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1) Introduction

Arnside Knott (Section 34D, 1:50000 Map 97, Grid Reference SD456774), with a minimum of 150m of drop, is a relatively new addition to Alan Dawson’s list of Relative Hills or Marilyns. It bypassed the list of sub-Marilyns and entered the main list in 2005 as the lowest Marilyn in England. The position of the summit is well-defined and is about the same height, 159.1m, as the flush bracket on the Trig Point. The height of the col, which is generally accepted to be near Waterslack, appears to be between 8 and 10m and therefore the accurate height is critical to the status of the hill. Arnside Knott escaped earlier inclusion in the list of Marilyns due to the misleading contours which are difficult to trace beneath the railway and the quarry in this area. Before the construction of the railway cutting, the 1:25000 map suggests that the col was just less than 10m, although the whole area has suffered from extensive human disturbance. Research by Jonathan de Ferranti with the 1:10000 scale OS digital maps showed some useful 8m spot heights on the railway and also a 9m spot height on the road at Silverdale station (at least 1m higher than the railway track). Also, at these points the railway track is quite flat. Consequently, although the evidence was not conclusive, it was considered strong enough to declare Arnside Knott a Marilyn. This conclusion was also backed up by a thorough investigation by David Purchase.
The purpose of this survey was to measure accurately the height of Arnside Knott, and locate and measure the height of the col to see if the drop exceeds 150m.
2) Equipment used and Conditions for Survey 

Absolute height was measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24-channel instrument, which means it can lock on to a maximum of 12 satellites and receive two signals (at different frequencies) from each of these satellites.  The latter feature reduces inaccuracies that result from atmospheric degradation of the satellite signal.  As a stand-alone instrument it is capable of giving position and height to an accuracy of about one and three metres respectively. Despite the on-board features of the 530 GPS receiver, there are still sources that create residual errors.  To obtain accurate positions and heights, corrections were made to the GPS data via imported RINEX data from the Ordnance Survey which was post-processed using Leica Geo Office Version 7 software.

The positions of the summit and col were located using a Leica NA730 automatic level and a staff extendable to 5m.

Conditions for the survey, which took place between 11.00hr and 17.00hr BST, were satisfactory. The weather was quite warm, 10 - 15 degrees Celsius, and sunny so visibility was excellent.  Wind-speed was less than 5mph.   
2.1) Character of Hill 

Arnside Knott is situated at the North East corner of Morecambe Bay and is just under 2km South West of the village of Arnside. The flanks of the hill are covered with mixed woodland and there are numerous tracks that provide popular walking. A Trig Point is a few metres away from the actual summit which is beneath a yew tree. There are gaps in the trees that provide excellent views across Morecambe Bay, the Lake District and the hills to the East. About 1.5km East of the hill, where the col lies, the Carnforth to Barrow railway line runs in a North-South direction through a cutting. The topography of this whole area has been extensively altered by man’s activities and it is impossible to identify natural ground here. We also agree with the previous map studies of this area in that it is very difficult to follow the contours on the 1:25000 and 1:50000 maps to identify the exact position of the col.
Access to both the col and summit areas is good through the network of public roads and footpaths. Access to the railway just North of Waterslack is easily gained via the minor road (cul de sac) just to the east of the railway. The shortest route to the summit is from one of the lay-bys on the minor road to the South East.

2.2) Summary of Survey Method
. The Leica NA730 level was set up on a tripod and staff readings were taken for placements around the summit and col.  In this way, both the summit and col positions were quickly located.
Absolute heights were measured with the Leica 530GPS set up over convenient points near the summit and col positions. The antenna was mounted on a 2.000m pole, and data were collected for 1 hour each at the summit and the col with an epoch time of 30 seconds. Measurements were taken with the level and staff to provide the height corrections to these summit and col positions. 
2.3) The Summit
The summit of Arnside Knott was found to be at the base of a yew tree, on a bearing of 120 degrees from the Trig Point and 12m from it.

The ten-figure Grid References measured for the summit were:- 
Garmin Map 60CSx 


SD 45614 77480

Accuracy 4m
Height = 166m
Garmin Venture


SD 45611 77478

Accuracy 4m
Height = 163m
Garmin Etrex 



SD 45612 77478

Accuracy 8m
Height = 165m
Magellan Explorist100

SD 45612 77478

Accuracy 3m
Height = 162m
The ten-figure Grid References measured for the Trig Point were:- 
Garmin Map 60CSx 


SD 45603 77486

Accuracy 4m
Height = 167m
Garmin Venture


SD 45601 77484

Accuracy 3m
Height = 162m
Garmin Etrex 



SD 45604 77485

Accuracy 5m
Height = 166m
Magellan Explorist100

SD 45601 77485

Accuracy 3m
Height = 161m
It was not possible to set up the Leica 530GPS on the summit because nearby trees obstructed satellite reception. To avoid this problem, we set up the equipment 26m away from the summit in a clearing.  An Abney level was used to ensure that the antenna, set to a cut-off angle of 15 degrees, had an unobstructed view of the sky.
The ten-figure Grid References measured for the Leica 530 GPS setup position were:- 
Garmin Map 60CSx 


SD 45629 77457

Accuracy 2m
Height = 166m
Garmin Venture


SD 45627 77458

Accuracy 3m
Height = 164m
Garmin Etrex 



SD 45629 77459

Accuracy 5m
Height = 164m
Magellan Explorist100

SD 45628 77461

Accuracy 2m
Height = 162m
The position and height data for the summit that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest six OS Active Base stations and the Hopfield Tropospheric model were:-
	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	345624.648
	0.002
	477455.544
	0.002
	158.690
	0.010


The staff readings taken to obtain the height corrections from the Leica 530GPS setup position are tabulated below:-
	Recorded Position
	Staff reading metres

	Flush Bracket on Trig Point
	0.510

	Summit
	0.562

	Leica 530 GPS setup position
	0.972


From the GPS measurement the height of the Flush Bracket on the Trig Point is 158.69 + 0.972 – 0.510 = 159.15m. This compares well with the value of 159.10m in the OS database for Trig Points.
The height of Arnside Knott was measured to be 158.69 + 0.972 – 0.562 = 159.10m
2.4) The Col
The correct identification of the col’s position is the most critical factor in measuring accurately the drop for Arnside Knott. We believe the relevant area is shown below on the OS 1:25000 Map (Appendix1) and this view is supported by the previous studies of Alan Dawson & Phil Cooper, Jonathan DeFerranti, David Purchase and a reconnaissance conducted just prior to the survey by Jim Bloomer. On the west side of the railway line it is possible to follow a 10 metre contour emerging from the south side of Middlebarrow Quarry (disused) to where it disappears under the railway line at Red Bridge. The 10m contour on the east side of the railway line is much more difficult to follow. It passes along the eastern edge of Silverdale Moss to the South of the text ‘Osliffe Hill’ on the map and then West into the railway.  Although not visible on the map, we believe this contour tracks South by the railway line and emerges by the road at Waterslack Bridge.  The ground is very steep along this section and the valley is very narrow yet full of features (houses, access road, public road, railway) which may explain why the contour is not visible on the map. From Waterslack Bridge the 10m contour then continues in a north easterly direction passing Challen Hall and Hawes Water before turning South to Red Bridge. We have also studied the OS 1:50000 paper and computer based maps. The latter allows one to zoom in to this area and these observations support the above view for the 10m contours (Appendix 2).   Also highlighted in this figure are closed 10m contours that represent islands or tors of rock created when the railway was cut through the original crags in this area.  Smaller isolated tors are identifiable near the house at SD471763, although these are too small to be shown on either map.   Appendix 2 also shows what we believe to be the line of the col (in a valley to valley direction) before construction of the railway (we have called this the original col).  We have dismissed the ground between Red Bridge and Silverdale as the location of the col for reasons that are discussed below.

 At Waterslack two footpaths, marked with green dots on the 1:25k map, cross the railway line at SD471764 and SD471763. We set up the Leica level on a tripod adjacent to the railway track at the northerly of these two crossings. From staff readings taken on the base of the railway cutting we were able to show that the railway descended in both directions and therefore the crossing was at a local high point. The visibility in a northerly direction from this point was at least 1km, although that in a southerly direction was obscured by Waterslack Bridge. Consequently, the level was next setup by the southerly crossing and staff measurements confirmed that the railway track descended further to the south and that the highest point in the cutting was adjacent to the northerly crossing.  The ground on the line of the original col that runs just to the West of the railway line was also inspected.  Although of a similar elevation to the railway for a few metres, it very quickly began to rise in a westerly direction beyond the house.  We found no ground as low as the col in the railway cutting.  It is worth noting again that the ground in this area has been modified very extensively by man and it is impossible to identify the height of the col (the natural col) prior to human disturbance.
Finally, we set up the level just to the South of Waterslack Bridge at SD473760 and confirmed that the ground continued to fall to Red Bridge.

Since the stream from Hawes Water flows South beneath Red Bridge and then onwards to Leighton Moss we conclude that, irrespective of any original line, the ground between Red Bridge and Silverdale must be lower than the railway line by the two footpaths at Waterslack Bridge.

 Therefore, the col was confirmed as the railway cutting by the northerly crossing.
The ten-figure Grid References measured for the col were:-

Garmin Map 60CSx 


SD 47126 76437

Accuracy 3m
Height = 15m
Garmin Venture


SD 47127 76435

Accuracy 7m
Height = 15m
Garmin Etrex 



SD 47125 76435

Accuracy 5m
Height = 14m
Magellan Explorist100

SD 47122 76436

Accuracy 6m
Height = 19m
Since it was not possible to set up the Leica 530 GPS at the col position because of its proximity to the railway line, it was set up on the footpath on the east side of the railway. The position and height data for the col that were recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest six OS Active Base stations and the Hopfield Tropospheric model were:-
	System
	Easting

	error(1SD)
	Northing
	error(1SD)
	Height(m)
	error(1SD)

	SR 530
	347128.437
	0.002
	476435.811
	0.003
	8.668
	0.016


The staff readings taken to obtain the height corrections from the Leica 530GPS setup position are tabulated below:-
	Recorded Position
	Staff reading metres

	GPS Measurement Point
	1.362

	Col
	1.712


The height of the col was measured to be 8.668 +1.362 – 1.712 =  8.32m
3) Discussion of Results

The drop for Arnside Knott is calculated to be 159.10 – 8.32 = 150.78m which is greater than 150m and therefore confirms Arnside Knott’s Marilyn status.

In an analysis of the possible errors in our measurements, the critical error is for the measurement of the height of the col and this error will greatly exceed all the other measurements taken in this survey. Which point should one survey across the railway line, the ground at the side of the track, the top of the sleepers, or the ground beneath the ballast? We chose the ground at the side of the track, since this was the lowest point in the hill to hill direction. The sleeper height was about 0.3m higher than this, but if that position had been used, then the drop would be150.5m (still exceeding 150m). However, since even the railway is on a ballast base, the foundation for the cutting is likely to be lower rather than higher making our measurement of 150.8m conservative. We estimate that we have located the col position to better than +/-0.4m in height. Since the summit position was located accurately the uncertainty in its measurement is better than +/-0.1m. Therefore the uncertainty in the drop measurement is better than square root (0.4^2 + 0.1^2) = 0.4m
4) Summary and Conclusions

The summit of Arnside Knott is at grid reference * SD 45612 77478 and is not marked with any feature, but is below a yew tree 12m away and on a bearing of 120 degrees from the trig point. Its height was measured to be 159.1+/-0.1m.
The col for Arnside Knott is at Grid reference * SD 47125 76436 and is on ground at the side of the railway line. Its height was measured to be 8.3+/-0.4m.
As the drop for Arnside Knott is calculated to be 150.8+/-0.4m, this hill remains a Marilyn.

* NB hand-held Garmin determination is quoted in this summary.
John Barnard and Graham Jackson, 17 November 2010. 
 Appendix 1: The Area of the Col of Arnside Knott (1:25000 map)
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     Appendix 2:  The Probable Line of the Original Col (in a valley to valley direction) Prior to Human Disturbance
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Key:


Red lines  -  10m contours


Blue dotted line  -  probable line of original col in a valley to valley direction
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