aircraft operating in the vicinity of that clutter.

D4.2.5 There are two ways a controller can deal with this problem; the safest option is to simply avoid the area of clutter, usually by a range of 5 nautical miles. Naturally, this is not always possible. Alternatively, the controller may ‘limit’ his radar service, whereby he informs the aircraft receiving the service that, due to being in an area of clutter, the pilot may receive late or no warning of other aircraft. 

D4.2.6 Controllers use both methods but each presents its own problem. The cumulative effects of clutter make vectoring to avoid clutter harder and harder. Controllers may be able to cope with one or two areas of clutter, but there is a difficult judgement as to how much proliferation is acceptable. Alternatively, limiting the service is often a last resort, and to admit that clutter may well be obscuring returns from genuine aircraft is a clear indication that flight safety may be compromised. 

D4.2.7 The significance of unwanted radar returns from wind turbines will depend not only on what type of airspace they are in or underneath, but also on their proximity to traffic patterns and routes. Wind turbines on an extended centreline of a runway are more likely to present a significant problem to controllers at longer ranges due to aircraft lining up for approaches and on departure. Similarly, aerodromes have Standard Arrival Routes (STAR) and Standard Instrument Departure (SID) routes, which may also be considered problematic. 

D5 FUTURE DEVELOPMENTS

D5.1 All radars are different (even if only due to the physical impacts of their operating locations) and creating a ‘rule of thumb’ for wind farm developments near all systems would require such a level of generalisation as to make it probably worthless. Therefore, in considering the effect of wind turbines on radar, developers need to focus on individual radars in the vicinity of their planned development. It is important also that developers appreciate the nature and extent of any problem. For example, studies into air defence radars that take no account of the associated Command and Control systems may be of very limited value. 

D5.2 There is a lack of consensus on the precise nature of the effects of wind turbines on radar, and in the current security climate MOD is unwilling to diminish its air surveillance capability, particularly at low altitudes. For these reasons, a number of studies are underway which will enlighten the current debate. Three studies have been commissioned by the Wind Energy, Defence and Civil Aviation Interests Working Group which should go some way towards improving understanding of key questions.

D5.3 The first is a study by QinetiQ, which will produce a model that will be used for predicting the impact of wind turbines on radar systems. This tool will be used to predict the effect a proposed wind farm will have on a specific radar system, and will therefore be of use to both developers and radar users when assessing such issues. It is expected that the results of this study will be published in December 2002 as report ETSU W/14/00614/REP. 

D5.4 The second study is being carried out by AMS (Contract Number W/14/00623). This is investigating the different technical approaches which could reduce the effect of wind turbines on radar function. This will look at technical feasibility and the practical issues. It will include a first look at the possible cost of implementing any feasible approaches. It is expected that the results of this study will be published in December 2002 as report ETSU W/14/00623/REP. 

D5.5 Another DTI funded study examining European experience and practice is also ongoing. It is expected that this will identify a significant body of relevant work in mainland Europe (where Governments currently find themselves facing similar issues). The study could provide important information to the UK wind and aviation industries. It is expected that the results will be published in October 2002 as report ETSU W/14/00624/REP. 

D5.6 All these reports will be available from the DTI’s Renewable Energy Helpline - see Annex H for contact details. 
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D6.7 These studies represent a crosssection of the work that has thus far been carried out in the UK on the topic of wind turbines and their effects upon aviation systems, with much of the focus on radar. It is by no means exhaustive and more work should become available.

� ODPM Circular 1/2003 which includes at Annex 1 the text of the Town And Country Planning (Safeguarded Aerodromes, Technical Sites And Military Explosives Storage Areas) Direction 2002.  Copies can be downloaded from � HYPERLINK "http://www.odpm.gov.uk/stellent/groups/odpm_planning/documents/page/odpm_plan_609210.hcsp" ��http://www.odpm.gov.uk/stellent/groups/odpm_planning/documents/page/odpm_plan_609210.hcsp� For the equivalent arrangements in Scotland see Scottish Executive Planning Circular 2/03


� Copies of this 55 page publication can be obtained by post from the Renewable Energy Enquiries Bureau, ETSU, Harwell, Didcot, Oxfordshire, OX11 0QJ, Tel: 01235 432450, Fax: 01235 433066, Email: � HYPERLINK "mailto:nre-enquiries@aeat.co.uk" �nre-enquiries@aeat.co.uk� or downloaded from the DTI website at � HYPERLINK "http://www.dti.gov.uk/renewable/pdf/windwnergyaviation.pdf" �� � HYPERLINK "http://www.dti.gov.uk/renewable/pdf/wind_energy.pdf" �www.dti.gov.uk/renewable/pdf/wind_energy.pdf� �





