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Dear Madam or Sir

WRs
Please find enclosed WRs prepared on behalf of the RHS comprising:

Overview [REP1 - xxx] [RHS/RMCo/1]

Highways, Transport and Traffic – Mike Hibbert, TTHC [RHS/MH/1] (text only – the full
report with appendices will follow divided into sections on supplementary emails)

Air Quality – Prof Duncan Laxen, Air Quality Consultants [RHS/DL/1]

Ecological – Andrew Baker, Baker Consultants Ltd [RHS/AB/1]

Economic Impact – Jon Bunney, Hatch Regeneris [RHS/JB/1]

 

Summaries are included where appropriate – either as a “Summary and Conclusions” section or in
the case of RHS/DL/1, a separate summary.

Please let us know if you require any of the WRs in Word format.

Any comments on Relevant Representations
The RHS notes and supports comments made by SCC (RR-004) and GBC (RR-062)  in relation to
the absence of south facing slips at the Ockham Roundabout.

As is the case for SCC, the RHS still awaits a number of documents and technical information from
HE.

The RHS has sent HE the attached updated Request for technical information and would point out
that it’s ability to comment in full on the matters it wishes to at Deadline 1 has been hampered by its
absence.

Please take this email as NOTIFICATION that RHS wishes:

a. as an Affected Person, to speak at a CAH;

b. to attend any ASI;

c. to speak at subsequent ISHs;

d. to speak at subsequent OFHs;

e. to have future correspondence electronically.

 

Kind regards

 

Richard Max & Co for the RHS
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1.0 QUALIFICATIONS 


 


1.1 My name is Mike Hibbert and my evidence covers the Transport, Highway and 


Accessibility related aspects relating to the DCO.  I have a Master of Science 


Degree in Transportation Planning and Engineering from Southampton 


University and a Diploma in Civil Engineering.  I am a Member of the Chartered 


Institute of Transport, a Member of the Institute of Highways and Transportation 


and a Member of the Institute of Logistics and Transport. 


 


1.2 I am the Managing Director of TTHC Limited, a specialist traffic, transport and 


highway consultancy which I founded in 2004.  Prior to the formation of this 


consultancy, I was a Director of RPS Transport, which was part of the RPS 


Group Plc and, prior to this, a Technical Director with TPK Consulting, a traffic 


and highway consultancy. 


 


1.3 I have thirty years’ experience specifically within transportation planning and 


traffic engineering.  My experience has been gained working with several 


engineering consultancies throughout the United Kingdom and has included 


input to an extensive range of development schemes as well as a broad range 


of highway and transportation projects. 


 


1.4 For approximately twenty five years I have specialised in advising clients on the 


traffic and highway related aspects of site development for a variety of land 


uses.  I have been advising the RHS specifically in connection with the M25 J10 


/ A3 proposal since late 2016.   


 


 Declaration 


 


1.6 The evidence which I have prepared and provide to the DCO process is true 


and has been prepared and is given in accordance with the guidance of my 


professional institute and I confirm that the opinions expressed are my true and 


professional opinions. 
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2.0  INTRODUCTION & BACKGROUND 


 


 Position Summary 


 


2.1 This report has been prepared on behalf of the Royal Horticultural Society 


(RHS), to provide a response to the DCO Application for Highways England’s 


proposals for the ‘M25 Junction 10 / A3 Interchange’ (the DCO Scheme).  The 


preparation of this report follows technical exchanges with HE and their 


consultants over a period of almost 3 years.   


 


2.2 Throughout this period I have advised RHS on technical highway matters and 


have highlighted what I consider to be fundamental flaws in the proposals which 


now comprise the DCO Scheme.  Based on the technical review I have 


undertaken, RHS has consistently set out its concerns regarding the significant 


implications of the proposals on its flagship Garden at Wisley (the Garden) and 


the current £65m investment programme into the future of the Garden.   


 


2.3 I consider that in respect of highway considerations, the DCO Scheme would 


result in significant additional travel, confusing access to the Garden and others 


bound for Wisley Lane, additional traffic through local villages which currently 


uses the A3 and a significant overall worsening of access to the Garden.  All of 


this harm is unnecessary and avoidable.   


 


2.4 Further to the work I have undertaken on its behalf, RHS has proposed 


amendments to the DCO Scheme (the RHS Alternative Scheme) which would 


address these significant detrimental implications. 


 


2.5 Where possible, throughout this Written Representation, I make reference to 


the contents of a report I prepared on behalf of RHS which dealt with most of 


the technical considerations relating to DCO proposals.  A copy of that report 


(the March 2018 Report) is attached to this representation in Appendix A.   
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2.6 From the initial HE consultation, RHS has been supportive of the principle of 


improving J10 but has objected in relation to the proposed access 


arrangements to the Garden.  The RHS position is set against the context of 


one of HE’s original Key Benefits of the DCO Scheme being ‘improved access 


to RHS Wisley’ [Pg 6 of APP-027].  Contrary to this aim, the DCO Scheme 


would result in a significant worsening of access to and from RHS Wisley. 


 


2.7 The DCO Scheme proposes the stopping up of the existing Wisley Lane 


connection with the A3, with replacement access being by way of a new Link 


Road connection to the Ockham Roundabout.  Given that the DCO Scheme 


does not propose to replace the access from the A3, the proposals require 


significant extra travel than at present.  


 


2.8 The RHS Alternative Scheme avoids this unnecessary additional travel by way 


of the following key components; 


 


(i) retention of an improved Wisley Lane entry to A3 Northbound carriageway 


(ii) addition of south facing slips at the Ockham Roundabout   


 


2.9 Compared to the DCO Scheme, and on the basis of HE’s suggested signing of 


Wisley Lane traffic via the A3 and J10, the RHS Alternative would result in 3.3 


million miles per annum less travel1 based on 2024 forecast visitors per annum 


(vpa).  In addition to these RHS traffic related savings there would also be 


others associated with non-RHS trips using Wisley Lane.   


 


2.10 If traffic does not follow the signed route and instead diverts off the A3 to avoid 


the additional travel, there would be impacts through local villages as a 


consequence of the DCO Scheme, which the RHS Alternative would avoid.   


 


 


1 This figure has been updated from the March 2018 Report to reflect minor changes in the DCO 
Scheme (compared with the PRA Scheme) and to reflect a forecast visitor number for 2024 of 
1,494,000 vpa.  
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2.11 For easy reference, a graphical comparison of the ‘Existing’, ‘DCO Scheme’ 


(as proposed to be signed) and ‘RHS Alternative Scheme’ routeing is provided 


below: 


 


 https://www.youtube.com/playlist?list=PLeCTDIIV1xbZAc-rWCeUahBGfetTJLWGh 


 


2.12 Given some of the diversion distances and inconvenience introduced by the 


DCO Scheme, it is expected that in practice some drivers will divert away from 


the A3 and route via Send and Ripley.  Although this consequence had always 


been disputed by HE/Atkins, there is now acknowledgement within the DCO 


submissions that their traffic modelling shows this, albeit it is unclear at present 


precisely how much traffic HE/Atkins expect to divert off the A3 and through the 


local villages.  Output from the traffic modelling which would clarify the scale of 


this diversion has been requested and is awaited.   


 


2.13 I should note at this stage that further information and clarification is also 


awaited in respect of a number of other technical matters relating to; the 


modelled highway network, survey data analysis, model output (turning flows at 


junctions), select link output for 2015 Base scenario, junction models for the 


2015 Base scenario and Accident information relating to the A3.  Once received, 


I will need to supplement and update the content of this Written Representation.   


 


2.14 Although not contained within the DCO submission documents, in respect of 


signage, a scheme has now been provided within a Technical Note prepared 


by Atkins and dated September 2019.  A copy of the Technical Note is 


contained within Appendix B.  By design, this requires multiple new ‘u-turning’ 


movements for trips to and from the south, as demonstrated by the graphical 


simulation referred to in paragraph 2.11 above.  As a consequence of the need 


to pass the Garden up to three times, via two u-turns (at both J10 and at the 


Ockham Roundabout), the signed route will result in driver uncertainty, 


confusion and stress.  In this regard the DCO Scheme provisions are 


fundamentally flawed and I know of no other arrangement anywhere in the UK 
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where such complex routeing arrangements exist from the Strategic Road 


Network.  In such circumstances, I consider there to be the potential for an 


increased risk of accidents.  


 


2.15 In contrast with the provisions of the DCO Scheme, the RHS Alternative 


Scheme would provide vehicle routeing which would be simple, clear and less 


stressful for visitors to RHS Wisley.   


 


2.16 In respect of public transport, the combination of the retained left turn slip from 


Wisley Lane onto the A3 northbound and the provision of south facing slips at 


Ockham Roundabout as proposed within the RHS Alternative Scheme would 


enable bus services to continue to route along the A3 and serve RHS Wisley in 


a more efficient manner than the DCO Scheme.   


 


2.17 The original HE scheme which was subject to a non-statutory consultation 


between 5 December 2016 and 6 February 2017 had a link road connection 


between Wisley Lane and the Ockham Roundabout which was situated on the 


north-west side of the A3, partially within the Garden.  This particular Link Road 


would have required RHS land (and associated tree loss).  Following RHS 


objections to HE and work by my team at TTHC to redesign this particular 


feature, the Link Road was realigned onto the eastern side of the A3. 


 


2.18 Whilst the original proposal for a north-west sided Link Road was abandoned 


in favour of the Link Road being situated on the opposite side of the A3 (as 


proposed by the DCO Scheme), I now understand that uncertainty in respect of 


the trees at the A3 boundary of the RHS Garden remains as there is a root 


survey which has yet to be undertaken.  The implications of the DCO Scheme 


on the trees along the A3 boundary cannot be established until the results of 


the root survey and the associated DCO engineering works are known.  As 


such, I may need to revert back on this issue once the results of the root survey 


have been assessed.   
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Highways - Technical Review of Preferred Route Announcement Scheme 


(March 2018) 


 


2.19 In overall highway provision terms, the DCO Scheme is essentially the same as 


that published in March 2018 at Preferred Route Announcement (PRA) stage.  


In response to the Statutory Consultation for the PRA Scheme, I prepared the 


March 2018 Report a copy of which is attached to this representation in 


Appendix A.   


 


2.20 The preparation of the March 2018 Report followed technical exchanges with 


HE and their consultants, Atkins, over a period of around 14 months prior.  


Throughout this period, RHS consistently set out its concerns regarding the 


significant implications of the HE proposals on the Garden and the £65m 


investment programme into the future of the Garden.  This is set against the 


backdrop of the very first public consultation (5/12/16-6/2/17) which identified 


one of six ‘Key Benefits’ being improved access to RHS Garden Wisley.  


 


2.21 The March 2018 Report provides much of the technical basis (in respect of 


highway matters) of the RHS objections to the DCO scheme, albeit based on 


the earlier PRA Scheme.  Where necessary, this Written Representation 


updates some of the technical aspects of the March 2018 submission.  


 


 Highways Feedback (March 2018 to September 2019) 


 


2.22 Atkins has provided two written responses to the March 2018 Report.  First, a 


short Technical Note dealing only with matters of ‘Safety’, ‘Journey Distance’ 


and ‘Journey Times and Demand’, which is dated 21/3/19. Second, a more 


detailed Technical Note dated 26/9/19 (i.e. after the submission of the DCO 


Scheme).  Copies of these Technical Notes are attached in Appendix B.   


 


2.23 In respect of Safety, the first Technical Note highlighted that many of the 


collisions which have contributed to the area around M25 J10’s poor safety 
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ranking are on the northbound A3 approach.  I have never disputed this and 


within sections 2.18 and 2.38 of the March 2018 I set out a detailed commentary 


in respect of the accident record, which in respect of the A3 northbound 


approach is characterised by ‘shunt’ type accidents, typical of 


congested/queuing situations.   


 


2.24 The Technical Note suggests that from an assessment using COBA-LT a direct 


access from Wisley Lane onto the A3 northbound would result in two extra 


accidents per annum.  The assessment itself isn’t provided and there is no 


reference within the Technical Note to any wider assessment of accident 


reductions due to less overall travel and reducing the routeing of traffic through 


local villages, which such a connection would result in.  


 


2.25 In respect of Journey Distance, the first Technical Note quotes some slightly 


different travel distances for the effect of the then PRA Scheme than I had 


quoted within Table 1 of the March 2018 Report.  This response does, however, 


highlight that the journey distances via the local villages (as opposed to the HE’s 


proposed scheme) would be shorter.   


 


2.26 There is no equivalent assessment provided within the Technical Note which 


compares distances with the RHS Alternative Scheme. 


 


2.27 In respect of Journey Times and Demand, the first Technical Note states that 


journey times from the south to the Garden are expected to increase by up to 6 


minutes in the AM and PM peaks as a result of the scheme if the proposed A3 


route is used but that the route via the local villages would be quicker than this.  


The journey times quoted in the Technical Note were derived from the HE’s 


transport model, details of which were not included with the Note.   


 


2.28 In terms of the following matters, the HE did not respond to the March 2018 


Report prior to the DCO application being accepted by the Planning 


Inspectorate on 17 July 2019: 
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 Removal (Stopping Up) of Wisley Lane junction with A3 


 Implications for Wisley Lane Trips 


 Ockham Roundabout South Facing Slips 


 Travel Distance and Air Quality 


 Signage and Ease of Use 


 Bus Service Implications 


 Other Access Improvements 


 


2.29 Where relevant, I refer to the content of these points throughout this Written 


Representation.  However, some of this relates to information which remains 


outstanding and so I will need to revert back on some matters once the data 


and responses have been received.    


 


 


 


 


. 
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3.0 EXISTING HIGHWAY NETWORK 


 


Overiew 


 


3.1 A detailed description of the existing highway network and conditions is 


provided in Chapter 2 of the March 2018 RHS submission.  The March 2018 


Report also provides Site Photographs (Appendix F) and a Local Highway 


Network Plan (Appendix G).  An overview of the highway network is provided 


below. 


 


3.2 Access to RHS Wisley is taken from Wisley Lane.  This existing highway serves 


and provides access to Wisley Village, Wisley Common car park, Pyrford, West 


Byfleet and a route to Woking.   


 


3.3 Wisley Lane connects with the A3 via a simple priority left-in / left-out junction 


requiring a turn onto a parallel link road which has a nearside bus stop / shelter 


and layby with parking which is predominantly used by HGVs (avoiding charges 


at Cobham services).  The link road has a kerbed offside until a point where the 


‘back of nose’ commences for a sub-standard taper type merge arrangement 


onto the A3. 


 


3.4 Owing to the presence of the layby, it is necessary (currently) to connect with 


the A3 via the Link Road rather than serve the left-in / left-out connection of 


Wisley Lane with the A3 via a more traditional diverge and merge arrangement. 


 


3.5 At present, this Link Road merge with the A3 joins a 3-lane northbound 


carriageway.  This 3-lane section continues for around 1km before the nearside 


lane ‘drops’ to form the off-slip for the M25 movements (clockwise and anti-


clockwise) at J10.  The two offside lanes continue through the existing J10 


interchange towards London. 
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3.6 The existing interchange between the A3 and M25 slip roads is formed by a 


fully signal controlled roundabout with a 3-lane circulatory carriageway and 3/4-


lane off-slips for all approach arms at the stopline. 


 


3.7 During the AM and PM peak periods in particular, all approach arms are subject 


to congestion and queuing.  Often, this congestion results in queuing and slow-


moving traffic blocking back down the slip road and onto the A3 mainline.  It is 


an existing lack of capacity at the J10 interchange which is the primary cause 


of this congestion and traffic queuing traffic back onto the A3 mainline. 


 


3.8 During such congested periods, some traffic uses the Link Road as a form of 


rat-run by diverging off the A3 onto the parallel link in order to bypass the slower 


moving A3 carriageway before re-joining the mainline carriageway at the merge 


described above. 


 


3.9 The Ockham Roundabout is situated approximately 2.7km and 1km south west 


of the J10 Interchange and Wisley Lane junctions respectively.  It comprises a 


4-arm roundabout with single or two lane entries and a circulatory carriageway 


width which is unmarked but essentially 2 lanes wide.  There is currently no 


signal control. 


 


3.10 Two of the arms to the junction are provided by the north-facing slips with the 


A3, although the first section of the northbound on-slip is a two-way carriageway 


with Mill Lane.  As indicated, there are currently no south-facing slips between 


the A3 and Ockham Roundabout. 
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3.11 The other two arms of the junction are the B2039 Ockham Road, which 


provides access to/from Ockham and the surrounding villages to south-east, 


and the B2215 Portsmouth Road, which routes through Ripley and Send.  To 


the south of Send there are south facing slip roads but currently no north facing 


slips.  Between the Ockham and Send interchanges the A3 provides ‘Ripley 


Bypass’ but the lack of south facing slips at Ockham and north facing slips at 


Send (Burnt Common) mean that some A3 related movements currently have 


to pass through Ripley and Send. 


 


3.12 In order to provide some context for the consideration of the DCO scheme, and 


the RHS Alternative proposal, it is important to first understand the current 


journey routes which are available via the existing junction and access 


provisions.   


 


3.13 The plans in Appendix H of the March 2018 Report provide a diagrammatic 


representation of each of the following movements and the link referenced in 


paragraph 2.11 of this Written Representation provides a moving graphical 


simulation of the movements. 


 


Approach from the South 


 


3.14 At present, travelling northbound from the South/Guildford direction, vehicles 


route via the A3 and take the diverge onto the Link Road before turning left into 


Wisley Lane. 


 


 Return Trip to the South 


 


3.15 For the return trip from Wisley Lane heading to the South/Guildford direction, 


vehicles turn left out of Wisley Lane heading northbound on the A3 and then 


diverging off to the left at J10, performing a ‘U-turn’ around the J10 roundabout 


and back on to the A3 southbound carriageway passing the Wisley Lane (on 


the right-hand side) and over the Ockham Roundabout continuing south.   
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3.16 It should be noted that although this movement joins the A3 from Wisley Lane, 


it does not add to the weaving component in the northbound direction because 


such movements retain a nearside position to turn off at J10. 


  


Approach from the North 


 


3.17 Travelling southbound from the North/London direction, vehicles route via the 


A3 and take the diverge onto the Ockham Roundabout slip road, performing a 


u-turn movement around the junction before re-joining the northbound A3 


carriageway via the northbound on-slip, continuing on the A3 until the Wisley 


Lane turn off on the left. 


 


 Return Trip to the North 


 


3.18 The return trip from Wisley Lane heading to the North/London direction, 


requires a left turn out of Wisley Lane onto the Link Road and then joining the 


A3 northbound carriageway.  Those movements heading for the M25 (either 


clockwise or anti-clockwise) remain in the nearside lane to take the diverge off 


to the left up to J10.  These are non-weaving movements.   


 


3.19 Those continuing on the A3 into London move across to the middle or off-side 


lanes and so constitute part of the weaving component between Ockham and 


J10.  As will be discussed, in respect of RHS traffic, this movement constitutes 


less than ¼ of all trips. 


 


Personal Injury Accidents 


 


3.20 As indicated earlier, Chapter 2 of the March 2018 Report provides details of the 


accident data review which I have undertaken.   
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3.21 Also as noted, there is some information which is still awaited from HE/Atkins 


in respect of accidents and so I may need to revert back in respect of safety 


matters once this has been received.  However, there are some points which I 


have highlighted now as they are based on information within the DCO 


submission which need to be properly understood within the context of the 


Wisley Lane connection with the A3 Northbound. 


 


3.22 The poor highway geometry of the existing left turn arrangement is described 


in paragraph 1.3.11 of the DCO TA (APP-136).  Road Safety and Accident 


Statistics are presented in Chapter 4 of this TA.   


 


3.23 The DCO Scheme proposes the closure (stopping-up) of the existing Wisley 


Lane connection to the A3 northbound.  The primary justification for this 


continues to be an implied safety improvement – section 4.3 of the TA refers to 


the predicted reduction in accidents through several operational improvements, 


one of which includes the closure of side road accesses on the A3, with a 


reference to Wisley Lane by way of example.   


 


3.24 However, as with previous submissions, no evidence is provided of actual 


safety issues which are directly related to the Wisley Lane connection to the 


A3. 


 


3.25 Paragraph 4.3.7 of the TA suggests benefits ‘are largely derived from widening 


the A3, particularly on the A3 northbound carriageway due to the closure of the 


Wisley Lane access and the relocation of merges away from the junctions.’  As 


set out below, this assertion is wholly unjustified.  


 


3.26 TTHC has previously undertaken a review of accidents (described in the March 


2018 submission) to determine causation and established the most accidents 


on the A3 northbound carriageway between the location of Wisley Lane and the 


Junction 10 off-slip are shunt-type accidents arising from congestion and 


queuing back from J10 itself.  Whilst there is some recognition of shunt-related 
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accidents (in paragraph 4.2.4 of the DCO TA) later references seek to make a 


connection with Wisley Lane which doesn’t exist. 
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4.0 THE DCO SCHEME 


  


4.1 When reviewing this section of my Representation, it may again assist to make 


reference to the moving graphical presentation of the respective movements 


which I refer to in paragraph 2.11.  


 


 Removal of Wisley Lane junction with A3 


 


4.2 It should be noted that in respect of the DCO Scheme, it is proposed to stop-up 


the existing Wisley Lane connection with the A3.   


 


4.3 This proposed stopping-up results in the need to make alternative provision for 


the existing Wisley Lane movements, which the DCO Scheme proposes by way 


of u-turns at M25 J10 and the Ockham Roundabout in combination with a Link 


Road connecting Wisley Lane with the Ockham Roundabout.   


 


4.4 As a consequence of the need to pass the Garden up to three times, via two u-


turns (at both J10 and at the Ockham Roundabout), the signed route is 


significantly less commodious and convenient for traffic using Wisley Lane.  


 


 Ockham Roundabout to Wisley Lane Link 


 


4.5 This component of the DCO Scheme provides a connection from the south-


eastern end of Wisley Lane (where its existing connection with the A3 is 


proposed to be stopped-up) to the Ockham Roundabout.  The DCO scheme 


proposes the link to bridge over the A3 and pass along the south-eastern side 


of the A3. 


 


4.6 Whilst the original proposal for a north-west sided Link Road was abandoned 


in favour of the Link Road being situated on the opposite side of the A3 (as 


proposed by the DCO Scheme), I now understand that uncertainty in respect of 


the trees at the A3 boundary of the RHS Garden remains as there is root survey 
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which has yet to be undertaken.  The implications of the DCO Scheme on the 


trees along the A3 boundary cannot be established until the results of the root 


survey and the associated DCO engineering works are known. As such, I may 


need to revert back on this issue once the results of the root survey have been 


assessed.   


 


 Implications for Wisley Lane Trips 


 


4.7 With regard to the DCO Scheme, it is important to understand the change in 


journey routes which would result as a consequence of the Wisley Lane 


stopping up and the replacement Link Road provisions.  The plans in Appendix 


I of the March 2018 Report provide diagrammatic representation of each of the 


following movements associated with the DCO Scheme as intended to be 


signed and the link in paragraph 2.11 provides the graphical simulation of the 


movements.   


 


 Approach from the South 


 


4.8 Travelling northbound from the South/Guildford direction, vehicles routeing via 


the A3 would be expected to continue (past the Garden) on the nearside up to 


J10, taking the diverge off and passing through 4 sets of traffic signals on the 


enlarged roundabout in order to u-turn and to then head southbound on the on-


slip merging with the mainline A3 southbound carriageway (past the RHS site 


on the offside), taking the diverge off to Ockham Roundabout, turning left onto 


the Link Road northbound (passing the RHS site again on the nearside) over 


the A3 before joining Wisley Lane.   


 


4.9 Compared to the existing route, the DCO Scheme would add 3.7 miles to each 


of these trips.  
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 Return Trip to the South 


 


4.10 The return trip from Wisley Lane and heading to the South/Guildford direction, 


would require vehicles to take the Link Road over the A3 and southbound down 


to the Ockham Roundabout (passing the RHS site on the offside) before u-


turning at the roundabout and taking the northbound slip road onto the A3 


(passing the RHS site on the nearside), merging with the mainline carriageway 


travelling northbound, then diverging from the mainline up to J10, passing 


through 4 sets of traffic signals on the enlarged roundabout in order to u-turn 


and then head southbound on the on-slip merging with the mainline A3 


southbound (past the RHS site on the offside) and continuing on the 


southbound carriageway.   


 


4.11 Compared to the existing route, the DCO Scheme would add 1.6 miles to each 


of these trips. 


 


 Approach from the North 


 


4.12 This movement is the only one which would be similar to the existing provisions.  


Travelling southbound from the North/London direction, vehicles would route 


via the A3 and take the diverge onto the Ockham Roundabout slip road, taking 


the left turn onto the new Link Road northbound over the A3 and then joining 


Wisley Lane. 


 


4.13 Compared to the existing route, the DCO Scheme would reduce travel by 0.1 


mile for each of these trips. 
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 Return Trip to the North 


 


4.14 The return trip from Wisley Lane heading to the North/London direction, would 


require vehicles to take the Link Road over the A3 and southbound down to the 


Ockham Roundabout (passing the RHS site on the offside) before u-turning at 


the roundabout and taking the northbound slip road onto the A3 (passing the 


RHS site on the nearside), merging with the mainline carriageway to the travel 


northbound. 


 


4.15 Compared to the existing route, the DCO Scheme would add 1.5 miles to each 


of these trips.  


 


 Ease of Use of DCO Scheme Signed Route 


 


4.16 Within the September 2019 Technical Note contained within Appendix B, in 


response to concerns I raised within the March 2018 Report regarding the 


routeing of Wisley Lane traffic to and from the south (as described above), a 


signage scheme has been provided.  Within the Technical Note itself 


(paragraph 6.1.2) it is suggested that signage ‘will be used to encourage drivers 


to use the A3 and M25 Junction 10 to access RHS’ [MH emphasis added]. 


 


4.17 The proposed signage scheme itself is provided in Appendix C of the 


September 2019 Technical Note.  As shown on the first drawing within Appendix 


C, if travelling from the south the HE scheme proposes a total of 12 ‘RHS’ Brown 


signs to direct visitors to the Garden.   


 


4.18 By design, the DCO Scheme requires these multiple new ‘u-turning’ movements 


for trips to and from the south to be undertaken.  As a consequence of the need 


to pass the Garden up to three times, via two u-turns (at both J10 and at the 


Ockham Roundabout), I believe that the signed route will result in driver 


uncertainty, confusion and stress, with drivers questioning the logic of passing 


the Garden and u-turning more than once.  In this regard the DCO Scheme 
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provisions are fundamentally flawed and I know of no other arrangement 


anywhere in the UK where such complex routeing arrangements exist from the 


Strategic Road Network.  In such circumstances, I consider there to be the 


potential for an increased risk of accidents.  


 


4.19 Within the next chapter of my Written Representation, I make reference to the 


equivalent signage required for the RHS Alternative Scheme.  


 


 


4.21 Within the March 2018 Report [paragraphs 3.24 to 3.26], I had disputed the 


assumed likelihood that all Wisley Lane traffic to and from the south would 


follow the intended signed route.  Rather than undertake this significant 


additional journey distance incorporating a number of u-turn manoeuvres, I 


believed that for some the alternative route via the local road network would 


become more attractive than the A3 route.  This alternative is available now 


from the south but with the existing access arrangements this is not the route 


taken by visitors.   


 


4.22 In any event, given the additional travel distance, journey time and 


inconvenience, in practice there will be some drivers who will route via Send 


and Ripley in order to reach Wisley Lane rather than travel via the circuitous 


signed route and this is now recognised within the traffic modelling results which 


have been reported within the DCO.  Once I have the outstanding traffic model 


information from HE, I am expecting to be able to estimate the proportion of 


traffic which could be expected to divert more precisely. 
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4.23 In considering this point, it should be noted that the A3 in the location of Send 


and Ripley is the ‘Ripley Bypass’ and has performed this function since 1976.  


Although we do not yet know the proportion of traffic which would be expected 


to route via the villages, we now know that the latest traffic modelling as relied 


on by the DCO application is now showing that as a consequence of the 


proposed Scheme, some A3 traffic will divert off the Ripley Bypass in favour of 


routeing through Ripley and Send.   


 


.  
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5.0 THE RHS ALTERNATIVE  


 


5.1 In considering alternative options, RHS has sought to ensure that one of the 


Key Benefits identified by HE at the start of the consultation process (ie 


Improved access to RHS Garden, Wisley) would be achieved whilst also being 


mindful of other interests within the surrounding area.   


 


5.2 In this regard, the objective was to consider options which: 


 


 would not result in the loss of the most important Garden land and trees;  


 would not result in an increase in vehicle travel and emissions;  


 would not require difficult and unusual journeys;   


 would not result in RHS (and other Wisley Lane) traffic diverting through 


local villages such as Send and Ripley  


 which would be capable of retaining bus access for the Site and the local 


area; 


 would be easy to sign and follow (thereby avoiding driver confusion and 


stress).  


 


5.3 Much of the above derives directly from seeking scheme simplicity. 


 


5.4 In particular, TTHC has sought to minimise U-turning movements at J10 and 


the Ockham roundabout where possible.  U-turning movements at roundabouts 


are the most onerous and have the most significant impact on highway capacity 


as they have a bearing on the operation of all arms of an interchange.  Drawings 


relating to the RHS Alternative Scheme are provided in Appendix J of the March 


2018 Report. 
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5.5 The RHS Alternative Scheme makes provision for the Ockham to Wisley Lane 


Link in the same way as that proposed by the DCO Scheme but incorporates 


the; 


 


(i) retention of an improved Wisley Lane entry to A3 Northbound carriageway 


(ii) addition of south facing slips at the Ockham Roundabout   


 


5.6 The RHS Alternative Scheme retains the existing provision for the Wisley Lane 


to A3 Northbound movement through the replacement of the existing priority left 


turn and link (with layby and merge type taper) with a free-flow turn onto a slip 


road comprising a Type B Parallel Merge connection with the A3.  As shown on 


the second drawing within Appendix J of the March 2018 Report, the resulting 


LAct weaving length for this scheme is 1017m and so meets the HE requirement 


without the need for a Departure from Standard. 


 


5.7 It should be noted at this stage that, in considering this weaving matter, it is only 


the Wisley Lane traffic which is heading northbound on the A3 towards London 


which actually results in a weaving component from the slip.  Any traffic routeing 


clockwise or anti-clockwise on the M25 would be in a nearside position and as 


such would be a non-weaving component. 


 


5.8 In respect of RHS traffic, the A3 London bound movement equates to around 


24% of trips.  Also, during the morning and evening peak periods, RHS related 


traffic is more limited as most of the trip activity associated with the Garden 


occurs during the inter-peak, when other background traffic on the A3 would be 


lower. 


 


5.9 In paragraph 2.24 I noted that the September 2019 Technical Note suggests 


that a direct access from Wisley Lane onto the A3 northbound would result in 


two extra accidents per annum.  I also noted that the assessment itself isn’t 


provided and there is no reference within the Technical Note to any wider 


assessment of accident reductions due to less overall travel and reducing the 
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routeing of traffic through local villages, which such a connection would result 


in.  The outstanding information referred to in paragraph 2.12 of my Written 


Representation may provide greater clarity on this matter. 


 


5.10 Nevertheless, in the meantime, I would note that whilst it is now claimed (within 


the September 2019 Technical Note – see Appendix B) that a Wisley Lane 


access onto the A3 northbound would result in two extra accidents per annum, 


earlier work contained within the November 2017 Scheme Assessment Report 


– Side Roads Addendum at page 66 (copy attached in Appendix C) suggested 


there would be one additional accident per annum.   


 


5.11 In connection with the inclusion of the south facing slips at Ockham 


Roundabout, these have a very significant effect on reducing overall travel.  


Details of the vehicle kilometre savings against both the existing highway 


network provisions and the proposed DCO Scheme are considered in more 


detail in Chapter 6 of my Written Representation.   


 


5.12 I would note, however, that the combination of retaining of an improved Wisley 


Lane entry to A3 Northbound carriageway with the addition of south facing slips 


at the Ockham Roundabout results in significant vehicle kilometre savings as 


well as scheme simplicity (layout and signage) and which avoids Garden and 


other Wisley Lane traffic routeing through Ripley and Send and which provides 


a more efficient bus service routeing. 


 


5.13 With regard to additional matters raised within the September 2019 Technical 


Note which haven’t already been discussed within my Written Representation 


and which I am able to address in the absence of the outstanding information 


from HE, these are covered below. 


 


 


 


 







 M25 Junction 10 / A3 Wisley Interchange Improvement  
 Development Consent Order (DCO) Application 
 Written Representation by Mike Hibbert 
  
 
 
 
 


 
November 2019 Page 24 M16114-02B 


Removal (Stopping Up) of Wisley Lane junction with A3 


 


5.14 As set out in paragraph 2.4 of the March 2018 Report, the existing Wisley Lane 


connection with the A3 comprises a simple priority left-in/left-out junction onto 


a parallel link road which includes a nearside bus stop/shelter and layby with 


parking which is predominantly used by HGVs.  However, within the RHS 


Alternative Scheme, described from paragraph 4.10 of the March 2018 Report, 


it is stated that the existing priority arrangement would be replaced with a slip 


road comprising a Type B Parallel Merge to cater for the Wisley Lane 


connection with the A3 northbound carriageway. 


 


5.15 Paragraph 2.1.2 of the Technical Note seeks to apply a recently superseded (in 


August 2019) priority junction design standard (TD42/95 from the Design 


Manual for Roads and Bridges (DMRB)) to this component of the RHS 


Alternative Scheme, to then ‘by implication’ suggest that this is not the 


appropriate standard.  I have never been suggested that TD42/95 should be 


the appropriate standard. 


 


5.16 In paragraph 2.1.3 the Technical Note goes on to state that another recently 


superseded standard (August 2019), TD22/06, is also not the appropriate 


standard because Wisley Lane at present has an at-grade junction with the A3.  


TD22/06 was the standard which applied when the RHS Alternative Scheme 


had been prepared and included within the March 2018 Report. 


 


5.17 Although TD22/06 has been superseded by CD122 ‘Geometric Design of Grade 


Separated Junctions’, the September 2019 Technical Note provides a review of 


the RHS Alternative Scheme against the old standard.  There are a number of 


aspects of paragraphs 2.1.4 to 2.1.5 that I do agree with.  However, given that 


this standard has been superseded, I have focused my response on the 


sections of the Technical Note which make reference to the latest standard 


CD122 (paragraphs 2.1.9 to 2.1.10).  A copy of CD122 is attached at Appendix 


D. 
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5.18 The September 2019 Technical Note includes a plan at Appendix A which 


provides an Atkins Geometric Review of the RHS Alternative Scheme in respect 


of the Wisley Lane connection with the A3 northbound. 


 


5.19 In respect of the turn off Wisley Lane itself, there are three matters raised where 


Atkins are suggesting greater geometry.  It is noted that the higher Rural Road 


standard (100kph/60mph) for Wisley Lane is being proposed for the taper and 


nose, as opposed to the lesser requirements for 50mph roads or less (Wisley 


Lane has a 40mph speed limit at present, although the potential to reduce this 


to 30mph has been discussed in meetings with HE).  In any event, there is 


scope on Wisley Lane to amend these details if required. 


 


5.20 In terms of the slip road radius, it is suggested that this should be 88m (currently 


proposed to be 56m).  However, the minimum radius stated at paragraph 5.10 


of CD122 is 30m onto an All Purpose Road and so this component could be 


reduced if necessary. 


 


5.21 The more critical component of the Wisley Lane connection with the A3 


Northbound is, however, the Merge standard and the weaving length. 


 


5.22 The type of Merge arrangement proposed within the RHS Alternative Scheme 


would now (under the new standard) be described as a Layout B (Figure 3.14c 


of CD122), which comprises a Nose, Auxiliary Lane and Taper (see page 18 of 


CD122).  The geometric parameters of this type of layout are set out in Table 


3.21 (page 21) of CD122 [for 120kph Rural All Purpose road: Nose = 85m, Min 


Auxiliary Lane Length = 190m, Length of Auxiliary Lane Taper = 55m].   


 


5.23 For the purpose of Layout B weaving calculations, the start of the weaving 


length is determined by projecting the nearside slip edge to meet the mainline 


carriageway (see Figure 4.4a of CD122).  I introduced the auxiliary lane into our 


design for the RHS Alternative Scheme to assist with the weaving length and to 
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ensure this met the 1km design standard without the need for a Departure from 


Standard.  In this regard, and contrary to what is suggested in Figure 1 of the 


September 2019 Technical Note, it is important to understand the purpose of 


the Auxiliary Lane.  This is defined on page 7 of CD122.  It is clear from this 


definition that, when considering weaving length, a Layout A taper should not 


be applied to a Layout B arrangement in order to determine the start of the 


weaving length calculation because it would negate the benefit of introducing a 


Layout B arrangement.   


 


5.24 Additional comments are made within paragraphs 2.1.11 to 2.1.19 regarding 


the accident record and safety aspects of the RHS Alternative Scheme.  I am 


awaiting further information from HE/Atkins in respect of accidents and so will 


revert back on these matters once received. 


 


5.25 Similarly, with regard to Section 3 of the September 2019 Technical Note, there 


is traffic model output that is awaited before I am able to answer these matters. 


 


 Ockham Roundabout South Facing Slips 


 


5.26 In considering the points raised in Section 4 of the September 2019 Technical 


Note, it is noted that HE confirm (at paragraph 4.1.6) that the south facing slips 


at Ockham could, if feasible and affordable, provide more direct access to 


Wisley Lane and the Garden.  This supplements previous comments by HE that 


it does not have an in principle objection to the slips. 


 


5.27 In the third bullet of section 4.1.6 of the September 2019 Technical Note, it is 


noted that Ripley Service Area is approximately 1.5km from Ockham 


Roundabout.  It is then suggested that the weaving length would be around 


600m against a standard of 1km.  This particular weaving length matter is new 


in that this has not been suggested as an issue previously.  Nevertheless, 600m 


is not the minimum length which can be achieved. 
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5.28 In responding to this particular matter, I should note that there is scope within 


the spacing available and through the provision of Layout B Merges and Layout 


A option 2 Diverges (see Figures 3.30b and 4.4f in CD122) between Ripley 


Service Area and the Ockham Roundabout to provide a 1km weaving length, 


with the possibility of a very minor shortfall in the southbound direction, which 


potentially could be addressed by way of relatively minor modification to the 


Ockham Roundabout. 
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6.0 COMPARISON BETWEEN DCO SCHEME AND RHS ALTERNATIVE 
SCHEME 


 


 Scenarios 


 


6.1 DCO Scheme will result in a combination of the following implications: 


 


 Additional Travel Distance (if signed route is followed) 


 Diversion of traffic off the A3 (add Ripley bypass ref) through Ripley & Send 


 Reduction in Visits 


 


6.2 Mr Bunney deals with the economic consideration of these and examines the 


potential reduction in the number of visits to the Garden.  Within my Written 


Representation, I have updated the March 2018 Report work in respect of travel 


distances (including a comparison with the RHS Alternative Scheme) assuming 


the signed route is followed. 


 


6.3 As noted earlier, in order to estimate the likely diversion of Wisley Lane traffic 


from the A3 onto the B2215 through Ripley and Send I require the outstanding 


traffic model information from HE. 


 


 Travel Distance Implications 


 


6.4 Within the March 2018 Report, I set out details of the difference in journey 


distance between the ‘Existing’, the then ‘PRA Scheme’ and the ‘RHS 


Alternative Scheme’.  As a consequence of relatively minor amendments to the 


alignment of some of the proposed highway components within the DCO 


Scheme, this work has been updated. 


 


6.5 Table 1 below has been updated, although the amendments are very minor. 


 







 M25 Junction 10 / A3 Wisley Interchange Improvement  
 Development Consent Order (DCO) Application 
 Written Representation by Mike Hibbert 
  
 
 
 
 


 
November 2019 Page 29 M16114-02B 


 
Highways 


England PRA 
Scheme 


(compared to 
existing) 


RHS 
Alternative 


(compared to 
Existing) 


RHS 
Alternative 


(compared to 
HE Scheme) 


From Guildford +3.7 miles* +0.2 miles -3.5 miles 


To Guildford +1.6 miles -2.2 miles -3.8 miles 


Round Trip (south) +5.3 miles -2.0 miles -7.3 miles 


From London -0.1 miles -0.1 miles 0 


To London +1.5 miles 0 -1.5 miles 


Round Trip (north) +1.4 miles -0.1 miles -1.5 miles 


 
*Alternative 


Route via 
Send/Ripley 3.6 


miles shorter 


  


                    Table 1 – Comparison of Respective Travel Distances 


 


6.6 As shown, the RHS Alternative Scheme would result in significant journey 


distance savings when compared to the DCO Scheme, with a saving of 7.3 


miles on the round trip from/to the South and a saving of 1.5 miles for the round 


trip to/from the North. 


 


6.7 By reference to earlier work undertaken by Motion Transport Consultants, these 


savings have been applied to an estimate of the RHS related annual trip 


movements in order to determine the scale of vehicle mileage savings through 


the year and to estimate the potential emission savings which could result.   


 


6.8 Within the March 2018 Report, these calculations had been based on an annual 


visitor number of 1,200,000 visitors per annum (vpa) and adjusted for travel 
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mode/vehicle occupancy.  However, with reference to Mr Bunney’s Written 


Representation, I have updated the figures to reflect the latest RHS forecast for 


2024, which as a result of the RHS Investment programme was expected to be 


1,494,000 etc.  Details of the updated calculations are provided in Appendix E. 


 


6.9 Compared to the DCO Scheme, the RHS Alternative Scheme would result in 


3.3 million miles per annum less travel (5.4 million kilometres per annum). 


 


6.10 With regard to other Wisley Lane trips further savings in travel distance would 


also be expected. 


 


 Implications for Surrounding Area and Villages 


 


6.11 All of the above calculations are based on traffic travelling on the network as 


signed with the DCO scheme.  However, given some of the diversion distances 


and inconvenience, it is expected that in practice some drivers will divert away 


from the A3 and route via Send and Ripley.    


 


6.12 Following the receipt of outstanding traffic model information an estimate of 


what proportion of traffic is likely to divert will be undertaken and this Written 


Representation updated. 


 


 Signage and Ease of Use 


 


6.13  The proposed signage for the DCO Scheme is provided in Appendix C of the 


September 2019 Technical Note (copy in Appendix B).  As shown on the first 


drawing within Appendix C of the Note, if travelling from the south the HE 


scheme proposes a total of 12 ‘RHS’ Brown signs to direct visitors to the 


Garden.   
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6.14 In order to provide a comparison with the RHS Alternative Scheme, I have 


attached a plan (see Appendix C) which shows the HE proposed signage 


alongside that which I would propose for the RHS Alternative Scheme.  As 


shown, with the RHS Alternative Scheme, with the provision of south facing 


slips at Ockham, the equivalent trip from the south would require just 2 ‘RHS’ 


Brown signs. 


 
 
6.15 In contrast with the provisions of the DCO Scheme, the RHS Alternative 


Scheme would provide vehicle routeing which would be simple, clear and less 


stressful for visitors to RHS Wisley.  


 


 Bus Service Implications 


 


6.16 One of the consequences of the DCO Scheme is the relocation of the existing 


bus stops which are currently situated either side of the A3 adjacent to the 


junction with Wisley Lane.   


 


6.17 These stops serve the hourly 715 service between Guildford and Kingston Upon 


Thames, including stops at Burnt Common, Ripley, RHS, Cobham and Esher.   


 


6.18 A further benefit of the combination of the retained left turn slip from Wisley 


Lane onto the A3 northbound and the provision of south facing slips at Ockham 


Roundabout, as proposed within the RHS Alternative Scheme, is that bus 


services can continue to route along the A3 but still turn off to serve RHS Wisley 


before re-joining the A3 carriageway conveniently in both directions without any 


significant diversion.   
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7.0  CONSTRUCTION IMPACTS 


  


7.1 Whilst details of the construction phasing have yet to be disclosed, I understand 


from discussions I have had previously with HE/Atkins that the early phases of 


the DCO Scheme Construction are likely to relate to parts of the network close 


to the Garden and that they are likely to commence in Spring 2021, which would 


coincide with the completion of the RHS Investment works, 


 


7.2 I also understand that the DCO works are likely to continue until Summer 2023. 


 


7.3 In addition to concerns in relation to the locational implications of the early 


phase DCO Scheme works, being close to the Garden, and the potential timing 


of these, commencing closely after the completion of the RHS works, there is 


also concern regarding the uncertainty of what capacity will be retained on the 


A3 and around M25 Junction 10 during the works. 


 


7.4 The Economic Impact Assessment prepared by Mr Jon Bunney takes account 


of disruption to the garden, but cannot be conclusive until a Construction Plan 


is submitted as part of the DCO.  I am aware, as noted, that work has been 


undertaken by HE and RHS team has highlighted the importance of timing and 


sequence of works and mitigation arrangements but have not been provided 


with the information required to provide a full assessment.   


 


7.5 Greater clarity is vital to the RHS and its visitors in respect of the DCO 


construction programme.  Mr Bunney’s assessments suggest that construction 


impacts on the garden will be significant and the RHS consider that reasonable 


mitigation is required in the interests of maintaining operations and financial 


viability of the garden and surrounding businesses and residents. 
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8.0 SUMMARY & CONCLUSIONS 


 


 Overview 


 


8.1  This report has been prepared on behalf of the RHS, to provide a response to 


the DCO Application for Highways England’s proposals for the ‘M25 Junction 


10 / A3 Interchange’.   


 


8.2 I have advised RHS on technical highway matters and have highlighted what I 


consider to be fundamental flaws in the proposals which now comprise the DCO 


Scheme.   


 


8.3 Through the work I have undertaken, RHS has proposed amendments to the 


DCO Scheme which would address the significant detrimental implications 


which would be created. 


 


8.4 Throughout this Written Representation, I make reference to the contents of a 


report I prepared on behalf of RHS which dealt with most of the technical 


considerations relating to DCO proposals.     


 


8.5 From the initial HE consultation, RHS has been supportive of the principle of 


improving J10 but has objected in relation to the proposed access 


arrangements to the Garden.   


 


8.6 The RHS position is set against the context of one of the HE’s original Key 


Benefits of the DCO Scheme being ‘improved access to RHS Wisley’.   


 


8.7 Contrary to this aim, the DCO Scheme would result in a significant worsening 


of access to and from RHS Wisley. 
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 The DCO Scheme and RHS Alternative Scheme 


 


8.8 The DCO Scheme proposes the stopping up of the existing Wisley Lane 


connection with the A3, with replacement access being by way of a new Link 


Road connection to the Ockham Roundabout.   


 


8.9 Given that the DCO Scheme does not propose to replace the access from the 


A3, the proposals require significant extra travel than at present.  


 


8.10 The RHS Alternative Scheme avoids this unnecessary additional travel by way 


of the following key components; 


 


(i) retention of an improved Wisley Lane entry to A3 Northbound carriageway 


(ii) addition of south facing slips at the Ockham Roundabout   


 


8.11 I have included a link to a graphical simulation of the ‘Existing’, ‘DCO Scheme’ 


(as proposed to be signed) and ‘RHS Alternative Scheme’ routeing to assist 


in the appreciation of the issues faced in respect of the proposals. 


 


8.12  The proposed signage for the DCO Scheme shows that if travelling from the 


south the HE scheme proposes a total of 12 ‘RHS’ Brown signs to direct visitors 


to the Garden.   


 


8.13 With the RHS Alternative Scheme, the equivalent trip from the south would 


require just 2 ‘RHS’ Brown signs. 


 


8.14 Given some of the diversion distances and inconvenience introduced by the 


DCO Scheme, it is expected that in practice some drivers will divert away from 


the A3 and route via the local villages of Send and Ripley.   


 


8.15 Although this consequence had always been disputed by HE/Atkins, there is 


now acknowledgement within the DCO submissions that their traffic modelling 
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shows this, albeit it is unclear at present precisely how much traffic HE/Atkins 


expect to divert off the A3 and through the local villages.  Output from the traffic 


modelling which would clarify the scale of this diversion has been requested 


and is awaited.   


 


8.16 Further information and clarification is also awaited in respect of a number of 


other technical matters.  Once received, I will need to supplement and update 


the content of this Written Representation.   


 


8.17 Although not contained within the DCO submission documents, in respect of 


signage, a scheme has now been provided within a Technical Note prepared 


by Atkins and dated September 2019.  By design, this requires multiple new ‘u-


turning’ movements for trips to and from the south, as demonstrated by the 


graphical simulation referred to.   


 


8.18 As a consequence of the need to pass the Garden up to three times, via two u-


turns, the signed route will result in driver uncertainty, confusion and stress.  In 


this regard the DCO Scheme provisions are fundamentally flawed and I know 


of no other arrangement anywhere in the UK where such complex routeing 


arrangements exist from the Strategic Road Network.  In such circumstances, I 


consider there to be the potential for an increased risk of accidents.  


 


8.19 In contrast with the provisions of the DCO Scheme, the RHS Alternative 


Scheme would provide vehicle routeing which would be simple, clear and less 


stressful for visitors to RHS Wisley.   


 


8.20 In respect of public transport, the RHS Alternative Scheme would enable bus 


services to continue to route along the A3 and serve RHS Wisley in a more 


efficient manner than the DCO Scheme.   


 


8.21 There remains uncertainty in respect of the trees at the A3 boundary of the RHS 


Garden as there is a root survey which has yet to be undertaken.  The 
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implications of the DCO Scheme on the trees along the A3 boundary cannot be 


established until the results of the root survey and the associated DCO 


engineering works are known.   


 


8.22 In overall highway provision terms, the DCO Scheme is essentially the same as 


that published in March 2018 at Preferred Route Announcement stage.  In 


response to the Statutory Consultation for the PRA Scheme, I prepared the 


March 2018 Report.   


 


8.23 The March 2018 Report provides much of the technical basis (in respect of 


highway matters) of the RHS objections to the DCO scheme, albeit based on 


the earlier PRA Scheme.  


 


8.24 Atkins has provided two written responses to the March 2018 Report.  First, a 


short Technical Note dealing only with matters of ‘Safety’, ‘Journey Distance’ 


and ‘Journey Times and Demand’, which is dated 21/3/19. Second, a more 


detailed Technical Note dated 26/9/19 (i.e. after the submission of the DCO 


Scheme).   


  


8.25 The Technical Note suggests that a direct access from Wisley Lane onto the 


A3 northbound would result in two extra accidents per annum.  The assessment 


itself isn’t provided and there is no reference within the Technical Note to any 


wider assessment of accident reductions due to less overall travel and reducing 


the routeing of traffic through local villages, which such a connection would 


result in.  


 


8.26 In respect of Journey Distance, the first Technical Note quotes some slightly 


different travel distances for the effect of the then PRA Scheme than I had 


quoted within the March 2018 Report.  This response does, however, highlight 


that the journey distances via the local villages (as opposed to the HE’s 


proposed scheme) would be shorter.   
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8.27 There is no equivalent assessment provided within the Technical Note which 


compares distances with the RHS Alternative Scheme. 


 


8.28  With regard to additional matters raised within the second Technical Note of 


September 2019 this raises matters of weaving length in respect of the 


proposed Wisley Lane connection with the A3 Northbound component of the 


RHS Alternative Scheme as well as a new weaving length point in connection 


with the proposed south facing slips at Ockham (to Ripley Service Area). 


 


8.29 The type of Merge arrangement proposed within the RHS Alternative Scheme 


would now (under the new standard) be described as a Layout B, which 


comprises a Nose, Auxiliary Lane and Taper which all meet the latest design 


standard.   


 


8.30 I introduced the auxiliary lane into our design for the RHS Alternative Scheme 


to assist with the weaving length and to ensure this met the 1km design 


standard without the need for a Departure from Standard.  The weaving length 


of 1km is provided by the RHS Alternative Scheme. 


 


8.31 With regard to the south facing slips at Ockham, within the September 2019 


Technical Note, it is noted that Ripley Service Area is approximately 1.5km from 


Ockham Roundabout.  It is then suggested that the weaving length would be 


around 600m against a standard of 1km. 


 


8.32 In responding to this particular matter, I should note that there is scope within 


the spacing available and through the provision of slips with auxiliary lanes to 


provide a 1km weaving length, with the possibility of a very minor shortfall in the 


southbound direction, which potentially could be addressed by way of relatively 


minor modification to the Ockham Roundabout. 


 


8.33 In respect of construction impacts, greater clarity is vital to the RHS and its 


visitors with respect of the DCO construction programme.   







 M25 Junction 10 / A3 Wisley Interchange Improvement  
 Development Consent Order (DCO) Application 
 Written Representation by Mike Hibbert 
  
 
 
 
 


 
November 2019 Page 38 M16114-02B 


 Overall Summary and Conclusion 


 


8.34 I consider that in respect of highway considerations, the DCO Scheme would 


result in; 


 


(i) significant additional travel, 


(ii) confusing access to the Garden and others bound for Wisley Lane, 


(iii) additional traffic through local villages which currently uses the A3, and 


(iv) a significant overall worsening of access to the Garden. 


 


8.35 All of this harm is unnecessary and avoidable.   


 


8.36 Based on the signed route, the RHS Alternative Scheme would result in 


significant journey distance savings when compared to the DCO Scheme, with 


a saving of 7.3 miles on the round trip from/to the South and a saving of 1.5 


miles for the round trip to/from the North. 


 


8.37 Adopting the latest RHS forecast of 1,494,000 visitors for 2024, the RHS 


Alternative Scheme would result in 3.3 million miles per annum less travel (5.4 


million kilometres per annum) compared to the DCO Scheme. 


 


8.38 In addition to these RHS traffic related savings there would also be others 


associated with non-RHS trips using Wisley Lane.   


 


8.39 I therefore conclude that in respect of Wisley Lane provisions and the impact of 


the proposals on RHS Garden Wisley, the DCO Scheme is fundamentally 


flawed. 
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1 Summary and Conclusions 


1.1 This representation has been prepared by Prof. Duncan Laxen, who has many years’ experience 


of assessing air quality in relation to road traffic emissions. 


1.2 Highways England’s (“HE”) assessment has shown that the DCO Scheme will give rise to adverse 


impacts on nitrogen oxides (NOx) concentrations and nitrogen deposition (“Ndep”) rates within the 


special protection area (“SPA”) declared under the habitats directive alongside the A3.  The RHS 


Alternative Scheme will reduce these adverse impacts.  It will have the added benefit of reducing 


the exposure of residents in Ripley to increased concentrations of air pollutants, as well as off-


setting some of the increased emissions of the greenhouse gas (CO2) associated with the DCO 


Scheme. 


1.3 In preparing my comments I have identified a number of weaknesses in the assessment provided 


by HE, giving rise to the following recommendations.  HE should be required to: 


a) include NOx concentrations, assessed against the critical level, as part of the Statement to 


Inform Appropriate Assessment (“SIAA”), as without this information relevant authority will be 


unable to complete the Appropriate Assessment; 


b) apply the LLTE6 method, or something similar, to derive future projections of NOx 


concentrations for use in the SIAA; 


c) include an assessment of ammonia concentrations from road traffic and also to include the 


contribution of road traffic ammonia emissions in the calculations of Ndep rates; 


d) carry out the calculations of Ndep rates using the deposition rates from AQTAG for short 


vegetation and forest as appropriate; 


e) carry out a proper in-combination assessment of the NOx and ammonia concentrations and 


Ndep rates; 


f) fully assess the impacts on air quality in Ripley of RHS traffic using the route through Ripley 


rather than the signed route via the A3 and junction 10; 


g) include receptors in Ripley where the impacts will be worst case; 


h) verify the model using the local monitoring in Ripley;  


i) apply the IAQM descriptors to its modelled concentrations for human health impacts, to provide 


a more complete assessment using the most up-to-date guidance. 


1.4 In my view, without taking account of the recommendations I set out above, the Examining 


Authority does not have a suitable air quality assessment and SIAA with which to determine the 


DCO, and the relevant authority will not have the necessary information to complete the 


Appropriate Assessment. 
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1 Introduction 


1.1 My name is Duncan Laxen. I hold Bachelor of Science and Master of Science degrees in 


Environmental Sciences and a Doctor of Philosophy degree in air pollution chemistry, all obtained 


at Lancaster University in 1971, 1975 and 1978 respectively.  I am a Visiting Professor in Air 


Quality Management and Assessment at the University of the West of England, Bristol.  I have 


over 50 years’ experience in environmental sciences, most of them in the field of air pollution.  I am 


an Associate of Air Quality Consultants Ltd, the company I set up in 1993.   


1.2 I have been a member of various Government expert groups, including the Department of the 


Environment, Food and Rural Affairs’ (“Defra”) Air Quality Expert Group and the Department of 


Health’s Committee on the Medical Effects of Air Pollution.  I have been a member of the Steering 


Group established by the European Commission to oversee the Clean Air for Europe initiative.   I 


am a Fellow of the Institute of Air Quality Management (“IAQM”), the professional body for air 


quality practitioners.  I have published over 70 scientific and technical papers and have made 


numerous presentations at conferences.   


1.3 I have considerable experience over many years of assessing road traffic emissions, which has 


frequently included presentation of expert evidence at public inquiries and DCO hearings into road 


schemes. 


1.4 I have been closely involved with the development of air quality management and assessment in 


the UK.  This includes a close involvement in the preparation of technical guidance, on behalf of 


Defra, to support Local Air Quality Management responsibilities of local authorities, as well as 


guidance on air quality assessments for the planning regime, on behalf of the IAQM and 


Environmental Protection UK.   


1.5 In recent years I have been involved in assessing the impacts of road traffic on Special Areas of 


Conservation (“SACs”) and Special Protection Areas (“SPAs”) protected under the Habitats 


Directive.  This includes involvement in the work on Ashdown Forest SAC on behalf of Wealden 


District Council (“DC”), work on Burnham Beeches SAC on behalf of South Bucks DC, work on 


Epping Forest SAC in support of a developer, work on the Thames Basin Heaths SPA on behalf of 


the Wisley Action Group, work on Thames Estuary and Marshes SPA on behalf of the Port of 


Tilbury, and work on the Dorset Heaths SAC on behalf of Bournemouth Christchurch and Poole 


Council.  


1.6 Earlier this year I was invited by the Royal Horticultural Society (RHS), Wisley to provide air quality 


advice in relation to the impacts of the DCO Scheme and the role of the RHS Alternative Scheme 


in reducing these impacts. 
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1.7 The representation I provide to these Hearings is my true and professional judgement based on 


scientific evidence and my long experience as an air quality professional. 


2 Scope 


2.1 My representation expands upon the representations related to air quality made by RHS to the 


Planning Inspectorate on 6 September 2019 (RR-024).  In particular, it examines the evidence of 


the impacts of the DCO Scheme on habitats and human health and how they will be alleviated by 


the RHS Alternative Scheme.  I address three matters: 


 impacts on the Thames Basin Heaths SPA; 


 impacts on climate change; 


 impacts on air quality in Ripley. 


2.2 My evidence also draws upon the written representation presented to the hearing by Mike Hibbert 


(traffic) (RHS/MH/1) and Andrew Baker (ecology) (RHS/AB/1). 


3 Impacts on the Thames Basin Heaths SPA 


Effect of Excess Distance Travelled to Access RHS Wisley 


3.1 The DCO Scheme will increase road traffic on the A3 north of Wisley Lane by requiring traffic 


accessing the RHS site from the south to pass along this section of road four times for each visit, 


as described in the written representation of Mike Hibbert (para 2.11, page 4, and paras 4.8 to 


4.11, pages 16 and 17, in RHS/MH/1).  This section of the A3 passes through the Thames Basin 


Heaths SPA (see Figure 7.3 in AS-007).  The SPA is protected under the Habitats Regulations.  


Effects on the health and viability of vegetation within the SPA can arise from increases in 


concentrations of nitrogen oxides (NOx) and increases in nitrogen deposition (Ndep).  The NOx 


concentrations are assessed against the critical level for protection of vegetation of 30 


microgrammes per cubic metre g/m3) as an annual mean NOx (see para 5.3.2 in the Scoping 


Report, APP-132).  The Ndep rates are assessed against the critical load of 10 kg N/ ha/ yr (see 


para 7.2.29 in APP-043).  Effects can also arise from increases in ammonia concentrations and 


acid deposition.  Ammonia is discussed further in para 3.12 below. 


3.2 Highways England (“HE”) says critical levels are to be used on a precautionary basis as a 


benchmark only (see para 5.3.2 of the Scoping Report (APP-132), on page 46).  Critical levels are 


defined on the Air Pollution Information (APIS) website and are levels above which direct adverse 


effects on receptors may occur (see para A1.2 in Appendix A1, on page 12 of this report).  


Furthermore, Natural England confirms that critical levels are the relevant benchmark for 
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assessment (see paragraph 2.2 in Appendix A2 on page 15 of this report).  The implications are 


addressed further in para 3.8 below.  


3.3 In relation to NOx concentrations, the Air Quality Assessment (APP-050) refers (para 5.8.21, page 


31) to a transect of receptors extending into the SPA either side of the A3 to the south of junction 


10 – Receptors R141 to R148 to the northwest and R149 to R156 to the southeast, as shown in 


Figure 5.10, sheet 3 of 4 (page 11) of APP-065.  The Air Quality Assessment (APP-050) shows 


that “In the opening year of 2022, there were still exceedances of the critical level both with and 


without the Scheme at the majority of sites” (para 5.8.23, page 31).  The results in the Air Quality 


Assessment show that there are clear exceedances of the critical level at the receptor points close 


to the A3 on the two transects, and that the scheme will give rise to medium to large increases in 


2022.  Results for the receptors closest to the A3 on the two transects are reproduced in Table 1, 


and are taken from Table 5.7.10 in APP-080 (page 67).   


Table 1:  Nitrogen Oxides Concentrations (g/m3) Along Two Transects Running from 
the A3 (see text for source) 


Receptor 2022 
Concentration Do 


Minimum 


2022 
Concentration 
With Scheme 


Change Impact – HE 
Descriptors 


West of A3 


R141 67.7 69.9 +2.2 (7.3%) Medium 


R142 58.1 59.6 +1.5 (5.0%) Small 


R141 40.8 41.1 +0.3 (1.0%) Imperceptible 


East of A3 


R149 94.8 98.9 +4.1 (13.7%) Large 


R150 79.8 82.7 +2.9 (9.7%) Medium 


R151 53.6 54.5 +0.9 (3.0%) Small 


R152 39.5 39.6 +0.1 (0.3%) Imperceptible 


3.4 The Ndep rates calculated for these same receptors alongside the A3 are set out in the Statement 


to Inform Appropriate Assessment (“SIAA”) (APP-043) as transects 3 and 4 in Table 8 (page 41).  


The increases, due to the DCO Scheme alone, range up to 1.1% of the Critical Load to the west of 


the A3, and up to 1.6% to the east.  In both cases the Ndep rates are well above the critical load of 


10 kg/ha/yr at all receptors, and rise to 15.2 kg/ha/yr (west) and 16.1 kg/ha/yr (east).  The 


importance of the exceedences of the critical load is discussed by Andrew Baker in his written 


representation (see in particular paras 15 to 19 and 23 in RHS/AB/1). 


3.5 A significant part of these increases in NOx concentrations and Ndep rates within the SPA will be 


due to the additional vehicle movements undertaken by RHS visitors, as required by the DCO 
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scheme.  These additional traffic movements are described in the written representation of Mike 


Hibbert (para 2.11, page 4, and paras 4.8 to 4.11, pages 16 and 17, in RHS/MH/1). 


3.6 The RHS Alternative Scheme for south-facing slip roads for the A3 at Ockham Roundabout would 


remove this increased traffic through the SPA and therefore reduce the adverse effects of the DCO 


Scheme on the SPA. 


Other Limitations of Highways England’s Assessment 


3.7 I have also determined that the SIAA (APP-043) is inadequate in a number of other regards. 


NOx Concentrations Should be Included in the SIAA 


3.8 The SIAA (APP-043) fails to consider the impacts of the DCO Scheme on NOx concentrations 


within the SPA as part of the assessment, even though NOx concentrations are included in the Air 


Quality Assessment (APP-050).  No reason for this omission is provided.  In my view HE should 


be required to include NOx concentrations, assessed against the critical level, as part of the 


SIAA, as without this information the relevant authority will be unable to complete the 


Appropriate Assessment. 


NOx Concentrations Should be Projected Forward Correctly 


3.9 The Air Quality Assessment makes clear that it has used the LTTE6 approach set out in the DMRB 


to project NO2 concentrations (paras 5.5.23 and 5.5.24 in APP-050).  This LTTE6 approach allows 


for evidence that emission factors for some vehicles have not declined as fast as expected.  As a 


consequence it projects smaller reductions in NO2 concentrations than the default approach based 


on Defra’s Emission Factor Toolkit (“EfT”) emission factors.  The LTTE6 approach is “considered 


the most realistic of the projections for estimating future concentrations (of NO2), taking into 


account uncertainty in long term trends, and has therefore been used as the basis for determining 


the impact and significance of the changes” (para 5.8.7 in App-050). 


3.10 An LTTE6 approach has not, however, been applied to the NOx concentrations, so the reduction in 


NOx concentrations from 2015 to 2022 has been exaggerated.  This is evident in some simple 


calculations using the sites with the highest modelled receptor concentrations, i.e. the receptors 


most dominated by road traffic, as illustrated in Table 2. The rate of reduction for NO2 using the 


default EfT emission factors is much higher (-4.5%/yr) than that for the LTTE6 approach (-3.1%/yr).   


The rate of NOx reduction using the default EfT emission factors (-4.6%/yr) is similar to that for 


NO2 (-4.5%/yr) when using the default EfT emission factors, but much higher than the LTTE6 rate 


of reduction for NO2.  As already noted, the LTTE6 approach has not been applied to the NOx 


concentrations, so there is no equivalent LTTE6 reduction rate for NOx. 
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Table 2:  Calculated Reductions in NO2 and NOx Concentrations (g/m3) for Receptors 
Most Influenced by Road Traffic  


Receptor 2015 
Concentration  


2022 
Concentration Do 


Minimum 


Total Change 
from 2015 to 


2022 


Change per Year 


NO2 


R71 (LTTE6) a 55.2 b 43.3 b -21.6% -3.1%/yr 


R71 (Default EfT) a 55.2 c 37.8 c -31.5% -4.5%/yr 


NOx 


R98 176.8 d 119.8 d -32.2% -4.6%/yr 
a  brackets indicate the emission projection approach – see para 3.9 


b Value from Table 5.7.9, page 64 in APP-080  


c  Value from Table 5.7.2, page 56 in APP-080 


d  Value from Table 5.7.10, page 65 in APP-080 


3.11 Support for the LTTE6 approach comes from a recent detailed analysis of trends across the UK for 


the period 2010 to 2018, which has shown a trend for road sites of -3.10%/yr for NO2 and -


3.02%/yr for NOx (see Tables 1 and 2 reproduced in Appendix A3 on page 15 of this report).  


These numbers are consistent with the rate for NO2 derived using the LTTE6 method (-3.1%/yr), 


and help confirm that the projections for NOx in the HE Air Quality Assessment are exaggerated.  


Predicted future year NOx concentrations will therefore be too low, and this will affect the 


assessment of impacts.  In my view HE should be required to apply the LLTE6 method, or 


something similar, to derive future projections of NOx concentrations for use in the SIAA, 


as without this information the relevant authority will be unable to complete the Appropriate 


Assessment (AA). 


Ammonia Should be Included in the SIAA 


3.12 The SIAA (APP-043) does not include the contribution of ammonia (NH3) emissions from the road 


traffic, both in relation to the critical levels for ammonia itself and in terms of the contribution of 


ammonia to Ndep.  This is an important omission, as ammonia from road traffic can double the 


traffic component of Ndep close to roads (see Appendix A4, in particular pages 21-23 of this 


report), and ammonia itself may have direct effects.  Furthermore, ammonia emissions from road 


traffic are unlikely to decrease into the near future (see Appendix A4, in particular pages 23 and 24 


of this report).  The SIAA is thus incomplete.  In my view HE should be required to include an 


assessment of ammonia concentrations from road traffic and also to include the 


contribution of road traffic ammonia emissions in the calculations of Ndep rates, as without 


this information the relevant authority will be unable to complete the Appropriate 


Assessment. 
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The Ndep Calculations Should use Appropriate Deposition Velocities 


3.13 HE has made clear in its response to questions from RHS that it has used the deposition velocity 


from the DMRB to calculate the NDep from the changed NO2 concentrations (see Appendix A5 on 


page 25 of this report).  This is a single value of 0.001m/s for short vegetation and trees.  The 


latest guidance from IAQM is that deposition velocities provided by AQTAG are to be used in 


preference (see Appendix A6).  These are 0.0015m/s for short vegetation and 0.003m/s for forest.  


Following the latest guidance will result in higher Ndep contributions from road traffic than 


presented in the SIAA.  In my view HE should be required to carry out the calculations of 


Ndep rates using the deposition rates from AQTAG for short vegetation and forest as 


appropriate, as without this information the relevant authority will be unable to complete the 


Appropriate Assessment. 


The In-Combination Assessment for the SIAA Should be Carried out Correctly 


3.14 The in-combination assessment has not been carried out correctly.  The assessment presented by 


HE in section 7.3 of the SIAA (APP-043) takes each potential in-combination source and assesses 


it separately and qualitatively.  The in-combination assessment has to establish the combined 


impacts of all plans and projects on NOx and NH3 concentrations and Ndep rates, and not treat 


them separately.  In my view HE should be required to carry out a proper in-combination 


assessment of the NOx and NH3 concentrations and Ndep rates, as without this information 


the relevant authority will be unable to complete the Appropriate Assessment. 


4 Impacts on Climate Change 


4.1 The Air Quality Assessment (APP-050) calculates the changes in regional emissions of CO2, with 


the results presented in Table 5.13 of APP-050.  The emissions will be 25% higher in 2022 than 


2015 due to traffic growth, with the DCO Scheme increasing the 2022 emissions by 3,425 tonnes 


per year or 0.2%, due to an additional 45 million veh-km travelled.  A part of this growth in CO2 


emissions with the DCO Scheme will be due to the new arrangements for traffic accessing RHS 


Wisley.   


4.2 The DCO Scheme will increase the distance travelled by RHS traffic, both for visitors approaching 


from the south and from the north, as set out in the written representation of Mike Hibbert (para 


6.6, page 26, in RHS/MH/1).  The extra distances travelled by the visitors to RHS Wisley will 


clearly be adding to the emissions of the greenhouse gas carbon dioxide (CO2).  The RHS 


Alternative Scheme) would reduce the adverse impact of the DCO Scheme on carbon emissions.  


It has been calculated that 3.3 million additional miles, equivalent to 5.3 million veh-km, will be 


saved by the RHS Alternative Scheme, or a 12% reduction in the increase due to the DCO 


Scheme (para 2.9, page 3, and para 6.9, page 27, in RHS/MH/1). 
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5 Impacts on Air Quality in Ripley 


RHS Traffic through Ripley Not Assessed 


5.1 The DCO Scheme, as promoted, will sign RHS traffic approaching on the A3 from the south to stay 


on the A3 and route via junction 10. However, it is to be expected that some visitors to RHS Wisley 


will take the route through Ripley.  This is explained in the written representation of Mike Hibbert 


(para 2.12, page 4, and para 4.22, page 19, in RHS/MH/1), and would be avoided with the RHS 


Alternative Scheme.  The impacts of this RHS traffic passing through Ripley have not been 


assessed by HE.  In my view HE should be required to fully assess the impacts on air quality 


in Ripley of RHS traffic using the route through Ripley rather than the signed route via the 


A3 and junction 10, as without this the Examining Authority will have an incomplete picture 


of the air quality impacts of the DCO Scheme within Ripley. 


Other Concerns about Air Quality Assessment in Ripley 


5.2 I am also concerned that HE has not adequately assessed impacts in Ripley in a number of other 


regards: 


 the selection of receptors, which are not worst-case;  


 the presentation of baseline concentrations, which are not worst-case; and  


 the selection of descriptors for the impacts.   


Receptors in Ripley 


5.3 The Air Quality Assessment identified only one receptor within Ripley, R59, shown in Figure 5.10 


sheet 3 of 4, in APP-065, and described in Table 5.2.1 in APP-080 as Aberdeen House, High 


Street Ripley (Grid Ref 505165, 156748).  The location of this receptor has recently been shown in 


greater detail on a map provided by HE in response to questions from RHS (this is reproduced in 


Appendix A7 on page 28 of this report).  However, the location is not Aberdeen House, which is 


around 30m to the northeast.  The distance is given as 11.3m from the kerb of High Street and 


6.7m from the kerb of Newark Lane.  Concentrations decline rapidly on moving away from the kerb 


and there are receptors closer to the road in Ripley that should have been selected.  For instance, 


further to the east along the High Street, there are properties around 1 to 2m back from the kerb 


(see photographic evidence in Appendix A8 on page 29 of this report).  There are also properties 


around 1m from the kerb of Newark Lane, which is canyon like and will hence have higher 


concentrations, near its junction with High Street (see Appendix A8). Concentrations 1 to 2m from 


the kerb will be significantly higher than those Fh7 to 11m from the kerb.  HE has therefore not 


selected worst-case receptors in Ripley.  The DMRB makes clear in para 3.16 that worst-affected 


properties should be identified (see extract reproduced in Appendix A9, on page 31 of this report).  


In my view HE should be required to include receptors in Ripley where the impacts will be 
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worst case, as without this the Examining Authority will have an incomplete picture of the 


air quality impacts of the DCO Scheme within Ripley. 


Presentation of Baseline Concentrations in Ripley 


5.4 The Air Quality Assessment, as noted in para 5.3 above, has used just one receptor to represent 


scheme impacts in Ripley, R59.  The modelled concentration at this location in 2015 is 16.7 g/m3 


(Table 5.7.7 on page 55 in APP-080), presenting baseline air quality within Ripley as being well 


below the objective of 40 g/m3.  The measured concentrations within Ripley are also provided for 


two sites RP1, High Street and RP2, Newark Lane, with concentrations in 2016 of 34 and 29 g/m3 


respectively (Table 5.6.1 on page 28 in APP-080).  These concentrations are essentially double 


the concentration presented for the modelled receptor in Ripley.  The modelling carried out by HE 


has thus presented a false picture of baseline conditions within Ripley. In my view HE should be 


required to verify the model using the local monitoring in Ripley, as without this the 


Examining Authority may have an incomplete picture of the air quality impacts of the DCO 


Scheme within Ripley. 


Descriptors of Impacts 


5.5 The Air Quality Assessment has used impact descriptors as set out in the HE guidance note IAN 


174/13, published in 2013, as set out in para 5.2.9 of APP-050.  This has a simple description 


based on the magnitude of the change.  The IAQM, which represents air quality professionals in 


the UK, published its own guidance in 2017 on descriptors for air quality impacts (see Table 6.3 


from the guidance reproduced in Appendix A10, on page 34 of this report).  The IAQM descriptors 


take account of the absolute concentration in relation to the air quality assessment levels, as well 


as the change due to the scheme.  The impacts are given more significant descriptors if they are 


above or close to the assessment level, as is evident in Table 6.3 in Appendix A10, on page 34 of 


this report).  Furthermore, ‘imperceptible’ is used as a descriptor by HE when the change is <1% of 


the assessment level, while for IAQM guidance this descriptor applies when the change is <0.5%. 


5.6 The Air Quality Assessment should have made use of the IAQM impact descriptors as well as the 


HE descriptors as used.  This position is supported in the findings of the DCO for the M4 Motorway 


(Junction 3 to 12) (Smart Motorway), as set out in paragraphs 5.7.67 to 5.7.70 of the Report of 


Findings and Conclusions (reproduced in Appendix A11, on page 35 of this report).  In my view 


HE should be required to apply the IAQM descriptors to its modelled concentrations for 


human health impacts, to provide a more complete assessment using the most up-to-date 


guidance, as without this the Examining Authority will have an incomplete picture of the air 


quality impacts of the DCO Scheme within Ripley. 
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6 Summary and Conclusions 


6.1 The HE assessment has shown that the DCO Scheme will give rise to adverse impacts on NOx 


concentrations and Ndep rates within the SPA alongside the A3.  The RHS Alternative Scheme will 


reduce these impacts.  The RHS Alternative Scheme will have the added benefit of reducing the 


exposure of residents in Ripley to increased concentrations and of reducing emissions of the 


greenhouse gas (CO2). 


6.2 In preparing my comments I have identified a number of weaknesses in the assessment provided 


by HE, giving rise to the following recommendations.  HE should be required to: 


a) include NOx concentrations, assessed against the critical level, as part of the SIAA, as without 


this information relevant authority will be unable to complete the Appropriate Assessment. 


b) apply the LLTE6 method, or something similar, to derive future projections of NOx 


concentrations for use in the SIAA. 


c) include an assessment of ammonia concentrations from road traffic and also to include the 


contribution of road traffic ammonia emissions in the calculations of Ndep rates. 


d) carry out the calculations of Ndep rates using the deposition rates from AQTAG for short 


vegetation and forest as appropriate. 


e) carry out a proper in-combination assessment of the NOx and NH3 concentrations and Ndep 


rates. 


f) fully assess the impacts on air quality in Ripley of RHS traffic using the route through Ripley 


rather than the signed route via the A3 and junction 10 


g) include receptors in Ripley where the impacts will be worst case 


h) verify the model using the local monitoring in Ripley  


i) apply the IAQM descriptors to its modelled concentrations for human health impacts, to provide 


a more complete assessment using the most up-to-date guidance. 


6.3 In my view, without taking account of the recommendations I set out above, the Examining 


Authority does not have a suitable air quality assessment and SIAA with which to determine the 


DCO, and the relevant authority will not have the necessary information to complete the 


Appropriate Assessment. 
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A1 Extract from APIS Website 


A1.1 The Air Pollution Information System (APIS) is the source of information on habitats and their 


exposure to air pollutants that the Government’s Planning Practice Guidance refers users to (from 


https://www.gov.uk/guidance/air-quality--3): 


 


A1.2 APIS has a definition of critical levels as set out in the box below, with the relevant value for NOx 


set out in Table 1 – see below (from: http://www.apis.ac.uk/critical-loads-and-critical-levels-guide-


data-provided-apis#_Toc279788054): 
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A2 Extract from Natural England Advice Note 


A2.1 Natural England has a document that set out its advice on assessing road traffic emissions (from 


http://publications.naturalengland.org.uk/file/5431868963160064).  The Advice on critical levels is 


set out in para 2.2 on page 8 of the document as reproduced below 
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A3 Nitrogen Dioxide and Nitrogen Oxides Trends in the UK 
2005 to 2018 


A3.1 Extract from report on nitrogen dioxide and nitrogen oxides trends in the UK (available at: 


https://www.aqconsultants.co.uk/CMSPages/GetFile.aspx?guid=feb92332-26f7-4989-b86a-


21e5732a5404) 
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A4 Ammonia Contribution to Ndep 


A4.1 The contribution of ammonia from road traffic to Ndep alongside roads is illustrated in Figures 3 


and 4 from the Wealden DC submission to the Wealden Local Plan Examination in June 2019.  


The document is available at: 


http://www.wealden.gov.uk/nmsruntime/saveasdialog.aspx?lID=27135&sID=6829. The first page is 


shown below, together with Appendix 2.  There are no page numbers to the submission.  The 


submission is also found under item ‘Y18 Responses to IAQM Guidance June 2019’ in the 


Wealden Local Plan Examination Library, at: 


http://www.wealden.gov.uk/Wealden/Residents/Planning_and_Building_Control/Planning_Policy/W


ealden_Local_Plan/Wealden_Local_Plan_Examination_Library.aspx: 
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A5 Response from Highways England 


A5.1 The following was provided by HE in November 2019 in response to questions from RHS Wisley.  


It is Response Item 19. 
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A6 IAQM Guidance on Deposition Velocities 


A6.1 The following is an extract from IAQM guidance issued in June 2019.  Available at: 


https://iaqm.co.uk/text/guidance/air-quality-impacts-on-nature-sites-2019.pdf  
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A7 Location of Highways England Receptor in Ripley 


A7.1 The following was provided by HE in November 2019. 
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A8 Alternative Receptors in Ripley 


 


 


From Google Street View 


A8.1 View Along the High Street in Ripley, Looking West, Showing Properties Close to the Kerb 
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From Google Street View 


A8.2 View along Newark Lane from the junction with High Street in Ripley, looking north, showing 


properties close to the kerb 
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A9 Extract from DMRB 


A9.1 The HE Design Manual for Roads and Bridges has guidance on assessing road schemes, with 


Volume 11, Section 3, Part 1 dealing with air quality (available at: 


http://www.standardsforhighways.co.uk/ha/standards/dmrb/vol11/section3/ha20707.pdf).   The 


Advice on receptors is set out in para 3.16 on page 3 of the document as reproduced below. 
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A10 Extract from IAQM Guidance 


A10.1 The IAQM has published guidance on describing impacts at individual receptors as set out in Table 


6.3 below (available at: http://www.iaqm.co.uk/text/guidance/air-quality-planning-guidance.pdf). 
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A11 Extract from Inspectors’ Report for M4 Smart Motorway 
DCO 


A11.1 The Inspectors’ report on the M4 Smart Motorway DCO includes a section commenting on the 


limitations of IAN 174/13 as set out in paragraphs 5.7.67 to 5.7.70 below (available at: 


https://infrastructure.planninginspectorate.gov.uk/wp-


content/ipc/uploads/projects/TR010019/TR010019-003497-


Examining%20Authority%20Report%20and%20Recommendation%20to%20the%20Secretary%20


of%20State%20for%20Transport ). 
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1. Qualifications and Experience 
 


1 I am Andrew Baker and I am Director of the ecological consultancy Baker Consultants 


Limited, which I established in March 2009. I hold the degree of Bachelor of Science 


with Honours in Botany from the University of Nottingham (1986). I have been a 


member of the Chartered Institute of Ecology and Environmental Management 


(CIEEM) since 1994.   


2 I have been a practising ecologist for over 30 years, having worked throughout the 


UK for organisations such as English Nature (now Natural England), local Wildlife 


Trusts, National Parks, large civil engineering consultancies and private ecological 


firms. Much of my work involves providing expert advice to clients on Environmental 


Impact Assessments (EIA) and Habitats Regulations Assessments (HRA) of the 


impacts of proposals on international sites (Special Protection Areas (SPA), Special 


Areas of Conservation (SAC) and Ramsar sites) and Sites of Special Scientific 


Interest (SSSI). 


3 Further details of my experienced can be found in Appendix 1. 
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2. Background and Scope 
4 The Royal Horticultural Society (RHS) has asked me to review the Highways 


England’s DCO Scheme for the M25 Junction 10. Specifically, I have been asked to 


review the Habitats Regulations Assessment, which includes two documents, 


•  (Stage 2 : Statement to inform appropriate assessment (“SIAA”) (June 2019) 


(APP-043)) and  


• Stage 3-5: Assessment of alternatives, consideration of imperative reasons of 


overriding public interest (IROPI) and compensatory measures (Assessment of 


Alternatives) (APP-044)). T 


5 These documents have been produced by HE to inform the examining authority’s 


HRA of the DCO scheme.  My review has centered on the impacts of the DCO 


Scheme upon the Thames Basin Heath Special Protection Area (TBHSPA) and the 


efficacy of the appropriate assessment that has been presented by HE. I have 


addressed the following questions,  


1. Have the ecological impacts of the changes in air quality associated with the 


DCO Scheme been accurately assessed?  


2. Does the HRA comply with current caselaw and guidance?  


3. Does the RHS Alternative Scheme constitute an ‘alternative solution’ which 


must be considered under the Habitat Regulations.  


6 My evidence also draws upon the written representations presented to the hearing by 


Mike Hibbert (RHS/MH/1traffic) and Professor Duncan Laxen (RHS/DL/1 air quality).  
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3. Assessment of Air Quality Impact 
7 I have reviewed the SIAA (APP-043) and I am firmly of the view that the assessment 


presented within that document is fundamentally flawed in respect to the effects of the 


DCO Scheme from the resultant decline in air quality. The SIAA concludes that the 


resultant decline in air quality will not have an adverse effect upon the integrity of the 


TBHSPA (for example paragraph 7.2.52). For the reasons set out below, this 


conclusion is incorrect. 


HRA Process  


8 The Habitats Directive and the Habitats Regulations 2017 provide strict protection for 


European sites and there is a series of legal tests that must be met before a plan or 


project can be granted permission. These tests are summarised in Figure 1 which is 


based upon ODPM circular 06/2005. The protection afforded to these sites is also 


reflected in the NPPF 2019.  


9 The Habitats Directive sets out a series of steps and legal tests that must be met for 


any plan that may affect European sites. Where damage will arise these legal tests 


are applied to ensure that a) the project is entirely necessary and b) compensation is 


secured to balance the damage caused by the project.  


10 As set out in Figure 1 where a plan or project has an adverse effect upon the integrity 


of a European site the Competent Authority may only grant permission if two further 


legal tests are met as set out in Steps 7 and 8. These are ‘imperative reasons of 


overriding public interest’ and there being ‘no alternative solutions’. Should it be 


decided that these tests are met then Compensatory Measures must be secured 


(Step 9).  
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11 As I will explore in more detail below, the SIAA has incorrectly concluded that the 


project will not result in damage to the integrity of the THBSPA due to additional 


emission of nitrogen. This is critical because having failed to properly assess the air 


quality impacts, the further tests that should have been applied for this pathway have 


not been examined, specifically HE has not considered alternatives which would be 


less damaging in terms of air quality effects nor has the HE considered compensation 


which must be provided to address this impact.  


Effects of poor air quality on natural habitats  


12 The harmful effects of air pollution on natural habitats has been well documented in 


the scientific peer review literature which has been built up over the past 40 years. 


The literature is comprehensive and describes the highly complex interconnected web 


of harmful effects of air pollution upon the natural environment. The Air Pollution 


Information System1 APIS website provides an overview of the effects of air pollution 


on a range of habitat types at http://www.apis.ac.uk/ecosystem-services-and-air-


pollution-impacts. Of particular concern for heathland is the negative effects of 


emissions created by the burning of fossil fuels which in turn increases the deposition 


of nitrogen on natural habitats.  A detailed overview of the effect of nitrogen 


deposition can be found in at Chapter 20 of the European Nitrogen Assessment 


Chapter 20 Nitrogen as a threat to European terrestrial biodiversity6 Appendix 2. 


13 While nitrogen is essential to plant growth, in most unpolluted natural habitats such as 


lowland heaths, the supply of nitrogen is limited. The nitrogen deposition from 


pollution acts as a fertilizer and consequently increases productivity of soils. This 


increase in the availability of reactive nitrogen has a significant and measurable 


negative effect upon the composition of plant communities. With increased nitrogen 


                                                
1 APIS is join funded by the Centre for Ecology and Hydrology and the UK pollution and statutory conservation agencies including 
Natural Resources Wales (NRW), the Environment Agency, Northern Ireland Environment Agency, Natural England, the Joint Nature 
Conservation Committee (JNCC), Scotland and Northern Ireland Forum for Environmental Research (SNIFFER), the Scottish 
Environment Protection Agency (SEPA), and Scottish Natural Heritage (SNH). 
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the low growing mosaic of heathers that is normally characteristic of such habitats 


becomes dominated by coarse, tall grasses, and if the nitrogen levels accumulate, tall 


herbs such as nettles. Nightjar2 and Woodlark3, which are interest features of the 


TBHSPA rely on an open, low growing heather mosaic to provide optimal nesting 


feeding habitat. Increased nitrogen deposition causes that structure of the habitat to 


change, reducing bare ground and increasing vegetation height thereby reducing 


availability of breeding and feeding sites for these birds. Furthermore, there is 


evidence that loss of habitat heterogeneity caused by high nitrogen deposition levels 


can reduce the diversity of insects in nutrient poor habitats4 Appendix 2 p477-478.  


Invertebrates are a major food source for both nightjar and woodlark.   


14 High pollution levels can also have direct negative impacts on plant health, high levels 


of NOx, for example, are toxic to plants.  


15 It is for this reason that the conservation objectives for the TBHSPA include the 


following objective, ‘Restore as necessary the concentrations and deposition of air 


pollutants to at or below the site-relevant Critical Load or Level values given for this 


feature of the site on the Air Pollution Information System (www.apis.ac.uk)’6. 


Critical Loads and Critical Levels in the context of the Habitats Directive 


16 A proper understanding of the concept of critical loads and levels mentioned in the 


conservation objective (see above) is essential to the correct application of the 


Habitats Directive. Critical loads refer to the deposition of a pollutant (e.g. nutrient 


nitrogen) and is expressed as the weight of deposition per area over a specified time 


period, so for example nutrient nitrogen is expressed as kgN/ha/yr. Critical levels refer 


                                                
2 Brown and Grice Birds of England Natural England Pages 448- 451 
3 Brown and Grice Birds of England Natural England Pages 432- 435 
4 European Nitrogen Assessment ed Mark Sutton et al 2011 Chapter 20 Nitrogen as a threat to European terrestrial biodiversity. p477-
478  http://www.nine-esf.org/files/ena_doc/ENA_pdfs/ENA_c20.pdf 
5 European Site Conservation Objectives: Supplementary Advice on Conserving and Restoring Site Features Thames Basin Heaths 
Special Protection Area (SPA) Site Code: UK9012141,  Natural England, Date of Publication: 9 May 2016 (version 2) 
6 European Site Conservation Objectives: Supplementary Advice on Conserving and Restoring Site Features Thames Basin Heaths 
Special Protection Area (SPA) Site Code: UK9012141,  Natural England, Date of Publication: 9 May 2016 (version 2) 
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to gaseous forms of pollution for example, Ammonia (NH3), Oxides of Nitrogen (NOx) 


(which includes Nitric Oxide NO-, and Nitrogen Dioxide NO2,) and are expressed as 


concentration of the gas in a given volume i.e. µg/m3. Critical loads are defined as 


‘ a quantitative estimate of exposure to one or more pollutants below which significant 


harmful effects on specified sensitive elements of the environment do not occur 


according to present knowledge’ 7.  Whereas critical levels are defined as,  


‘concentrations of pollutants in the atmosphere above which direct adverse effects on 


receptors, such as human beings, plants, ecosystems or materials, may occur 


according to present knowledge’. 


17 These definitions are important as they are relevant to the Habitats Directive. Article 


6.4 of the Directive requires competent authorities to determine at Step 4 of the HRA 


process (see Figure 1) that a project will not have an adverse effect upon the integrity 


of a site. The competent authority must prove a negative. The requirements of the 


decision-making process are set out in the European Commission guidance on the 


application of Article 68. Paragraph 3.7.3 of the guidance states.  


‘It is for the competent national authorities, in the light of the conclusions of the appropriate 
assessment into the implications of a plan or project for the Natura 2000 site concerned, to 
approve the plan or project. This can be done only after they have made certain that the plan 
or project will not adversely affect the integrity of the site. That is the case where no 
reasonable scientific doubt remains as to the absence of such effects.  
Where doubt remains as to the absence of adverse effects on the integrity of the site linked to 
the plan or project being considered, the competent authority will have to refuse authorisation 
(C-127/02 paragraph 57).  
 
Furthermore, 'The authorisation criterion laid down in the second sentence of Article 6(3) of the 
Habitats Directive integrates the precautionary principle and makes it possible effectively to 
prevent adverse effects on the integrity of protected sites as the result of the plans or projects 
being considered. A less stringent authorisation criterion than that in question could not as 
effectively ensure the fulfilment of the objective of site protection intended under that provision' 
(C-127/02, paragraph 58).  
 
The onus is therefore on demonstrating the absence of adverse effects rather than their 
presence, reflecting the precautionary principle (C-157/96 paragraph 63). It follows that the 
appropriate assessment must be sufficiently detailed and reasoned to demonstrate the absence of 


                                                
7 https://www.icpmapping.org/Definitions_and_abbreviations 
8 Commission notice “Managing Natura 2000 site The provision of Article 6 of the ‘Habitat’ Directive 92/43/EEC” 2018 
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adverse effects, in light of the best scientific knowledge in the field (C-127/02 paragraph 61).’ 
[original emphasis].  
 


18 Therefore, the definition of critical loads is directly relevant to the decision-making 


process. Critical loads for heathland habitat have been set based on empirical 


scientific data. Where critical loads are not exceeded then ‘significant harmful effects 


on specified sensitive elements of the environment do not occur according to present 


knowledge’. The corollary of this definition is that if critical loads are exceeded then it 


cannot be concluded that significant harmful effects do not occur. Therefore, in 


applying the decision-making process set out in the EC guidance it is not possible for 


the competent authority to rule out adverse effects upon the integrity of a European 


site when critical loads are exceeded.  


19 The exceedance of critical loads of nitrogen has recently been considered in the 


Court of Justice of the European Union (CJEU). Giving her opinion of the joined 


cases C-293/17 and C-294/17 Advocate General Kokott stated at para 62 ‘… it 


seems difficult, if not impossible, to accept values that are higher than the critical 


loads.’ Advocate General Kokott went on to say in paragraph 63 that ‘Furthermore, it 


would also appear to be necessary to consider to what extent the individual protected 


habitats have been exposed to an overload of nitrogen deposition for a considerable 


time. On the one hand, it would have to be presumed that the status of the habitats 


has already changed adversely as a result of such deposition, in particular as regards 


the plant species present. On the other hand, there is probably an initial overload of 


nitrogen which must be removed or otherwise eliminated before the habitats can be 


developed in the light of the conservation objectives for the site. It might therefore be 


necessary, until the removal of existing nitrogen reserves, to permit even less 


additional nitrogen deposition than envisaged in the critical loads.’ 


20 The judgement in these joined cases was less explicit on this issue but did not 


contradict Advocate General Kokott’s opinion when at paragraph 103 it was stated ‘In 


circumstances such as those at issue in the main proceedings, where the 
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conservation status of a natural habitat is unfavourable, the possibility of 


authorising activities which may subsequently affect the ecological situation of the 


sites concerned seems necessarily limited.’ The ‘unfavourable conditions’ referred 


to in the judgement are a consequence of nitrogen deposition above critical loads.   


4. Consideration of Integrity within the SIAA 
21 The SIAA establishes at paragraph 7.2.29 that the critical load for nitrogen deposition 


for the TBHSPA is 10kgN/ha/yr. The assessment then presents a series of tables 


which purport to demonstrate that the additional nitrogen loadings created by the 


DCO Scheme will not result in an adverse effect upon the integrity of the TBHSPA. 


The first argument that is deployed in the assessment is that in most cases the 


deposition rate is less than 1% of critical loads and therefore it can be considered 


acceptable. However the figures present in the tables have not been calculated 


correctly as Professor Laxen has highlighted in his written representation (RHS/DL/1). 


In summary, Professor Laxen has identified gaps in the SIAA and/or figures which are 


incorrect including, the incorrect forward projections of air quality, the lack of 


consideration of NOx concentrations, the SIAA does not include an assessment of 


ammonia emissions, the Ndep calculations should use appropriate deposition 


velocities, and the in-combination assessment has not been done correctly (other 


individual projects have been considered but not combined together as required by 


the Habitats Regulations 2017). These errors have consequently led to the SIAA 


underestimating the levels of nitrogen the will be created by the plan and the in-


combination effects with other plans or projects. (see section 3 of Professor Laxen’s 


written representation RHS/DL/1).  


22 These errors undermine the SIAA’s conclusion that there would not be an adverse 


impact on the SPA.  


23  Further, the SIAA then argues that because in some areas within the TBHSPA the 


levels of nitrogen deposition will be reduced by 2022 this will balance out those areas 
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where nitrogen deposition will increase (paras 7.2.45 – 7.2.45). There is however no 


detailed reckoning of the relative areas of these losses and gain. The SIAA does not 


therefore demonstrate no adverse effects upon integrity being beyond any reasonable 


scientific doubt.  


24 Finally, the assessment does not take into account the fact that that in all parts of the 


SPA that have been examined critical loads are already exceeded and therefore 


significant harm is occurring and the proposed project will add further to this harm. As 


mentioned above (para 15) the exceedance of critical loads is addressed in the 


conservation objectives for the TBHSPA, which is to restore to at or below critical 


loads and critical levels.  


25 The guidance on how to assess the site’s integrity is very clear, the following quotes 


are all taken from the EC guidance6. The Appropriate Assessment must address ‘all 


elements contributing to the site’s integrity as specified in the site’s conservation 


objectives and Standard Data Form, and is based on the best available scientific 


knowledge in the field (para 3.6.2). A site is considered to have a high degree of 


integrity when ‘where the inherent potential for meeting site conservation 


objectives is realised, the capacity for self-repair and self-renewal under dynamic 


conditions is maintained, and a minimum of external management support is 


required’. (para 6.3.4). It is clear therefore that where a plan or project 


undermines the ability to achieved the conservation objectives of a site then the 


integrity of the site is threatened.  


26 In this case the evidence presented in the SIAA clearly demonstrates that the DCO 


Scheme will result in higher emissions and therefore deposition of nitrogen upon the 


TBHSPA, which is already receiving excessive loads of nitrogen that is known to have 


adverse effects upon habitats that support the interest features of the site. Therefore, 


the proposed project will clearly have an adverse effect upon the integrity of the SPA 


from increased nitrogen loading.  
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27 The argument employed in the SIAA is in essence that the site is already polluted and 


therefore adding a little more pollution is acceptable. This is clearly not only 


inconsistent with the Habitats Directive but also contrary to the principles of 


sustainable development where harm should be minimised and development should 


facilitate restoration rather than adding further pollution loadings.  


28 Paragraph 7.2.52 of the SIAA states that because the predicted Nitrogen deposition 


levels will be below those of the baseline of 2015 ‘it can be concluded with confidence 


that changes to air quality as a result of the operation of the Scheme will have no 


perceivable [sic] effect on any habitats within the SPA’. This logic is perverse, on two 


counts. Firstly, it does not acknowledge that the 2015 levels are still above critical 


loads and therefore damage to the integrity of the SPA will still be manifest. Secondly, 


it reiterates the argument that there no perceptible effects because the site has 


already been damaged by high levels of nitrogen and ignoring the fact that the 


proposed project is a backwards step with regard to achieving the stated conservation 


objective of restoring loads of N to below critical loads.  


29 The EU guidance states at paragraph 6.3.4 The ‘integrity of the site’ can be usefully 


defined as the coherent sum of the site’s ecological structure, function and ecological 


processes, across its whole area, which enables it to sustain the habitats, complex of 


habitats and/or populations of species for which the site is designated. As I have 


explained above, high levels of nitrogen deposition change the structure of healthland 


habitats in a way which reduces their function in supporting the bird populations within 


the SPA.  


30 Given the above it must be concluded that the DCO Scheme does give rise to 


adverse effects upon the integrity of the site from changes in air quality.  Even taking 


the figures presented in the SIAA as read, the assessment must fail the integrity test. 


Furthermore, given the uncertaincies and failings of the SIAA identified by Professor 


Laxen there is not the degree of certainty presented in the SIAA to demonstrate that 
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there would NOT be an adverse effect upon the integrity of the TBHSPA from a 


further decline in air quality.  


 


5. Consideration of Alternative Solutions 
31 The HE has already concluded that that DCO Scheme will have an adverse effect 


upon the integrity of the TBHSPA and therefore the further legal tests must be 


considered at steps 5 through to 9 of Figure 1 above (see para 7.4.6 in the SIAA 


(APP-043)).  


32 The DCO Scheme will result in increased nitrogen deposition on a site which is 


already exceeding critical loads of deposition thereby exacerbating a problem which 


the conservation objectives for the site specifically seek to redress. It is therefore a 


requirement of the Habitats Regulations that HE must consider alternative solutions 


(Regulations 64 (1)).  Alternative solutions must be alternatives which are less 


damaging to the TBHSPA. The EU guidance10 states at paragraph 3.7.4. ….the 


competent authorities should examine the possibility of resorting to alternative 


solutions which better respect the integrity of the site in question. All feasible 


alternatives that meet the plan or project aims, in particular, their relative 


performance with regard to the site’s conservation objectives, integrity and 


contribution to the overall coherence of the Natura 2000 network have to be 


analysed…[my emphasis]. Is it clear that alternatives solutions which are less 


harmful to the TBHSPA must be examined.  


33 The RHS Alternative Scheme is clearly less harmful particularly in terms of the 


generation of nitrogen emissions from vehicles and the consequential nitrogen oxides 


concentrations and nitrogen deposition (RHS/DL/01 paras 3.1. – 3.6). Mr Hibbert has 


demonstrated in his written representation that the RHS Alternative Scheme will 


generate between 3.3 million fewer miles per annum (RHS/MH/1 para 6.9). 
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34 HE has failed to consider considered the RHS Alternative Scheme, failed to assess 


the benefits in terms of nitrogen deposition and as a consequence has not fulfilled the 


requirements of the Habitat Regulation to consider alternative solutions that are less 


damaging to the TBHSPA.   


 


6. Summary and Conclusions  
35 I have been asked by the RHS to review the SIAA the HE has prepared for the DCO 


Scheme for the M25 Junction 10 in relations to the potential adverse effects of the 


scheme on the THBSPA. I have also relied the evidence of Mr Hibbert and Professor 


Laxen.  


36 The SIAA that has been produced by HE to provide an assessment of the scheme 


and its effects upon the TBHSPA as set out in the Habitats Directive and the domestic 


Habitats Regulations 2017.  


37 Profession Laxen has identified errors in the way that the SIAA has calculated the 


predicted nitrogen emissions that the DCO Scheme will generate. There errors mean 


that the HE has underestimated the levels of nitrogen emissions that the DCO 


scheme will generate. Furthermore, the SIAA does has not correctly completed an in-


combination assessment with other plans and projects.  


38 The scientific literature has conclusively established that Nitrogen deposition in 


excess of critical loads causes damage to habitats such as heathland which will 


adversely affect the ability of the heathland to support the interest features of the 


TBHSPA.  


39 The TBHSPA is already receiving nitrogen deposition that is far in excess of critical 


loads and the conservation objectives for the site include an objective to reduce these 


levels to at or below the critical load.  
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40 The SIAA has failed to properly assess the impact of the DCO Scheme arising from 


increased exposure to nitrogen oxides and increased nitrogen deposition, and has not 


considered alternative schemes which are less damaging to the TBHSPA.  


41 In conclusion I have found that; 


1. The SIAA has not correctly assessed the ecological impacts of the changes in air 


quality associated with the DCO Scheme;  


 2. The SIAA presented does not comply with current case law and guidance on 


Habitats Regulations Assessments; and 


 3. The RHS Alternative Scheme is less damaging to the TBHSPA and must be 


considered an ‘alternative solution’ under the Habitat Regulations. 
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Appendix 1 Detailed Biography  
 


1 In my work in private practice my clients come from the public, private and voluntary 


sectors. Public sector clients include English Nature (as was), the Department of the 


Environment Transport and the Regions (as was), the Environment Agency and Local 


Planning Authorities. My work for private clients includes numerous residential 


projects ranging from small schemes of two or three dwellings to large urban 


extensions of 2000 plus units. I have also worked on many leisure projects (theme 


parks, caravan sites and hotels) and large port and airport developments.  


2 I am actively involved in the development of the ecological profession. I have 


published articles on EIA and protected species legislation. I am a member of the 


United Kingdom Environmental Law Association (UKELA) and a former Convenor of 


its Nature Conservation Working Group. As Convenor of the working group I was 


responsible for coordinating comments on emerging wildlife legislation and policy, 


such as the now superseded Planning Policy Statement 9.  In 2003 I was a member 


of the then Highways Agency’s (now Highways England) Translocation Steering 


Group, which subsequently published a best practice guide on habitat translocation. 


More recently I was a member of the steering group working with the British 


Standards Institute and the Association of Local Government Ecologists to produce a 


‘Publicly Available Specification’ that provides recommendations for the integration of 


biodiversity conservation into land use and spatial planning in the UK. This was the 


forerunner of British Standard BS42020.  


3 I am currently a standing member on CIEEM’s disciplinary board and I am frequently 


called upon to hear cases that are brought against members of the profession, often 


chairing the hearings.  


4 I have considerable expertise in the practical application of nature conservation law 


and I have published widely on the subject including (along with Browne Jacobson 


Solicitors) the 2nd Edition of ‘A Manual of Nature Conservation Law’ edited by 
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Michael Fry. Through my involvement in the UKELA I have been actively involved in 


the development of nature conservation law and planning policy that affects 


ecological issues. I have specific expertise in the practical application of this area of 


law and I teach on European and domestic nature conservation law and its 


associated guidance and policy. In 2015 I was made a Fellow of CIEEM in recognition 


of my contribution to this field of work. 


5 I have significant experience of the application of the Conservation of Habitats and 


Species Regulations 2017 (as amended) (the Habitats Regulations), and the 


preceding legislation, and in particular those parts of the Habitats Regulations that 


relate to the protection of European sites (SPAs, SACs and Ramsar sites). I have 


completed numerous Habitats Regulations Assessments (HRAs) of local plans and 


projects on behalf of competent authorities (Local Planning Authorities) and ‘shadow 


HRAs’ of projects for private developers.  


6 I am frequently called upon to give evidence to both local plan examinations and 


public inquiries into individual planning applications. I have also presented evidence 


to a Parliamentary Select Committee on the proposed ABLE UK port development on 


the Humber.  


7 For the past three years, through my work on HRAs on a variety of projects, I have 


been very closely involved in the assessment of changes in air quality and the 


associated ecological impacts upon European sites. This interest was piqued by the 


various cases which went through the courts between 2014 and 2017 which centred 


on the assessment of traffic emission on Ashdown Forest Special Area of 


Conservation (SAC). Following the conclusion of Wealden D C case in 20179 I had 


an article accepted in the Habitats Regulations Assessment Journal (June 2017) 


where I explore the implications of this and related cases. I am a member of the 


                                                
9 Wealden D C (Claimant) v (1) SSCLG (2) Lewes D C and (3) SDNPA (Defendants) and Natural England (Interested 
Party) Jay J 20.3.17 [2017] EWHC 351 (Admin) 
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Community of Air Pollution Effects Researchers (CAPER) which provides a forum for 


scientists studying air pollution impacts on the natural environment to meet and 


discuss their research. I have been closely involved in the development of CIEEM’s 


soon to be published guidance on air quality assessment and I am currently 


organising CIEEM’s 2020 Spring conference which is exploring air quality 


assessment and mitigation from an ecological perspective. I often work very closely 


with air quality experts and transport consultants to assess the implication of traffic 


upon protected sites.  


8 The evidence I have prepared and provided to this inquiry is true and I confirm that 


the opinions I express here are my true and professional judgements based on 


scientific evidence and my professional experience and judgement. 
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Th e European Nitrogen Assessment, ed. Mark A. Sutton, Clare M. Howard, Jan Willem Erisman, Gilles Billen, Albert Bleeker, Peringe Grennfelt, Hans 
van Grinsven and Bruna Grizzetti. Published by Cambridge University Press. © Cambridge University Press 2011, with sections © authors/European 
Union.


ChapterChapter


   Executive summary 


  Nature of the problem  
   Biodiversity is the variability among living organisms, from genes to the biosphere. Th e value of biodiversity is multifold, from preserving • 
the integrity of the biosphere as a whole, to providing food and medicines, to spiritual and aesthetic well-being.  
  One of the major drivers of biodiversity loss in Europe is atmospheric deposition of reactive nitrogen (N • r ).    


   Approaches  
   Th is chapter focuses on N • r  impacts on European plant species diversity; in particular, the number and abundance of diff erent species in a 
given area, and the presence of characteristic species of sensitive ecosystems.  
  We summarise both the scientifi c and the policy aspects of N • r  impacts on diversity and identify, using a range of evidence, the most vul-
nerable ecosystems and regions in Europe.    


   Key fi ndings / state of knowledge  
   Reactive nitrogen impacts vegetation diversity through direct foliar damage, eutrophication, acidifi cation, and susceptibility to secondary • 
stress.  
  Species and communities most sensitive to chronically elevated N • r  deposition are those that are adapted to low nutrient levels, or are 
poorly buff ered against acidifi cation. Grassland, heathland, peatland, forest, and arctic/montane ecosystems are recognised as vulnerable 
habitats in Europe; other habitats may be vulnerable but are still poorly studied.  
  It is not yet clear if diff erent wet-deposited forms of N • r  (e.g. nitrate, NO 3  −  versus ammonium, NH 4  + ) have diff erent eff ects on biodiversity. 
However, gaseous ammonia (NH 3 ) can be particularly harmful to vegetation, especially lower plants, through direct foliar damage.  
  Th ere are some clear examples of reductions in faunal diversity that can be linked to N • r  deposition, but overall, our knowledge of faunal 
eff ects is still limited. Changes to above-ground faunal communities probably occur primarily through changes in vegetation diversity, 
composition or structure.  
  Evidence is strong that ecological communities respond to the accumulated pool of plant-available N in the soil. Th us the  • cumulative  load 
of enhanced N r  impacting an ecosystem is probably highly important.  
  Because of this response to cumulative inputs, it is likely that biodiversity has been in decline in Europe for many decades due to enhanced • 
N r  deposition. Equally, full recovery in response to reduced N r  deposition is likely to be slow, especially in highly impacted ecosystems. In 
some cases recovery may require management intervention.  
  Exceedence of critical loads for nutrient nitrogen is linked to reduced plant species richness in a broad range of European ecosystems.    • 


   Major uncertainties/challenges  
   It is very likely that N • r  deposition acts synergistically with other stressors, in particular climate change, acid deposition, and ground-level 
ozone; these synergies are poorly understood.  
  Th e nature and rate of recovery of biodiversity from nitrogen pollution is not well understood. Th e optimal strategy to restore a habitat, • 
and exactly what this ‘restored’ habitat constitutes, are both hard to defi ne.  
  As with many disciplines, communicating biodiversity science to stakeholders, and communicating stakeholder needs to scientists, • 
requires continuing eff ort and improvement.    


Chapter


     20 
Chapter


 Nitrogen as a threat to European terrestrial 
biodiversity 
    Lead author:       Nancy B.   Dise  


  Contributing authors:         Mike   Ashmore    ,     Salim   Belyazid    ,     Albert   Bleeker    ,     Roland   Bobbink    ,  
   Wim   de Vries    ,     Jan Willem   Erisman    ,     Till   Spranger    ,     Carly J.   Stevens     and  Leon van   den Berg    







Nitrogen as a threat to biodiversity


464


    20.1     Overview 
 Together with habitat conversion and climate change, the atmos-
pheric deposition of reactive nitrogen (abbreviated Nr or N) has 
been recognised as one of the most important threats to global bio-
diversity (Sala  et al .,  2000 ), and this threat is explicitly or implicitly 
a main driver behind many nitrogen pollution control policies. 
Nitrogen deposition can directly damage vegetation, eutrophy 
ecosystems, alter nutrient ratios in soil and vegetation, increase 
soil acidity, and exacerbate the impact of other stressors such as 
pathogens or climate change. Th ese stressors in turn can reduce the 
abundance of susceptible fl ora and fauna and change the commu-
nity composition in favour of more tolerant species, resulting in a 
reduction, or even loss, of some species from the local habitat. 


 Th is chapter summarises the processes, evidence, models 
and policies concerning biodiversity reduction due to Nr in 
vulnerable terrestrial ecosystems in Europe. We will focus on 
vegetation because of the extensive body of research on plants 
and the general conclusions that can be drawn from these stud-
ies; however, eff ects on fauna will also be considered. Other 
chapters in the ENA describe impacts of nitrogen on the bio-
diversity of water bodies (Grizzetti  et al .,  2011 ,  Chapter 17  this 
volume), soil organisms, and agricultural ecosystems (both 
Velthof  et al .,  2011 ,  Chapter 21  this volume). 


 We begin the chapter (Section 20.1) with an overview of 
the various levels of biodiversity and the main threats to ter-
restrial diversity, including nitrogen. We then briefl y discuss 
the types of ecosystems in Europe that are the most vulnerable 
to biodiversity loss through atmospheric nitrogen deposition. 
In  Section 20.2  we examine the processes by which nitrogen 
changes vegetation composition and diversity.  Section 20.3  uses 
evidence from a variety of approaches to determine in more 
detail how nitrogen impacts sensitive terrestrial ecosystems 
in Europe, and the extent to which changes may have already 
occurred.  Section 20.4  turns to the development of predictive 
models for testing the implications on biodiversity of diff er-
ent future nitrogen pollution and climate scenarios, using one 
model chain as an example. Finally, in  Section 20.5  we briefl y 
describe the major European legislation on biodiversity pro-
tection and on air pollution control, and evaluate whether the 
current habitat-based pollution control policies in Europe may 
be appropriate to encompass protection of biodiversity. 


  20.1.1     What is biodiversity? 
 ‘Biodiversity’, a contraction of ‘biological diversity’, fi rst appeared 
in print only in 1986 (Wilson,  1988 ). Since then, the term has 
achieved global recognition, with 2010 being designated by the 


United Nations as the International Year of Biodiversity (CBD, 
 2010 ). At its simplest, biodiversity is ‘the variety of life, in all 
its many manifestations’ (Gaston and Spicer,  2004 ). Th is variety 
includes the diversity of genes, populations, species, communi-
ties and ecosystems (Mace  et al .,  2005 ). Th e 1992 Convention on 
Biological Diversity states:  


   Biological diversity means the variability among living organisms from 
all sources including, inter alia, terrestrial, marine and other aquatic eco-
systems and the ecological complexes of which they are part; this includes 
diversity within species, between species and of ecosystems . (CBD,  1992 )   


 Genetic diversity provides the basis for biological diversity. 
A level up, organismal, or species diversity is the most common 
application of the term ‘biodiversity’ ( Figure 20.1 ). Species 
diversity can also be described at the compositional (e.g. fam-
ilies, orders), structural, or functional levels (Gaston,  1996 ). 
Finally, ecological or ecosystem diversity describes niches, 
habitats, ecosystems, biomes and, ultimately, the whole Earth 
(Gaston and Spicer,  2004 ).      


 Most people would agree that species-rich, diverse ecosys-
tems are intrinsically valuable. Increasingly, however, natural 
habitats are explicitly valued for the benefi ts or ‘services’ they 
provide to humans. Th ese include  provisioning  services, such as 
food and water;  regulating  services, such as moderation of the 
impacts of fl oods, drought, land degradation, and disease;  sup-
porting  services, such as soil formation and nutrient cycling; and 
 cultural  services, such as recreational, spiritual, religious and 
other non-material benefi ts (Mace  et al .,  2005 ). Biodiversity has 
been particularly recognised as a repository of genetic diversity 
for future medical, industrial and food products, for its aesthetic 
value, and for the stability and resilience against stress that may 
be conferred by diversity in an ecosystem (Ehrlich and Ehrlich, 
 1992 ; Tilman and Downing,  1994 ; Tilman  et al .,  1996 ). 


 No single measure encompasses all of the elements of bio-
diversity: the measure used is appropriate to the scale of the 
investigation (e.g. within a single species, across ecosystems) 
and the purpose of the study (e.g. conservation of a rare species, 
defi ning threats to a biome). At the organismal level, species rich-
ness (the number of species in a defi ned area) integrates many 
diff erent levels of biodiversity, and it is relatively easy to meas-
ure even at large scales (Gaston and Spicer,  2004 ;  Figure 20.1 ). 
However, it does not account for how closely related species are 
to each other, nor the number or spatial distribution of indi-
viduals: equal weight is given to a species occurring just once 
and a species that is dominant (Gotelli and Colwell,  2001 ). Since 
species richness usually refers to the mean number of species in 
a particular sampling unit, reduced species richness does not 
necessarily indicate a local extinction of any particular species, 


   Recommendations (research / policy)  
   Future research should focus on understanding the extent of the problem of atmospheric N • r -driven biodiversity decline both within and 
outside Europe, synergistic interactions between N r  deposition and other drivers (particularly climate change, land use, and other pollut-
ants), the relative eff ects of reduced and oxidised N, rates of recovery, and cascades of impacts through the vegetation, soil biota (especially 
microbes), and above-ground fauna.  
  Nitrogen manipulation experiments should be continued, and new experiments initiated in vulnerable habitats, paying particular atten-• 
tion to areas with low N r  deposition.  
  A European-wide monitoring network covering a range of habitats should be initiated to provide information on the long-term eff ects of • 
air pollution on biodiversity.    
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but it does mean that fewer individuals of some species occur in 
the landscape under investigation.


Considering species richness alone may lead to overly opti-
mistic conclusions about the health of an ecological commu-
nity, because simply counting species does not identify the 
replacement of characteristic or protected species, and because 
in habitats where plant species numbers are typically low (such 
as heathlands or bogs) the number of species may not decline 
greatly under even highly unfavourable conditions. Species 
abundance describes how common a species is in an area, but 
it can be time-consuming to measure. For vegetation, both 
biomass and cover (the proportion of a defi ned area occupied 
by a particular species) can be useful measures of abundance. 
Indices such as the Shannon diversity index incorporate both 
species richness (with increasing values as the number of spe-
cies increases) and relative abundance (with higher values in 
communities where species have similar abundance, as opposed 
to a small number of dominant species). 


 Generally, species richness increases with increasing tem-
perature and precipitation; this leads to predictable patterns 


across scales, such as being highest at the equator, or declining 
with increasing altitude (Gaston,  1996 ). However, drivers such 
as air pollution or land conversion can modify or reverse these 
trends. In Europe, species- and family richness increase as one 
moves south from tundra to boreal forest in Scandinavia, reach-
ing its highest levels in the temperate broadleaf mixed forest 
of central and southern Europe, then declining slightly in the 
Mediterranean forest, woodland and scrub biomes (Williams 
 et al ., 1997; Mace  et al .,  2005 ). 


   20.1.2     Threats to terrestrial biodiversity in 
addition to atmospheric nitrogen deposition – 
a brief overview 
 Within the timescale of relevance to ourselves (outside geologi-
cal-scale events), terrestrial biodiversity is threatened almost 
exclusively by direct or indirect human activity. In addition to 
nitrogen deposition, other air pollutants can impact diversity, 
including ozone, and the deposition of sulfur, metals, and other 
acidifying compounds. Pollutants can also leach into groundwa-
ter or runoff  and damage downstream ecosystems, sometimes 
for many years. Semi-natural habitats converted to agriculture 
are also oft en fertilised, and these nutrients can persist in the 
soil long aft er a site has been taken out of cultivation. 


 Biodiversity is strongly threatened by habitat conversion. 
Direct habitat loss and degradation through human population 
growth and industrial expansion continue on a broad scale. 
In the UK, a widespread reduction in the frequency of birds, 
butterfl ies and plants has been explicitly related to loss of habi-
tat (Th omas  et al .,  2004 ). Consequences are not just confi ned to 
the immediately impacted area: fragmentation of habitats has 
important consequences for biodiversity in the surrounding 
region (Bender  et al .,  1998 ). Species adapted to disturbance, or 
invasive alien species (including pathogens) can change species 
composition, cause local extinction of native species, and alter 
habitats. In Europe there are a number of such problematic 
alien species, including rhododendron ( Rhododendron ponti-
cum ) and mink ( Mustela vison ) (Usher,  1986 ). 


 Impacts of climate change on species composition are already 
being detected in Europe, particularly in shift s northward of the 
range of many species, and a reduction in abundance of species 
adapted to colder climates (Walther  et al .,  2002 ). Th ese changes 
will likely accelerate. Many European plant species are at risk 
from climate change (Th uiller  et al .,  2005 ); indeed Th omas  et al . 
( 2004 ) use climate envelope models to predict that between 
six and eight percent of plant species in Europe could become 
extinct on the continent by 2050 due to the changing climate. 
Th e Mediterranean region is particularly vulnerable to climate 
change, especially increases in the frequency and severity of 
drought (Hampe and Petit,  2005 ; Th uiller  et al .,  2005 ). 


   20.1.3     Ecosystem sensitivity and vulnerability 
to N deposition 
 Ecosystems can be defi ned by both their  sensitivity  and their 
 vulnerability  to a stress such as enhanced nitrogen deposition. 


 Figure 20.1       (Top) Species-rich mesotrophic grassland, Cricklade meadows, 
United Kingdom. (Bottom) Determining the number of species per quadrat in 
the same grassland. Photos: N. Dise.  
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Sensitivity measures responsiveness: in this case, how strongly 
an ecosystem responds to a particular level of nitrogen depos-
ition. Vulnerability is the likelihood of response given the exist-
ing level of the driver: a sensitive habitat in a high-N deposition 
region is more vulnerable than a sensitive habitat in a low-N 
deposition region. Th e major impacts of N deposition on ter-
restrial ecosystem diversity are through (1) eutrophication, (2) 
acidifi cation, (3) direct foliar impacts, and (4) exacerbation of 
other stresses. Here we provide a brief overview of these impacts 
and introduce the major sensitive ecosystems in Europe; these 
are expanded upon in  Sections 20.2  and  20.3 . 


 Since nitrogen limits (or, with P, co-limits) primary pro-
ductivity in many terrestrial ecosystems in Europe, habitats 
most likely to be sensitive to  eutrophication  due to N include 
those with low levels of nitrogen in their soils and those char-
acterised by stress-tolerant species unable to compete well with 
species better adapted to take advantage of additional nutri-
ents (Bobbink  et al .,  1998 ). Ecosystems occurring on weakly 
buff ered soils are most sensitive to  acidifi cation  from nitrogen 
deposition. Lower plants that depend on atmospheric inputs as 
their primary source of nutrients, such as mosses (particularly 
 Sphagnum ), lichens, or liverworts, can be highly sensitive to 
 direct impacts  of N. Finally, foliar enrichment in nitrogen can 
leave a species vulnerable to  predation or disease . 


 Habitats at risk for biodiversity change through N depo-
sition are sensitive to one or more of these processes. Many 
semi-natural  grassland  communities in Europe are dominated 
by species with low nutrient requirements, are sensitive to 
acidifi cation, eutrophication, or both, and occur in areas with 
elevated N deposition. Ecosystems of cold climates, including 
 montane, boreal, tundra, subarctic, and arctic  habitats, are also 
vulnerable to nitrogen deposition. Many of these ecosystems 
are dominated by bryophytes and lichens, which can be highly 
sensitive to direct foliar nitrogen deposition. Nitrogen depo-
sition can pose a threat even in remote areas through factors 
such as orographic enhancement of deposition at high alti-
tudes, concentration of pollutants in fog or mist, or high levels 
of N deposited over a short period in snowmelt (Taylor  et al ., 
 1999 ). 


  Heathland  communities are highly sensitive to N deposi-
tion due to nutrient-poor acidic soils, although their distribu-
tion, primarily in low N-deposition regions, generally makes 
them less vulnerable than other habitats. However, where their 
occurrence coincides with elevated N deposition, such as in 
the Netherlands, they have shown dramatic responses, with 
extensive loss of heather, and conversion to grassland (Bobbink 
 et al .,  1998 ) ( Figure 20.2 ). It is possible that the low occurrence 
of heathland in areas with elevated N deposition may in part 
refl ect these ecosystems already converting to grassland.      


  Wetland  communities vary in their sensitivity to atmos-
pheric nitrogen deposition depending on their water source. 
With a high dependence on rainwater and a very low nutrient 
status, ombrotrophic bogs and nutrient-poor fens can be very 
sensitive (Bergamini and Pauli,  2001 ). In Europe, these peat-
lands mainly occur in the north, and are vulnerable in areas of 
their range where N deposition is elevated, such as southern 
Scandinavia and northern continental Europe. Climate change 


is also predicted to be more pronounced in high-latitude regions 
(IPCC, 2007), potentially exacerbating the impact of N r . 


  Forests  throughout Europe can be highly vulnerable to 
nitrogen deposition, particularly if they are on nutrient-
poor soil: they have shown evidence for changes in biomass 
(Nellemann and Th omsen, 2001) and ground fl ora compo-
sition (Pitcairn  et al .,  1998 ) that can be related to ecosystem 
nitrogen enrichment due to elevated N deposition. Th e compo-
sition of the fl ora and fauna in many  coastal  habitats is mainly 
driven by salinity, making them normally less sensitive than 
other habitats to atmospheric nitrogen. However, as with other 
ecosystems, this depends in part upon the relative source of 
nutrients: sand dune vegetation (receiving proportionally less 
N from the sea and more from the atmosphere) is known to 
be sensitive to nitrogen deposition (van den Berg  et al .,  2005b ) 
and is likely to be vulnerable in areas of higher N deposition. 


  Shrubland  communities typical of the Mediterranean 
region have not been well studied, although there are indi-
cations that their vegetation is sensitive to N deposition in 
combination with other factors such as drought or disturb-
ance (Calvo  et al .,  2005 ). Th e Mediterranean Basin is Europe’s 
only biodiversity hotspot (Myers  et al .,  2000 ). Th e number of 
endemic plants and amphibians is very high in this region, 
and yet the impact of nitrogen deposition on typical ecosys-
tems has received little research attention to date. In the mid 
1990s, deposition of 10 kg N ha −1 yr −1 , widely considered as 
a threshold for nitrogen impacts (Bobbink  et al .  2003 ), was 
exceeded in approximately 12% of the region; by 2050 it is 
estimated to be as high as 69% under a business-as-usual 
scenario (Phoenix  et al .,  2006 ). 


    20.2     Processes 
 A complex series of events occurs when N inputs increase in a 
region with initially low background N deposition, with many 
ecological processes interacting at diff erent temporal and spa-
tial scales ( Figure 20.3 ). Th e main types of impacts are described 


 Figure 20.2       Nitrogen-degraded heath, Veluwe, Netherlands, with 
encroachment by the grass  Molinia caerulea . Photo: R. Bobbink.  
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in this section, as well as the overall processes that characterise 
ecosystem responses. We conclude with a brief consideration 
of interactions between N deposition and other major human-
infl uenced environmental drivers on biodiversity.      


  20.2.1     Direct and indirect impacts of N 
 Th e severity of the impacts of atmospheric N deposition on a 
species or community depends upon a number of factors, pri-
marily: (1) the duration and total amount of the N input, (2) 
the chemical and physical form of N, (3) the intrinsic sensi-
tivity of the plant and animal species present, (4) the local cli-
mate and other abiotic conditions (e.g. soil acid neutralising 
capacity, availability of other nutrients), and (5) the past and 
present land use or management. As a consequence, despite the 
same potential impacts ( Figure 20.3 ), diff erent ecosystems can 
show wide variability in sensitivity to atmospheric N depos-
ition (Bobbink  et al .,  2010 ). 


  Direct foliar impacts 
 At high concentrations, nitrogenous gases, aerosols, and dis-
solved compounds can be directly toxic to the above-ground 
parts of plants: NO, NO 2 , NH 3  and NH 4  +  are especially phyto-
toxic. Studies have mostly concentrated on crops and saplings, 
but studies with native herbaceous or shrub species in open-top 
chambers have also demonstrated leaf injury, changes in physi-
ology, and growth reductions at high concentrations of air-
borne N pollutants (Pearson and Stewart,  1993 ; Grupa, 2003). 
Direct foliar damage is due to high short-term  concentrations  
of N, rather than broader ecosystem-scale changes (eutrophi-
cation, acidifi cation) arising from the accumulation of nitrogen 
in the soil from long-term  loads  of N. 


 Lichens are the most sensitive group of vegetation to direct 
toxicity from dry-deposited N, especially in the form of NH 3  
(Hallingbäck,  1992 ; Van Herk  et al .,  2003 ). Direct toxic eff ects of 
wet-deposited N (primarily as NH 4  + ) at fairly low deposition rates 


have also been reported for bryophytes and lichens (Bates,  2002 ). 
Direct foliar impacts on trees were observed or inferred in some 
highly polluted forests in Europe in the 1980s (Nihlgård,  1985 ), 
but have become rare due to the closing or modernisation of local 
industrial sources and the success of pollution control legislation. 
However, concentrations of nitrogen-based air pollutants are 
increasing in parts of Asia (primarily in China and India), pos-
sibly leading again to direct foliar impacts. 


   Eutrophication 
 N is the limiting nutrient for plant growth in many natural and 
semi-natural terrestrial ecosystems, especially under oligo-
trophic and mesotrophic conditions in Europe (globally, either 
N or P limitation, or co-limitation by both nutrients, is wide-
spread; Elser  et al .,  2007 ). In the short term (years), enhanced 
N deposition causes an increase in the availability of inorganic 
N in the topsoil. Th is leads to an increase in plant product-
ivity in N-limited vegetation, both through increased growth 
of existing species and by invasion of new, more productive 
species. Over the long term (years to decades) litter produc-
tion increases as a result. Because of this, the rate of N min-
eralisation will gradually increase, which may further increase 
plant productivity. Th is is a positive feedback, because higher 
N mineralisation leads to higher N uptake, etc. Th e rate of N 
cycling in the ecosystem is therefore accelerated, although the 
response time to enhanced N inputs can be long in organic 
soils with high C:N ratios, or in any soil with large potential 
N sinks. 


 Above a certain level of primary productivity, local species 
diversity can decline as the production of a few species able to 
exploit the available N greatly increases. Competitive exclu-
sion (‘overshading’) of characteristic species of oligotrophic 
or mesotrophic habitats by relatively fast-growing nitrophilic 
species occurs, with rare species at low abundance especially 
at risk (Bobbink  et al .,  1998 ; Suding  et al .,  2005 ) ( Figure 20.4 ). 
Changes in species richness and composition are generally 
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 Figure 20.3       Schematic of the main impacts of 
enhanced N deposition on ecosystem processes 
and species richness. Stress is considered to 
occur when external constraints limit the rate of 
production of vegetation; disturbance consists of 
mechanisms that aff ect plant biomass by causing 
its partial or total destruction.  
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long-term eff ects, although they may be induced by relatively 
large doses of nitrogen applied over a few years.      


 When N is no longer limiting in these ecosystems, plant 
growth becomes limited by other resources such as water or 
phosphorus (P). In this situation, vegetation productivity will not 
increase with further increases in N. Nitrogen concentrations in 
plant tissues will, however, oft en increase because N availability 
still increases. Th is may aff ect the palatability of the vegetation 
for herbivores, or its sensitivity to pathogens. Even in ecosys-
tems that are limited by other nutrients, long-term N inputs can 
lead to nutrient imbalances (e.g. anomalous N:P ratios) which 
could ultimately change plant species composition. 


   Acidifi cation 
 Both oxidised and reduced N can acidify soils: oxidised N 
through acting as a mobile anion accompanying basic cati-
ons leached from soil (Johnson and Cole,  1980 ), and reduced 
N through the acidifying eff ects of both nitrifi cation and root 
exchange of NH 4  +  for H +  (Bolan  et al .,  1991 ). Soil acidifi ca-
tion, or the loss of acid neutralising capacity, triggers many 
long-term changes (Ulrich,  1983 ). Owing to their high buff er-
ing capacity, calcareous soils will not at fi rst change pH when 
exposed to acid (N and/or S) deposition: pH generally remains 
above 6.5 until the soil calcium carbonate exposed to the acid 
is nearly depleted. In soils dominated by silicate minerals (pH 
6.5–4.5), buff ering is taken over by cation exchange processes 
on soil adsorption sites. In mineral soils with a large cation 
exchange capacity and high base saturation, this buff ering 
may continue for several decades, even at relatively high acid 
inputs. Eventually, however, exchangeable basic cations can be 
depleted, leading to a decline in the soil pH to below 5. Th is 
causes the breakdown of clay minerals and the dissolution of 
hydrous oxides of several metals, resulting in elevated levels of 
these metals, especially reactive aluminium (Al  n + ), in the soil 
solution and soil exchange complex. 


 As soil acidity increases and pH declines, the ecosystem’s 
capacity to remove nitrogen is compromised through reduced 
nitrifi cation or plant uptake rates, oft en resulting in the accu-
mulation of ammonium (NH 4  + ) (Roelofs  et al ., 1985). High soil 
acidity also reduces the decomposition rate of organic material, 
leading to increased accumulation of litter (Van Breemen  et al ., 
 1982 ; Ulrich,  1983 ). As a result of this cascade of changes, plant 
growth and the species composition of sensitive vegetation can 


be damaged: acid-resistant plant species become dominant, and 
species typical of intermediate- and higher-pH soil disappear. 


   Susceptibility to secondary stress and disturbance 
 Th e sensitivity of plants to stress (defi ned here as external con-
straints, such as drought, frost, pathogens or herbivores, that 
limit dry matter production rate) or disturbance (mechanisms 
causing the destruction of plant biomass) may be signifi cantly 
aff ected by N deposition. With increasing N deposition, suscep-
tibility to fungal pathogens and attacks by insects is enhanced. 
Th is is probably due to reduced concentrations of phenolic 
compounds (leading to lower resistance) and higher levels of 
soluble nitrogen compounds such as free amino acids (leading 
to higher palatability), together with the overall lower vitality 
of individual plants exposed to air pollution (Flückiger  et al ., 
 2002 ). Increased levels of pathogenic fungi have been found 
for several tree and shrub species in N-addition experiments 
and fi eld surveys, but for most ecosystems data are lacking and 
the infl uence of pathogens on diversity is still unclear (Bobbink 
 et al .,  2003 ; Flückiger  et al .,  2002 ). 


 Herbivory in general is aff ected by the palatability of the 
plant material, which is primarily determined by its N content 
(Th roop and Lerdau,  2004 ). Data on relationships between her-
bivory intensity and N deposition are scarce, but a link has been 
demonstrated in dry  Calluna  heathlands. Outbreaks of heather 
beetle ( Lochmaea suturalis ), which forages exclusively on the 
green parts of  Calluna vulgaris , can occur in dry lowland heaths. 
Attacks of the beetle lead to the opening of closed  C. vulgaris  can-
opy, increasing light penetration in the vegetation and enhancing 
the growth of understorey grasses such as  Deschampsia fl exuosa  
or  Molinia caerulea  ( Figure 20.2 ). Th e frequency and intensity of 
these outbreaks are clearly related to atmospheric N inputs and 
N concentrations in the heather, although the exact controlling 
processes are not clear (Brunsting and Heil,  1985 ; Berdowski, 
 1993 ; Bobbink and Lamers,  2002 ). N-related changes in plant 
physiology, biomass allocation (root/shoot ratios) and mycor-
rhizal infection can also infl uence the sensitivity of plant species 
to drought or frost stress, leading to reduced growth of some 
species and potential changes in plant interactions. 


   Sensitivity to nitrogen form 
 Plant species composition may be aff ected by a change in the 
dominant form of nitrogen the ecosystem receives in deposition, 


 Figure 20.4       A chalk grassland vegetation 
( Mesobromion erecti ) in the Netherlands (left) 
without N addition and (right) after three years 
of N addition (100 kg N ha −1 y −1  as NH 4 NO 3 ) (from 
Bobbink,  1991 ).  
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which may favour species better able to use that form. Since pol-
lution control measures in Europe have been more successful in 
controlling emissions of oxidised N than reduced N (Oenema 
 et al .  2011 ,  Chapter 4  this volume), in regions with a high rate 
of N deposition most of the nitrogen originates from NH x  from 
agricultural activity (Asman  et al .,  1998 ; Fowler,  2002 ; Sutton 
 et al .,  2008 ). Th is could cause a shift  from NO 3  –  to NH 4  +  in the 
soil, especially in habitats with low nitrifi cation rates. 


 Species of calcareous or moderately acidic soils are able 
to use NO 3  − , or a combination of NO 3  −  and NH 4  + , as a nitro-
gen source, whereas early studies showed that species of acid 
habitats generally use NH 4  +  (Gigon and Rorison,  1972 ; Kinzel, 
 1982 ), because at least some of these plants do not have nitrate 
reductase (Ellenberg, 1996). Laboratory and fi eld studies dem-
onstrate that most understorey species of deciduous forests in 
southern Sweden are favoured when both NH 4  +  and NO 3  −  can 
be taken up instead of only NH 4  +  (Falkengren-Grerup,  1998 ; 
Olsson and Falkengren-Grerup,  2000 ). Increased NH 4  +  uptake 
can lead to reduced uptake of basic cations (K + , Ca 2+  and Mg 2+ ), 
and exchange of these cations from the plant to the rhizosphere. 
Ultimately this can lead to severe nutritional imbalances, which 
have been implicated in the decline in tree growth in areas with 
high deposition of reduced N (Nihlgård,  1985 ; Van Dijk  et al ., 
1990; Bobbink  et al .,  2003 ). 


 High NH 4  +  concentrations in the soil solution or leaf water 
layer can also be toxic to many sensitive plant species, caus-
ing disturbed cell physiology, cell acidifi cation, accumulation 
of N-rich amino acids, poor root development, and inhibition 
of shoot growth (Nihlgård,  1985 ). Strong evidence exists that 
several rare or threatened plant species of grassland, heathland, 
moorland, and soft -water lakes are intolerant to increased 
concentrations of reduced N and to high NH 4  + /NO 3  −  ratios 
(De Graaf  et al .,  1998 ; Paulissen  et al .,  2004 ; Kleijn  et al .,  2008 ; 
Van den Berg  et al .,  2008 ) ( Figure 20.5 ).      


    20.2.2     Interactions between N deposition, other 
air pollutants and climate change 
  Interactions with the eff ects of SO x  deposition 
 Th e acidifying eff ects of both S and N on soils and water may 
lead to the same pathway of changes, and the eff ects are dif-
fi cult to separate for each pollutant in areas with both high S 
and N deposition. Th us, in many cases, observed increases in 
acid-resistant species and declines in acid-sensitive species can 
be caused by both airborne components. 


 ‘Legacy’ pollution from high levels of sulfate deposition in 
the past can also predispose an ecosystem to greater sensitivity 
to N deposition. S deposition peaked in Europe in the 1980s and 
has since declined dramatically across the continent. However, 
some soils in highly impacted ecosystems, particularly in cen-
tral and Eastern Europe, continue to show elevated levels of 
acidity and heavy metals, and depleted concentrations of basic 
cations, resulting from prolonged exposure or high loads of 
earlier pollution. In addition to the direct eff ects of acidity and 
metal toxicity on plant species composition, nutritional imbal-
ances due to increasing N deposition will occur sooner and 


at lower N deposition rates in soils that have been depleted of 
basic cations. Finally, if rates of nitrifi cation or plant uptake are 
impacted by soil acidity, the negative impacts of reduced N will 
be much larger, because inputs of NH 3  and NH 4  +  will remain 
in the reduced form for a longer time in the soil solution, soil 
exchange complex, or surface water/groundwater. 


   Interactions with the eff ects of ozone 
 A major pathway for the formation of tropospheric ozone (O 3 ) 
is photochemical reaction with NO x ; therefore, the two pollut-
ants are closely interlinked. Th e complex chemical transforma-
tions that characterise the atmospheric reactions between NO x  
and O 3  are outside of the scope of this chapter (see Hertel  et al ., 
 2011 ,  Chapter 9  this volume), but illustrate that the transforma-
tions and fates of atmospheric pollutants can rarely be consid-
ered in isolation. Th e impacts of O 3  alone on the biodiversity of 
semi-natural and natural ecosystems are not well studied, but 
O 3  fumigation has been shown to reduce the productivity of 
semi-natural vegetation, in some cases together with changes 
in species composition (Ashmore,  2005 ). 


 Data on interactions between N deposition and O 3  are 
scarce, and this is a major gap in knowledge. Th ere is, how-
ever, at least one fi eld investigation of these interactions. In a 
three-year experiment in sub-alpine grasslands in Switzerland, 
N deposition stimulated the productivity of the vegetation 
and altered the functional group composition, but O 3  did not 
(Bassin  et al .,  2007 ). Only one signifi cant interaction between 
N deposition and O 3  was found: although N addition increased 
the chlorophyll content of the vegetation, this eff ect was coun-
terbalanced by accelerated leaf senescence under high O 3  con-
centrations. Over the longer term this interaction may express 
itself as an overall reduction in the growth and C assimilation 
of the community, but such higher-level impacts are still not 
demonstrated. Both N deposition and O 3  may also reduce C 
transport to the roots, leading to a (possibly additive) lowering 
of the root:shoot ratios of plants (Ashmore,  2005 ), but again, 
these interactions have not yet been quantifi ed in the fi eld. 


 Figure 20.5       Characterisation of habitats of common (blue diamonds) and 
rare (red squares) species typical of Dutch heathland, matgrass swards and 
fen meadows by means of pH and molar NH 4  + /NO 3  −  ratio in the soil. Symbols 
indicate mean ± standard error. Almost all rare species occur only at low NH 4  + /
NO 3  −  ratios (From Kleijn  et al .,  2008 ).  
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   Interactions with the eff ects of climate change 
 Temperature and precipitation are the main determinants of 
the distribution of plants and animals. If climate changes, the 
biotic composition of ecosystems will also change. N deposition 
impacts will act together with changes in climate, but there is 
a major gap in knowledge concerning their interactive eff ects. 
In addition to changes in air temperature, which aff ect major 
ecosystem characteristics such as vegetation composition and 
productivity, shift s in the intensity and occurrence of precipita-
tion, drought, frost, and fi re will all interact with N deposition to 
impact diversity (Wiedermann  et al .,  2007 ; Gerdol  et al .,  2007 ). 
Many of these climate-related drivers that interact with N are 
also the most uncertain factors in climate change modelling. 


 Even a superfi cial treatment of the potential additive, syn-
ergistic or antagonistic eff ects of climate change and nitrogen 
pollution on vegetation biodiversity is beyond the scope of this 
chapter. We do, however, return to this topic in Section 20.4 as 
we use an ecosystem model to explore the potential of these 
drivers separately and together to change the species compos-
ition of one habitat over time. 


     20.3     Evidence of change 
 Th is section evaluates the evidence that N r , at historic and cur-
rent levels, both  can  and  has  caused a loss of biodiversity in vul-
nerable terrestrial ecosystems in Europe. We fi rst consider the 
types of evidence linking N deposition with biodiversity change, 
and describe the most vulnerable European regions and habitats 
based on this evidence. We then use this evidence to demon-
strate relationships and thresholds of biodiversity loss, discuss 
changes in diversity over the past 70 years, highlight some of 
the more sensitive species, and consider the rate and extent to 
which recovery may occur when N deposition levels decline. 


  20.3.1     Types of evidence 
 Th ere are three major types of evidence available to relate N 
deposition to biodiversity for terrestrial ecosystems. Th e fi rst 
is from  manipulation experiments , in which nitrogen deposi-
tion is increased, normally by application of NH 4  +  and/or NO 3  –  
in artifi cial rainwater. If signifi cant changes are detected in 
the experimental treatments and not in the controls, it can be 
inferred with some confi dence that N deposition is a primary 
driver of the change. Experiments can provide information 
on how long it takes for diff erent components of a system to 
respond to N addition, and can be designed to assess interac-
tions, for example with management intensity, temperature, or 
drought. Experiments can also identify thresholds for eff ects 
on biodiversity. However, experimental studies typically assess 
relatively short-term responses (even the longest experiments 
seldom exceed 20 years) and oft en use high concentrations of 
the applied pollutant, which may infl uence the response of the 
vegetation. In addition, it may be diffi  cult to identify thresh-
olds of response from experiments in areas with a relatively 
long history of elevated N deposition, where there may already 
have been signifi cant impacts of N deposition on biodiver-
sity. Finally, site-specifi c factors such as previous management 
might explain part of the observed response. 


 A second approach is through  spatial fi eld surveys  of sites 
covering a gradient of nitrogen deposition. Targeted surveys 
(explicitly designed to test N deposition impacts) may use 
short but steep gradients of N deposition (e.g. close to intensive 
animal units) or have a regional, national or even continental 
focus. Surveys can provide insight into longer-term responses, 
can cover a wider range of nitrogen deposition than experi-
ments, and avoid experimental artefacts. Since gradients of N 
deposition may be correlated with those of other potential driv-
ers (e.g. S deposition, climate, or management intensity), these 
other drivers need to be measured and considered in analyses 
and interpretation. In addition, because they are correlative, 
targeted surveys cannot prove causality, but can oft en deter-
mine the statistical signifi cance of N deposition as a potential 
driver of changes in biodiversity. 


 Ecological surveillance networks can also be analysed 
for spatial relationships between diversity and N deposition. 
Surveillance surveys typically record the presence or absence 
of species in larger areas (e.g. 10 × 10 km squares). As they are 
usually not designed to specifi cally identify nitrogen deposition 
(or even pollution) impacts, such studies refl ect the infl uence 
of land use and a range of climatic, edaphic and management 
factors. Attribution of any change to nitrogen deposition, 
therefore, can be even more diffi  cult than in targeted surveys. 
However, surveillance surveys usually cover a wide region, and 
so can potentially detect signals of change in biodiversity at the 
national level, including eff ects on rare and scarce species. 


 A third type of evidence to identify changes in community 
composition through N deposition is  re-surveys  over time of 
previous vegetation studies. Collating from the literature data 
collected over time from the same sites or from repeated sur-
veys would also be included in this type of evidence, even if 
no new fi eldwork is undertaken. Th e original survey may have 
been conducted for a variety of reasons, and since detection 
of N deposition impacts on biodiversity is rarely one of the 
reasons, re-surveys are oft en limited by the confounding infl u-
ence of other factors. Attributing causes to vegetation changes 
detected in re-surveys is particularly vulnerable to changes in 
land use and, increasingly, climate, that have occurred over the 
intervening period. It also may be challenging to identify the 
exact sites that were studied many years ago. However, given 
the limited duration of most experiments, re-surveys are the 
only type of evidence that can directly identify changes occur-
ring over long periods of time, and so are an essential compo-
nent of the strategy to characterise N deposition impacts on 
vegetation community composition and diversity. 


 Each of the above approaches has strengths and weak-
nesses, and these are oft en complementary. Multiple strands of 
evidence from a variety of approaches thus provide the most 
convincing support for N-driven changes in biodiversity. 


   20.3.2     Evidence of change by ecosystem 
 As described in  Sections 20.1  and  20.2 , a wide range of ecosys-
tems across Europe are sensitive to adverse eff ects of N deposition 
on biodiversity, particularly habitats with characteristically nutri-
ent-poor conditions.  Table 20.1  summarises the eff ects on plant 
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biodiversity in these environments, and gives examples of key 
studies that provide evidence of eff ects. In cases for which there is 
limited European evidence (i.e. Mediterranean ecosystems),  Table 
20.1  includes examples from similar systems in North America.      


 Table 20.1 shows that there is a large amount of evidence of 
damage to European terrestrial biodiversity due to elevated nitro-
gen deposition, particularly for grassland, forest, peatland and 
heathland ecosystems. However, for some specifi c habitats, and for 
much of southern and eastern Europe, the evidence is very limited. 
Th e most impacted plant functional types are forbs, bryophytes, 
lichens and nutrient-poor shrubs; graminoids adapted to higher 
nutrient levels are the main benefi ciaries of elevated N deposition. 


 Many diff erent environmental conditions are likely to 
modify the impacts of N deposition within these habitats. For 
instance, Clark  et al . ( 2007 ) analysed 23 N-addition experi-
ments in North America and found that species richness 
reduction was greatest where cation exchange capacity was 
low, temperature was low and the increase in primary produc-
tion in response to N was greatest. Both Stevens  et al . ( 2004 ) 


and Duprè  et al . (2010) showed that the relationship between 
N deposition and diversity in acid grasslands is modifi ed by 
soil pH. A further critical factor may be co-limitation by other 
nutrients. In tundra ecosystems, for example, responses to 
enhanced N deposition are usually only observed when the P 
limitation typical of these systems is released (Gordon  et al ., 
 2001 ; Madan  et al .,  2007 ), although Arens  et al . ( 2008 ) showed 
signifi cant eff ects of N deposition alone. 


 Th ere is reason to believe that the evidence summarised in 
 Table 20.1  provides a conservative estimate of the long-term 
impact of N deposition on European ecosystems. Much of the 
evidence (particularly N-addition experiments) originates 
from areas that have received elevated N deposition over the 
past 50–60 years, and where this cumulative high deposition 
may already have signifi cantly aff ected biodiversity. Pardo  et al . 
(2010), assessing critical thresholds of N deposition for loss of 
biodiversity in North America, identifi ed in many cases lower 
threshold values than for the equivalent ecosystems in Europe. 
Th is may refl ect the lower rates of N deposition, especially in 


 Table 20.1       Eff ects of nitrogen deposition on plant biodiversity reported across the major bio-climatic zones in Europe 


 Habitat  Observed eff ects on plant biodiversity  Key references 
 Overall weight of 
evidence in Europe 


Grassland   -Acid grassland : Reduced species richness, 
particularly of forbs. 
  -Calcareous grassland : Change in species 
composition; reduced species richness in some 
experiments. 


 Stevens  et al . (2006 s ) 
 Maskell  et al . (2010 s ) 
 Duprè  et al . (2010 r ) 
 Bobbink (1991 e ) 


Strong for species-rich acid 
and calcareous grasslands of 
temperate regions; limited 
for others.


Forest   -Temperate : Invasion of nitrophilic species; loss of 
epiphytic lichen species. 
  -Boreal : Decreased cover of ericaceous shrubs; 
decline of characteristic bryophytes. 


 Nordin  et al . (2005 e , 2006 e ) 
 Makipaa and Hiekkinen (2003 s ) 
 Brunet  et al . (1998 s ) 
 Mitchell  et al . (2005 s ) 


Strong for boreal and 
temperate forests; limited for 
other forests.


Peatland  -Decline of characteristic bryophyte species. 
 -Loss of sundew. 


 Redbo-Tortensson (1994 e ) 
 Mitchell  et al . (2002 e ) 
 Wiedermann  et al . (2009 e ) 
Limpens   et al . (2004 e ) 


Strong, with a range of 
studies.


Heathland  -Loss of characteristic lichen species. 
 -Invasion of nitrophilic acid grassland species. 
 -Reduced species richness, particularly of 
bryophytes. 


 Barker (2001 e ) 
 Heil and Diemont (1983 e ) 
 Caporn  et al . (2006 e ) 
 Maskell  et al . (2010 s ) 
Edmondson   et al . (2010 s ) 


Strong for temperate dry 
heaths, limited for others.


Arctic and 
montane


  -Grasslands : Increased cover of sedges, reduced 
proportional cover of grasses and forbs. 
  -Heaths : Reduction in cover and richness of lichens, 


and cover of mosses. 


 Bassin  et al . (2007 e ) 
 Pearce and van der Wal (2002 e ) 
 Britton and Fisher (2007 e ) 


Intermediate.


Coastal dune  -Reduction in species richness. 
 -Increased grass growth. 
 -Loss of lichen species. 


 Jones  et al . (2004 s ) 
 Remke  et al . (2009 s ) 
 van den Berg  et al . ( 2005a  e ) 


Limited to a small number 
of studies. 


Mediterranean 
ecosystems


  -Forest : Loss of sensitive lichen species. 
  -Grassland and shrub : Loss of native forb species. 


 Fenn  et al . (2003 s *, 2008 s *) 
 Weiss (1999 s *) 


Very limited.


Tundra  -Reduced cover of lichens. 
 -Increased cover of vascular plants. 
 -Changes in bryophyte species composition. 


 Gordon  et al . (2001 e ) 
 Arens  et al . (2008 e ) 


Limited to a small number of 
studies. 


    e = Evidence from N-manipulation experiment, s = Evidence from spatial survey, r = Evidence from temporal re-survey, *Study is from outside Europe.    
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remote areas of the North American continent, which provide 
a stronger basis for identifying the full range of species that 
existed before signifi cant N deposition began. It may also refl ect 
the much longer history of intensive human use of European 
ecosystems, which could have caused a historical ‘nitrogen 
 defi cit’ in soils long exploited for agriculture or forestry. 


   20.3.3     Field surveys: identifying spatial 
relationships with N deposition 
 Regional surveys can reveal spatial relationships between N 
deposition and biodiversity. As described above, surveys may 
or may not be specifi cally targeted to identify N impacts, and 
on their own cannot prove causality. However, by statistically 
accounting for the potential infl uence of other driving vari-
ables, and by linking results of spatial surveys to evidence 
from fi eld manipulations and other sources, attribution of 
impacts to N can be made to varying degrees of confi dence. 


 Th e fi rst regional survey specifi cally designed to identify poten-
tial pollutant impacts on vegetation species richness was carried 
out in acid grasslands in Great Britain by Stevens  et al . ( 2004 ). Th e 
species composition of 68 sites in a specifi c acid grassland com-
munity across Great Britain was related to 20 potential drivers on 
diversity measured on site or collated from available datasets. 


 Stevens  et al . ( 2004 ) showed a strong pattern of declining spe-
cies richness with increasing nitrogen deposition ( Figure 20.6a ). 
Forbs were particularly aff ected: over the deposition range meas-
ured across Great Britain, the species richness and cover of forbs 
declined by an average of 75%, from approximately 8 species/20% 
cover per m 2  at low rates of N deposition to 1–2 species/5% cover 
at the highest rates of N (Stevens  et al .,  2006 ). Grass species rich-
ness also declined with N deposition, and the cover of grasses 
showed a non-signifi cant increasing trend (i.e. a higher abun-
dance of fewer species). Th ere was no relation with N deposition 
in either richness or cover for bryophytes.      


 A subsequent comparison of these results with fi ndings 
from a UK ecological surveillance survey (Maskell  et al .,  2010 ) 
showed a similar signifi cant relationship with N deposition for 
all UK acid grasslands ( Figure 20.6b ): although the surveillance 
data, as expected, show greater scatter, the relationship with N 
deposition is highly signifi cant and comparable to the targeted 
survey (Stevens  et al .,  2009 ). 


 Th e study of Stevens  et al . ( 2004 ) was recently expanded 
to encompass acid grassland habitats across western Europe, 
and showed the same pattern of species richness decline with 
increasing N deposition (Stevens  et al .,  2010 ). Again, the 
decline in species richness was strongest for forbs, but grasses 
and bryo phyes showed stronger negative trends than in Great 
Britain alone ( Figure 20.7 ).      


 In addition to acid grassland, gradient surveys in Europe, pri-
marily the UK (both targeted and surveillance), show signifi cant 
negative relationships between N deposition and some compo-
nent of biodiversity for forest, peatland, heathland, coastal dune, 
tundra, and arctic/montane ecosystems ( Table 20.1 ; RoTAP, 
 2010 ), but the contribution of other drivers on diversity of these 
habitats has not yet been fully investigated. Evidence from gra-
dient studies also suggests that the diversity of Mediterranean 
forests and grasslands in the US is impacted by N deposition, 
although these ecosystems have not been well studied in Europe. 
Recent research in the UK indicates that calcareous grasslands 
show changes in species composition, but not in species rich-
ness, over the N deposition gradient in the UK (van den Berg 
 et al .,  2010 ; Maskell  et al .,  2010 ). Some N-addition experiments 
have, however, also induced a species richness change in calc-
areous grasslands (e.g. Bobbink 1991, Figure 20.4). 


 An important question in evaluating the overall weight of 
evidence for eff ects of N deposition on biodiversity in Europe 
is whether there is consistency between the fi ndings from the 
diff erent types of study identifi ed. Although few direct com-
parisons exist, these suggest that the results are comparable. 
Th e underlying relationships between the three surveys of 
acid grasslands described above (Stevens  et al .,  2004 ,  2009 , 
2010) were all very similar, despite wide variability in the 
type of survey, specifi c community studied, and geographic 
region. For peatlands, Wiedermann  et al . ( 2009 ) recently 
showed that the eff ects of N deposition in a three-year fi eld 
experiment –  reducing the cover of  Sphagnum  and increasing 
that of vascular plants – were consistent with eff ects observed 
in a targeted survey along a national gradient of N deposi-
tion from the south to north of Sweden. Th is consistency of 
results across a variety of approaches provides strong support 
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 Figure 20.6       (a) Species richness versus N deposition in a targeted survey of one 
acid grassland community in Great Britain (per 2 x 2 metre quadrat; linear and 
power functions shown). Adapted from Stevens  et al . ( 2004 ). (b) Species richness 
in all acid grassland communities versus N deposition for the wide-ranging UK 
Countryside Survey (●  ) (linear regression  r   2  = 0.09, p<0.001), shown together 
with the targeted survey of Stevens  et al . ( 2004 ) ( r   2  = 0.55, p<0.0001) (◯). From 
Stevens  et al . ( 2009 ).  
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that N deposition is driving a reduction in diversity in these 
ecosystems. 


 Because of variability in the data, particularly at low levels of 
N deposition, many of the relationships identifi ed so far can be 
modelled equally well with a linear, power, or step function. Th e 
latter two functions oft en depict a greater rate of reduction in 
species richness with increasing N in less polluted environments 
(e.g. compare solid curve with dotted in Figure 20.6a). Th is bet-
ter refl ects the fi ndings of manipulation experiments on ecosys-
tems historically receiving relatively low levels of N deposition 
(Clark and Tilman,  2008 ; Bobbink  et al .,  2010 ). Th e form of the 
relationship is important: if the rate of species richness loss is 
higher at lower N deposition levels, pollution control policies 
to protect biodiversity should aim for limits on new sources of 


atmospheric N, and a reduction of existing N sources, in areas 
where N deposition is currently low to intermediate. 


   20.3.4     Re-surveys: change in diversity over time 
 Several long-term ecological surveillance studies in Europe 
report a decline in species characteristic of low-nutrient con-
ditions and an increase in nitrophilic plant species over recent 
decades, including botanical inventories in the UK, Spain and 
Portugal (Gimeno,  2009 ; Preston  et al .,  2002 ). In the UK, the 
Countryside Survey, designed to investigate changes across the 
rural environment over time, has provided detailed informa-
tion on vegetation across the nation since 1978 (Carey  et al ., 
 2008 ). In three broad habitats (woodlands, grasslands, and 


 Figure 20.7       Species richness as a function of 
total inorganic nitrogen deposition for 153 acid 
grasslands across western Europe. Sites in green 
show Stevens  et al . ( 2004 ) survey. From Stevens 
et al. (2010).  
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heathland/bogs), species richness was already signifi cantly 
lower in areas with higher rates of N deposition in 1978. Th ere 
has been little change in the subsequent 30 years, although 
some further decreases in biodiversity in areas with higher N 
deposition were found between 1978 and 1998 (RoTAP,  2010 ). 


 Other UK studies that have re-surveyed sites with historical 
vegetation data have shown similar results, suggesting that a 
decline in biodiversity was already under way several decades 
ago. Th e exceptions to this are surveys in Scotland (RoTAP, 
 2010 ) which show a reduction in species richness of grasses 
and lichens between the 1960s/1970s and 2005 at sites with 
higher N deposition. Th is is consistent with the hypothesis that 
plant biodiversity is related to cumulative, rather than current, 
rates of deposition, and hence thresholds for signifi cant loss of 
diversity are reached earlier in areas of high N deposition than 
in areas such as Scotland, with lower N deposition. 


 A large amount of ecological information has been col-
lected from ecosystems across Europe over many years for a 
variety of diff erent purposes. Although a challenge to collate 
in a consistent format, these data can provide valuable infor-
mation on changes in plant communities. In the Netherlands, 
for example, Tamis  et al . ( 2005 ) analysed trends for 83 eco-
logical groups of species in 10 million vascular plant records 
over the course of the twentieth century. Th e most important 
trend in the data was a decline in those groups associated with 
nutrient-poor sites, although there was some reversal of this 


trend aft er 1980. Jenssen ( 2008 ) assessed data from about 1500 
vegetation relevés in forests in north-eastern Germany since 
1960, before which N deposition was estimated to be less than 
10 kg ha −1  yr −1  (i.e. below the critical load; see  Section 20.5 ). 
Although overall species richness increased over this period, 
the frequency and cover of red-listed species, especially those 
adapted to low nutrient availability, declined. 


 Duprè  et al . (2010) analysed data from about 1100 unferti-
lised acid grassland plots across Great Britain, the Netherlands, 
and Germany dating from the 1940s to the present. Aft er 
adjusting for plot size and accounting for drivers such as cli-
mate, the species richness at each site was signifi cantly nega-
tively related to the estimated level of N deposition at that site 
since 1939 ( Figure 20.8 ). Cumulative N deposition was more 
correlated to species number than cumulative S deposition 
for all regions. In Great Britain and Germany, cumulative N 
deposition was strongly related to a decline in the proportion 
of dicot species and an increase in the number of grass species. 
Bryophytes also signifi cantly declined with increasing cumula-
tive N in Great Britain (not measured in the other countries).      


   20.3.5     Identifi cation of sensitive species and 
thresholds 
  Figures 20.9 – 20.12  provide examples of species and genera from 
diff erent habitats or plant functional groups that have been 


 Figure 20.8       Relationships between vascular plant species richness and cumulative N deposition (in kmol N ha −1 ) from analyses of acid grassland plot data from 
the 1940s onward in Germany, the Netherlands and Great Britain. From Duprè  et al . (2010). Plots are standarised for comparison.  
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found to be particularly sensitive to N deposition. Evidence 
comes from a variety of sources, with N addition experiments 
particularly useful in identifying the species that are most 
aff ected by nitrogen enrichment. In some cases these experi-
ments allow the development of dose–response functions, and 
the identifi cation of thresholds for adverse eff ects.      


 In grasslands, several studies have shown a reduction in 
forb species richness or cover with increasing N deposition, 
leading to a decrease in the diversity, the attractiveness, and 
the range of ecosystem services off ered by these communi-
ties. In Europe, one of the attractive forb species identifi ed 
as adversely aff ected by N deposition is Devilsbit scabious 
( Succisa pratensis ) ( Figure 20.9 ). Several N-fertilisation exper-
iments have shown a negative eff ect on this species in areas of 
high N deposition (Pauli  et al .,  2002 ; Vergeer  et al .,  2003 ), and 
laboratory experiments show a strong decline in this species 
with increasing NH+


4 concentration in soil solution (Fig 20.9, 
van den Berg  et al .,  2005a ). 


 Heathlands are dominated by ericaceous shrubs such as the 
common heather,  Calluna vulgaris . Over the past 30–40 years, 
there is evidence from a number of countries (Netherlands, UK, 
Denmark, Norway, Germany) that heaths dominated by  Calluna  


have been invaded by acid grassland species adapted to higher 
nutrient availability (Bobbink  et al .  1998 ), with an associated 
reduction in the abundance of other characteristic heathland 
species (see  Figure 20.2 ).  Calluna  was also identifi ed as occur-
ring at lower frequency in high-N sites in the UK acid grasslands 
survey of Stevens  et al . ( 2004 ). Th e mechanisms underlying this 
change in the dominant species are complex, but breakdown 
of the canopy by heather beetles ( Lochmaea suturalis ), which 
increase under higher N deposition, is an important factor in 
forming gaps where invasion by grasses can occur. 


 In bogs,  Drosera  (sundew) are one of the largest families of 
carnivorous plants, which trap insects to provide an additional 
source of nitrogen and other nutrients to supplement the low 
nutrient status of their characteristic habitats. Th e number of 
individuals of  Drosera rotundifolia , one of the three European 
sundew species, in a Swedish bog was reduced within one year 
when the N deposition rate was artifi cially increased from 10 to 
20 kg N ha −1  yr −1  ( Figure 20.10 ; Redbo-Tortensson,  1994 ).      


  Racomitrium  moss heaths are an important habitat of mon-
tane and arctic areas of Europe. In the UK, this habitat has 
been identifi ed as being of high conservation value, but it has 
declined over recent decades, with heath species out-competed 


 Figure 20.9       (Top) Survival of  Succisa pratensis  in a hydroculture experiment 
grown at diff erent NH 4  +  concentrations in application. From van den Berg et al. 
(2005a). (Bottom)  Succisa pratensis . Photo: P. Vergeer.  


 Figure 20.10       (Top) Density of  Drosera rotundifolia  in four years (1988–91) 
in relation to four levels of nitrogen fertilisation (Redbo-Tortensson, 1994). 
(Bottom)  Drosera rotundifolia . Photo: A. Britton.  
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by grass species (van der Wal  et al .,  2003 ). While increased sheep 
grazing is one factor associated with this decline, several fi eld 
experiments have demonstrated that relatively low levels of N 
deposition can cause a rapid decline in the growth and cover of 
 Racomitrium  ( Figure 20.11 ). In these experiments there was no 
diff erence in eff ect between reduced and oxidised N, and only a 
slight diff erence between the lower and higher doses of N.      


 Peatlands dominated by  Sphagnum  mosses are a major ele-
ment of boreal and sub-arctic regions of Europe. Th ey are an 
important global carbon sink because of their characteristic low 
decomposition rates, due both to low oxygen levels and to the 


chemical characteristics of  Sphagnum . A shift  from  Sphagnum  
to vascular plants reduces the size of this carbon sink. A reduc-
tion in the abundance of  Sphagnum  and other moss species can 
also lead to erosion, landscape degradation, deterioration in 
water quality, and reduced water retention. Experimental and 
fi eld evidence in northwest Europe clearly show that relatively 
low rates of N deposition can increase N availability below the 
moss layer, increase growth of vascular plants, and change the 
water balance (Gunnarsson  et al .,  2002 ; Bragazza and Limpens, 
 2004 ; Malmer  et al .,  2003 ), all of which can impact  Sphagnum . 
At higher rates of N deposition, sensitive  Sphagnum  species can 
be directly impacted ( Figure 20.12 ).      


 Taken together, the experiments, spatial gradient surveys 
and temporal re-surveys described in Sections 2.3.3 to 2.3.5 
portray the long-term impact of atmospheric N deposition in 


 Figure 20.11       (Top)  Racomitrium lanuginosum . Photo: A. Britton. (Bottom) (a) 
growth, and (b) percent cover of  Racomitrium lanuginosum  (grey bars) and 
graminoids (white bars) treated with either high (40 kg N ha −1 yr −1 ) or low (10 
kg N ha −1 yr −1 ) nitrogen fertiliser over two summers, and measured at the end 
of the second growing season. From Pearce and van der Wal ( 2002 ).  
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 Figure 20.12       (Top) Net primary production of  Sphagnum magellanicum  
determined after 3.5 growing seasons of NH 4 NO 3  treatments (40 kg N ha −1 y −1 ) 
to 10 cm cores is signifi cantly reduced in 4 out of 6 fi eld sites (abbreviated 
on the x-axis). Negative values for Re for both N and control treatments were 
caused by drought. Adapted from Limpens  et al . ( 2004 ). (Bottom)  Sphagnum 
magellanicum . Photo: J. Limpens.  
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Europe over the second half of the twentieth century as reduc-
ing the presence of terrestrial plant species adapted to low-
 nutrient and poorly-buff ered habitats. However, the strongest 
evidence is confi ned to grassland, forest, heathland, and peat-
land in northwest Europe, and we still lack a comprehensive 
understanding of the eff ects of N deposition on the biodiversity 
of habitats throughout the European continent. 


   20.3.6     Signifi cance of the form of N deposition 
 Th e evidence evaluated above considers only total N deposition. 
However, in any integrated assessment of the nitrogen problem 
in Europe, the chemical and physical form of N deposition is 
important, as these relate to diff erent sources. From our under-
standing of processes as described earlier, and from empirical 
evidence (see Kleijn  et al .,  2008  (Figure 20.5); De Graaf  et al ., 
 1998 ,  2009 ), elevated concentrations of ammonium in the soil 
are more likely to have adverse eff ects on biodiversity than 
elevated soil concentrations of nitrate. However, there is little 
current evidence of any diff erences in eff ect between the depo-
sition of reduced and oxidised nitrogen. 


 While a small number of experimental studies have shown 
greater eff ects on species composition of wet-deposited 
reduced N over oxidised N (Twenhöven,  1992 ; van den Berg 
 et al .,  2008 ), other long-term experimental studies show little 
evidence of diff erential eff ects and, overall, the experimental 
evidence is limited. Survey data are also not well suited to dis-
tinguish between the relative impacts of the same deposition 
rate of reduced versus oxidised nitrogen, as both natural gradi-
ents in deposition and spatial associations with other potential 
drivers diff er between the two forms in the fi eld. Ammonium 
deposition is also diffi  cult to model on a regional scale because 
of its localised, diff use sources and its relatively complicated 
transport, chemical reactivity, and deposition dynamics. 


 Better understood is whether the gaseous and aerosol com-
ponents of N deposition have diff erent eff ects on vegetation 
compared to wet deposition. In drier regions of Europe, gase-
ous and aerosol inputs are likely to be a dominant form of N 
deposition, and in high concentrations these can cause direct 
foliar damage. A signifi cant input of deposited N is in the form 
of nitric acid (HNO 3 ) aerosol, but there is no evidence of the 
eff ects of this component on vegetation diversity. Th e direct 
eff ects of gaseous ammonia (NH 3 ) are more well-known. Th e 
only major fi eld experiment to directly compare the eff ects of 
gaseous NH 3  with wet-deposited NH+


4 at the same level showed 
much greater adverse eff ects from the gaseous form of reduced 
N on sensitive shrub, bryophyte and lichen species (Sheppard 
 et al .,  2009 ). Although this comparison is for an ombrotrophic 
bog only, there is a considerable body of fi eld evidence to dem-
onstrate the local eff ects of NH 3  in diff erent regions of Europe, 
especially on lichens ( Table 20.2 ). Much of this evidence relates 
to surveys around point sources of NH 3 , but wider-scale sur-
veys in agricultural areas also provide evidence of eff ects on 
biodiversity (Rihm  et al .,  2009 ). Ammonia can aff ect epi-
phytic lichens both because it increases nitrogen availability 
and because, as a basic gas, it can increase tree bark pH, thus 
adversely aff ecting acidophytic species.      


 In summary, diff erent forms of N deposition are likely to have 
diff erent eff ects on biodiversity because they aff ect the proc-
esses described in  Section 20.2  in diff erent ways, and because 
plants vary in both their sensitivity and their use of these forms. 
However, evidence of diff erential eff ects in the environment is 
limited, and the nature of any eff ect will be modifi ed by local 
soil conditions and vegetation composition. Deposition of gas-
eous ammonia is more likely to cause loss of diversity than is 
the equivalent rate of wet reduced N deposition, especially in 
lichen- and bryophyte-dominated communities. 


   20.3.7     Evidence for impacts of N deposition on 
fauna 
 Research on the eff ects of increased N inputs on faunal diver-
sity in semi-natural and natural ecosystems is mostly lacking. 
Establishing eff ects on fauna can be diffi  cult, as animals are 
usually mobile, and diff erent species use the landscape at dif-
ferent spatial scales and over diff erent times. Th ere is, however, 
some evidence of impacts of N deposition on fauna through 
changes in food and environmental conditions (including 
micro-climate), and through the vegetation structure and land-
scape heterogeneity needed by animal species to complete their 
life cycles (Th roop and Lerdau,  2004 ). 


 Changes in both vegetation nutrient content and plant species 
composition can impact the fauna dependent on that vegetation. It 
is likely, for instance, that the frequency of caterpillars, and therefore 
butterfl ies and moths, has declined in areas of high N deposition 
due to both intrinsic vegetation changes and community compos-
ition changes (Weiss,  1999 ; Ockinger  et al .,  2006 ). However, some 
butterfl y or moth species may profi t from N deposition if the pre-
ferred plant species of their larval forms becomes more dominant 


 Table 20.2       Summary of fi eld studies on eff ects of gaseous ammonia on 
plants 


 Location  Eff ect observed  Reference 


UK Decrease in nitrophobic 
epiphytic lichen species.


 Sutton  et al . ( 2009 ) 
 Wolsely  et al . (2009) 


UK Decreased cover of 
nitrophobic vascular 
plants.


Pitcairn  et al . (1998, 
2009)


Netherlands Decrease in presence of 
acidophytic epiphytic 
lichen species.


Van Herk  et al . (2003)


Italy Increase in strictly 
nitrophytic lichen 
species


Frati  et al . (2007)


Portugal Increase in strictly 
nitrophytic lichen 
diversity and decrease 
in oligotrophic lichen 
diversity.


Pinho  et al . (2009)


Switzerland Increase in frequency 
of nitrophytic lichens 
relative to nitrophobic 
lichens.


Rihm  et al . (2009)







Nitrogen as a threat to biodiversity


478


through N inputs. In a re-survey of 13 grassland sites in south-
ern Sweden, for example, Ockinger  et al . ( 2006 ) found that local 
extinctions of butterfl ies between 1980 and 2000 were greater for 
those species whose larval host plants were adapted to low nutri-
ent conditions; conversely, new colonisations were reported for 
butterfl y species whose larval host plants were adapted to nutri-
ent-rich conditions. Changes in plant nutrient content and species 
composition can fi lter down to impact detritivores feeding on the 
organic matter originating from this vegetation. 


 Elevated N deposition can also cause the heterogeneity of 
the vegetation to decline due to factors such as extensive grass 
intrusion. Th e occurrence of animal species is related to land-
scape heterogeneity by at least three mechanisms. First, spe-
cies may depend on specifi c conditions that are only present 
in transitions between habitats. Second, many animal species 
require diff erent parts of the landscape for activities such as 
reproduction, resting, and foraging. Finally, heterogeneity cre-
ates the possibility of risk spreading, leading to a higher per-
sistence of populations of animal species. Th us, N deposition 
aff ects faunal diversity not only directly (e.g. changes in the 
food quality and micro-climate), but also indirectly through 
changes in the confi guration and heterogeneity of habitats. We 
illustrate this with two examples. 


 Th e ground beetle (Carabidae) assemblages of dry open 
coastal grasslands are characterised by species preferring 
drought and relatively high temperatures. N deposition 
can lead to grass encroachment in the dune vegetation (see 
Bobbink  et al .,  2003 ). Th e invasion of extensive, relatively 
dense grasses changes the characteristic micro-climate of the 
open dunes (warm during daytime, but fairly cold at night 
and continuously dry) to a more buff ered, continuously cool 
and moist micro-climate. Th is then cascades to the fauna. 
A comparison of the ground beetle assemblages between 15 
coastal dune grasslands on the Waddensea islands Ameland 
and Terschelling showed that encroachment of the grasses 
 Calamagrostis epigejos  and  Ammophila arenaria  resulted in a 
change from the warmth- and drought-preferring  Carabidae  
species dominating in intact dry dune grasslands to a beetle 
assemblage dominated by moisture-preferring species (Nijssen 
 et al .,  2001 ). Th us, N deposition changes the vegetation com-
position, which in turn changes the composition of the fauna 
associated with that vegetation. 


 Th e decline of the red-backed shrike ( Lanius collurio ) 
illustrates how the eff ects of increased atmospheric N depos-
ition can cascade through the food web (Beusink  et al .,  2003 ) 
( Figure 20.13 ). Th is bird species declined from 1950 onwards 
throughout Western Europe. Much of this loss has been 
attributed to direct habitat degradation, but in less devel-
oped areas, such as the coastal dunes of northern Germany, 
of southern Denmark, and of the Netherlands (where the 
shrike has disappeared),  direct habitat conversion cannot be 
the main reason. 


 In these dune habitats, the pattern in population trends 
can be related to the rate of N deposition. Shrikes feed on large 
insects and small vertebrates such as lizards, and carry only a sin-
gle prey to the nest at a time. To ensure a constant and suffi  cient 
energy supply for nestlings and over the breeding period, they 


require a high diversity of large prey species, and this requires 
a heterogeneous landscape. However, N deposition has made 
Dutch coastal dunes much more homogeneous, with widespread 
encroachment of tall grasses and bushes leading to a decrease 
of open sandy areas and a loss of species-rich succession stages. 
Th e N-driven decline in landscape heterogeneity greatly reduces 
the availability of large prey species, and this has been identi-
fi ed as the main factor in the decline of the shrike population 
in these regions (Esselink  et al .,  2007 ). In other situations, the 
decline of a specifi c element of the landscape may be associated 
with changes in bird species. For example, a reduction in num-
bers of a rare bird species, the dotterel ( Eudromias morinellus ), 
in Scotland has been associated with a decline in  Racomitrium  
heath, its preferred habitat, to which elevated N deposition has 
probably contributed. 


   20.3.8     Evidence of recovery from 
biodiversity loss 
 Based on committed emission reductions, a decline in both the 
area and extent of nitrogen deposition in Europe from its 1980s 
peak is expected by 2010, with further reductions expected by 
2020 (Section 20.5). Whether, and how quickly, this will lead to 
recovery from adverse eff ects on biodiversity is uncertain. Th e 
term ‘recovery’ can have diff erent meanings, but here we defi ne 
it as the return of the species composition of an ecosystem to 
its pre-N pollution state. Relevant evidence comes from experi-
ments in which applications of N have ceased and from fi eld 
observation in areas of Europe (such as the Netherlands and 
Denmark), where large reductions in emissions, especially from 
agriculture, have been achieved since the 1980s. However, the 
evidence for recovery of biodiversity in many areas of Europe 
is confounded by the simultaneous recovery from acidifi cation 
due to the more rapid decline in sulfur deposition. 


 Rates of recovery have been most intensively studied in 
grasslands, and many studies suggest that recovery is a slow 
process. For example, a study in the Netherlands showed 
that vascular plant species numbers in heavily fertilised 


 Figure 20.13       The red-backed shrike ( Lanius collurio ), a species that has 
been indirectly impacted by chronically elevated nitrogen deposition 
(photograph: E. Dirksen).  







Nancy B. Dise


479


(150–250 kg N ha −1 yr −1 ) grasslands changed slowly and were 
not stable 14 years aft er cessation of the N treatments (Olff  and 
Bakker,  1991 ). Similarly, Clark and Tilman ( 2008 ) showed that 
the start of recovery of species numbers in plots treated with 
10–95 kg N ha −1 yr −1  for 23 years in a North American grassland 
could only be detected 13 years aft er the end of the experimental 
treatment. Hegg  et al . ( 1992 ) found that an eff ect of 40 kg N ha −1  
yr −1  on species composition of an alpine pasture in Switzerland 
was still visible almost 40 years aft er the last application. 


 However, faster rates of recovery have also been reported 
in grasslands. Results from an experiment on an unimproved 
grassland in England suggested that recovery of vegetation bio-
diversity (to a state comparable to that prevailing in the cen-
tral plots) took from 3 to 5 years aft er cessation of the nitrogen 
treatment (5 years of 25 kg N ha −1 yr −1 ) (Mountford  et al .,  1996 ). 
In the Netherlands, the species composition of an actively man-
aged calcareous grassland was similar to that of control plots 
within 10 years of the cessation of 8 years of treatment with 
115–170 kg N ha −1 yr −1  (Smits  et al .,  2008 ). 


 Fairly long timescales of recovery have been reported in 
non-grassland ecosystems. For example, both Power  et al . 
( 2006 ) (aft er application of 15.4 kg N ha −1 yr −1  for 7 years) 
and Strengbom  et al . ( 2001 ) (aft er application of 34–108 kg N 
ha −1 yr −1  for a period of 18 years) found no signs of recovery 
of vegetation aft er cessation of N application for 8 and 9 years 
in a heathland and boreal forest, respectively, although biogeo-
chemical recovery was more rapid. 


 From the experiments described above it is clear that the 
rates of recovery vary considerably. It is likely that the rates 
depend on a number of factors, including the intrinsic eco-
system sensitivity and buff ering capacity, the ambient N input, 
management type and intensity, and the amount of accumu-
lated N in the soil as a result of both long-term N deposition 
and the experimental application. 


 All of these experiments only removed additional experi-
mental N inputs, so the plots still received ambient N deposi-
tion. Few studies have examined the eff ect of a reduction from 
current rates of N deposition to pristine deposition rates. Th e 
best example of this at an ecosystem level is the NITREX net-
work, in which transparent roofs were built over European 
conifer forests (Wright and van Breemen,  1995 ). In more pol-
luted forests, ambient precipitation was cleaned of pollutants 
via ion exchange and returned, as ‘pre-industrial’ deposition, 
to the forest. Forests in less impacted regions were treated 
with elevated levels of nitrogen deposition. In a Dutch experi-
ment within this network, Boxman  et al . ( 1998 ) showed, aft er 
6 years, improved growth of pine trees, an increased number of 
sporocarps of mycorrhizal fungi, and a decline in the number 
of nitrophilic species (notably the fern  Dryopteris dilatata ) in 
plots from which wet N deposition was replaced by artifi cial 
clean rainwater. A diff erent approach was taken by Jones  et al . 
( 2005 ), who removed vegetated cores from an acid grassland 
community in Wales to an artifi cial enclosure, where they irri-
gated the cores with deionised water (removing the input of 
N in deposition). In response, the cover of the sensitive moss 
 Racomitrium  increased, but there was little change in vascular 
plant cover. 


 In areas that have been highly impacted by NH 4  +  depos-
ition, evidence shows that recovery of the original vascu-
lar plant species diversity may only be possible with active 
management intervention. In the Netherlands, for example, 
where large reductions in NH 4  +  deposition have been 
achieved in some areas, soil conditions still prevent the 
establishment of sensitive heathland and acid grassland spe-
cies, and management by nutrient removal and lime applica-
tion is first needed to restore the necessary biogeochemical 
conditions (Kleijn  et al .,  2008 ). 


 In summary, species that are impacted by direct deposition 
of N, such as lichens, fungi, and bryophytes, may rapidly recover 
once N deposition has been reduced. In contrast, recovery of vas-
cular plant diversity may take several decades, and may require 
signifi cant biogeochemical recovery to precede it. In cases where 
cumulative N loads are high or damage is severe, active man-
agement intervention may be needed to restore the full range of 
species that were originally present. Th e reduction in diversity 
of vascular plant species owing to N deposition is probably a 
cumulative progression occurring over several decades; likewise, 
recovery of biodiversity is likely to be a slow process. 


    20.4     Models 
 Th is section provides an overview of modelling approaches to 
describe nitrogen deposition impacts on the biodiversity of ter-
restrial ecosystems and to predict future change. Th ese models 
build mathematical representations of complex phenomena 
either by developing equations that simulate the main underlying 
processes, developing empirical relationships, or combining these 
approaches. Th e models may be used for a variety of purposes, 
including hypothesis testing, risk mapping, policy/management 
recommendations, scenario testing, and future predictions. 


 We fi rst describe the major approaches to modelling, and 
introduce the leading models used in Europe today to evalu-
ate the impact of nitrogen deposition on natural ecosystems. 
We then link two of these models together to demonstrate how 
models can be used to explore questions such as the relative 
importance of nitrogen deposition and climate change on bio-
diversity into the future. We conclude with a discussion of the 
limitations of current models and some of the improvements 
that are needed or are currently being developed. 


  20.4.1     Modelling approaches 
 Th e simplest approach to model the relationship between 
nitrogen deposition or concentration and plant community 
composition is to use  empirical relationships  (e.g.  see Figures 
20.6 – 20.8 ) relating the two factors ( Figure 20.14 ; left  strand 
of diagram). With empirical models, although we might have 
good hypotheses about the underlying mechanisms for the 
relationships derived, no knowledge or assumptions about 
these mechanisms is required. Empirical models simply show 
the best relationships among the measured parameters. Such 
mathematical relationships oft en readily lend themselves to 
geographically large-scale extrapolations because they require 
few parameters for upscaling, and the models can be developed 
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to use data available from national or European datasets. Th ey 
need to be used with caution for predicting future trends, how-
ever, since we cannot usually be certain that the relationships 
developed are cause-and-eff ect ones.      


 An alternative way of modelling relationships between N 
deposition and plant community composition is to use a deter-
ministic, or process-based approach ( Figure 20.14 , right-hand 
strand). Th ese simulate changes in biotic or ecological character-
istics in response to environmental drivers using mathematical 
representations of the most important processes as we under-
stand them. Th e strength of this approach is that it is based upon 
our best knowledge of the actual drivers and so allows us to test 
hypotheses and make more detailed predictions. Deterministic 
models are also useful for assessing time trends and response 
times, and to explore future scenarios. However, they oft en 
require a large amount of data for development, and a number 
of parameters to be set for their application. In addition, the 
equations used are only as good as our knowledge of the process 
being simulated, which is oft en incomplete or even poor. 


 Th e most commonly used deterministic models for bio-
diversity are two-stage. First the biogeochemistry of the eco-
system is simulated as a function of drivers such as nitrogen 
deposition using a deterministic model. Th e predicted eco-
system biogeochemistry is then used as input to into either an 
empirical model or another deterministic model to simulate 
the composition of the plant community that corresponds to 
that biogeochemistry (De Vries  et al .,  2007 ,  2010 ). 


 Th e major deterministic models used in the fi rst, biogeo-
chemical stage (e.g. SMART2, MAGIC, ForSAFE) were all 


initially developed to predict a forested ecosystem’s response to 
acid deposition. Th e models diff er in aspects such as the relative 
importance of diff erent processes, the detail in which processes 
are represented, and the scale at which the models function (see 
Appendix 20.1). Each model conceptualises diff erently the way 
in which an ecosystem responds to long-term inputs of nitrogen, 
has diff erent input requirements, and provides as an output dif-
ferent representations of soil N status (e.g. soil C/N, soil avail-
able N) and soil acid status (e.g. pH, base saturation) at diff erent 
scales. 


 Th e empirical vegetation models are based on a large 
number of fi eld surveys. From these, species-response curves 
are derived for many higher and lower plant species. Since 
they are based on many sites, the empirical vegetation models 
provide an excellent picture of the current composition of veg-
etation communities, and relationships between composition 
and drivers such as soil chemistry, climate and management. 
Instead of developing relationships between biogeochemistry 
and community composition using tens of thousands of obser-
vations, deterministic vegetation models such as Veg and BERN 
simulate changes in community composition using dynamic 
simulations of processes (Appendix 20.1). 


   20.4.2     Using models 
 Models are properly validated with independent data sets. 
Th is allows the accuracy and uncertainty of the model to be 
evaluated, and can identify how sensitive diff erent parts of 
the model are to variations in the input data. Th ere is a fairly 


 Figure 20.14       Modelling approaches to predict 
plant species diversity response to external drivers 
such as nitrogen deposition. Brief descriptions of 
the models shown here or described in the text 
are in Appendix 20.1.  
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good record in the literature of validation of both types of 
deterministic models (biogeochemistry and vegetation) and 
of empirical biogeochemistry models (see De Vries  et al ., 
 2010 ; Belyazid  et al .,  2006 ; van der Salm  et al .,  2007 ; Dise 
 et al .,  2009 ). Validation of empirical vegetation models are at 
an earlier stage, probably because the models themselves are 
fairly new, although there is evidence from acid grasslands 
that equations developed on independent sets of data are very 
similar (Stevens  et al .,  2009 ). 


 Once a model has been satisfactorily validated, it can be 
used to explore the implications of diff erent scenarios. As an 
example, we use the combined ForSAFE-Veg model chain 
(both deterministic,  Figure 20.14 , right side) to investigate the 
combined impact of climate change and nitrogen deposition on 
the biogeochemistry and ground vegetation composition of 49 
forest sites. Th e forests are 17 boreal and cool temperate con-
iferous stands in Sweden (dominated by spruce and pine) and 
32 Swiss forests, both from the northern Swiss plains (mostly 
deciduous and mixed) and from the Alps (mostly coniferous); 
the years from 1950 to 2100 are modelled. 


 ForSAFE (Forest SAFE; Soil Acidifi cation in Forest 
Ecosystems; Wallman  et al .,  2005 ) merges a geochemical model 
for soil solution chemistry, weathering and cation exchange 
(SAFE; Alveteg,  1998 ) with a forest simulator for plant growth, 
litterfall, and organic matter decomposition. Th e model 
requires information on environmental drivers such as pollu-
tant deposition, climate, and management, and dynamically 
simulates changes in the ecosystem based on changes in these 
drivers. Th e output of ForSAFE (ecosystem parameters such as 
soil chemistry and moisture, shading, and temperature) is then 
linked with Veg (Vegetation model: Belyazid  et al .,  2006 ), which 
simulates changes in the composition of the ground vegetation 
in response to changes in these biotic and abiotic factors, using 
plant species-specifi c information on habitat preferences. 


 We fi rst use this model chain to evaluate the eff ectiveness 
of pollution controls, with the model run using either (1) the 
scenario of maximum feasible reduction of N deposition, or 


(2) N deposition if there had been no controls on emission. 
Th e simulation assumes that most of the “maximum feasible 
reduction” has been accomplished through existing pollution 
legislation, so it is essentially an evalution of the eff ective-
ness of current N emissions reduction policies (Section 20.5). 
ForSAFE-Veg suggests that, had the European legislation of 
the late twentieth century to reduce the peak of N deposition 
(UNECE,  2010 ) not been enacted, 20% of the ground vegeta-
tion of these forests (by cover) would have shift ed to a new 
type by 2100 ( Figure 20.15 ).      


 Th e above simulation assumes, however, that the climate 
is changing over time. Comparing scenarios with and without 
climate change, the model suggests that global warming alone 
will cause a 40% change in the cover of ground vegetation in 
these Swedish and Swiss forests from 1950 to 2100, even with 
nitrogen control policies in place. Th is change is primarily due 
to the direct eff ects of a warmer climate, and secondarily to soil 
moisture changes and increased nitrogen status from mobilis-
ing soil N. Th e accumulated soil nitrogen, in turn, is in part 
the legacy of enhanced N deposition since the early twentieth 
century. 


 One could conclude from this exercise that, although the 
composition of the ground vegetation of European forests is 
likely to signifi cantly change due to a warming climate (partly 
from mobilising accumulated soil N), this change would be 
even greater in the absence of nitrogen pollution control pol-
icies enacted since the 1980s. However, these results should be 
simply taken as tools to explore potential implications of nitro-
gen deposition and climate change on vegetation diversity, 
rather than predictions of the actual future. We have explored 
only one model chain: diff erent models would give diff erent 
results and, since our knowledge of both current processes and 
the future environment is limited, no model is currently ‘the 
correct’ one. 


 Th e above exercise describes the application of a deter-
ministic model which can be used dynamically to evaluate the 
impact of various scenarios, but for a limited number of sites. 
Empirical models are generally simpler and require fewer data, 
and if these data are available on a large scale they can be useful 
for scaling-up assessments for regional, national, continental 
or even global applications. In  Section 20.5  we will explore how 
one such empirical model can be used to develop maps of bio-
diversity change in response to N deposition on a European 
scale. 


   20.4.3     Future improvements in models 
 Th e range of models available for simulating the eff ects of N 
deposition on terrestrial biogeochemistry and ecology pro-
vides a useful toolbox for a variety of biodiversity applications. 
Empirical and deterministic methods can be used complemen-
tarily and also as counter-checks. However, while the potential 
impact of diff erent scenarios can be tested, and maps of bio-
diversity risk developed, more work is needed. In particular, 
more refi nement and testing on validation datasets of exist-
ing models are needed to improve predictions. In addition, 
models need to simulate delay times in the response of plant 


 Figure 20.15       Predicted change over time in vegetation cover of 49 forest 
stands in Sweden, comparing the scenarios of no controls enacted on N 
deposition in the 1980s with maximum feasible future reductions in N 
deposition, both under the IPCC ‘middle’ climate scenario A2. The median 
(50%) estimate is shown, with the 10th and 90th percentiles shaded below and 
above the median, respectively.  
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communities to changes in N deposition. As discussed previ-
ously, experimental evidence suggests that there are likely to be 
considerable delays in the response of the ground vegetation 
community to changes in N emissions and deposition due to 
their response to accumulated, rather than current, N deposi-
tion, as well as ecological eff ects such as recruitment. Th ese lags 
need to be understood and incorporated into models to assess 
the eff ectiveness of air pollution legislation, in particular how 
soon we are likely to see the eff ects of N emission reductions. 


 Another limitation with the models concerns the distinc-
tion between reduced and oxidised nitrogen, and dry and 
wet N deposition.  Whereas, as described previously, experi-
ments have shown that reduced and oxidised N in soil have 
diff erent eff ects on plants,  and dry-deposited gaseous NH3 is 
particularly harmful as a direct pollutant, models do not yet 
incorporate these processes at the necessary level of detail. 
Furthermore, as shown in the example above, any reasonable 
estimate of the future changes in plant communities needs to 
incorporate climate change eff ects. Climate drivers are increas-
ingly included in dynamic modelling simulations, but are not 
yet incorporated in empirical models to any extent. Th is limits 
the degree to which empirical estimates of critical N deposition 
loads on plant communities can be extrapolated into the future. 
However, even if climate change is incorporated in models, our 
understanding of the impact of global warming on particular 
regions and ecosystems is still highly uncertain. So, although 
the models serve as useful guides, they will not tell us for cer-
tain what the future will bring. 


    20.5     Policy and critical loads 
 In this fi nal section we describe the development of current 
European policies on biodiversity conservation and air pol-
lution (including nitrogen) abatement, the relative success of 
these policies, and how the two policy aims of biodiversity pro-
tection and pollution abatement may be connected through the 
concept of critical loads. 


  20.5.1     Biodiversity legislation 
 Serious attention to halting and reversing biodiversity loss 
began in 1992 with the UN Convention on Biological Diversity 
(CBD,  1992 ) in which the international community committed 
itself to addressing biodiversity protection and enhancement 
via a legally binding global treaty. Th e Convention has three 
objectives: the conservation of biodiversity, the sustainable use 
of its components, and the fair and equitable sharing of benefi ts 
arising out of the utilisation of genetic resources. 


 Th e CBD produced a strategic plan set out by the 6th 
Conference of the Parties of the Convention (2002, COP). Th e 
COP’s mission was ‘to achieve, by 2010, a signifi cant reduction 
of the current rate of biodiversity loss at the global, regional 
and national level, as a contribution to poverty alleviation and 
to the benefi t of all life on Earth’ (Balmford  et al .,  2005 ). 


 Europe responded to the CBD in 1995 through the endorse-
ment of the Pan-European Biological and Landscape Diversity 
Strategy by the more than 50 countries covered by the United 
Nations Economic Commission for Europe (UNECE). Th is 


strategy provided the only platform for cross-European cooper-
ation on halting biodiversity loss. In the European Union, the 
EC Biodiversity Conservation Strategy (ECBS) was adopted in 
1998 in response to the requirements of the CBD. Four bio-
diversity action plans – natural resources, agriculture, fi sheries, 
and development – were adopted in 2001 and laid out actions 
to implement the strategy. 


 A review of the implementation of ECBS was initiated in 
2004, and led to the EC Communication on Halting the Loss 
of Biodiversity by 2010 (CEC,  2006 ). Political agreement on 
the 2010 target has been accompanied by a growing consen-
sus on the need for long-term, structured, global and European 
co ordination of biodiversity monitoring, indicators, and 
reporting eff orts on a sound funding basis. 


 Outside of these formal conventions and communications, 
protection and restoration of biodiversity has been increas-
ingly prominent in EU strategy and research framework pro-
grammes. Th e objective of ‘Managing natural resources more 
responsibly: to protect and restore habitats and natural systems 
and halt the loss of biodiversity by 2010’ was fi rst adopted by the 
EU in its Strategy for Sustainable Development in 2001 (CEC, 
 2001 ). Th e conservation of biodiversity is also one of the four 
main issues to be addressed along with ‘climate change’, ‘envir-
onment and health issues’, and ‘preserving natural resources 
and waste management’ within the EU Sixth Environmental 
Action Programme ‘Our Future, Our Choice’ (CEC,  2002 ). 


 At the national level, several countries have included the 
EU 2010 target as part of their national biodiversity strategies. 
However there has been only limited ‘trickling down’ of these pol-
icies to the local scale, where managers or conservation author-
ities of nature reserves, recreation areas, etc., may have (explicit 
or implicit) biodiversity action plans that are specifi c to a par-
ticular location. Th ere are some strategies designed to integrate 
local plans into the European scale (e.g. Fauna, Flora and Habitats 
(FFH) Directive; Natura2000 network). However, there is a long 
way to go before achievement of an integrated biodiversity strat-
egy encompassing the local, national and European levels. 


 Th e progress toward achieving the 2010 European biodiver-
sity target was assessed by the European Environment Agency 
(EEA,  2009 ). Th e overall conclusion was that, whereas progress 
has been made in some areas, the status of most species and 
habitats still gives rise to concern. 


   20.5.2     Nitrogen as a recognised threat to 
biodiversity 
 In 2004 the COP identifi ed nitrogen deposition as one of 17 
biodiversity ‘headline’ indicators for assessment of progress in 
achieving the 2010 goal (COP, 2004). Th e same framework of 17 
headline indicators was adopted at the European level in 2005 
(PEBLDS, 2005). Th e ‘Streamlining European 2010 Biodiversity 
Indicators’ (SEBI2010) process was set up to oversee implemen-
tation of the framework at both the EU and pan-European level. 


 Th us, the COP has specifi cally recognised N deposition as 
both a threat to biodiversity and a useful indicator of that threat, 
being relatively straightforward to estimate via well- established 
deposition models at both the national and  cross-European 
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scales (e.g. the European Monitoring and Evaluation 
Programme – EMEP). Other SEBI2010 indicators directly 
linked to nitrogen include nutrients in transitional, coastal and 
marine waters, and the Agricultural Nitrogen Balance (input 
vs. output of nitrogen in the agricultural system). 


 Th e development and use of the nitrogen deposition 
headline indicator is overseen by the International Nitrogen 
Initiative (INI), and is based on critical load exceedance for 
nitrogen (see below). Monitoring is done via data generated 
within the UNECE Convention on Long-range Transboundary 
Air Pollution. Such recent advances support current policy and 
will no doubt contribute toward future policy development. 


 Although it is increasingly recognised at the European 
scale, air pollution is still oft en not explicitly taken into account 
in biodiversity action plans, especially at the local or regional 
levels. As a consequence, nitrogen deposition may not be 
assessed as a threat in a way that is consistent with its known 
impacts on biodiversity. For instance, N deposition eff ects 
were not taken into account when selecting Natura2000 areas 
(Slootweg  et al .,  2007 ). Th e potential impacts of N deposition 
on Natura2000 sites, and implications for compliance with the 
Habitats Directive, was the subject of a workshop held in May 
2009 (Sutton et al.,  2010 ). 


   20.5.3     Air pollution legislation and critical loads 
 As described in Oenema  et al .,  2011  (Chapter 4 this volume), 
air pollution legislation in Europe is implemented within the 
framework of the Convention on Long-range Transboundary 
Air Pollution (CLRTAP, EU-NEC Directive  2001 ) and its eight 
subsequent protocols. Th e Gothenburg Protocol (1999) sets 
emission ceilings for 2010 for four pollutants: SO x , NO x , VOCs 
and NH 3 . As a result of the protocol, it is expected that Europe’s 
sulfur emissions will be reduced by at least 63%, its NO x  emis-
sions by 41%, its VOC emissions by 40% and its ammonia emis-
sions by 17%  in 2010 as compared to 1990 (CLRTAP, 2010). 


 European emissions controls for sulfur and nitrogen are 
based on the critical loads concept, an eff ects-based approach 
(Spranger  et al .,  2008 ). A critical load is defi ned as:  


   A quantitative estimate of an exposure to one or more pollutants below 
which signifi cant harmful eff ects on specifi ed sensitive elements of the 
environment do not occur according to present knowledge  (Nilsson 
and Grennfelt,  1988 ).   


 In theory, if pollutant deposition rates are lower than criti-
cal loads, ecosystems maintain their long-term elastic stability 
against stress. Among other things, this means that the devel-
opment potential, sustainable use, and persistence of ecological 
functions of ecosystems are protected. Th e concept of critical 
loads was developed in response to acid deposition, and the 
‘harmful eff ects’ are usually biogeochemical (e.g. soil acidifi ca-
tion) rather than ecological. Th e acidity critical load encom-
passes both sulfur and nitrogen deposition. Critical loads have 
also been defi ned for eutrophication of terrestrial ecosystems, 
as well as for heavy metal pollution of terrestrial and surface 
water ecosystems. One limitation of the critical load approach 
is that, because they relate to a long-term sustainable state of an 
ecosystem, critical loads do not change over time and thus do 


not allow a prognosis of on-going ecosystem status at any point 
in time. Dynamic models must be used to predict such chang-
ing states over time (see Section 20.4). 


 Several decades of critical loads-based pollution control pol-
icies have resulted in reductions in the emissions of all targeted 
air pollutants, most dramatically sulfur, and clear improvement 
in areas such as soil and water acidifi cation. Th e diff erence 
between the critical load for a pollutant and the actual depos-
ition of the pollutant on an area is the critical load exceedance. 
Th ere is still a substantial area of semi-natural ecosystems in 
Europe where critical loads of nutrient nitrogen deposition 
are exceeded, including over 50% of the forests of Europe 
(Hettelingh  et al .,  2008b ). However, the level of exceedance has 
declined considerably over all habitats over the past 30 years 
( Figure 20.16 ). Th us, because of the success of pollution con-
trol legislation, we are progressively narrowing the gap between 
the nitrogen deposition and the critical load of nitrogen that is 
considered to pose a minimal threat to the health and integrity 
of the ecosystem.      


 Increasingly, the focus of European policymakers has shift ed 
to human health and biodiversity eff ects of air pollution (e.g. 
in the EU Th ematic Strategy on Air Pollution of 2005, revised 
CLRTAP Protocols, and the EU National Emissions Ceilings 
Directive). Critical loads for eutrophication and acidifi cation are 
now being evaluated for how well they can be linked to impacts 
on biodiversity, and how this may be translated into policy. Th e 
underlying assumption is that the critical N deposition load for 
minimising biogeochemical damage is similar to that at which 
biodiversity impacts are minimised. Th is explicit linking of 
critical loads to biodiversity is receiving increasing attention 
(e.g. the Workshop on Nitrogen Deposition, Critical Loads and 
Biodiversity, Edinburgh, November 2009). Critical loads for N 
are also being used for the protection of biodiversity at local or 
regional levels in several European countries, as well as in the US 
(e.g. in US National Park policy; Porter and Johnson,  2007 ). 


   20.5.4     Applying the critical loads concept to 
biodiversity protection 
 Evaluation of the appropriateness of nitrogen critical loads for 
biodiversity is at a fairly early stage, and has focused on the use 
of established ‘empirical’ critical loads for eutrophication. Th ese 
are based on evidence from fi eld experiments and targeted sur-
veys to identify threshold rates of N deposition for eff ects on eco-
system structure or function (Bobbink  et al .,  2003 ). 


 Table 20.3 summarises the evidence that the biodiversity 
of sensitive habitats in Europe is aff ected when the nutrient 
nitrogen critical load is exceeded. In many cases eff ects are 
similar to the overall impacts described in  Table 20.1 , but 
here the focus is on changes observed in the fi eld in relation 
to the critical load. For those habitats described as sensitive 
to atmospheric N in  Table 20.1  but not listed in Table 20.3 
(tundra, coastal dune, Mediterranean), there is either no crit-
ical load or no fi eld evidence to evaluate whether critical load 
exceedance is related to observed eff ects on biodiversity.


Th e critical load ranges refl ect the range of sensitivity of 
diff erent habitats within the broad ecosystem types. Evidence 
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in Table 20.3 is primarily based on ecological surveillance 
datasets; in addition, a synthesis of data from experimen-
tal studies (Bobbink,  2008 , described below) is included. In 
most of the non-experimental studies, specifi c relationships 
with critical load exceedance were not evaluated – rather, the 
evaluation identifi es ecological changes at sites or in areas 
where the critical load is exceeded.        For the ecosystems listed, 
 Table 20.3  provides broad support for the use of empirical crit-
ical loads for protection of biodiversity in addition to ecosys-
tem structure and function. 


 Further evidence for the appropriateness of critical loads 
based on biogeochemical change as a useful index for terres-
trial biodiversity comes from recent ‘inverse modelling’ work, 
based on van Dobben  et al . ( 2006 ) and updated by de Vries 
 et al . ( 2010 ). First, the MOVE model (see Figure 20.14) was run 
inversely to produce the critical biogeochemical conditions (e.g. 
lowest pH range, highest N availability range) associated with 
a large number of vegetation assemblages, then the SMART2 
model was run inversely to determine the nitrogen deposition 
that would produce those conditions. Th at value of N depos-
ition was then considered to be a type of ‘ecological’ critical N 
load for that vegetation type. Th ese critical loads overlap with 
established empirical critical loads for most vegetation classes. 


 However there are several reasons for caution in assessing 
biodiversity risk based on the exceedance of critical loads alone. 
First, as described previously, ecological surveillance datasets 
are not usually designed to identify N deposition impacts, and 
so attribution of any impact to nitrogen deposition can be diffi  -
cult. Second, the relatively short-term N-addition experiments 
used to defi ne empirical critical loads may not accurately refl ect 
the impact of many decades of N deposition on the biodiver-
sity of vulnerable ecosystems. Th ird, because of factors such as 


accumulated nitrogen in the ecosystem, climate change, and 
potential recruitment limitations, we do not know with con-
fi dence when, or to what degree, biodiversity will recover if 
pollution is reduced to the level of the critical load or below. 
Finally, diff erent habitats within the broad ecosystem classifi -
cations shown in  Table 20.3  are diff erentially vulnerable to N 
deposition. For instance, acid grasslands are more vulnerable 
than calcareous grasslands, and this is refl ected in a lower crit-
ical load for these ecosystems. Scaling up to regional extrapola-
tions using critical loads based on broad ecosystem types could 
therefore underestimate the impact of N deposition on more 
vulnerable habitats. 


 Table 20.3 also only describes impacts from N deposition 
loads. As discussed previously, deposition of gaseous ammonia 
is more likely to reduce diversity than is the equivalent rate of 
wet N deposition, especially in non-vascular plants. Critical lev-
els (concentrations, rather than loads) for NH 3  deposition have 
recently been set at 1 µg m −3  for lichen and bryophyte- dominated 
communities, and at 3 µg m −3  for vascular plant-dominated 
communities (Cape  et al .,  2009 ). Evaluation of exceedance of 
these critical levels, as well as critical loads for total N depos-
ition, should be a component of any future European assess-
ment of the impact of N deposition on biodiversity. 


   20.5.5     Developing European-scale 
assessments of nitrogen deposition impacts 
on biodiversity 
 Using data from nitrogen addition experiments in the fi eld, 
Bobbink ( 2008 ) derived empirical relationships between plant 
species richness or similarity indices and exceedance of critical 


 Figure 20.16       Exceedance of critical loads for eutrophication by deposition in 1980 and (projected) 2010 under current legislation. Map made using the 
offi  cial data of the National Focal Centres (NFCs) on critical N loads for each country (map of 2010 from Hettelingh  et al ., 2008b; map of 1980: M. Posch, personal 
communication).  
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loads for three diff erent habitats ( Figure 20.17 ,  Table 20.3 ). 
Exceedence of critical loads was determined by subtracting 
the maximum of the range of the critical load for that specifi c 
ecosystem from the N addition load used in the experiment. 
Robust datasets were only available for grassland, arctic/alpine 
shrub (‘scrub’) and coniferous boreal forest. For grasslands 
and arctic/alpine shrub habitats, species richness declined as 
exceedance of the empirical critical load increased ( Figure 
20.17 ). Th ere was no clear relationship between species rich-
ness and critical load exceedance for boreal forest ecosystems, 
although there was evidence of a shift  in understorey species 
composition as exceedance increased, refl ecting the replace-
ment of species adapted to low nutrient availability by more 
nutrient-demanding species.  Th is biodiversity change in forest 
ecosystems was described by the Sørensen similarity index (SI) 
instead of species richness.  (Th e SI compares the similarity of 
two samples, and is defi ned as SI=2C/(A+B), where A and B 
are the species numbers in two samples, and C is the number 
of species in common among those samples (Sørensen, 1948)).  
A dose-response relationship between the SI and critical load 
exceedance was then developed for forests in a similar way as 
for grassland and shrubland.      


 Using estimated N deposition from the EMEP model, 
together with the European distribution of the three broad veg-
etation types represented by these ecosystems (forest, shrubland 
and grassland), the functions can then be used to derive maps 
of estimated vegetation change as a function of N deposition. 


 Figure 20.18  shows the output of such an exercise (Hettelingh 
et al., 2008a). Th e modelled species richness or similarity in 
relation to non-aff ected ecosystems is compared to the esti-
mated level in 1900 (Schöpp et al., 2003), before a signifi cant 
increase in regional N deposition ( Figure 20.18 ).      


  Figure 20.18  suggests that the largest N-driven ecological 
change (in this case, community  composition) of the three 
broad ecosystems between 1900 and 1990 has occurred in 
forests. Th is may refl ect the high fi ltering function of forests, 
resulting in signifi cantly higher levels of N deposition reaching 
the forest fl oor than in ecosystems characterised by low-stature 
vegetation. Shrubland is described in this up-scaling to have 
been impacted the least by N deposition, while grassland is 
intermediate. Note that a reduction in species richness of up to 
10% is already estimated for shrub vegetation in 1900 – this is 
due to the low  critical load for this vegetation type (Table 20.3), 
which may already have been exceeded in many areas by 1900. 


 Th is exercise is primarily illustrative, and includes many 
simplifi cations. Most notably, the responses of arctic/alpine 
shrubland, and of coniferous boreal forests, are extrapolated 
across all shrubland and forests in Europe. As our knowledge 
and evidence base improve, so will the  accuracy of the val-
ues we attribute to biodiversity reduction and risk for diff erent 
ecosystems. 


 Maps similar to the preliminary assessment shown in Figure 
20.18 may ultimately provide an overview of the potential sever-
ity, extent and distribution of biodiversity change across Europe, 


 Table 20.3       Evidence of loss in biodiversity in diff erent habitats across Europe in relation to the critical load (CL) or critical load exceedence (CLE) for nutrient 
nitrogen. Critical loads from Bobbink  et al . ( 2003 ) 


 Habitats 
  Critical load range  
 (kg N ha –1  y –1 )  Relationship with critical load  Source of evidence 


Arctic, alpine and 
subalpine scrub


5–15 Species richness in experiments declines with CLE. Bobbink (2008)


Heathlands 10–25 CLE within the Netherlands correlated with reduced 
species numbers in dry but not wet heaths.


Van Hinsberg  et al . (2008)


Peatlands 5–10  -Reduced cover of  Sphagnum  species and increased 
cover of vascular plants above CL. 
 -Loss of characteristic bog species on Danish 
ombrotrophic mires above the CL 


 Wiedermann  et al . (2009) 
 Aaby (1994) 


Grasslands 10–30  -Decline in species richness at sites with higher N 
deposition above the CL. 
 -Reduction in species richness of vascular plants, and 
declines in forbs relative to grasses above the CL 
 -Species richness in experiments decline with CLE. 


 Maskell  et al . (2010) 
 Duprè  et al . (2010) 
 Bobbink (2008) 


Forests 10–20  -Frequency of  Vaccinium  in Sweden decreases at N 
deposition above the CL. 
 -CLE within the Netherlands correlated with reduced 
species numbers in forests on sandy soils. 
 -Similarity to species composition of ‘unpolluted’ sites in 
boreal forest experiments declines with CLE. 
 -Decline in frequency of red-listed species in German 
forests as N deposition increased above CL. 


 Strengbom  et al . (2003) 
 Van Hinsberg  et al . (2008) 
 Bobbink (2008) 
 Jenssen (2008) 


     Note : critical loads are being reviewed in 2010 and some values listed in Table 20.3 may be revised accordingly.    
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which could help guide more focussed investigations of specifi c 
regions and habitats. However, being based on extrapolation of 
empirical models, they are not well suited for describing rates 
of biodiversity recovery (or loss) should N deposition decline 
(or increase). Since it is likely that ecosystems respond at least 
in part to the cumulative N deposition that has been stored in 
soil and vegetation over decades, it may take many years for 
an ecosystem to lose enough of this accumulated N (via leach-
ate, atmospheric emission, fi re, etc.) for it to recover to its pre-
 impacted state, even aft er N deposition itself has been reduced 
to below the critical load. Th e reduction in biodiversity from N 
deposition has probably occurred over many decades; the time 
course of recovery is also likely to be long. 


 Even if the most stringent air pollution control policies are 
enacted, some ecosystems have likely been so damaged by chronic 
nitrogen loading that pollution reduction would not lead to full 
recovery within a reasonable time period. In these cases, active 
restoration, such as grazing, burning, mowing or cutting, could be 
considered as a management tool to accelerate the natural proc-
esses of nitrogen removal. Th e ‘Survival Plan Forest and Nature’ 
in the Netherlands (Overlevingsplan Bos en Natuur – OBN) pro-
vides a good example of how such restoration programmes may 
be developed, reviewed and acted upon in the fi eld. 


 In practice, then, empirical models such as shown in 
 Figure 20.17  may be useful to describe the current status of 


biodiversity as a function of the critical load exceedence for 
a habitat, and can form the basis for extrapolation over an 
appropriate range of that habitat. However, because at least 
part of the relationship we observe today is the result of long-
term accumulated nitrogen, such models  should not be used 
to predict an instantaneous change in biodiversity as critical 
load exceedence changes. More research is required on rates 
of recovery for diff erent ecosystems, and as this knowledge 
builds, dynamic and empirical approaches will no doubt play a 
joint role in informing policy development and assessment. 


    20.6     Conclusions and recommendations 
 Biodiversity is the variability among living organisms, and 
includes variability at the level of the individual, species, com-
munity and ecosystem. Th e value of biodiversity is multifold, 
from preserving the integrity of the biosphere as a whole, to 
providing human services such as food and medicines, to spir-
itual and aesthetic well-being. Biodiversity in Europe is threat-
ened by many diff erent forces, most of them driven by human 
population and our growing needs for more and better-quality 
food, housing, industry, and transport. One of the major drivers 
of biodiversity loss is atmospheric deposition of N r , a product of 
both agricultural and industrial (primarily transport) activities. 


 Th is chapter has focussed on nitrogen impacts on European 
plant species diversity, but its conclusions are broadly applic-
able to the wider biota, including fauna and below-ground 
organisms, and to areas outside Europe. We summarised both 
the scientifi c and the policy aspects of nitrogen impacts on 
diversity, including the processes and evidence, the most vul-
nerable ecosystems and regions, modelling approaches, and 
current legislation. 


 Species and communities most sensitive to chronically 
elevated nitrogen deposition are those that are adapted to low 
nutrient levels, or occur in habitats that are poorly buff ered 
against acidifi cation ( Section 20.1 ). Sensitive habitats occur 
in grassland, heathland, wetlands, and forests, among other 
ecosystems. A sensitive ecosystem in an area of high nitrogen 
deposition is vulnerable to biodiversity loss, and there are many 
such areas across Europe. As a biodiversity ‘hotspot’ containing 
many sensitive habitats, the Mediterranean basin is potentially 
highly vulnerable to nitrogen deposition. Although levels of N 
deposition are still relatively low in most parts of this region, 
they are increasing. 


 Nitrogen impacts vegetation diversity through direct foliar 
damage, eutrophication, acidifi cation, and susceptibility to stress 
( Section 20.2 ). Reduced nitrogen at high concentrations in the 
soil solution, or dry-deposited directly to leaf surfaces, can be 
particularly harmful to biota. Although knowledge of impacts 
on fauna is low, there are some clear examples of reductions in 
faunal diversity that can be linked to nitrogen deposition. Rather 
than direct impacts of nitrogen, damage to faunal diversity is 
usually a secondary result of changes in vegetation diversity, 
heterogeneity, composition, or structure. It is also likely that 
nitrogen deposition acts synergistically with other stressors, in 
particular climate change, acid deposition, and ground-level 
ozone, although these synergies have been poorly studied. 


0.2


0.4


0.6


0.8


1.0


1.2


0 20 40 60 80 100 120 140


P
ro


po
rt


io
na


l n
um


be
r 


of
 s


pe
ci


es
: 


T
re


at
m


en
t/C


on
tr


ol


Critical load exceedance (kg N ha–1 yr–1)


Critical load exceedance (kg N ha–1 yr–1)


Semi-natural grassland 


(a)


0.4


0.5


0.6


0.7


0.8


0.9


1.0


1.1


–10 0 10 20 30 40 50 60 70


P
ro


po
rt


io
na


l n
um


be
r 


of
 s


pe
ci


es
: 


T
re


at
m


en
t/C


on
tr


ol


Arctic / alpine shrubland


(b)


 Figure 20.17       Relationships between relative species number and 
exceedance of the maximum of the critical load range in N-addition 
experiments for the specifi c habitat of relevance in (a) grassland and (b) arctic/
alpine shrub habitats. From Bobbink ( 2008 ).  
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 Figure 20.18       Modelled percentage of species richness in grassland (top), shrubland (middle) and similarity index in forests (bottom) for two diff erent time 
scenarios: the pre-N deposition status in 1900 (left), and 1990 levels (right) of N deposition (Hettelingh  et al ., 2008a,b). Values are expressed as percentages of 
species number or similarity in non-N impacted ecosystems: red = less than 80% of the non-impacted ecosystem, orange = 80%–90%, yellow = 90%–95%, light 
green = 95%–99%, dark green = 99%, blue = 100%.  
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 In  Section 20.3  we reviewed both the evidence that biodi-
versity of a variety of sensitive ecosystems can be reduced due 
to N r , and the evidence that biodiversity is actually reduced 
in Europe in response to chronic N deposition. We compared 
the results of long-term fi eld manipulation experiments of 
nitrogen on a variety of ecosystems, regional surveys along 
deposition gradients, and re-surveys of surveillance sites 
and other studies over time. We conclude from these studies 
that it is highly likely that terrestrial biodiversity has been in 
decline in Europe for many decades due to nitrogen deposi-
tion, probably since the large-scale expansion and intensifi -
cation of agriculture and transport in the second half of the 
twentieth century. 


 Th ere are several approaches to modelling changes in 
biodiversity with increasing loads of nitrogen, each with its 
advantages and disadvantages, and each best suited for a par-
ticular application ( Section 20.4 ). Deterministic models, built 
from our understanding of the processes driving phenomena, 
allow us to test hypotheses and to predict how specifi c eco-
systems may respond to diff erent scenarios of N deposition 
(including pollution reduction), but can be very data-inten-
sive. Empirical models – oft en based on observational data 
of wide extent but low resolution – are well-suited for upscal-
ing and extrapolation to assess the vulnerability of diff erent 
habitats and regions across Europe to nitrogen-driven loss of 
biodiversity. However, they primarily describe observed rela-
tionships, and these may not be cause-and-eff ect. Eff orts are 
focussed on combining the two approaches to utilise the best 
features of each to understand and predict nitrogen-driven 
loss of biodiversity. 


 Policies and legislation aimed at enhancing and restoring 
biodiversity in Europe are framed around the 1992 Convention 
on Biological Diversity (CBD) and the 2002 CBD Strategic Plan 
to reduce and reverse loss of biodiversity by 2010 ( Section 20.5 ). 
Nitrogen deposition has been adopted as a central indicator of 
biodiversity loss, such that restoration of diversity is explicitly 
linked to reductions in nitrogen input. However, N deposition 
is still not integrated across the biodiversity policy and manage-
ment arenas in Europe. Likewise, biodiversity impacts are not 
explicit in European pollution control legislation such as the 
Convention on Long-Range Transboundary Air Pollution. Th e 
concept of critical loads for pollution deposition, fi rst devel-
oped as a joint science–policy response to acid deposition, is 
a useful approach for identifying and mitigating biodiversity 
loss due to nitrogen pollution. Nitrogen removal experiments 
suggest, however, that recovery may be slow, and in some cases 
may require active management intervention. 


 We suggest that future research should focus on quantify-
ing: (1) the extent of terrestrial biodiversity reduction due to N 
deposition in Europe (expanding research to all potentially vul-
nerable ecosystems), (2) the current extent and future threats out-
side of Europe, particularly in Asia, (3) synergistic interactions 
between N deposition and other drivers on diversity, particularly 
climate change, habitat conversion, and other pollutants, (4) the 
relative eff ects of reduced and oxidised N, (5) rates of recovery, 
and (6) cascades of impacts through the vegetation, soil biota 
(including microbes), and above-ground fauna. 


 Nitrogen manipulation experiments should be contin-
ued, and new experiments initiated in vulnerable habitats, 
particularly in areas with low N deposition, since accumu-
lated plant-available nitrogen in the soil may have already 
impacted biodiversity in regions receiving elevated N depos-
ition over many years. Manipulation studies (existing and 
new) should, if possible, incorporate a treatment cessation to 
gain new information on rates of recovery. Historical records 
should be further utilised to establish the rate of change that 
has already occurred across Europe. Finally, we suggest that 
a European-wide monitoring network covering a range of 
habitats be initiated, using consistent methods, to provide 
information on the long-term eff ects of air pollution on 
biodiversity. 
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   Appendix 20.1 Descriptions of models 
introduced in Section 20.4 
  BERN: Bioindication for Ecosystem Regeneration towards 
Natural conditions , is a semi-empirical model for estimat-
ing plant niches based on abiotic site factors (Schlutow and 
Huebener,  2004 ). 


  MAGIC: Model of Acidifi cation of Groundwater in 
Catchments  (Cosby  et al .,  2001 ) 


 MAGIC is a lumped-parameter model which simulates 
chemical processes in soils at catchment level to relate atmos-
pheric deposition of acidifying compounds to soil, ground-
water and surface water chemistry. 


  MOVE (GBMOVE): Model of Vegetation  (Latour and 
Reiling,  1993 ) 


 MOVE predicts the occurrence of plant species based on 
fi eld-based empirical relationships between species distribu-
tion and Ellenberg indicators for water and nutrient status. 
About 900 plant species are covered, calibrated on almost 
160 000 vegetation relevés. Th e Ellenberg indicator values are 
derived from the biogeochemical status (e.g. soil pH, soil C/N) 
that is the output of the biogeochemical model.  GBMOVE  is 
MOVE calibrated for vegetation in Great Britain. 


  ForSAFE: Forest SAFE  (Wallman  et al .,  2005 ).   ForSAFE 
merges SAFE (see below) with a forest simulator for plant 
growth, litter fall and organic matter decomposition, thus inte-
grating the inorganic soil, organic matter and decomposition, 
vegetation growth, uptake and respiration, and hydrology. 
Th e model requires information on environmental drivers for 
deposition, climate, and management, and dynamically simu-
lates changes in the ecosystem based on changes in these driv-
ers. In comparison to the soil-oriented MAGIC and SMART2, 
ForSAFE is vegetation-driven and contains more dynamic 







Nancy B. Dise


489


equations; MAGIC and SMART2 uses more aggregated 
parameters. 


 ForSAFE has been connected with Veg, the vegetation 
response and composition model (see below), which reads 
state variables (soil chemistry and moisture, shading, and tem-
perature) from ForSAFE and simulates the composition of the 
ground vegetation community. 


  NTM: Nature Technical Model  (Wamelink  et al .,  2003 ) 
 NTM uses four dominant factors to characterise the envi-


ronment: groundwater level, soil pH, soil nitrogen availabil-
ity, and management. Th e fi rst three factors are outputs of the 
biogeochemical model; the management regime is an input. In 
NTM the relation between vegetation and these environmen-
tal factors is determined by regression. Th e vegetation can be 
characterised on two levels: generalised ‘potential’ biodiversity, 
or vegetation type. 


  SAFE: Soil Acidifi cation in Forest Ecosystems  is a multi- 
layer soil geochemical model for soil solution chemistry, weath-
ering and cation exchange (Alveteg,  1998 ). 


  SMART2: Simulation model for acidifi cation’s regional 
trends  (Kros  et al .,  1995 ) 


 SMART2 is an extension of the one-compartment soil acid-
ifi cation model SMART (De Vries  et al .,  1989 ) by including a 
nutrient cycling model and describing the major hydrological 
and biogeochemical processes in both the litter layer and min-
eral soil. As with SMART, it consists of a set of mass balance 
equations describing the soil input-output relationships, and 
a set of equations describing the rate-limited and equilibrium 
soil processes. SMART 2 is an improvement over SMART in 
simulating two soil layers (rather than one in SMART), and it 
includes a complete nutrient cycle (litterfall, mineralisation, 
root uptake, immobilisation, nitrifi cation and denitrifi cation) 
for base cations and N. SMART2 is designed for more regional 
applications than MAGIC and ForSAFE; the latter two models 
operate primarily at the catchment or plot scale. 


  Veg: VEGetation model  (Belyazid  et al .,  2006 ; Sverdrup 
 et al .,  2007 ) 


 Veg is a process-based model simulating changes in the 
composition of the ground vegetation in response to changes 
in biotic and abiotic factors, using plant species-specifi c infor-
mation on habitat preferences. Veg includes an integration of 
the N cycle with process kinetics and feedbacks to the chem-
istry, organic matter decomposition and growth cycles of the 
vegetation. Changes in biotic and abiotic factors included are 
soil solution nitrogen and phosphorus concentration, soil 
acidity, soil moisture, light intensity at the forest fl oor, tem-
perature, grazing pressure and competition between species 
based on height and root depth. Th e model combines these 
responses to predict how an entire plant community would 
evolve if one or many environmental drivers change over 
time. 


     References 
    Aaby ,  B.    ( 1994 ). Monitoring Danish raised bogs. In:  Mires and 


Man: Mire Conservation in a Densely Populated Country  – 
 Th e Swiss Experience , ed.    A.   Grunig   , Kosmos, Birmensdorf, 
pp. 284–300. 


    Alveteg ,  M.    ( 1998 ).  Dynamics of forest soil chemistry. PhD thesis, 
Department of Chemical Engineering  II,  Lund University ,  Lund, 
Sweden.  


    Arens ,  S. J. T.   ,    Sullivan ,  P. F.    and    Welker ,  J. M.    ( 2008 ).  Nonlinear 
responses to nitrogen and strong interactions with nitrogen and 
phosphorus additions drastically alters the structure and function 
of a high arctic ecosystem.   Journal of Geophysical Research ,  113 , 
G 03209 . 


    Ashmore ,  M. R.    ( 2005 ).  Assessing the future global impacts of ozone 
on vegetation.   Plant, Cell and Environment ,  28 ,  949 –964. 


    Asman ,  W. A. H.   ,    Sutton ,  M. A.    and    Schjorring ,  J. K.    ( 1998 ). 
 Ammonia: emission, atmospheric transport and deposition.   New 
Phytologist ,  139 ,  27 –48. 


    Balmford ,  A.   ,    Bennun ,  L.   ,    ten Brink ,  B.     et al . ( 2005 ).  Th e Convention 
on Biological Diversity’s 2010 target.   Science ,  307 ,  212 –213. 


    Barker ,  C. G.    ( 2001 ).  Th e impact of management on heathland response 
to increased nitrogen deposition . PhD thesis,  University of London . 


    Bassin ,  S.   ,    Volk ,  M.   ,    Suter ,  M.   ,    Buchmann ,  N.    and    Fuhrer ,  J.    ( 2007 ). 
 Nitrogen deposition but not ozone aff ects productivity and 
community composition of subalpine grassland aft er 3 yr of 
treatment.   New Phytologist ,  175 ,  523 –534. 


    Bates ,  J. W.    ( 2002 ). Eff ects on bryophytes and lichens. In:  Air Pollution 
and Plant Life  (2nd edition), ed.    J. N. B.   Bell    and      M.  Treshow,    
 John Wiley and Sons ,  Chichester , pp. 309–342. 


    Belyazid ,  S.   ,    Westling ,  O.    and    Sverdrup ,  H.    ( 2006 ).  Modelling changes 
in forest soil chemistry at 16 Swedish coniferous forest sites 
following deposition reduction.   Environmental Pollution ,  144 , 
 596 –609. 


    Bender ,  D. J.   ,    Contreras ,  T. A.    and    Fahrig ,  L.    ( 1998 ).  Habitat loss and 
population decline: a meta-analysis of patch size eff ect.   Ecology ,  79 , 
 517 –533. 


    Berdowski ,  J. J. M.    ( 1993 ). Th e eff ect of external stress and 
disturbance factors on Calluna-dominated heathland vegetation. 
In:  Heathlands: Patterns and Processes in a Changing Environment , 
ed. R. Aerts, and G. W. Heil, Kluwer, Dordrecht, pp. 85–124. 


    Bergamini ,  A.    and    Pauli ,  D.    ( 2001 ).  Eff ects of increased nutrient 
supply on bryophytes in montane calcareous fens.   Journal of 
Bryology ,  23 ,  331 –339. 


    Beusink ,  P.   ,    Nijssen ,  M.   ,    Van Duinen ,  G.-J.    and    Esselink ,  H.    ( 2003 ). 
 Broed- en voedselecologie van Grauwe klauwieren in intacte 
kustduinen bij Skagen, Denemarken . Stichting Bargerveen, 
Afdeling Dierecologie, K.U.  Nijmegen . 


    Bobbink ,  R.    ( 1991 ).  Eff ects of nutrient enrichment in Dutch chalk 
grassland.   Journal of Applied Ecology ,  28 ,  28 –41. 


    Bobbink ,  R.    ( 2008 ). Th e derivation of dose–response relationships 
4 between N load, N exceedance and plant species richness for 
EUNIS habitat classes. In:  Critical Load, Dynamic Modelling 
and Impact Assessment in Europe , ed.    J.-P.   Hetterling   ,    M.   Posch,    
and     J.   Slootweg,    Coordination Centre for Eff ects, Netherlands 
Environmental Assessment Agency, pp. 63–72.  http://www.mnp.
nl/en/themasites/cce/publications/cce-status-report-2008/  


    Bobbink ,  R.   ,    Hornung ,  M.    and    Roelofs ,  J. G. M.    ( 1998 ).  Th e eff ects 
of air-borne nitrogen pollutants on species diversity in natural 
and semi-natural European vegetation.   Journal of Ecology ,  86 , 
 717 –738. 


    Bobbink ,  R.    and    Lamers ,  L. P. M.    ( 2002 ). Eff ects of increased nitrogen 
deposition. In:  Air Pollution and Plant Life  (2nd edition), ed. 
J. N. B.      Bell    and    M.   Treshow,     John Wiley and Sons ,  Chichester , 
pp. 201–235. 


    Bobbink ,  R.   ,    Ashmore ,  M.   ,    Braun ,  S.   ,    Flückiger ,  W.    and    van den 
Wyngaert ,  I. J. J.    ( 2003 ). Empirical critical loads for natural and 
semi-natural ecosystems: 2002 update. In:  Empirical Critical Loads 







Nitrogen as a threat to biodiversity


490


of Nitrogen , ed.    B.   Achermann    and    R.   Bobbink   , Swiss Agency for 
Environment Forests and Landscape,  Bern , pp. 43–169. 


    Bobbink ,  R.   ,    Hicks ,  K.   ,    Galloway ,  J.    et al. ( 2010 ).  Global assessment 
of nitrogen deposition eff ects on plant terrestrial biodiversity: a 
synthesis.   Ecological Applications,   20 ,  30 –59. 


    Bolan ,  N. S.   ,    Hedley   M. J.    and    White ,  R. E.    ( 1991 ).  Processes of soil 
acidifi cation during nitrogen cycling with emphasis on legume-
based pastures.   Plant and Soil,   134 ,  53 –63. 


    Boxman ,  A. W.   ,    Blanck ,  K.   ,    Brandrud ,  T. E.     et al . ( 1998 ).  Vegetation 
and soil biota response to experimentally-changed nitrogen inputs 
in coniferous forest ecosystems of the NITREX project.   Forest 
Ecology and Management ,  101 ,  65 –79. 


    Bragazza ,  L.    and    Limpens ,  J.    ( 2004 ).  Dissolved organic nitrogen 
dominates in European peat bogs under increasing atmospheric 
nitrogen deposition.   Global Biogeochemical Cycles ,  18 , GB 4018 . 


    Britton ,  A. J.    and    Fisher ,  J. M.    ( 2007 ).  Interactive eff ects of nitrogen 
deposition, fi re, and grazing on diversity and composition of low-
alpine prostrate   Calluna vulgaris  heathland.  Journal of Applied 
Ecology ,  44 ,  125 –135. 


    Brunet ,  J.   ,    Diekmann ,  M.    and    Falkengren-Grerup ,  U.     (1998) .  Eff ects of 
nitrogen deposition on fi eld layer vegetation in south Swedish oak 
forests.   Environmental Pollution ,  102 ,  35 –40. 


    Brunsting ,  A. M. H.    and    Heil ,  G. W.    ( 1985 ).  Th e role of nutrients in 
the interactions between a herbivorous beetle and some competing 
plant species in heathlands.   Oikos ,  44 ,  23 –26. 


    Calvo ,  L.   ,    Alonso ,  I.   ,    Fernandez ,  A. J.    and    De Luis ,  E.    ( 2005 ).  Short-
term study of eff ects of fertilisation and cutting treatments on 
the vegetation dynamics of mountain heathlands in Spain.   Plant 
Ecology,   179 ,  181 –191. 


    Cape ,  J. N   ,    van der Eerden ,  L. J.   ,    Sheppard ,  L. J.   ,    Leith ,  I. D.    and 
   Sutton ,  M. A.    ( 2009 ).  Evidence for changing the critical level of 
ammonia.   Environmental Pollution ,  157 ,  1033 –1037. 


    Caporn ,  S. J. M.   ,    Carroll ,  J. A.   ,    Studhome ,  C.    and    Lee ,  J. A.    ( 2006 ). 
Recovery of ombrotrophic  Sphagnum  mosses in relation to air 
pollution in the southern Pennines. Report to Moors for the 
Future, Edale. 


    Carey ,  P. D.   ,    Wallis ,  S.   ,    Chamberlain ,  P. M.     et al . ( 2008 ).  Countryside 
Survey: UK Results from 2007 . NERC/Centre for Ecology and 
Hydrology, Edinburgh. 


    CEC    ( 2001 ).  EU Sustainable Development Strategy, 2006 Update and 
2009 Review .  http://ec.europa.eu/environment/eussd/  


    CEC    ( 2002 ).  6th Community Environment Action Programme .  http://
ec.europa.eu/environment/newprg/index.htm  


    CEC    ( 2006 ).  Halting the Loss of Biodiversity by 2010 – and Beyond – 
Sustaining Ecosystem Services for Human Well-Being .  http://
ec.europa.eu/environment/nature/biodiversity/comm2006/
bap_2006.htm  


    Clark ,  C. M.    and    Tilman ,  D.    ( 2008 ).  Loss of prairie grass species aft er 
chronic low-level nitrogen deposition to prairie grasslands.   Nature , 
 712 – 715 . 


    Clark ,  C. M.   ,    Cleland ,  E. E.   ,    Collins ,  S. L.     et al . ( 2007 ).  Environmental 
and plant community determinants of species loss following 
nitrogen enrichment.   Ecology Letters ,  10 ,  596 –607. 


    CLRTAP:  Convention on Long-Range Transboundary Air Pollution    . 
( 2010 ).  http://www.unece.org/env/lrtap  


    Convention on Biological Diversity (CBD)    ( 1992 ). Text of the 
 Convention on Biological Diversity .  http://www.cbd.int/
convention/  


    Convention on Biological Diversity (CBD)    ( 2010 ).  International Year 
of Biodiversity .  http://www.cbd.int/2010  


    Cosby ,  B. J.   ,    Ferrier ,  R. C.   ,    Jenkins ,  A.    and    Wright ,  R. F.   , ( 2001 ). 
 Modelling the eff ects of acid deposition: refi nements, adjustments 
and inclusion of nitrogen dynamics in the MAGIC model.  
 Hydrology and Earth System Sciences,   5 ,  499 –517. 


    De Graaf ,  M. C. C.   ,    Bobbink ,  R.   ,    Roelofs ,  J. G. M.    and    Verbeek ,  P. J. M.    
( 1998 ).  Diff erential eff ects of ammonium and nitrate on three 
heathland species.   Plant Ecology,   135 ,  185 –196. 


    De Graaf ,  M. C. C.   ,    Bobbink ,  R.   ,    Smits ,  N. A. C.   ,    Van Diggelen ,  R.    and 
   Roelofs ,  J. G. M.    ( 2009 ).  Biodiversity, vegetation gradients and key 
biogeochemical processes in the heathland landscape.   Biological 
Conservation ,  142 ,  2191 – 2201.  


    De Vries ,  W.   ,    Kros ,  J.   ,    Reinds ,  G. J.     et al . ( 2007 ).  Developments in 
Modelling Critical Nitrogen Loads for Terrestrial Ecosystems in 
Europe ,  Alterra Wageningen UR ,  Wageningen , the Netherlands. 
Report 1382. 


    De Vries ,  W.   ,    Posch ,  M.    and    Kämäri ,  J. (     1989 ).  Simulation of the 
long-term soil response to acid deposition in various buff er ranges.  
 Water, Air and Soil Pollution ,  48 ,  349 –390. 


    De Vries ,  W.   ,    Wamelink ,  W.   ,    van Dobben ,  H.     et al . ( 2010 ).  Use of 
dynamic soil-vegetation models to assess impacts of 
nitrogen deposition on plant species composition and to 
estimate critical loads: an overview.   Ecological Applications, 
  20 ,  60 –79. 


    Dise ,  N. B.   ,    Rothwell ,  J. J.   ,    Gauci ,  V.   ,    van der Salm ,  C.    and    de Vries ,  W.    
( 2009 ).  Predicting dissolved inorganic nitrogen leaching in 
European forests using two independent databases.   Science of the 
Total Environment,   407 ,  1798 –1808. 


    Duprè ,  C.   ,    Stevens ,  C. J.   ,    Ranke ,  T.     et al . ( 2010 ).  Changes 
in species richness and composition in European acidic 
grasslands over the past 70 years: the contribution of cumulative 
atmospheric nitrogen deposition.   Global Change Biology ,  16 , 
 344 –357. 


    Edmondson ,  J. L.   ,    Carroll ,  J. A.   ,    Price ,  E. A. C.    and    Caporn ,  S. J. M.            
( 2010 ).  Bio-indicators of nitrogen pollution in heather moorland.  
 Science of the Total Environment,   408 ,  6202 –6209. 


    EEA    ( 2009 ).  Progress towards the European 2010 Biodiversity Target , 
EEA Report No. 04/2009, EEA Copenhagen.  http://www.eea.
europe.eu/publications/progress-towards-the-european-2010-
biodiversity-target  


    Ehrlich ,  P. A.    and    Ehrlich ,  A. H.    ( 1992 ).  Economics of biodiversity 
loss.   Ambio ,  21 ,  219 – 226.  


    Ellenberg, H.    ( 1996 ).  Vegetation Mitteleuropas Mit Den Alpen, 5th edn. 
Stuttgart,  Verlag Eugen Ulmer.   


    Elser ,  J. J.   ,    Bracken ,  M. E .S.   ,    Cleland ,  E. E.     et al . ( 2007 ).  Global analysis 
of nitrogen and phosphorus limitation of primary producers in 
freshwater, marine and terrestrial ecosystems.   Ecology Letters ,  10 , 
 1135 –1142. 


    Esselink ,  H.   ,    Van Duinen ,  G.-J.   ,    Nijssen,   M.     et al . ( 2007 ).  De grauwe 
klauwier mist kevers door verruigende duinen.   Vakblad Natuur, 
Bos und Landschap,   2007 – 4, 22 – 24 . 


    EU NEC     2001  Directive 2001/81/EC of the European Parliament and the 
Council;  http://ec.europa.eu/environment/air/pdf/nec_eu_27.pdf  


    Falkengren-Grerup ,  U.    ( 1998 ).  Nitrogen response of herbs and 
graminoids in experiments with simulated acid soil solution.  
 Environmental Pollution ,  102  (Suppl),  93 –99. 


    Fenn ,  M. E.   ,    Baron ,  J. S.   ,    Allen ,  E. B.     et al . ( 2003 ).  Ecological eff ects of 
nitrogen deposition in the western United States .  BioScience ,  53 , 
 404 –420. 


    Fenn ,  M. E.   ,    Jovan ,  S.   ,    Yuan ,  F.     et al . ( 2008 ).  Empirical and simulated 
critical loads for nitrogen deposition in California mixed conifer 
forests.   Environmental Pollution ,  155 ,  492 –511. 







Nancy B. Dise


491


    Flückiger ,  W.   ,    Braun ,  S.    and    Hiltbrunner ,  E.    ( 2002 ). Eff ects of air 
pollutants on biotic stress. In:  Air Pollution and Plant Life  (2nd 
edition), ed.    J. N. B.   Bell   , and    M.   Treshow   , John Wiley and Sons, 
Chichester, pp. 379–406. 


    Fowler ,  D.    ( 2002 ). Pollutant deposition and uptake by vegetation. 
In:  Air Pollution and Plant Life (2nd edition) , ed.    J. N. B.   Bell   , and 
   M.   Treshow   , John Wiley and Sons, Chichester, pp. 43–67. 


    Frati ,  L.   ,    Santoni ,  S.   ,    Nicolardi ,  V.     et al . ( 2007 ).  Lichen biomonitoring 
of ammonia emission and nitrogen deposition around a pig 
stockfarm.   Environmental Pollution ,  146 ,  311 –316. 


    Gaston ,  K. J.    ( 1996 ). What is biodiversity? In:  Biodiversity: A Biology of 
Numbers and Diff erence , ed.    K. J.   Gaston ,    Blackwell Science, Oxford . 


    Gaston ,  K. J.    and    Spicer ,  J. I.    ( 2004 ).  Biodiversity: An Introduction . 
 Blackwell Science, Oxford . 


    Gerdol ,  R.   ,    Petraglia ,  A.   ,    Bragazza ,  L.   ,    Iacumin ,  P.    and    Brancaleoni ,  L.    
( 2007 ).  Nitrogen deposition interacts with climate in aff ecting 
production and decomposition rate in  Sphagnum  mosses.   Global 
Change Biology ,  13 ,  1810 –1821. 


    Gigon ,  A.    and    Rorison ,  I. H.    ( 1972 ).  Th e response of some ecologically 
distinct plant species to nitrate- and to ammonium-nitrogen.  
 Journal of Ecology ,  60 ,  93 –102. 


    Gimeno ,  B. S.    ( 2009 ). New results on critical loads of nitrogen 
in southern Europe. In:  Proceedings of the workshop of the 
Coordination Centre for Eff ects , 11–15 May 2009.  http://www.pbl.
nl/en/themasites/cce/workshops/stockholm-2009/index.html . 


    Gordon ,  C.   ,    Wynn ,  J. M.    and    Woodin ,  S. J.    ( 2001 ).  Impacts of 
increased nitrogen supply on high Arctic heath: the importance 
of bryophytes and phosphorus availability.   New Phytologist ,  149 , 
 461 –471. 


    Gotelli ,  N. J.    and    Colwell ,  R. K.    ( 2001 ).  Quantifying biodiversity: 
procedures and pitfalls in the measurement and comparison of 
species richness.   Ecology Letters ,  4 ,  379 –391. 


    Grizzetti ,  B.   ,    Bouraoui ,  F.   ,    Billen ,  G.     et al . ( 2011 ). Nitrogen as a threat 
to European water quality. In:  Th e European Nitrogen Assessment , 
ed.    M. A.   Sutton   ,    C. M.   Howard   ,    J. W.   Erisman     et al .,  Cambridge 
University Press . 


    Gunnarsson ,  U.   ,    Malmer ,  N.    and    Rydin ,  H.    ( 2002 ).  Dynamics or 
constancy in  Sphagnum  dominated mire ecosystems: a 40 year 
study .  Ecography ,  25 ,  685 –704. 


    Grupa ,  S. V.    ( 2003 ).  Eff ects of atmospheric ammonia (NH3) on 
terrestrial vegetation: a review. Environmental Pollution,    124 , 
 179 –221. 


    Hallingback ,  T.    ( 1992 ).  Th e eff ect of air pollution on mosses in 
Southern Sweden.   Biological Conservation ,  59 ,  163 –170. 


    Hampe ,  A.    and    Petit ,  R. J.    ( 2005 ).  Conserving biodiversity under 
climate change: the rear edge matters.   Ecology Letters ,  8 ,  461 –467. 


    Hegg ,  O.   ,    Feller ,  U.   ,    Dähler ,  W.    and    Scherrer ,  C.    ( 1992 ).  Long-term 
infl uence of fertilization in a Nardetum: phytosociology of the 
pasture and nutrient contents in leaves.   Vegetatio ,  103 ,  151 –158. 


    Heil ,  G. W.    and    Diemont ,  W. H.    ( 1983 ).  Raised nutrient levels change 
heathland into grassland.   Vegetatio ,  53 ,  113 –120. 


    Hertel ,  O.   ,    Reis ,  S.    and    Ambelas Skjøth ,  C.    ( 2011 ). Nitrogen processes 
in the atmosphere. In:  Th e European Nitrogen Assessment , ed. 
   M. A.   Sutton   ,    C. M.   Howard   ,    J. W.   Erisman     et al .,  Cambridge 
University Press . 


    Hettelingh ,  J. P.   ,    Posch ,  M.   ,    Slootweg ,  J.   ,    Bobbink ,  R.    and    Alkemade ,  R.    
( 2008 a). Tentative dose–response function applications for 
integrated assessment. In:  Critical Load, Dynamic Modelling and 
Impact Assessment in Europe , ed.    J.-P.   Hettelingh   , M. Posch, and 
J. Slootweg, Coordination Centre for Eff ects, Netherlands 


Environmental Assessment Agency, pp. 83–89.  http://www.mnp.
nl/en/themasites/cce/publications/cce-status-report-2008/  


    Hettelingh ,  J.-P.   ,    Posch ,  M.    and    Slootweg ,  J.     ( 2008 b). Status of the 
critical loads database and impact assessment. In:  Critical Load, 
Dynamic   Modelling and Impact Assessment in Europe . eds. J.-P. 
Hettelingh, M. Posch, and J. Slootweg, Coordination Centre 
for Eff ects, Netherlands Environmental Assessment Agency, 
pp. 15–28.  http://www.mnp.nl/en/themasites/cce/publications/
cce-status-report-2008/  


 Intergovernmental Panel on Climate Change (IFCC) (2007). Climate 
Change: Th e Physical Science Basis. Contribution of Working Group 
I to the Fourth Assessment Report of the Intergovernmental Panel 
on Climate Change, eds. S. Solomon, D. Qin, M. Manning et al. 
Cambridge University Press. 


    Jenssen ,  M.    ( 2008 ). Analysing and modelling the eff ects of nitrogen 
deposition on species diversity in North-east German forests. 
In:  Proceedings of the workshop of the Coordination Centre for 
Eff ects , 21–23 April 2008.  http://www.pbl.nl/en/themasites/cce/
workshops/berne-2008/index.html . 


    Johnson ,  D. W.    and    Cole ,  D. W.    ( 1980 ).  Anion mobility in 
soils: relevance to nutrient transport from forest ecosystem s. 
 Environment International,   3 ,  79 –90. 


    Jones ,  M. L. M.     (2005). Nitrogen deposition in upland grasslands: 
critical loads, management, and recovery. PhD thesis, University of 
Sheffi  eld. 


    Jones ,  M. L. M.   ,    Wallace ,  H. L.   ,    Norris ,  D.     et al . ( 2004 ).  Changes in 
vegetation and soil characteristics in coastal sand dunes along 
a gradient of atmospheric nitrogen deposition.   Plant Biology ,  6 , 
 598 –605. 


    Kinzel ,  S.    ( 1982 ).  Pfl anzenökologie und Mineralstoff wechsel .  Ullmer , 
 Stuttgart . 


    Kleijn ,  D.   ,    Bekker ,  R. M.   ,    Bobbink ,  R.   ,    De Graaf ,  M. C. C.    and 
   Roelofs ,  J. G. M.    ( 2008 ).  In search for key biogeochemical factors 
aff ecting plant species persistence in heathland and acidic 
grasslands: a comparison of common and rare species.   Journal of 
Applied Ecology ,  45 ,  680 –687. 


    Kros ,  J.   ,    Reinds ,  G. J.   ,    de Vries ,  W.   ,    Latour ,  J. B.    and    Bollen ,  M. J. S.   , 
 1995 . Modelling abiotic site factors in response to atmospheric 
deposition and upward seepage. In:  Scenario Studies for the Rural 
Environment , ed.    J. F. T.   Schoute   ,    P. A.   Finke   ,    F. R.   Veeneklaas    and 
   H. P.   Wolfert,     Kluwer ,  Dordrecht , pp. 445–448. 


    Latour ,  J. B.    and    Reiling ,  R.    ( 1993 ).  A multiple stress model for 
vegetation (‘MOVE’): a tool for scenario studies and standard-
setting.   Science of the Total Environment ,  134 ,  1513 –1526. 


    Limpens ,  J.   ,    Berendse ,  F.    and    Klees ,  H.    ( 2004 ).  How phosphorus 
availability aff ects the impact of nitrogen deposition on 
Sphagnum and vascular plants in bogs.   Ecosystems,   7 (8), 
 793 –804. 


    Mace ,  G.   ,    Masundire ,  H.    and    Baille ,  J.    ( 2005 ). Biodiversity. In: 
 Millenium Ecosystem Assessment Volume 1: Current States and 
Trends .   Island Press,   Washington . 


    Madan ,  N. J.   ,    Deacon ,  L. J.    and    Robinson ,  C. H.     ( 2007 ).  Greater 
nitrogen and/or phosphorus availability increase plant species’ 
cover and diversity at a High Arctic polar semidesert.   Polar Biology,  
 30 ,  559 –570. 


    Makipaa ,  R.    and    Heikkinen ,  J.    ( 2003 ).  Large-scale changes in 
abundance of terricolous bryophytes and macrolichens in Finland.  
 Journal of Vegetation Science ,  14 ,  497 –508. 


    Malmer,   N.   ,    Albinsson ,  C.   ,    Svensson ,  B.    and    Wallen ,  B.    ( 2003 ). 
 Interferences between  Sphagnum  and vascular plants: eff ects on 
plant community structure and peat formation .  Oikos ,  100 ,  469 –482. 







Nitrogen as a threat to biodiversity


492


    Maskell ,  L. C.   ,    Smart ,  S. M.   ,    Bullock ,  J. M.   ,    Th ompson ,  K.    and 
   Stevens ,  C. J.    ( 2010 ).  Nitrogen deposition causes widespread loss 
of species richness in British habitats.   Global Change Biology,   16 , 
 671 –679. 


    Mitchell ,  E. A. D.   ,    Buttler ,  A.   ,    Grosvernier ,  P.     et al . ( 2002 ).  Contrasted 
eff ects of increased N and CO 2  supply on two keystone species in 
peatland restoration and implications for global change.   Journal of 
Ecology ,  90 ,  529 –533. 


    Mitchell ,  R. J.   ,    Truscot ,  A. M.   ,    Leith ,  I. D.     et al . ( 2005 ).  A study of the 
epiphytic communities of Atlantic oak woods along an atmospheric 
nitrogen deposition gradient.   Journal of Ecology ,  93 ,  482 –492. 


    Mountford ,  J. O.   ,    Lakhani ,  K. H.    and    Holland ,  R. J.    ( 1996 ).  Reversion 
of grassland vegetation following the cessation of fertilizer 
application.   Journal of Vegetation Science ,  7 ,  219 –228. 


    Myers ,  N.   ,    Mittermeier ,  R. A.   ,    Mittermeier ,  C. G.     et al . ( 2000 ) 
 Biodiversity hotspots for conservation priorities.   Nature ,  403 , 
 853 –858. 


    Nellemann, C. and Th omsen, M. G.    ( 2001 ). Long-term changes 
in forest growth: potential eff ects of nitrogen deposition and 
acidifi cation. Water, Air and Soil Pollution, 128, 197–205. 


    Nihlgård ,  B.    ( 1985 ).  Th e ammonium hypothesis: an additional 
explanation to the forest dieback in Europe.   Ambio ,  14 ,  2 –8. 


    Nijssen ,  M.   ,    Alders ,  K.   ,    Van der Smissen ,  N.    and    Esselink ,  H.    
( 2001 ). Effects of grass encroachment and grazing management 
on carabid assemblages of dry dune grasslands.  Proceedings 
Experimental and Applied Entomology.     Amsterdam  ,  12 , 
113–120. 


    Nilsson ,  J.    and    Grennfelt ,  P.    (eds.) ( 1988 )  Critical Loads for Sulphur 
and Nitrogen , UNECE/Nordic Council workshop report, 
Skokloster, Sweden.  Nordic Council of Ministers ,  Copenhagen . 


    Nordin ,  A.   ,    Strengbom ,  J.   ,    Witzell ,  J.   ,    Nasholm ,  T.    and    Ericson , 
 L.    ( 2005 ).  Nitrogen deposition and the biodiversity of boreal 
forests: Implications for the nitrogen critical load.   Ambio ,  34 ,  20 –24. 


    Nordin ,  A.   ,    Strengbom ,  J.    and    Ericson ,  L.    ( 2006 ).  Responses to 
ammonium and nitrate additions by boreal plants and their natural 
enemies.   Environmental Pollution ,  141 ,  167 –174. 


    Ockinger ,  E.   ,    Hammarstedt ,  O.   ,    Nilsson ,  S. G.    and    Smith ,  H. G.    
( 2006 ).  Th e relationship of local extinctions of grassland butterfl ies 
and increased soil nitrogen levels.   Biological Conservation ,  128 , 
 564 –573. 


    Oenema ,  O.   ,    Bleeker ,  A.   ,    Braathen ,  N. A.     et al . ( 2011 ). Nitrogen in 
current European policies. In:  Th e European Nitrogen Assessment . 
ed.    M. A.   Sutton   ,    C. M.   Howard   ,    J. W.   Erisman     et al .,  Cambridge 
University Press . 


    Olff  ,  H.    and    Bakker ,  J. P.    ( 1991 ).  Long-term dynamics of standing 
crop and species composition aft er the cessation of fertilizer 
application to mown grassland.   Journal of Applied Ecology ,  28,  
 1040 – 1052.  


    Olsson ,  M. O.    and    Falkengren-Grerup ,  U.    ( 2000 ).  Potential 
nitrifi cation as an indicator of preferential uptake of ammonium 
or nitrate by plants in an oak understory .  Annals of Botany ,  85 , 
 299 –305. 


    Pardo ,  L. H.   ,    Robin-Abbott ,  M. J.    and    Driscoll ,  C. T.    (eds.) ( 2010 ). 
 Assessment of N Deposition Eff ects and Empirical Critical Loads of 
N for Ecoregions of the United States , USDA Forest Service General 
Technical Report.  http://www.nrs.fs.fed.us/clean_air_water/
clean_water/critical_loads/local-resources/docs/Empirical_CLS_
of_N_100414.pdf  


    Pauli ,  D.   ,    Peintinger ,  M.    and    Schmid ,  B.    ( 2002 ).  Nutrient enrichment 
in calcareous fens: eff ects on plant species and community 
structure.   Basic and Applied Ecology,   3 ,  255 – 266.  


    Paulissen ,  M. P. C. P.   ,    Van der Ven ,  P. J. M.   ,    Dees ,  A. J.    and    Bobbink ,  R.    
( 2004 ).  Diff erential eff ects of nitrate and ammonium on three fen 
bryophyte species in relation to pollutant nitrogen input.   New 
Phytologist ,  164 ,  551 –558. 


    Pearce ,  I. S. K.    and    van der Wal ,  R.    ( 2002 ).  Eff ects of nitrogen 
deposition on growth and survival of montane  Racomitrium 
lanuginosum  heath .  Biological Conservation ,  104 ,  83 –89. 


    Pearson ,  J.    and    Stewart ,  G. R.    ( 1993 ).  Th e deposition of atmospheric 
ammonia and its eff ects on plants.   New Phytologist ,  125 ,  283 –305. 


    PEBLDS (Pan-European Biological and Landscape Diversity Strategy)    
( 2005 ).  http://www.peblds.org  


    Phoenix ,  G. K.   ,    Hicks ,  W. K.   ,    Cinderby ,  S.     et al . ( 2006 ).  Atmospheric 
nitrogen deposition in world biodiversity hotspots: the need for 
a greater global perspective in assessing N deposition impacts.  
 Global Change Biology ,  12 ,  470 –476. 


    Pinho ,  P.   ,    Branquinho ,  C.   ,    Cruz ,  C.     et al . ( 2009 ). Assesment of critical 
levels of atmospheric ammonia for lichen diversity in cork-oak 
woodland, Portugal. In:  Atmospheric Ammonia , ed.    M. A.   Sutton   , 
   S.    Reis    and    S. M. H.   Baker,     Springer,  New York, pp. 109–120. 


    Pitcairn ,  C. E. R.   ,    Leith ,  I. D.   ,    Sheppard ,  L. J.     et al . ( 1998 ).  Th e 
relationship between nitrogen deposition, species composition and 
foliar nitrogen concentrations in woodland fl ora in the vicinity of 
livestock farms.   Environmental Pollution,   102 ,  41 – 48.  


    Pitcairn ,  C. E. R.   ,    Leith ,  I. D.   ,    van Dijk ,  N.   ,  et al . ( 2009 ). Th e 
application of transects to assess the eff ects of ammonia on 
woodland groundfl ora. In:  Atmospheric Ammonia , ed.    M. A.   Sutton   , 
   S.    Reis    and    S. M. H.   Baker,     Springer,  New York, pp. 59–69. 


    Porter ,  E.    and    Johnson ,  S.    ( 2007 ).  Translating science into 
policy: using ecosystem thresholds to protect resources in Rocky 
Mountain National Park.   Environmental Pollution ,  149 ,  268 –280. 


    Power ,  S. A.   ,    Green ,  E. R.   ,    Barker ,  C. G.   ,    Bell ,  J. N. B.    and    Ashmore , 
 M. R.    ( 2006 ).  Ecosystem recovery: heathland response to a 
reduction in nitrogen deposition.   Global Change Biology,   12 , 
 1241 –1252. 


    Preston ,  C. D.   ,    Pearman ,  D. A.    and    Dines ,  T. D.    (eds.) ( 2002 ).  New 
Atlas of the British and Irish Flora .  Oxford University Press . 


    Redbo-Tortensson ,  P.    ( 1994 ).  Th e demographic consequences 
of nitrogen fertilization of a population of sundew,  Drosera 
rotundifolia  .  Acta botanica neerlandica,   43 ,  175 –188. 


    Remke ,  E.   ,    Brouwer ,  E.   ,    Kooijman ,  A.     et al . ( 2009 ).  Even low to medium 
nitrogen deposition impacts vegetation of dry, coastal dunes around 
the Baltic Sea.   Environmental Pollution ,  157 ,  792 –800. 


    Rihm ,  B.   ,    Urech ,  M.    and    Peter ,  K.    ( 2009 ). Mapping ammonia 
emissions and concentrations for Switzerland: eff ects on lichen 
vegetation. In:  Atmospheric Ammonia , ed.    M. A.   Sutton   ,    S.    Reis    
and    S. M. H.   Baker,     Springer,  New York, pp. 87–92. 


    Roelofs ,  J. G. M.   ,    Kempers ,  A. J.   ,    Houdijk ,  A. L. F. M.    and    Janson ,  J.    
( 1985 ).  Th e eff ects of air-borne ammonium sulphate on Pinus nigra 
in the Netherlands.   Plant and Soil ,  42 ,  372 –377. 


    RoTAP    ( 2010 ).  Review of Transboundary Air Pollution. Acidifi cation, 
Eutrophication, Ground-Level Ozone and Heavy Metals, in the UK.  
 http://www.rotap.ceh.ac.uk . 


    Sala ,  O. E.   ,    Chapin III ,  F. S.   ,    Armesto ,  J. J.     et al . ( 2000 ).  Global 
biodiversity scenarios for the year 2100.   Science ,  287 ,  1770 –1774. 


    Schlutow ,  A.    and    Hübener ,  P.    ( 2004 ):  Th e BERN Model: Bioindication 
for Ecosystem Regeneration towards Natural Conditions, UBA-Texte 
Nr 22/2004 ,  http://www.umweltdaten.de/publikationen/  f pd f -
l/2784.pd f  


    Sheppard ,  L. J.   ,    Leith ,  I. D.   ,    Crossley ,  A.     et al . ( 2009 ). Long-term 
cumulative exposure exacerbates the eff ects of atmospheric 
ammonia on an ombrotrophic bog: Implications for critical levels. 







Nancy B. Dise


493


In:  Atmospheric Ammonia , eds.    M. A.   Sutton   ,    S.    Reis    and 
   S. M. H.   Baker,     Springer,  New York, pp. 49–58. 


    SchÖpa ,  W.   ,    Posch ,  M.   ,    Mylona ,  S.    and    Johansson ,  M.    ( 2003 ).  Long-
term development of acid deposition (1880–2030) in sensitive 
freshwater regions in Europe.   Hydrology and Earth System Sciences , 
 7 ,  436 –446. 


    Slootweg ,  J.   ,    Posch ,  M.    and    Hettelingh ,  J.-P.    (eds.) ( 2007 ).  Critical 
Loads of Nitrogen and Dynamic Modelling , CCE Progress Report 
2007.  http://www.mnp.nl/en/themasites/cce/publications/cce-
progress-report-2007/  


    Smits ,  N. A. C.   ,    Willems ,  J. H.    and    Bobbink ,  R.    ( 2008 ).  Long-term 
aft er-eff ects of fertilisation on the restoration of calcareous 
grasslands.   Applied Vegetation Science ,  11 ,  279 –286. 


    Spranger ,  T.   ,    Hettelingh ,  J.-P.   ,    Slootweg ,  J.    and    Posch ,  M.    ( 2008 ). 
 Modelling and mapping long-term risks due to reactive nitrogen 
eff ects: an overview of LRTAP convention activities.   Environmental 
Pollution ,  154 ,  482 –487. 


    Stevens ,  C. J.   ,    Dise ,  N. B.   ,    Mountford ,  J. O.    and    Gowing ,  D. J.    
( 2004 ).  Impact of nitrogen deposition on the species richness of 
grasslands.   Science ,  303 ,  1876 –1879. 


    Stevens ,  C. J.   ,    Dise ,  N. B.   ,    Gowing ,  D. J. G.    and    Mountford ,  J. O.    ( 2006 ). 
 Loss of forb diversity in relations to nitrogen deposition in the 
UK: regional trends and potential controls.   Global Change Biology , 
 12 ,  1823 –1833. 


    Stevens ,  C. J.   ,    Maskell ,  L. C.   ,    Smart ,  S. M.     et al . ( 2009 ).  Identifying 
indicators of atmospheric nitrogen deposition impacts in acid 
grasslands.   Biological Conservation   142 ,  2069 –2075. 


    Stevens ,  C. J.   ,    Dupré ,  C.   ,    Dorland ,  E.     et al . (2010). Nitrogen 
deposition threatens species richness of grasslands across Europe. 
 Environmental Pollution , in press. 


    Strengbom ,  J.   ,    Nordin ,  A.   ,    Näsholm ,  T.    and    Ericson ,  L.    ( 2001 ).  Slow 
recovery of boreal forest ecosystem following decreased nitrogen 
input.   Functional Ecology ,  15 ,  451 –457. 


    Strengbom ,  J.   ,    Walheim ,  M.   ,    Näsholm ,  T.    and    Ericson ,  L.    ( 2003 ). 
 Regional diff erences in the occurrence of understorey species 
refl ect nitrogen deposition in Swedish forests.   Ambio,   32 ,  91 –9 7.  


    Suding ,  K. N.   ,    Collins ,  S. L.   ,    Gough ,  L.     et al . ( 2005 ).  Functional- and 
abundance-based mechanisms explain diversity loss due to N 
fertilization.   Proceedings of the National Academy of Sciences of the 
USA ,  102 ,  4387 –4392. 


    Sutton ,  M. A.   ,    Erisman ,  J. W.   ,    Dentener ,  F.    and    Miller ,  D.    ( 2008 ). 
 Ammonia in the environment: from ancient times to present.  
 Environmental Pollution ,  156 ,  583 –604. 


    Sutton ,  M. A.   ,    Wolseley ,  P. A   ,    Leith ,  I. D.     et al . ( 2009 ). Estimation of the 
ammonia critical level for epiphytic lichens based on observations 
at farm, landscape and national scales. In:  Atmospheric Ammonia , 
ed.     M. A.   Sutton   ,    S.    Reis    and    S. M. H.   Baker,     Springer,  New York, 
pp. 71–86. 


    Sutton ,  M. A.   ,    Whitfi eld ,  C.   ,    Bealey ,  H. J.    and    Hicks ,  W. K.    ( 2010 ). 
 Summary for Policy Makers. In: Proceedings from a COST 729/
Nine/ESF/CCW/JNCC workshop, Brussels, May 2009. http://
cost729.ceh.ac.uk/n2workshiop/documents.        


    Sverdrup ,  H.   ,    Belyazid ,  S.   ,    Nihlgård ,  B.    and    Ericson ,  L.    ( 2007 ). 
 Modelling change in ground vegetation response to acid and 
nitrogen pollution, climate change and forest management in 
Sweden 1500–2100 A.D.   Water, Air and Soil Pollution: Focus ,  7 , 
 163 –179. 


    Tamis ,  W. L. M.   ,    van   ’   t Zelft e ,  M.   ,    van der Meijden ,  R.   ,    Groen , 
 C. L. G.    and    Udo de Haes ,  H. A.    ( 2005 ).  Ecological interpretation 
of changes in the Dutch fl ora in the 20th century.   Biological 
Conservation ,  125 ,  211 –224. 


    Taylor ,  K.   ,    Woof ,  C.   ,    Ineson ,  P.     et al . ( 1999 ).  Variation in seasonal 
precipitation chemistry with altitude in the northern Pennines, 
UK.   Environmental Pollution ,  104 ,  1 –9. 


    Th omas ,  C. D.   ,    Cameron ,  A.   ,    Green ,  R. E.     et al . ( 2004 ).  Extinction risk 
from climate chang e.  Nature ,  427 ,  145 –148. 


    Th roop ,  H. L.    and    Lerdau ,  M. T.    ( 2004 ).  Eff ects of nitrogen deposition 
on insect herbivory: implications for community and ecosystem 
processes.   Ecosystems,   7 ,  109 –133. 


    Th uiller ,  W.   ,    Lavorel ,  S.   ,    Araújo ,  M. B.   ,    Sykes ,  M. T.    and    Prentice ,  I. 
C.    ( 2005 ).  Climate change threats to plant diversity in Europe.  
 Proceedings of the National Academy of Sciences of the USA   102 , 
 8245 –8250. 


    Tilman ,  D.    and    Downing ,  J. A.    ( 1994 ).  Biodiversity and stability in 
grasslands.   Nature ,  367 ,  363 –365. 


    Tilman ,  D.   ,    Wedin ,  D.    and    Knops ,  J.    ( 1996 ).  Productivity and 
sustainability infl uenced by biodiversity in grassland ecosystems.  
 Nature ,  379 ,  718 –720. 


    Twenhöven ,  F. L.    ( 1992 ).  Competition between two  Sphagnum  species 
under diff erent deposition levels.   Journal of Bryology ,  17 ,  71 –80. 


    Ulrich ,  B.    ( 1983 ). Soil acidity and its relation to acid deposition. In: 
 Eff ects of Accumulation of Air Pollutants in Ecosystems , ed.    B.   Ulrich,    
and    J.   Pankrath,     Reidel Publishing ,  Boston , MA, pp. 127–146. 


    UNECE    ( 2010 ).  Protocol concerning the Control of Emissions of 
Nitrogen Oxides . http://www.unece.org/env/lrtap/nitr_h1.htm. 


    Usher ,  M. B.    ( 1986 ).  Invasibility and wildlife conservation: Invasive 
species on nature reserves.  Philosophical Transactions of the Royal 
Society of London, Series B,    Biological Sciences ,  314 ,  695 –709. 


    Van Breemen ,  N.   ,    Burrough ,  P. A.   ,    Velthorst ,  E. J.     et al . ( 1982 ).  Soil 
acidifi cation from atmospheric ammonium sulphate in forest 
canopy throughfall.   Nature ,  299 ,  548 –550. 


    Van den Berg ,  L. J. L.   ,    Dorland ,  E.   ,    Vergeer ,  P.     et al . ( 2005 a).  Decline 
of acid-sensitive plant species in heathland can be attributed to 
ammonium toxicity in combination with low pH.   New Phytologist,  
 166 ,  551 –564 


    Van den Berg ,  L. J. L.   ,    Tomassen ,  H. B. M.   ,    Roelofs ,  J. G. M.    and 
   Bobbink ,  R.    ( 2005 b).  Eff ects of nitrogen enrichment on coastal 
dune grassland: A mesocosm study.   Environmental Pollution,   138 , 
 77 –85. 


    Van den Berg ,  L. J. L.   ,    Peters ,  C. J. H.   ,    Ashmore ,  M. R.    and    Roelofs , 
 J. G. M.    ( 2008 ).  Reduced nitrogen has a greater eff ect than oxidised 
nitrogen on dry heathland vegetation .  Environmental Pollution , 
 154 ,  359 –369. 


    Van den Berg ,  L. J. L.   ,    Vergeer ,  P.   ,    Rich ,  T. C. G   ,  et al . ( 2010 ). 
Direct and indirect eff ects of nitrogen deposition on species 
composition change in calcareous grasslands.  Global Change 
Biology , doi: 10.1111/j.1365-2486.2010.02345.x. 


    Van der Salm ,  C. A.   ,    de Vries ,  W.   ,    Reinds ,  G. J.    and    Dise ,  N. B.    ( 2007 ). 
 N leaching across European forests: derivation and validation of 
empirical relationships using data from intensive monitoring plots.  
 Forest Ecology and Management,   238 ,  81 – 91.  


    Van der Wal ,  R.   ,    Pearce ,  I.   ,    Brooker ,  R.     et al . ( 2003 ).  Interplay between 
nitrogen deposition and grazing causes habitat degradation.  
 Ecology Letters,   6 ,  141 –146. 


    Van Dijk ,  H. F. G.   ,    De Louw ,  M. H. J.   ,    Roelofs ,  J. G. M.    and    Verburgh ,  J. J.    
( 1990 ).  Impact of artifi cial amonium-enriched rainwater on soils 
and young coniferous trees in a greenhouse. Part 2 - Eff ects on the 
trees.   Environmental Pollution ,  63 ,  41 – 60.  


    Van Dobben ,  H. F.   ,    van Hinsberg ,  A.   ,    Schouwenberg ,  E. P.     et al . 
( 2006 ).  Simulation of critical loads for nitrogen for terrestrial plant 
communities in Th e Netherlands.   Ecosystems,   9 ,  32 – 45.  







Nitrogen as a threat to biodiversity


494


    Van Herk ,  C. M.   ,    Mathijssen-Spiekman ,  E. A. M.    and    de Zwart ,  D.    
( 2003 ).  Long distance nitrogen air pollution eff ects on lichens in 
Europe.   Lichenologist ,  35 ,  347 –359. 


    Van Hinsberg ,  A.   ,    Reijnem ,  R.   ,    Goedhart ,  P.   ,    de Knegt ,  B.    and    van 
Esbroek ,  M.    ( 2008 ). Relation between critical load exceedance 
and loss of protected species. In:  Critical Load, Dynamic Modelling 
and Impact Assessment in Europe , ed.    J. P.   Hettelingh   ,    M.   Posch   , 
and    J.   Slootweg,    Coordination Centre for Eff ects, Netherlands 
Environmental Assessment Agency.  http://www.pbl.nl/cce . 


    Velthof ,  G.   ,    Barot ,  S.   ,    Bloem ,  J.     et al . ( 2011 ). Nitrogen as a threat to 
European soil quality. In:  Th e European Nitrogen Assessment , 
ed.    M. A.   Sutton   ,    C. M.   Howard   ,    J. W.   Erisman     et al .,  Cambridge 
University Press . 


    Vergeer ,  P.   ,    Rengelink ,  R.   ,    Ouborg ,  N. J.    and    Roelofs ,  J. G. M.    ( 2003 ). 
 Eff ects of population size and genetic variation on the response 
of  Succisa pratensis  to eutrophication and acidifi cation .  Journal of 
Ecology ,  91 (4),  600 –609. 


    Walther ,  G.-R.   ,    Post ,  E.   ,    Convey ,  P.     et al . ( 2002 ).  Ecological responses 
to recent climate change.   Nature,   416 ,  389 –395. 


    Wallman ,  P.   ,    Svenssson ,  M.   ,    Sverdrup ,  H.    and    Belyazid ,  S.    ( 2005 ). 
 ForSAFE: an integrated process-oriented forest model for long-term 
sustainability assessments.   Forest Ecology and Management,   207 ,  19 –36. 


    Wamelink ,  G. W. W.   ,    ter Braak ,  C. F. J.    and    van Dobben ,  H. F.    ( 2003 ). 
 Changes in large-scale patterns of plant biodiversity predicted 
from environmental economic scenarios.   Landscape Ecology ,  18 , 
 513 –527. 


    Weiss ,  S. B.    ( 1999 ).  Cars, cows, and checkerspot butterflies: 
nitrogen deposition and management of nutrient-poor 
grasslands for a threatened species.   Conservation Biology ,  13 , 
 1476 –1486. 


    Wiedermann ,  M. M.   ,    Nordin ,  A.   ,    Gunnarsson ,  U.   ,    Nilsson ,  M. 
B.    and    Ericson ,  L.    ( 2007 ).  Global change shift s vegetation 
and plant–parasite interactions in a boreal mire.   Ecology  8 8 , 
 454 –464. 


    Wiedermann ,  M. M.   ,    Gunnarsson ,  U.   ,    Nilsson ,  M. B.   ,    Nordin ,  A.    
and    Ericson ,  L.    ( 2009 ).  Can small-scale experiments predict 
ecosystem responses? An example from peatlands.   Oikos ,  118 , 
 449 –456. 


    Wilson ,  E. O.    (ed.)  1988 .  Biodiversity .  National Academy Press , 
 Washington , DC. 


    Williams ,  D. H.   ,    Gaston ,  K. J.    and    Humphries ,  C. J.    ( 1997 ).  Mapping 
biodiversity value world-wide: combining higher-taxon richness 
from diff erent groups.   Proceedings of the Royal Society, Series B , 
 264 ,  141 –148. 


    Wolseley ,  P. A.   ,    Leith ,  I. D.,    van Dijk, N. and    Sutton ,  M. A.    ( 2009 ). 
 Macrolichens on twigs and trunks as indicators of ammonia 
concentrations across the UK: a practical method. In:   Atmospheric 
Ammonia , ed. M. A. Sutton, S. Reis and S. M. H. Baker. Springer, 
pp.    101 –108. 


    Wright ,  R. F.    and    van Breemen ,  N.    ( 1995 ).  Th e NITREX 
project: an introduction.   Forest Ecology and Management,   71 ,
  1 –5.          





		RHSAB1 Ecology

		Appendix 2










 


 


M25 Junction 10 / A3 Wisley Interchange 
Improvement 
Development Consent Order (DCO) Application  
 
Written Representation by Jon Bunney (MA, BSc, CTTP) on 
behalf of the Royal Horticulatural Society 


(RHS/JB/1)   


Hatch Regeneris 
November 2019 


 







 


M25 Junction 10 / A3 Wisley Interchange 
Improvement 
Development Consent Order (DCO) Application 
 
 
Written Representation by Jon Bunney (MA, BSc, CTTP) on 
behalf of the Royal Horticulatural Society 


(RHS/JB/1)   


This report contains the expression of the professional opinion of Hatch Regeneris (the trading name of Hatch 
Associates UK). It is based upon information available at the time of its preparation. The quality of the information, 
conclusions and estimates contained in the report is consistent with the intended level of accuracy as set out in this 
report, as well as the circumstances and constraints under which this report was prepared. 


The report was prepared for the sole and exclusive use of the Royal Horticultural Society. Hatch Associates Limited 
shall only be liable to the Royal Horticultural Society and is not liable to any third party who intends to rely on or has 
relied or is currently relying upon this report (in whole or part). 


November 2019 


www.hatchregeneris.com 
 



http://www.hatchregeneris.com/





  
  i  


 


Contents Page 


1. Introduction and Background 2 


2. Economic Impact Framework 4 


3. Assessment of Direct Transport User Economic Impacts of the DCO Scheme 7 


4. Assessment of Wider Economic Impacts of the DCO Scheme 12 


5. Summary of Economic Impact of DCO Scheme in relation to the Garden 15 


6. Sensitivity Tests: Diversions via Ripley 16 


7. Alternative Options 17 


8. Summary and Conclusions 18 


 


 


Appendix A - RHS Market Research Questionnaire 


Appendix B - Market Research Summary Results 


Appendix C - Analysis of Potential Trip Reduction to the Garden due to increased journey times 


Appendix D - Wisley Garden Visitor Distribution 


 


 







  
  2  


 


1. Introduction and Background 


Qualifications 


1.1 My name is Jon Bunney and my evidence covers the Economic Cost Impacts of the DCO 
Scheme in relation to RHS Wisley Garden.  I have a Master of Arts Degree in Transport 
Economics from University of Leeds and a Batchelor of Science Degree in Economics from 
Southampton University.  I am a Chartered Transport Planning Professional and Member 
of the Transport Planning Society. 


1.2 I am an Associate Director of Hatch Regeneris, a specialist economic research consultancy 
within the Hatch Group of companies. Prior to that I was an Associate Director at SYSTRA 
Ltd and JMP Consultants Ltd, both specialist transport planning and engineering 
consultancies. 


1.3 I have over 21 years’ experience within transport economics and transportation planning. 
My experience has been gained working on an extensive range of transport business cases 
and economic impact assessments throughout the United Kingdom. I am currently retained 
by a number of public sector clients to conduct independent assessments of major transport 
business case funding submissions and to provide advice on the economic impact of 
transport infrastructure investment. 


1.4 In 2018, I was invited by the Royal Horticultural Society (RHS) to provide advice on the 
potential economic implications of the DCO Scheme upon the RHS and, more recently in 
2019, to conduct an economic impact assessment. 


Declaration 


1.5 The evidence which I have prepared and provide to the DCO process is true and has been 
prepared and is given in accordance with the guidance of my professional institute and I 
confirm that the opinions expressed are my true and professional opinions. 


Background 


1.6 This note has been prepared on behalf of the Royal Horticultural Society (RHS), to provide 
a response to the DCO Application for Highways England’s proposals for the ‘M25 Junction 
10 / A3 Interchange’ (the DCO Scheme). It specifically focuses upon the forecast economic 
costs that could result from the DCO Scheme in relation to the RHS operations at its 
flagship Garden at Wisley (the Garden) and the visitors, employees and volunteers 
travelling to and from the Garden. 


1.7 The Garden is a major focus of economic activity, both as a premium visitor attractor, but 
additionally in through its roles in scientific research and development. It acts as a major 
employer, with 420 FTE on-site and supports a major local, regional and national supply 
chain. Visitors to the Garden not only generate economic activity for the Garden but bring 
significant external spend to the wider economy. 


1.8 The Garden is currently subject to a major £65m programme of investment, as part of its 
wider vision1. The economic impacts associated with this investment are set out within an 


 
1 RHS Vision document 2015 https://www.rhs.org.uk/about-the-rhs/pdfs/about-the-rhs/mission-and-strategy/vision-


document/rhs-vision.pdf 



https://www.rhs.org.uk/about-the-rhs/pdfs/about-the-rhs/mission-and-strategy/vision-document/rhs-vision.pdf

https://www.rhs.org.uk/about-the-rhs/pdfs/about-the-rhs/mission-and-strategy/vision-document/rhs-vision.pdf
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Economic Impact Report for the RHS completed by Counterculture in November 20172. 
This report forecasts the additional economic value generated by the investment, over a 
10-year period from 2015/15 to 2024/2025, to be £349 million to the national economy as 
a whole. Over the 10-year assessment period, the Garden, as a whole, is reported by 
Counterculture to generate direct, indirect, and induced economic benefits of over £1 
billion. Of this, £611 million is the result of impacts associated with operational expenditure 
and £223 million from external, non-RHS spend within the wider economy. The remaining 
£209 million relates to the impacts from the capital investment in the project itself.  


1.9 The Economic Impact Report was used to support the RHS in their successful bid for 
funding support from the Enterprise M3 Local Enterprise Partnership and was subject to 
rigorous due diligence audit by the LEP’s Independent Assessors (AECOM). 


1.10 The completion of the RHS investment programme is scheduled to coincide with the early 
phases of the DCO Scheme construction phase. The RHS has consistently set out its 
concerns regarding the significant implications of the DCO Scheme proposals upon both 
the current and future operations of the Garden. 


Transport Impacts of DCO Scheme 


1.11 The RHS has engaged in technical exchanges with Highways England (HE) and their 
consultants, Atkins, over the last three years. In response to the Statutory Consultation for 
the PRA Scheme, the Traffic Transport and Highway Consultancy (TTHC) prepared a 
report (M16114-01A) on behalf of the RHS, which was submitted in March 2018. This report 
highlights a range of transport impacts associated with the DCO Scheme that will result in 
additional journey distances and journey times on a number of routes to access and egress 
the Garden. The additional mileage and journey time for visitors to the Garden, as well as 
the staff and volunteers who work on the site, will have an associated economic cost.  


1.12 It is considered that significant limitations still exist with the traffic modelling data presented 
by HE. The impact of the DCO Scheme on traffic flows and journey times during the 
construction phase remains unknown. In addition, during the operational phase of the 
scheme it is recognised that there is the potential for traffic travelling to the garden from the 
south on the A3 may choose to divert via the B2215 through Ripley. Evidence on the scale 
and impact of this traffic diversion is limited.  


Wider Impacts of DCO Scheme 


1.13 As indicated within the introduction, the RHS are concerned that the disruption to access 
and egress to the Garden during the construction and operational phases of the DCO 
Scheme could impact upon the direct, indirect, and induced economic outputs associated 
with current and future operation of the Garden. 


1.14 The RHS commissioned Plus Four Market Research to conduct a two-day survey on 29th 
October and 1st November 2019 to assess the potential impact the DCO Scheme could 
have upon visitor behaviours to the Garden. The market research documentation is 
presented in Appendix A, alongside a summary of the results in Appendix B.  


1.15 Full responses were received from 293 groups visiting the Garden, representing 645 
individuals. Evidence of current visitor behaviours was collected, in terms of frequency of 
visits and modes of travel to access and egress the site. Groups were asked a series of 
questions relating to a hypothetical change in access and egress arrangements resulting 


 
2 RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture, November 2017) 
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in a significant increase in journey times of up to 10 minutes. This increase in journey time 
is equivalent to the level that could be experienced by some visitors to the Garden under 
the DCO Scheme proposals, as outlined within the TTHC Report (M16114-01A). 


1.16 The outcomes of the market research suggest that a significant proportion of current visitors 
to the Garden may change their behaviour as a result of the DCO scheme. Over 37% of 
responses indicated that an increase in journey time of up to 10 minutes, equivalent to the 
impact of the DCO scheme on some routes, could result in them reducing the frequency of 
their visits to the Garden. Any reduction in visits will have a direct impact upon levels of 
spend at the Garden and the associated direct and indirect operational requirements.    


2. Economic Impact Framework 


2.1 The direct transport and wider impacts of the DCO Scheme, set out in the section above, 
could generate a range of economic costs in relation to the Garden, including the visitors, 
employees, and volunteers who travel there by car. These can be considered in terms of 
two broad elements:  


• Direct Transport User Impacts; and  


• Wider Economic Impacts. 


2.2 Transport User Impacts can be measured in terms of the additional journey time 
experienced by travellers on trips to and from the Garden, as well as any associated 
increases in vehicle operating costs from higher vehicle mileage. 


2.3 The Wider Economic Impacts can be measured through a range of economic effects of 
reduced annual visitor trips to the Garden. This includes operational expenditure at the 
Garden and wider external spend in the local economy. In the absence of the DCO Scheme 
annual visitor numbers to the Garden are forecast to increase considerably over the next 5 
years3. The latest complete annual visitor numbers for 20184, indicate that there were 
1,071,000 visits to the Garden. This is forecast to increase to 1,494,000 by 2024, within the 
Counterculture Report2. Any external impacts that affects the attractiveness of visiting the 
Garden will have a significant impact upon the overall economic value generated. 


Assessment of Economic Impacts of the DCO Scheme 


2.4 To assess the direct Transport User and Wider Economic Impacts of the DCO Scheme 
requires a clear definition of a ‘Reference Case’ scenario. The impacts of the DCO Scheme, 
during both the construction phase of the project, and the subsequent operational phase, 
can then be considered. 


‘Reference Case’ Scenario 


2.5 The ‘Reference Case’ scenario represents the current operation and visitor profile of the 
Garden, along with the future projected operation and visitor profile resulting from the RHS 
investment programme.  


2.6 Table 1 sets out the current and projected profiles of annual visitor numbers to the Garden, 
along with the number of employees and volunteers working at the Garden.  


 
3 RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture, November 2017) 


4 Source: RHS (2019) 
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Table 1 Current and Projects Annual Visits, On-site Employees, and On-site Volunteers (annual 


visitor numbers / on-site employees / on-site volunteers) 


Year 
Current and Projected 


Annual Visits* 


Current and Projected 


On-site Employees* 


Current and Projected 


On-site Volunteers* 


2018 1,071,000 420 331 


2019 1,141,538 429 394 


2020 1,212,075 437 464 


2021 1,282,613 446 510 


2022 1,353,151 454 529 


2023 1,423,688 463 535 


2024 1,494,000 472 545 


Source: RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture November 2017) 


* re-based from 2018 outturn data 


2.7 Table 2 sets out the projected direct, indirect and induced economic impacts related to the 
Garden, based upon the forecasts within the Counterculture Economic Impact Report. 


Table 2 Projected Employee Spend, Other Operational Spend, and External Visitor Spend (£) 


Year 


Projected Employee 


Spend with 2nd and 3rd 


Tier Impacts (£) 


Projected Other 


Operational Spend with 


2nd and 3rd Tier Impacts (£) 


Projected External 


Visitor Spend with 2nd 


and 3rd Tier Impacts (£) 


2018 24,483,000 23,175,000 47,658,000 


2019 26,738,000 31,650,000 58,388,000 


2020 27,923,000 37,920,000 65,844,000 


2021 29,634,000 41,416,000 71,050,000 


2022 30,690,000 43,875,000 74,565,000 


2023 31,721,000 46,197,000 77,918,000 


2024 32,971,000 48,359,000 81,329,000 


Source: RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture November 2017) 


2.8 Table 3 provides a summary of the estimated breakdown in the proportion of visitor trips 
travelling along specific designated routes to and from the Garden.  


Table 3 Estimated Proportion of Current Visitor Trips Utilising Designated Routes (% of trips) 


Route (to/from) 
Estimated Proportion of 


Current Trips Utilising Route 


A3 South of Ockham Roundabout 33.9% 


A3 North (via A3/M25 Junction) 61.3% 


From Ockham Roundabout 
(Portsmouth Road / Ockham Road) 


2.8% 


Wisley Lane (east) 2.0% 


Source: RHS Wisley Visitor Postcode Data (2019) (presented in Appendix D) 
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‘DCO Scheme Construction Phase’ Scenario 


2.9 The ‘DCO Scheme Construction Phase’ scenario is relatively undefined at this time, due to 
limitations in available information from HE relating to traffic management plans during the 
construction of the DCO Scheme. It is known that the DCO Scheme is scheduled to 
commence construction in Spring 2021 and programmed for completion by the end of 
Summer 2023.  


2.10 In the absence of HE traffic management plans, it is anticipated that the DCO Scheme 
construction phase will utilise a combination of lane closures and speed restrictions on the 
A3 and M25. Speed restrictions through road works on a main carriageway of Motorways 
are currently 50mph, representing a 20mph reduction in maximum standard speed 
restrictions of 70mph, albeit that the M25 is a managed motorway with variable speed limits. 
Speed restrictions through the A3/M25 junction during a construction phase could be 
considerably lower than 50mph.  


2.11 In the absence of guidance from HE, it has been necessary to adopt a central case 
assumption for the analysis. This assumes that average speeds through the area affected 
by the DCO scheme construction and the approaches, will reduce from 45 mph to 30 mph. 
It has also been assumed that access to, and egress from, Wisley Lane from the A3 will 
remain unaffected until the full operational phase of the DCO Scheme. 


2.12 All of these input assumptions can be revised upon receipt of formal construction 
management information and traffic modelling outputs from HE. 


‘DCO Scheme Operational Phase’ Scenario 


2.13 The ‘DCO Scheme Operation Phase’ scenario is based upon highway design and traffic 
modelling information provided by HE through the Statutory Consultation process and 
technical engagement and outlined within the written representation of Mike Hibbert 
(Sections 4.1 to 4.15, pages 15 to 28 in RHS/MH/1). The DCO Scheme will impact upon 
journey distances and travel times across three out of four key identified routes to and from 
the Garden. The fourth route, Wisley Lane (west) is unaffected by the DCO Scheme.  


2.14 Table 4 provides a summary of the forecast impacts of the DCO Scheme upon the three 
different routes. 


Table 4 Forecast Impact of DCO Scheme on Selected Routes to and from the Garden (increased 


miles / journey time) 


Route (to/from) 


Increased Journey Distance 
(miles) 


Increased Travel Time  
(minutes) 


Access Egress Combined Access Egress Combined 


A3 South of Ockham 
Roundabout 


3.7 1.6 5.3 6.3 3.1 9.4 


A3 North (via A3/M25 Junction) -0.1 1.5 1.4 -0.2 2.9 2.7 


Ockham Roundabout (from 


Portsmouth Road / Ockham Road) 
0.25 -2.2 -1.9 0.5 -3.3 -2.8 


Source: Google maps distance and average travel time data (2019) 


2.15 As outlined within the written representation of Mike Hibbert (Section 4.16 to 4.23, pages 
18 to 20 in RHS/MH/1), under the ‘DCO Scheme Operational Phase’ scenario, driver 
travelling from the A3 South of the Ockham Roundabout may choose to divert off the A3 
onto the B2215 and travel via Ripley to the Ockham Roundabout. Whilst the B2215 is a 
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considerably slower5, lower capacity route than the A3, it provides a much shorter 
alternative to the proposed DCO signed route without the requirement to travel via the 
A3/M25 junction. Overall, therefore, this represents a shorter access time to the Garden, 
albeit it will still be notably longer than the current (Reference Case) access arrangement.  


2.16 The same applies for trips egressing the Garden and travelling south on the A3 where the 
choice would either be to travel northbound to the A3/M25 junction and return south, or to 
instead use local roads (most likely the B2215 Portsmouth Road via Ripley) to access the 
A3 from the A247 Clandon Road. 


2.17 Without specific outputs from the HE modelling we do not have data with which to 
accurately forecast journey times via Ripley.  


2.18 Table 5 provides a summary of our estimation of potential impacts for the two different route 
choices from the A3 South of Ockham Roundabout. These will be subject to refinement 
upon receipt of further traffic modelling outputs from HE. 


Table 5 Forecast Impact of DCO Scheme on Selected Routes to and from the Garden (increased 


miles / journey time) 


Route from A3 South of 
Ockham Roundabout 


Increased Journey Distance 
(miles) 


Increased Travel Time  


(minutes) 


Access Egress Combined Access Egress Combined 


Via A3 (A3/M25 Junction) 3.7 1.6 5.3 6.3 3.1 9.4 


Via Ripley (B2215)  0.4 -1.5 -1.1 4.5* 2.0* 6.5* 


Source: Google maps distance and average travel time data (2019) 


* subject to review upon receipt of additional traffic modelling data from HE 


3. Assessment of Direct Transport User 
Economic Impacts of the DCO Scheme 


3.1 To forecast the direct Transport User Economic Impacts requires an assessment of how 
the profile, frequency, and pattern of trips to and from the Garden could change as a result 
of the transport impacts outlined above, within the construction and operational phases. 


Operational Phase 


3.2 As set out above in paragraphs 2.15 and 2.16, during the operational phase of the DCO 
Scheme, more than one route option would be available for visitors, employees and 
volunteers accessing and egressing the Garden from the A3 south of the Ockham 
Roundabout. It remains unclear at present, in the absence of complete HE traffic modelling 
outputs, what proportion of traffic will use the different alternative routes. The route via 
Ripley represents both the shortest journey distance and time; whereas the longer route 
via the A3/M25 junction will be the signed route.  


3.3 In the absence of the complete traffic model outputs, and given the necessity to apply a 
diversion factor within the economic analysis process, a basic assumption has been 
applied. This assumes that 50% of trips divert via Ripley, with the remainder of trips 


 
5 The B2215 route has both lower design speeds and design capacity than the A3 and additional trips diverting from the 


A3 as a result of the DCO Scheme could create congestion. The full extent of potential delay will not be known without 
the provision of HE traffic modelling outputs.  
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travelling via the signed HE route to J10. Until HE clarify the modelling position in relation 
to diversion via Ripley this element of the analysis remains reserved. Sensitivity tests are 
presented within paragraphs 6.1 to 6.4 to demonstrate the impact of alternative levels of 
diversion. 


3.4 The increased journey distances and travel times on routes leading to the Garden during 
the DCO Scheme operational phase, as outlined in Table 4, is forecast to impact upon the 
frequency of trips undertaken by visitors. The RHS market research, outlined in paragraph 
1.16 (and summarised in Appendix B), provides evidence to demonstrate the scale of this 
potential impact. Appendix C provides a summary of this assessment, summarised as 
follows: 


• Around 13.0% of respondents indicated that delays of up to 10 minutes on their 
journey time to RHS would ‘definitely’ result in them reducing the number of trips to 
the Garden. This group currently make an average of 9.3 trips pa to the Garden and 
their responses indicated they would reduce the number of trips, on average, by 5.5 
trips pa (a 59% reduction).  


• A further 24.6% of respondents indicated that delays of up to 10 minutes on their 
journey time to RHS would ‘probably’ result in them reducing the number of trips to 
the Garden. This group currently make an average of 7.3 trips pa to the Garden. To 
take into account the degree of uncertainty in how these individuals/groups would 
change their behaviour, the responses have been factored6 by the associated level 
of ‘frustration’ felt by these individuals/groups7. The weighted estimate of the 
average reduction in trips amongst this group of 2.9 trips pa (a 39% reduction). 


• For all other respondents, in order to be robust, it has been assumed that an 
increase in traffic delay of up to 10 minutes would not impact upon their frequency 
of visits to the Garden. 


3.5 Combining the analysis across all responses groups, an average reduction in visitor trips 
as a result of a delay of up to 10 minutes was calculated as 1.2 trips pa (see Appendix C). 
Applied to the average number of visits per individual/group across the whole data set of 
7.8 trips pa (see Appendix B), this reduction represents a 15.7% reduction. 


3.6 The outcome of the analysis presented within paragraph 3.5 has direct relevance to those 
visitors who access the Garden from the A3 south of the Ockham Roundabout. Visitors 
who, post-DCO Scheme implementation, continue to travel up the A3 to the A3/M25 
junction and return south to access the Garden will encounter a combined increase in travel 
time of nearly 10 minutes (see Table 4). Amongst this group, there is, therefore, estimated 
to be up to a 15.7% reduction in the frequency of trips to the Garden. 


3.7 Table 4 also indicates that those visitors travelling from the A3 north will experience 
additional delay. Table 5 also demonstrates that visitors from the A3 south of Ockham 
Roundabout who choose to divert via Ripley will also experience additional journey time to 
access the Garden. Whilst these impacts are less significant, the frustration and delay could 
still result in some decreases in visitor trips to the Garden.  


 
6 The following factors have been applied:  


• Respondents indicating a level of frustration of 9 or 10 Factor = 0.90 


• level of frustration of 7 or 8 Factor = 0.65 


• level of frustration of 4, 5 or 6 Factor = 0.40 


• level of frustration of 2 or 3 Factor = 0.15 


• level of frustration of 0 or 1 Factor = 0 


7 Respondents were asked how frustrated they would be on a scale of 0 to 10 with the potential increase in journey time 
of up to 10 minutes to reach the Garden, with 0 = not frustrated and 10 = highly frustrated 
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3.8 The outputs from the analysis in paragraph 3.5 have been applied in a proportional manner, 
but with an additional factor applied to recognise that the relationship between delay and 
reduction in trips may not be linear8. This approach is considered to be conservative.  


3.9 Applying the outputs from the analysis in paragraphs 3.5 to 3.8 generates a forecast impact 
of changes in visitor behaviour as a result of the DCO Scheme Operational Phase. This is 
summarised within Table 6. 


Table 6 Estimated Proportion of Current Visitor Trips Utilising Designated Routes (% of trips) 


Route (to/from) 
Behavioural 


Choice 


Forecast Proportional 


Splits by Route 


Forecast Proportion of Trips 


Utilising each Route 


A3 South of Ockham 


Roundabout 


DCO Route 41.4% 14.1% 


Alternative Route 45.4% 15.4% 


Trip Reduction 13.1% 4.5% 


A3 North (via A3/M25 


Junction) 


DCO Route 96.6% 59.2% 


Alternative Route 0% 0% 


Trip Reduction 3.4% 2.1% 


Ockham Roundabout 
(from Portsmouth Road / 


Ockham Road) 


DCO Route 100% 2.8% 


Alternative Route 0% 0% 


Trip Reduction 0% 0% 


Wisley Lane (east) 


DCO Route 100% 2.0% 


Alternative Route 0% 0% 


Trip Reduction 0% 0% 


Source: RHS Market Research (2019) and RHS Visitor Postcode Mapping Data (2019) 


3.10 Table 6 indicates that the analysis forecasts there will be a 6.6% reduction in person trips 
by car as a result of the DCO Scheme. Applying this reduction to current (2018) visitor trip 
levels by car of 1,060,3009, the forecast impact of the DCO Scheme upon the overall 
frequency of trips to the Garden would equate to a reduction of around 69,200 trips pa. 
This represents a 6.5% reduction in total visitor trips by all modes. This is presented within 
this submission, and referred to, as a ‘central case’ forecast of impacts. 


Construction Phase 


3.11 Throughout the construction phase it has been assumed that trip patterns remain constant. 
In the absence of construction traffic management plans from HE, it is assumed that delays 
will be incurred on traffic movements to and from the Garden. This could impact upon the 
frequency of visitor trips to the Garden. This assumption will be reviewed upon provision of 
traffic management plans for the construction phase of the DCO Scheme. 


3.12 Based upon the assumptions set out in paragraph 2.11, the potential delays to traffic 
travelling to and from the Garden have been calculated. Applying the same approach for 
the operational phase, set out in paragraph 3.8, the potential reduction in trips to the 


 
8 For the route via Ripley the additional estimated journey time of 3.5 minutes has been taken as a proportion of 10 


minutes and an additional factor of 0.75 has been applied to give a trip reduction factor of 4.1%. For the route from 
A3 north the additional estimated journey time of 2.7 minutes has been taken as a proportion of 10 minutes and an 
additional factor of 0.7 has been applied to give a trip reduction factor of 3.0%. 


9 Current Total Annual Visitors (all modes) = 1,071,000; Car Mode Share = 99% (Source: RHS (2019)) 







  
  10  


 


Garden as a direct result of the traffic disruption during construction is estimated as a 3% 
reduction in trips. 


Extended Impacts 


3.13 The analysis of trip reduction has been based directly upon forecast increases in journey 
times to the Garden (as presented in Tables 4 and 5). Once the DCO Scheme begins 
construction, the first-hand reality of the disruption and confusion caused by the scheme 
may result in higher levels of frustration amongst visitors accessing the Garden. The extent 
of this impact has not yet been examined in detail, but it represents a risk to the RHS that 
the reduction in visitor trips could extend further.  


3.14 The RHS’s reported own recent experience of construction at the Garden has 
demonstrated that visitors are sensitive to construction impacts and will choose not to visit 
as frequently10. Further representations will be submitted on this matter. To demonstrate 
the impact that a higher level of trip reduction amongst visitors could have in economic 
terms, a variant analysis is presented within paragraphs 4.1 to 4.7 of the wider economic 
impacts, referenced as ‘RHS Anticipated’ scenario. This assumes a higher trip reduction 
rate of around 15% and is presented exclusively as a case study scenario that will be 
updated once additional information becomes available. 


Transport User Impacts 


3.15 The data presented in Tables 4 and 5 (changes to journey distance and travel times), and 
Table 6 (visitor route profiles and trip reduction), have been used to estimate the impact of 
the DCO Scheme Operational Phase upon total journey distances and travel times. The 
net impact upon total miles travelled by visitors to reach the Garden is estimated to be the 
equivalent of an increase of around 650,000 vehicle miles pa (based upon 2018 data). The 
net impact upon visitor travel times is estimated to be an increase of around 68,000 person 
hours pa (based upon 2018 data). 


3.16 The data on visitor route profiles to the Garden, presented in Table 3, along with the 
reduced journey speed assumptions, set out in paragraph 2.11, have been used to estimate 
the impact of the DCO Scheme Construction Phase upon total travel times. The net impact 
upon visitor travel times is estimated to be an increase of 44,000 person hours pa (based 
upon 2018 data). 


3.17 The outputs presented in paragraphs 3.15 and 3,16, using 2018 data, have been projected 
forward over time, applying the growth forecasts in visitor numbers presented in Table 1. 
Table 7 presents a summary of the projected additional visitor vehicle mileage and journey 
times to access and egress the Garden during the construction and operational phases of 
the DCO Scheme.  


3.18 These represent an evolution of previous forecasts submitted by the RHS as they reflect 
more refined assumptions around the proportion of trips that will divert via Ripley; whereas 
the previous assessment assumed all trip from the south would travel via the signed route 
to J10.   


  


 
10 Source: RHS Visitor Numbers (2019) 
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Table 7 Projected additional visitor vehicle mileage and journey times resulting from DCO 


Scheme (Central Case, additional miles / person hours) 


Year 


Additional Visitor 


Vehicle Mileage  


(miles) 


Additional Visitor 


Journey Times  


(person hours) 


2021 0 51,000 


2022 0 54,000 


2023 774,000 71,000 


2024 850,000 89,000 


Source: Hatch Regeneris Analysis (2019) 


3.19 The data presented in Table 7 has been used to determine the direct transport user 
economic impacts of the DCO Scheme upon visitors to the Garden. The approach adopted 
is consistent with the principles and parameters established within the Department for 
Transport (DfT), Transport Appraisal Guidance (TAG)11. 


3.20 Values of time have been sourced from the DfT TAG Data Book12. ‘Non-working Other’ 
market price values of time have been applied to assess the monetary impact of increased 
journey times for visitors to the Garden. 


3.21 Fuel and non-fuel Vehicle Operating Costs (VOC) have been calculated using formulae 
within DfT TAG and applying values sourced from the DfT TAG Data Book10. 


3.22 All estimates of monetary values are presented in 2019 prices. They have been assessed 
over a 60-year appraisal period from 2019, reflecting the longevity of the DCO Scheme and 
reflecting a standard DfT TAG approach13. Values have been discounted to 2019, applying 
a 3.5% discount rate for the first 30 years of the appraisal, and a 3.0% discount rate beyond 
30 years10. 


3.23 Equivalent assessments have been undertaken for on-site employees and volunteers at 
the Garden. It has been assumed that, given the regularity of trips to the Garden amongst 
these groups, those travelling from the A3 south of Ockham Roundabout may be more 
likely to use the diversionary route via Ripley, than visitors. ‘Non-working Commuting’ 
market price values of time have been applied for both these trips, as the volunteers is 
considered to be non-paid work but still subject to scheduled weekly shifts. 


3.24 Table 8 presents a summary of the Present Value of the Direct Transport User Impacts of 
the DCO Scheme upon Visitors, Employees and Volunteers travelling to the Garden over 
a 60-year period. These are conditional upon the underlying assumptions of changes in 
travel behaviours set out within this submission and resulting in the impacts set out in 
Tables 6 and 7.  


3.25 These impacts are based upon the currently available HE traffic modelling data for the 
construction and operational phases of the DCO Scheme.  


  


 
11 https://www.gov.uk/guidance/transport-analysis-guidance-webtag  


12 DfT Transport Analysis Guidance: TAG Data Book: May 2019 v1.12 


13 TAG Unit A1.1, Section 2.3 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/712699/tag-unit-
a1.1-cost-benefit-analysis-may-18.pdf 



https://www.gov.uk/guidance/transport-analysis-guidance-webtag

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/712699/tag-unit-a1.1-cost-benefit-analysis-may-18.pdf

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/712699/tag-unit-a1.1-cost-benefit-analysis-may-18.pdf
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Table 8 Present value of Direct Transport User Impacts of the DCO Scheme upon Visitor, 


Employees and Volunteers travelling to the Garden (Central Case, 60-year appraisal, 2019 Prices) 


Transport User 


Journey Time 


Impacts  


(PV £m) 


Fuel VOC 


(PV £m) 


Non-fuel 


VOC  


(PV £m) 


Total  


(PV £m) 


Visitors to Garden 18.9 1.8 1.1 21.8 


Employees on-site at Garden 3.9 0.2 0.1 4.2 


Volunteers on-site at Garden 1.0 0.1 0.1 1.2 


Total Transport User Impact 23.8 2.1 1.3 27.2 


Source: Hatch Regeneris Analysis (2019) 


4. Assessment of Wider Economic Impacts of the 
DCO Scheme 


4.1 The assessment of Wider Economic Impacts has utilised the forecast reduction in visitor 
trips to the Garden resulting from the DCO Scheme and applied it within the context of 
projected growth in employee spend, other operational spend, and external visitor spend 
resulting from the RHS investment programme.  


4.2 Table 9 presents the reduction in projected of Annual Visits, On-site Employees, and On-
site Volunteers (based upon the data set out within Table 1) when applying the ‘central 
forecast’ reduction in visitor trips outlined within paragraph 3.10, as well as the indicative 
‘RHS Anticipated’ scenario, referenced in paragraph 3.14. 


Table 9 Projected Reduction in Annual Visits to the Garden, On-site Employees resulting from 


the DCO Scheme (Central Case and RHS Anticipated, annual visitor numbers / on-site employees) 


Year 


‘Central Case’ Scenario ‘RHS Anticipated’ Scenario 


Reduction in 


Annual Visits to 


Garden 


Reduction in 


On-Site 


Employees 


Reduction in 


Annual Visits to 


Garden 


Reduction in 


On-Site 


Employees 


2021 39,000 14 99,000 36 


2022 41,000 14 104,000 36 


2023 67,000 22 161,000 53 


2024+ 97,000 30 222,000 70 


Source: Hatch Regeneris Analysis (2019) 


4.3 Figure 1 presents the impact of these visitor reductions against the historical profile of 
visitor number to the Garden and the projected future impact. 
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Figure 1 Trend Data for Annual Visits to the Garden and the Projected Impact under different 


Future Scenarios (Central Case and RHS Anticipated, annual visitor numbers) 


 


 


4.4 Applying the reductions in Table 9 proportionally to the projected additional direct, indirect 
and induced economic impacts resulting from the RHS investment programme (as set out 
in Table 2), generates the estimated reductions in Employee Spend, Other Operational 
Spend, and External Visitor Spend resulting from the DCO Scheme. 


Table 10 Projected Reduction in Employee Spend, Other Operational Spend, and External Visitor 


Spend resulting from the DCO Scheme (Central Case and RHS Anticipated, £)  


Year 


Projected Reduction in 


Employee Spend with 


2nd and 3rd Tier Impacts 


(£) 


Projected Reduction in 


Other Operational 


Spend with 2nd / 3rd Tier 


Impacts (£) 


Projected Reduction in 


External Visitor Spend 


with 2nd and 3rd Tier 


Impacts (£) 


Central 


Case 


RHS 


Anticipated 


Central 


Case 


RHS 


Anticipated 


Central 


Case 


RHS 


Anticipated 


2021 864,000 2,188,000 1,263,000 3,198,000 698,000 1,768,000 


2022 894,000 2,266,000 1,338,000 3,388,000 751,000 1,902,000 


2023 1,442,000 3,428,000 2,197,000 5,221,000 1,257,000 2,987,000 


2024+ 2,037,000 4,691,000 3,125,000 7,197,000 1,829,000 4,211,000 


Sources:  Hatch Regeneris Analysis (2019); RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture, 


November 2017)   


  


Central Case 
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4.6 Table 11 presents a summary of the Present Value of the Wider Economic Impacts of the 
DCO Scheme in relation to the operation of the Garden and induced wider external effect 
(as set out in Table 10), for the ‘central case’ and ‘RHS Anticipated’ scenarios.  


4.7 The impacts have been considered over a range of appraisal periods. The 5-year appraisal 
coincides with the period up to the end of the construction phase of the DCO Scheme and 
the first year of operation. The 10-year appraisal represents a relatively standard economic 
appraisal period. The 14-year appraisal considers the impacts over a 10-year period post-
completion of the DCO Scheme.  


Table 11 Present value of Wider Economic Costs of the DCO Scheme in relation to the operation 


of the Garden and induced wider external effects (Central Case and Higher Impact, £m, 2019 


Prices) 


Appraisal 


Period  


(from 2019) 


Impact Scenario 


Salaries 


Expenditure 


(PV £m) 


Operational 


Expenditure 


(PV £m) 


External 


Spend 


(PV £m) 


Total 


(PV £m) 


5 year 
Central Case 4.6 6.9 4.0 15.5 


RHS Anticipated 11.0 16.7 9.5 37.2 


10 year 
Central Case 12.3 18.8 10.9 42.0 


RHS Anticipated 28.9 44.0 25.5 98.4 


14 year* 
Central Case 17.6 26.9 15.7 60.2 


RHS Anticipated 41.1 62.7 36.5 140.3 


Sources:  Hatch Regeneris Analysis (2019); RHS Wisley: Economic Impact Study 2015/16 - 2024/25 (Counterculture, 


November 2017)   


Values discounted to 2019 prices applying 3.5% discount rate (source: TAG Data Book May 2019 v1.12) 


* represents a period 10 years post-completion of the DCO Scheme 
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5. Summary of Economic Impact of DCO Scheme 
in relation to the Garden 


5.1 The forecast increases in distances and journey times resulting from the DCO Scheme 
(outlined in Table 4) will engender significant behavioural changes amongst visitor to the 
Garden. For the majority of trips, these changes will result in additional travel-related costs 
being incurred by visitors themselves (as presented in Table 8), but the analysis in 
paragraphs 3.4 and 3.5 also demonstrates there is forecast to be a significant reduction in 
the overall level of trips to the Garden.  


5.2 Whilst insufficient traffic modelling evidence remains available from HE to fully examine the 
scale of all impacts, it is clear they will be of a scale that affects the operational viability of 
the Garden itself and significantly undermines the RHS’s flagship investment programme. 


5.3 Table 12 presents an overall summary of the key forecast economic costs of the DCO 
Scheme in relation to the Garden, as presented in Table 8 and 11. 


Table 12 Summary of the Overall Estimated Economic Cost of the DCO Scheme in relation to the 


Garden (Central Case and RHA Anticipated range, PV £m, 2019 prices) 


Impact 


Present Value of Economic 


Costs   
(£m) (2019 prices) 


Visitors to Garden* 21.8 


Employees on-site at Garden* 4.2 


Volunteers on-site at Garden* 1.2 


Total Transport User Impact* 27.2 


 Central Case RHS Anticipated 


Salaries Expenditure#  12.3 28.9 


Operational Expenditure# 18.8 44.0 


External Spend# 10.9 25.5 


Total Wider Economic Impacts# 42.0 98.4 


Source: Hatch Regeneris 


* appraised over 60 years # appraised over 10 years 


5.4 It is clear that there will be a significant impact upon both the visitors to the Garden, as well 
as those who work and volunteer. For many, the extended traffic routing will be confusing 
and potentially stressful, particularly for irregular visitors to the Garden. 


5.5 Whilst the proportion of trips to the Garden that originate from the A3 south of Ockham 
Roundabout that will divert via the B2215 through Ripley is unknown, these trips will incur 
additional travel time for those making the trip. Furthermore, they will result in significant 
additional traffic flow along this route and through the village of Ripley, generating potential 
blight in terms of volumes of traffic, noise, and local air quality. 


5.6 The impact upon the operation of the Garden, during a period of significant expansion, is 
shown within Table 12, to be extremely detrimental. The plans that the RHS have to launch 
formally launch their flagship investment programme in 2021 are shown to be significantly 
disrupted by the DCO Scheme. There will potentially be additional impacts, beyond those 
presented, in terms of reputational damage to the Garden by association with the traffic 
disruption, which require further impact analysis. As a Grade II* Registered Park and 
Garden, the financial viability of the Garden is critically important to its conservation. 
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6. Sensitivity Tests: Diversions via Ripley 


6.1 Due to limitations in HE traffic modelling provision, it has been necessary to apply a set of 
assumptions within the analysis presented in this submission. This includes the proportion 
of trips from the A3 south that may divert via the B2215 through Ripley. The analysis has 
applied a central case assumption that 50% of trips from the A3 south will divert via Ripley.  


6.2 Two sensitivity tests have been undertaken to evaluate the impact of this assumption: 


• Sensitivity Test 1:  75% diversion via Ripley 


• Sensitivity Test 2:  0% diversion via Ripley 


6.3 Table 13 presents the comparative outputs of the sensitivity analysis in relation to the 
‘central case’ outputs (as presented within Table 12). 


Table 13 Summary of the Sensitivity Tests Outputs (PV £m, 2019 prices) 


Impact 


Present Value of Economic Costs   
(£m) (2019 prices) 


Central Case Sensitivity Test 1 


(75% diversion via 


Ripley) 


Sensitivity Test 2 


(0% diversion via 


Ripley) 


Total Transport User Impact* 27.2 25.6 29.9 


Total Wider Economic Impacts# 42.0 39.8 46.7 


Source: Hatch Regeneris Analysis (2019) 


* appraised over 60 years # appraised over 10 years 


6.4 The outputs of the sensitivity tests indicate that the scale of diversion via Ripley does not 
significantly impact upon the forecast level of economic cost in relation to the Garden, albeit 
it will have a significant impact upon the village of Ripley itself, in terms of traffic volumes.  
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7. Alternative Options 


7.1 The range of negative economic impacts identified with the assessment of the DCO 
Scheme emphasises the importance of exploring alternative solutions to the access 
arrangements for the Garden. The RHS has proposed alternative arrangements (the RHS 
Alternative Scheme) to better address the issues of access and egress to the Garden. 


7.2 The key components of the RHS Alternative Scheme relate to; 


(i) the retention of an improved Wisley Lane entry to A3 Northbound carriageway 


and 


(ii) the addition of south facing slips at the Ockham Roundabout     


7.3 The inclusion of both these elements will significantly off-set the negative travel impacts 
that have been outlined within this report, and the associated economic costs.   


Impact of RHS Alternative Scheme 


7.4 Whilst the construction phase of the RHS Alternative Scheme would subject the local 
highway network to similar levels of disruption to the DCO Scheme, once operational, the 
RHS Alternative Scheme would offer significant reductions in both vehicle mileage and 
person travel time to the Garden in comparison to the DCO Scheme, as outlined within the 
written representation of Mike Hibbert (Sections 6.4 to 6.10, pages 25 to 27 in RHS/MH/1).   


7.5 Applying the same methodological approach set out above within this representation for 
the assessment of the DCO Scheme, the RHS Alternative Scheme is estimated to result in 
over 15,000 fewer hours travel time in comparison to the ‘Reference Case’ scenario. 


7.6 Table 14 provides a summary of the comparative economic impacts of the DCO Scheme 
and RHS Alternative Scheme options. The outputs are each presented separately as a net 
comparison to the ‘Reference Case’ scenario, as well as a direct comparison to each other.  


Table 14 Summary of Economic Impacts of DCO Scheme and RHS Alternative Scheme in 


relation to the Garden (Central Case, PV £m, 2019 prices) 


Impact 


PV~ of Impacts# of 


DCO Scheme* 


(£m) (2019 prices) 


PV~ of Impacts# of 


RHS Alternative 


Scheme* 


(£m) (2019 prices) 


Difference between 


DCO and RHS 


Alternative Impacts# 


(£m) (2019 prices) 


Transport User Impact -27.2 +6.0 +33.2 


Wider Economic Impacts -42.0 -6.7 +35.3 


Source: Hatch Regeneris 


~ PV = Present Value 


# all figures in this table are presented a net impacts and so negative figures represent a loss of economic benefit 


* impacts are presented in relation to the ‘Reference Case’ that reflects the current layout of the highway network and 


existing RHS operations at the Garden 


7.7 Table 14 indicates that the RHS Alternative Scheme will still result in some wider economic 
costs in relation to the ‘Reference Case’, due to construction phase impacts. Overall, 
however, it will result in a significant improvement in comparison to the DCO Scheme. 
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8. Summary and Conclusions 


8.1 This representation has been prepared by Jon Bunney, who has over 21 years’ experience 
in transport economics and assessing the economic impact of transport schemes. 


8.2 The HE traffic modelling shows that, during its operational phase, the DCO Scheme will 
result in significant additional journey distance and travel time for many visitors, workers 
and volunteers accessing Gardens at Wisley. There is also likely to be significant delays 
during the construction phase of the project, although HE has yet to provide details of how 
this will be managed. 


8.3 By assessing the distribution of visitor trips to the Garden, the overall impact of the DCO 
Scheme in increasing travel times and vehicle operating costs can be estimated. Applying 
DfT TAG Data Book parameters has enabled the quantification of the scale of these direct 
transport impacts in monetary terms. Over a 60-year appraisal period from 2019, the 
transport impacts upon visitors, workers, and volunteers travelling to the Garden are 
estimated to equate to an economic value of around £27 million, in 2019 prices. 


8.4 The travel delays and disruption during the construction and subsequent operation of the 
DCO Scheme will also affect the number of visitor trips to the Garden. Market research 
amongst a sample of 293 groups at the Garden has indicated that a delay of up to 10 
minutes could result in the proportion of trips to the Garden decreasing by 15.7%. Applying 
this value across the forecast travel impacts of the DCO Scheme generates an estimated 
overall reduction of annual visitor numbers of 6.5%.  


8.5 The impacts could extend beyond this, with the cumulative impact of congestion and 
disruption during the construction phase resulting in much larger impacts upon visitor 
behavioural choices. This is particularly the case as the construction of the DCO Scheme 
is scheduled to begin at the time when the RHS has planned its major launch event to mark 
the culmination of their £65 million investment programme. Insufficient information is 
currently available to accurately assess the full extent of this impact, including HE traffic 
modelling data, but it could result in significantly higher reduction in visitor numbers to the 
Garden. 


8.6 The wider economic impacts of the DCO Scheme, in terms of reduced visitor numbers to 
the Garden, and associated indirect and induced impacts, have been estimated over a 10-
year appraisal period, from 2019. This analysis forecasts an economic present value (in 
2019 prices) of at least £42 million and, potentially, as high as £100m. 


8.7 The proposed RHS Alternative Scheme, with south-facing slips at the Ockham Roundabout 
and retention of the left-turn egress from Wisley Lane onto the A3, would reduce the 
negative wider economic impacts to around £7m (over 10 years) and generate positive 
direct transport user benefits for visitors, workers, and volunteers of around £6m (over 60 
years). 


8.8 There is compelling economic evidence that demonstrates the adverse impact of the DCO 
Scheme upon the Garden and supports the case for adopting the RHS Alternative Scheme. 
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Appendix A -  RHS Market Research Questionnaire 


 


 


Welcome to Wisley! 


Thank you for taking 2 minutes of your time to fill out this questionnaire about 


your travel habits to RHS Wisley and your opinions about potential change to access. 


 


1. Roughly how often do you visit RHS Wisley Gardens? 


 Spring/Summer Autumn/Winter 


􊽨 At least once a week 􊽨 At least once a week 


􊽨 Twice per month 􊽨 Twice per month 


􊽨 Once every 3 months 􊽨 Once every 3 months 


􊽨 Once in Spring/Summer 􊽨 Once in Autumn/Winter 


􊽨 Less frequently 􊽨 Less frequently 


􊽨 Never 􊽨 Never 


 


 


2. What mode of transport do you typically use to get to and from RHS Wisley 
Gardens? 


 􊽨 Car 􊽨 Taxi 


 􊽨 Motorcycle/Moped  􊽨 Pedal Cycle 


 􊽨 Walk 􊽨 Bus    


 􊽨 Other  


 


 


3. How long does your current journey to RHS Wisley Garden typically take? 


 􊽨 Less than 15 minutes  􊽨 Between 45 minutes and an hour 


 􊽨 Between 15 and 20 minutes 􊽨 Between 1 hour and 1½ hours 


 􊽨 Between 20 and 30 minutes 􊽨 Greater than 1½ hours 


 􊽨 Between 30 and 45 minutes  


 


 


4. How easy do you currently find it to travel to RHS Wisley Garden? 


 􊽨 Very easy 􊽨 Quite challenging 


 􊽨 Reasonably easy 􊽨 Unsure 


 􊽨 Not very easy  
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5. Imagine a situation where nearly an extra 10 minutes & 5 miles was permanently 
added to your journey to RHS Wisley Garden, via a route diversion. 


How frustrated would you be with the additional journey time? 


 
Not frustrated    􊽨0   􊽨1   􊽨2   􊽨3   􊽨4   􊽨5   􊽨6   􊽨7   􊽨8   􊽨9   􊽨10     Highly Frustrated 


 


 


6. Could this additional journey time have any impact upon how frequently 
you would visit RHS Wisley Garden? 


    


􊽨  Definitely, yes 􊽨  Probably, yes 􊽨  Probably not 􊽨  Definitely not 􊽨  Unsure 


 


 


7. If Yes, please provide an indication of how less frequently you may visit RHS 
Wisley Garden? 


 􊽨 Up to 20% less a year 􊽨 Between 61% and 80% less a year 


 􊽨 Between 21% and 40% less a year 􊽨 Between 81% and 100% less a year 


 􊽨 Between 41% and 60% less a year 􊽨 I may not visit at all 


 


8. How concerned would you be if the combined impact of everyone driving 
additional distance to RHS Wisley Garden resulted in over 12 million additional 
vehicle miles being travelled along the A3 in the vicinity of the Garden?  


 


Not concerned    􊽨0   􊽨1   􊽨2   􊽨3   􊽨4   􊽨5   􊽨6   􊽨7   􊽨8   􊽨9   􊽨10     Highly concerned 


 


9. Please indicate up to three issues that would most concern you most about this 
additional vehicle mileage 


  


 1. 


 2. 


 3. 


 


Thank you for completing this questionnaire, we really appreciate your time!  


Please return your completed questionnaire either to our survey fieldworker or leave it on 
the table for collection. 
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Appendix B -  Market Research Summary Results 


M25-A3 Wisley Interchange Adjustment 


Context 


B.1 Highways England's proposed work to the M25-A3 interchange, announced its preferred 
route - an enlarged roundabout with four special link roads for drivers making left turns. 


B.2 The preferred route, known as Option 14, would remove all direct connection from Wisley 
Lane to the A3 without suitable replacements for visitors to RHS Wisley Gardens. This will 
add this an extra 1.5 to 5.25 miles to the journey of visitors who currently use the A3. 


Survey 


B.3 Visitors to RHS Wisley Gardens where surveyed over 2 days to question: 


• travel habits to the gardens 


• current and potential future visiting habits to the gardens 


• opinions about potential change to the highway access to the gardens 


Methodology 


• Conducted on 29th Oct & 1st Nov 2019 


• Survey Location: Wisley Welcome Café 


• Self-completion survey; survey distributed at the Wisley Welcome Café 


• Survey delivered by Plus Four Market Research ltd as a facilitated fieldworker 
distribution and collection 


Response rate 


B.4 A total of 301 questionnaires were handed out and 297 completed questionnaires were 
returned with an average group size of 2.2 visitors 


Summary Results 


B.5 The charts below present the results from the survey in almost raw form. 


B.6 They illustrate how the 653 visitors were a very typical profile to the RHS Garden Wisley 
audience profile. For instance: 


• 80% visiting several times in the year. On average, visitors make 7.8 trips per year 


• The vast majority (99%) travel to the site by car, and whilst this modal use profile does 
change through the year, the RHS team felt that because the survey took place during 
the school half term the survey was more likely to be indicative of both core audience 
profiles: 


◼ close to retirement / early retired 


◼ family audiences. 


B.7 The survey also captured travel time and demonstrated that over 93% of visitors reported 
that it was easy to currently travel to the gardens. 
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B.8 Regarding the proposed plans and extension of travel time and additional 5 miles: 


• More than half felt like they would become highly frustrated by this. 


• Over a third (36%) of respondents felt that it would impact how frequently they 
visited the gardens. 


• Two thirds of these people indicated that this would reduce their visitation by more 
than 20%. And 14% thought it would stop visiting altogether 


• Around three quarters of Wisley visitors were ‘Highly Concerned’ about the 
combined impact of drive time and additional distance to RHS Garden Wisley. Only 
3% were ‘Not Concerned’ 


B.9 Key concerns were: 


• Pollution 


• Time 


• Impact on the environment 


• Congestion 


• Fuel consumption and cost 


Analysis 


Q3  Roughly how often do you visit RHS Wisley Gardens? 
Spring/Summer 


B.10 The chart below illustrates how the majority (83%) of respondents were regular Summer 
and Spring visitors to RHS Garden Wisley all of these visiting several times in the year – 
and some (24%) visiting virtually weekly in that period. Only 3.42% never visited the 
gardens in the summer or spring or were visiting for their first time. This very frequent, 
repeat visitor profile is very typical of RHS visitors. 
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Q4  Roughly how often do you visit RHS Wisley Gardens? 
Autumn/Winter 


B.11 The chart below illustrates how the majority (80%) of respondents were regular Winter and 
Autumn visitors to RHS Garden Wisley all of these visiting several times in the year – and 
some (15%) visiting virtually weekly. Only 1.72% were visiting the gardens for their first 
time. This is very typical of RHS visitor profile with the vast majority of visits generated from 
repeat visitors. 


 


Q5  What mode of transport do you typically use to get to and from 
RHS Wisley Gardens? 


B.12 99% of visitors travelled to Wisley by car with 1% cycling to Wisley or traveling by other 
means. 


Q6  How long does your current journey to RHS Wisley Garden 
typically take? 
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Q7  How easy do you currently find it to travel to RHS Wisley 
Garden? 


B.13 The vast majority (93%) of visitors indicated that it was currently easy to travel to RHS 
Garden Wisley. 


 


 


Q8  Imagine a situation where nearly an extra 10 minutes & 5 miles 
was permanently added to your journey to RHS Wisley Garden, 
via a route diversion. How frustrated would you be with the 
additional journey time? 


B.14 More than three quarters of visitors felt they would be frustrated by the 10 minutes and 5 
miles being permanently added to their journey. With over half feeling like they would 
become highly frustrated by this. 


 


Q9  Could this additional journey time have any impact upon how 
frequently you would visit RHS Wisley Garden? 


B.15 Over a third (36%) of visitors felt that it would impact how frequently they visit. 
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Q10  If Yes, please provide an indication of how less frequently you 
may visit RHS Wisley Garden? 


B.16 Of those who felt that the increased journey time and additional mileage would impact their 
visit. Two thirds indicated that this would reduce their visitation by more than 20%. 


B.17 With 14% stopping visiting all together. 


 


 


Q11  How concerned would you be 
if the combined impact of 
everyone driving additional 
distance to RHS Wisley 
Garden resulted in over 12 
million additional vehicle 
miles being travelled along 
the A3 in the vicinity of the 
Garden? 


B.18 Around three quarters of Wisley visitors 
were ‘Highly Concerned’ (rating 8, 9 0r 
10) about the combined impact of driving 
additional distance to RHS Garden 
Wisley.  


B.19 Only 3% were ‘Not Concerned’. 
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Q12  Please indicate up to three issues that would most concern you 
most about this additional vehicle mileage 


B.20 The word cloud below illustrates the key issues that concern Wisley visitors are: 


• Pollution 


• Time 


• Impact on the environment 


• Congestion 


• Fuel consumption and cost 
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Appendix C -  Analysis of Potential Trip 
Reduction to the Garden due to 
increased journey times 


Introduction 


C.1 The outputs from the RHS Market Research conduction in October and November 2019 
have been used to assess the potential reduction in visitor trips to the RHS Garden at 
Wisley (the Garden) as a result of the DCO Scheme. 


Analysis 


C.2 Question 9 of the market research asked respondents to indicate how likely they would be 
to reduce the number of visits they make to the Garden if they were to experience an 
increase in journey times equivalent to 10 minutes. 


C.3 Around 13% of respondents indicated they would “definitely” reduce the number of visits 
and a further 24.6% indicated they would “probably” reduce the number of visits. This 
indicates up to 37.6% of individuals and groups visiting the Garden would be highly likely 
to reduce the number of trips each year if subject to travel delays of up to 10 minutes. 


C.4 Amongst the group who indicated they would “definitely” reduce their trips, they currently 
make an average of 9.3 trips pa to the Garden and their responses indicated they would 
reduce the number of trips, on average, by 5.5 trips pa (a 59% reduction).  


C.5 The group who indicated they “probabley” would reduce their trips, currently make an 
average of 7.3 trips pa to the Garden. To take into account the degree of uncertainty in how 
these individuals/groups would change their behaviour, the responses have been factored  
by the associated level of frustration felt by these individuals/groups. The weighted estimate 
of the average reduction in trips amongst this group of 2.9 trips pa (a 39% reduction). 


C.6 Figure C.1 below presents the potential weighted reduction in trips amongst the full sample 
of respondents. It has been conservatively assumed that the 63% indicated they would 
“probably not” or “not” change their visiting behaviour would not reduce the number of 
annual visits.  


C.7 Some 13% indicated they would visit once less per annuum, 9% two visits less, and 6% 
three visits less. Over 3% of respondents indicated they would make over 10 fewer trips 
per annum, in many cases no longer visiting the Garden at all.  
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Figure C.1 Forecast Reduction in Annual Trips to RHS Wisley Garden based upon Market 
Research Responses 


 


C.8 Combining the analysis across all responses groups, an average reduction in visitor trips 
as a result of a delay of up to 10 minutes was calculated as 1.2 trips pa. Applied to the 
average number of visits per individual/group across the whole data set of 7.8 trips pa, this 
reduction represents a 15.7% reduction. 
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Appendix D -  Wisley Garden Visitor Distribution 


D.1 Figure D.1 presents the distribution of trip origins of visitor to the RHS Gardens at Wisley 


Figure D.1 Distribution of Trip Origins to the RHS Gardens at Wisley 


 


 Source: RHS (2019) 


 


D.2 Table D.1 presents the source data. 
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Table D.1 RHS Wisley Visitor Postcode Data 
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1 
 


RHS WISLEY 


M25 JUNCTION 10 / A3 INTERCHANGE DCO 
REQUEST FOR INFORMATION FROM HIGHWAYS ENGLAND 


TRANSPORT MODELLING AND DATA INFORMATION 
 


1 Copies of all traffic model information relied on within the DCO submission which has 


been provided to Surrey County Council. 


Response 


Throughout the development of the DCO application (between October 2017 and June 


2019) the Scheme evolved after each consultation phase: 


• Design Fix 2 refers to the Scheme at statutory consultation and January/February 


2018. Data from the strategic model was used for the air quality assessment (see 


APP-050). This is provided as part of request 2. 


• Design Fix 3 refers to the Scheme at the date of the December 2018 consultation. 


Data from the strategic model was used in the Transport Assessment, shared with 


Surrey County Council and is now issued in response to this request. 


• Design Fix 3.1 refers to the Scheme at the consultation in April 2019 and includes 


changes at Seven Hills junction. The strategic model was not updated, and data 


used in the Transport Assessment for Seven Hills junction utilised the S-Paramics 


model. 


 
In the ‘1_WKT_Flows’ folder, there is a spreadsheet (WKT_Flows.xlsm) containing link 


flows from the strategic model for the following scenarios: 


• 2015 Base 


• 2022 Do Minimum and Do Something 


• 2037 Do Minimum and Do Something. 


 
These flows cover the following time periods: 


• Morning peak period 


• Inter-peak period 


• Evening peak period 


• Off-peak period 


The spreadsheet contains a WKT reference which can be loaded into any GIS software 


package to plot the links- the required CRS is EPSG:3857. 


This output is equivalent to that issued to Surrey County Council but is based upon Design 


Fix 3 and relates to the DCO submission. 


 
RM Response 
This requires review by GIS software.  
 
Upon inspection this is missing new link/highway network information at Wisley Lane and 
Ockham for the DCO scheme and so is incomplete.  
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See attached a plot of the 'Existing' network which TTHC constructed from the 
information available - note the missing connections between the A3 and Wisley Lane.  
There is no equivalent network for the 'DCO Scheme' (ie with amended Wisley Lane to 
Ockham Link provisions).  The missing information affects items (7), (8) and (11) below 
also. 


 


2 Copy of all traffic modelling and forecasts used specifically in connection with the Air 


Quality assessment. 


Response 


The spreadsheets used for air quality assessment are included in folder 2_13 Air Quality, 


in the AQ Noise Assessment Traffic Data DM2 spreadsheet. 


 
The flows used for the Air Quality Assessment utilised Design Fix 2.0 outputs (the 


statutory consultation scheme). 


 


RM Response 
 
Information has been provided, but not for the final Design Fix 3.   
 
Highways England to provide information on the AADT flows for the links in Ripley and 
along the A3 for the final Design Fix 3, and describe the changes from the consultation 
flows to the final design fix. 


 
3 Copies of the ANPR survey results (2014 and 2017), including any associated 


information and data required to enable the results to be interpreted/understood. 


Response 


Data has been provided in the folder ‘3_ANPR Surveys’ including the following: 


2014 ANPR 


• 2014 ANPR Survey.xlsm-- Contains RAW 2014 ANPR Survey data 


2017 ANPR 


• ID03250 M25 J10 - ANPR Trip Chain Report - 16_05_2017v2.xlsx-- Contains raw trip 


chain data (origin-destination and journey time data) 


• ID03250 M25 J10 - ANPR OD Report - 16_05_2017v2.xlsx—Contains raw Origin 


Destination flows by 15-minute period 


• ID03250 M25 J10 - ANPR Sample Rate Report - 16_05_2017v2—Includes the number 


of captured and matched number plates 


• 2017 Manual Count of RHS Wisley Gardens Entry and Exit- this manual count was 


undertaken using the video footage provided by the survey company. 


The above spreadsheets contain raw data for 2014/2017. 


Analysis for visitors to RHS will follow. 
 
RM Response 
 
When will the analysis follow? 
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4 Copy of the Model Validation Report for the SERTM. Please include Zone system and 


centroid connection plan(s) if not provided in the Validation Report. 


Response 


The model validation report for the SATURN has been provided in the folder ‘4_SATURN 


Model Validation Report’ in the PDF file HE551522-ATK-GEN-XX_Z-RP-TR-000003. A Link 


structure figure of the location network has been provided in Figure 4-1 of the report. 


Figure 4.2 of the model validation report shows the zone structure in the Area of Detailed 


Modelling (AoDM) and traffic access points to and from the network (akin to a centroid 


connector plan). 


 
RM Response 
 
Thank you 


 
5 Copy of the Model Validation Report for the S-Paramics Model. Please include Zone 


system and centroid connection plan(s) if not provided in the Validation Report. 


Response 


A PDF copy of the S-Paramics Local Model Validation Report is provided in the folder ‘5_S- 


Paramics Model Validation Report’ in the PDF file HE551522-ATK-GEN-XX_Z-RP-TR- 


000007. The model extents are shown in Figure 6 of the Local Model Validation Report. A 


zoning plan, which also shows the model extents, has been provided in the S-Paramics 


Model Zones.png file. This shows where vehicles enter/exit the network and therefore a 


centroid connector plan is not required. 


 


RM Response 
 
Thank you 


 
6 The Transport Assessment Report (DCO Doc 7.4) states at para 3.4.3 that the Paramics 


model has been developed for the morning and evening peak periods. Please can you 


clarify whether the Paramics model has been developed for the Inter-peak period also 


or if this period relies solely on the SERTM. 


Response 


The S-Paramics model has been developed for morning and evening peak periods. It does 


not cover the inter-peak period. 


 


RM Response 
 
Thank you 
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7 Copies of the directional flow and turning movement plots for the study area for the 


2017 Base Year and 2022 and 2037 forecast years for AM, Interpeak and PM Peaks (for 


Existing, Do Minimum and Do Something scenarios). 


Response 


In the ‘WKT_Flows’ folder, there is a spreadsheet (WKT_Flows.xlsm) containing link flows 


from the strategic model for the following scenarios: 


• 2015 Base 


• 2022 Do Minimum and Do Something 


• 2037 Do Minimum and Do Something. 


These flows cover the following time periods: 


• Morning peak period 


• Inter-peak period 


• Evening peak period 


• Off-peak period 


The spreadsheet contains a WKT reference which can be loaded into any GIS software 


package to plot the links- the required CRS is EPSG:3857 


Turning flows to follow in due course. Please say whether plots or a spreadsheet would be 


preferred. 


 


RM Response 
 
This requires review by GIS software.  
 
Upon inspection this is missing new link/highway network information at Wisley Lane and 
Ockham for the DCO scheme and so is incomplete.  
 
See attached a plot of the 'Existing' network which TTHC constructed from the 
information available - note the missing connections between the A3 and Wisley Lane.  
There is no equivalent network for the 'DCO Scheme' (ie with amended Wisley Lane to 
Ockham Link provisions).  The missing information affects items (7), (8) and (11) below 
also. 
 
Also, some Link flows provided but turning flows still awaited.  HE response requests our 
preference – Spreadsheet(s) would be preferred.  
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8 Select link analysis of trips for the scenarios referred to in (7) above, for Wisley Lane, 


the proposed Wisley Lane bridge link and B2215 High Street, Ripley. 


Response 


Select link analysis has been undertaken for Portsmouth Road and RHS Wisley Gardens. A 


spreadsheet containing this information is in the folder ‘8_Select Link analysis’ in the 


spreadsheet Select Link analysis.  


This spreadsheet contains flow information on each link relating to the Select Link 


scenario. The spreadsheet contains a WKT reference which can be loaded into any GIS 


software package to plot the links- the required CRS is EPSG:3857 


Select link data has been provided for the following scenarios: 


• 2022 Do Minimum and Do Something 


• 2037 Do Minimum and Do Something. 


These flows cover the following time periods: 


• Morning peak period 


• Inter-peak period 


• Evening peak period 


• Off-peak period 


The origin/destination select links have been provided for RHS Wisley Gardens. This traffic 


would use Wisley Lane and the proposed Wisley Lane bridge link (in the with scheme 


scenario). 


 
Please let us know if these individual sections of Wisley Lane and the proposed Wisley Lane 


bridge link are still required. 


Base flows to follow in due course 


 
RM Response 
 
This requires review by GIS software.  
 
Upon inspection this is missing new link/highway network information at Wisley Lane and 
Ockham for the DCO scheme and so is incomplete.  
 
See attached a plot of the 'Existing' network which TTHC constructed from the 
information available - note the missing connections between the A3 and Wisley Lane.  
There is no equivalent network for the 'DCO Scheme' (ie with amended Wisley Lane to 
Ockham Link provisions).  The missing information affects items (7), (8) and (11) below 
also. 
 
Also, Select Links provided for 2022 and 2037 forecasts but 2015 Base noted as ‘to follow 
in due course’ – when? 
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9 Copies of the local junction models referred to in Chapter 7 of the Transport 


Assessment Report (DCO Doc 7.4). 


Response 


PDFs have been provided from the local junction models referred to in Chapter 7 of the 


Transport Assessment Report in folder ‘9_Local Junction Models’. The following PDF files 


have been provided: 


• M25 Junction 10 Do Min LinSig 


• M25 Junction 10 Do Something LinSig 


• Painshill_Seven Hills Do Min LinSig 


• Painshill_Seven Hills Do Something LinSig 


• Ockham Do Min 2022 Junctions 9 


• Ockham 2037 Do Min LinSig 


• Ockham Do Something LinSig 


• Ripley Junctions 9 


Do Minimum (or DM) refers to Without Scheme and Do Something (or DS) refers to With 


Scheme. 


 


RM Response 
 
2022 and 2017 Junction Models have been provided but not the 2015 Base Models.  
 
When will these be provided? 


 


10 Copies of the journey time data (by link) from the model(s) which the journey time 


information presented in section 7.8 of the Transport Assessment Report has been 


based on. 


Response 


A spreadsheet (Distance-Time Graphs.xlsm) has been provided relating to the distance- 


time information from Section 7.8 of the Transport Assessment Report in the folder 


‘10_Distance Time Graphs’. The first two tabs have data for each link on the journey time 


route, with the following tabs showing the graphs which were presented in the Transport 


Assessment Report. 


 
The links in the spreadsheet can be related to the WKT references in the ‘WKT_Flows’ 


folder. These can be loaded into any GIS software package to plot the links- the required 


CRS is EPSG:3857 


 


RM Response 
 
Thank you  
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11 Some of the tables presented in Chapter 7 of the Transport Assessment Report only 


provide information for the AM and PM peaks. Please can you provide the equivalent 


information for the Interpeak period also. 


Response 


Flows have been provided in the “WKT_Flows” folder. The spreadsheet contains a WKT 


reference which can be loaded into any GIS software package to plot the links. The 


required CRS is EPSG:3857 


 


RM Response 
 
This requires review by GIS software.  
Upon inspection this is missing new link/highway network information at Wisley Lane and 
Ockham for the DCO scheme and so is incomplete.  
 
See attached a plot of the 'Existing' network which TTHC constructed from the 
information available - note the missing connections between the A3 and Wisley Lane.  
There is no equivalent network for the 'DCO Scheme' (ie with amended Wisley Lane to 
Ockham Link provisions).   
 


12 Accident references for any and all accidents which are being relied on as representing 


a specific weaving accident from Wisley Lane to M25 J10. 


Response 


To follow 


 
RM Response 
 
When? 
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INFORMATION REQUIRED IN RELATION TO AIR QUALITY ISSUES 
 


13 The traffic flows for all links within 2 km of the centre of Ripley for the baseline year, 


and for 2022 and 2037, as used in the Air Quality modelling (illustrated on a map). 


Response 


See query 2. ‘WKT’ Spreadsheets have been provided in folder 2_13 Air Quality. The links 


in the spreadsheet can be related to the WKT references in the ‘WKT Flows’ folder. These 


can be loaded into any GIS software package to plot the links- the required CRS is 


EPSG:3857 


 
RM Response 
 
The required information has been provided, but not for the final Design Fix 3.  See 
response to (2) above. 
 
 


 
14 What assumptions do these flows make about the proportions of RHS traffic accessing 


the RHS site to and from the south, i.e. traffic using the A3 to the south of Potters 


Lane, in relation to the designated routing via the A3 and the option of using 


Portsmouth Road through Ripley 


Response 


The TA (App-136) states in Section 7.8.5 that “the impact of the proposed road alignment 


is that all trips to/from Wisley Lane to/from the A3 south are expected to travel via 


Ripley”. The alternate route, via a U-turn at M25 junction 10, takes marginally more time.” 


Ref APP-050 for details for model version used 


 
RM Response 
 
Please clarify whether this applies to the flows from Design Fix 2.0 or the final Design Fix 
3. 
 


 
15 The speeds used in determining emission factors on the road network at (13) above. 


Please provide a map showing speeds on different sections of the roads, i.e. how 


speeds are reduced at junctions. 


Response 


See query 2. The ‘WKT’ spreadsheets are in folder 2_13 Air Quality. No amendment was 


made to speeds at junctions as the speed banding approach is used which takes into 


account congestion. 


 
RM Response 
 
Thank you 
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16 The modelled speeds on the A3 (from Ockham roundabout to the M25) for all three 


years with and without the scheme (these should be the speeds used to derive the 


speed bandings for the air quality model). With a map showing the speeds (not the 


speed banding) for each section of road. 


Response 


The maps are provided in the folder for Response 16. 


 
RM Response 
 
Thank you 


 
17 Linked to (16) above, details of the speed analysis behind the speed-banding approach 


applied to the vehicle emissions, together with maps showing which sections of road 


have changed from one band to another for the different time periods. 


Response 


The speed-banding approach has been conducted in accordance with Highways England 


Interim Advice Note (IAN 185/15). This IAN is provided in folder for Response 17. Maps 


showing speed bands used in the air quality modelling for each year and time period are 


provided in the folder for Response 17. 


 


RM Response 
 
Thank you 


 
18 Details of the emission factors for NOx used in the speed-banding approach for the 


three modelled years, with and without the scheme, for the roads identified in (13) 


and (16) above. 


Response 


Emission factors for NOx used in the speed-banding approach have been taken from the 


Speed Band Emission Factors spreadsheet v3.1 provided by Highways England. The 


spreadsheet is provided in the folder for Response 18. 


 


RM Response 
 
Thank you 


 
19 The deposition velocities used to calculate N deposition, and whether different values 


were used for short vegetation and trees. 


Response 


Deposition velocities used to calculate N deposition were taken from the Design Manual 


for Roads and Bridges (DMRB) HA 207/07 Annex F paragraph F2.3 Step 5 which states: 


”Dry NO2 deposition rates should be estimated using the following scaling factor which is 


based on a deposition velocity for NO2 of 0.001 m/s (taken from EMEP Eulerian 
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photochemistry model). 1 µg/m3 of NO2 = 0.1 kg N ha-1 yr-1” 


Different values were not used for short vegetation and trees 


 
RM Response 
 
Thank you 


 
20 The exact location of receptor R59 in Ripley (described as Aberdeen House, High 


Street, Ripley), as input to the model, and its distance from the road centre line and 


kerb. Please provide a detailed map showing the location. 


Response 


The location of the receptor R59 and maps showing distances to the nearest roads are 


provided in Response 20 folder. 


 


RM Response 
 
Thank you 


 
21 Report 5.3 Habitats Regulations Assessment: Stage 2 throughout cites various Figures 


that are critical to understanding the document. These should be contained in Report 


5.3 Habitats Regulations Assessment Figures 


(https://infrastructure.planninginspectorate.gov.uk/wp- 


content/ipc/uploads/projects/TR010030/TR010030-000137- 


TR010030_5.3_HRA_figures.pdf) but all that can be found in that document is a list of 


figures with (apparently) incomplete document numbers. Where are the actual Figures 


to be located? And if they are not in the material posted online, will you please supply 


them as a matter of some urgency 


Response 


These are now on line at: 


https://infrastructure.planninginspectorate.gov.uk/wp- 


content/ipc/uploads/projects/TR010030/TR010030-000290- 


TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf 


 


RM Response 
 
Thank you 


  



https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000137-TR010030_5.3_HRA_figures.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/TR010030/TR010030-000290-TR010030_5.3_HRA_figures_01.%20n.b.%20THIS%20HAS%20BEEN%20UPDATED.pdf
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HIGHWAYS ENGLAND REQUESTS FOR INFORMATION FROM 


RHS 


 
Please may we be provided with the following: 


 
A. Data from your membership database that supports the movement pattern assumed 
in the Motion Traffic Assessment (suitably anonymised) and any updates since that work 
 
RM Response  
 


 Please see attached: 
 


• Wisley Total Visitors Postal Area Breakdown; 


• M25 Café Survey Oct 2019; 


• UK Postal Areas - email 
 


B. The economic assessment as referenced in the RHS letter of 26 March 2018 to 
Jonathan Wade at Highways England and any subsequent updates that will be referred 
to during the Examination. 
 
RM Response 
 
Counterculture Report dated November 2017 attached. 


 


C. Survey/questionnaires carried out by RHS in reference to the Scheme, including 
questions and answers that will be referred to during the Examination (the letter of 26 
March 2018 refers to a survey in late 2017)  
 
RM Response 
 
See Question B. 


 


D. Details of any air quality assessment undertaken to date (including that referred to 
the RHS letter of 26 March 2018) that will be referred to during the Examination. 


 
RM Response 
 
The RHS has not undertaken any additional air quality assessments. 
 


 
E. Current traffic numbers to and from the gardens and any revised projections of visitor 
demand. 
 
RM Response 
 
See Question A. 
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