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1) Introduction

Lovely Seat (Hill 2734, Section 35A, OS 1:50000 Map 98, Grid Ref. SD879950) is a Marilyn situated to the East of the road from Hawes to Muker in the heart of the Yorkshire Dales.  The hill was not in the original list published in The Relative Hills of Britain, but was included in the 1998 update.  With just 150m of drop, Lovely Seat was high on our list of priorities to survey.  
The purpose of this survey was to locate the exact position of the col and accurately measure drop.
2) Equipment used and Conditions for Survey 

Ground surveys to determine the positions of the col and summit were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
Absolute heights were 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 to two metres respectively.  Note that a hand-held GPS receiver can receive up to 12 satellites, but each at a single frequency only and therefore it has a poorer positional accuracy of +/-5m and a height accuracy of no better than 10 metres.  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 7 software.
Conditions for the survey, which took place between 11.30hr and 15.00hr, were fair. The weather was cool, 5 to 8 degrees Celsius and the wind was light, about 15mph.  Although showers were forecast it remained dry during the survey.
3) The Survey
3.1) Character of Hill 

Lovely Seat is the highest point of the area lying to the East of the Hawes Muker road.  The col separating the hill from its higher neighbour, Great Shunner Fell, is situated near the high point in this road which bears a spot height of 526m on the 1:50k and 1:25k maps.  There is ample room for parking several cars just here.  The Butter Tubs, natural, vertical shafts about 10m deep set in the limestone bedrock, lie by the road just beyond the col in the direction of Muker and attract thousands of visitors every year.  
Several groughs form a network that traverses the col in a North to South (valley to valley) direction and to the unaided eye these appear to be lower than the highest point of the road.  A sketch of these is given in figure1.

Figure 1: Sketch of groughs at col of Lovely Seat
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From the col the ground rises fairly gently to the summit and a fence provides a convenient guide passing to within about 50m of the highest point of the fell.  The summit area itself comprises a stone shelter that incorporates a seat, a loose pile of stones by the shelter and a cairn situated just a few metres to the North East.  Several large flat stones are scattered in and around the summit and all of these are moveable.  The shelter or ground by it appears, to the unaided eye, to be the summit of the fell.
3.2) Summary of Survey Method
The position of the col was identified as lying in the grough system.  Sightings through the level also quickly showed that the ground was rising to the North West of the road towards Great Shunner Fell.  Next the grough system to the South East of the road was explored and several points to the South of the fence were identified as potential locations for the col.  These were all measured with the level and staff.  

The summit of the hill required only cursory measurement with level and staff in order to identify the highest point.
The absolute heights of the summit and the col were measured with the Leica 530GPS. The instrument was set up with tripod support to hold it firmly over the point to be measured. The AT502 antenna was mounted on a 2.000 metre pole for all measurements. Data at each point were collected for 50 minutes with an epoch time of 5 seconds.
3.3) The Col
First the level was set up at a convenient position (L) to the South of the fence on the South East side of the road and near to where the col was suspected of lying.  This position was located on the island of heather just a few metres South East of point c in Figure 1.  From this point staff readings were taken in the immediate vicinity and concentrating on the southern line of the grough.  All of these points were lower than point c which was identified as the col.  A final check using the level and staff was made on the height of this point relative to the high point in the road (1), the high point of the grough to the North of the road (2) and also the position of the spot height marked on the 1:25k map.  This last point was easily located as it lies on the road at a point where a track leads off toward Great Shunner Fell. The results relative to the col position were:
High point of road = +0.7m

High point of northern grough = +0.4m

Spot height on road on 1:25k map = -0.2m (note this point is actually not on the line of the col)

We are confident that identification of the col was achieved to within +/-0.1m of height.
The ten-figure Grid References for the col were:-
Garmin Map60CSx 

SD 86824 95473

Accuracy 5m
Height = 530m

Garmin Venture

SD 86822 95475

Accuracy 4m
Height = 528m

Garmin Etrex 


SD 86824 95472

Accuracy 7m
Height = 525m
Magellan Explorist 100
SD 86822 95476

Accuracy 11m
Height = 525m

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 eight nearest base stations  and the Hopfield tropospheric model were:-
	System
	Easting

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

	SR 530
	386824.448
	0.003
	495469.474
	0.001
	525.673
	0.006


3.4) Summit of Lovely Seat
The exact position of the summit was established using the level and staff and is about 5m NE of the stone shelter.
The ten-figure Grid References for the summit are:-
Garmin Map60CSx 

SD 87905 95042
Accuracy 3m
Height = 685m

Garmin Venture

SD 87903 95044
Accuracy 6m
Height = 678m
Garmin Etrex 


SD 87904 95044
Accuracy 5m
Height = 677m

Magellan Explorist 100
SD 87901 95048
Accuracy 4m
Height = 675m

The position and height data for the summit recorded by the Leica 530 and post-processed with Leica GeoOffice 7 using imported OS RINEX data from the eight nearest base stations and the Hopfield Tropospheric model were:-
	System
	Easting

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

	SR 530
	387904.736
	0.002
	495043.852
	0.002
	674.731
	0.011


4) Discussion of Results
The largest error was associated with the correct location of the col which gives an uncertainty of +/-0.10m in its height.  Combined with an error of +/-0.06m for the GPS measurement, the overall uncertainty in the height of the col is +/-0.12m. We also estimate that the summit height was measured to better than +/-0.08m. Therefore, the overall error in drop measurement for the hill is no more than +/-0.15m. 

The drop measurement is 149.06m +/-0.15m and therefore Lovely Seat does not achieve the 150m required to give it Marilyn status. 
5) Summary and Conclusions

The summit of Lovely Seat is at grid reference * SD 87903 95045and is unmarked ground about 5m NE of the stone shelter.  Its height is 674.73+/- 0.08m.
The col separating Lovely Seat from Great Shunner Fell is at grid reference * SD 86823 95474.  Its height is 525.67+/-0.12m.
The drop from the summit to the col is 149.06+/-0.15m and therefore the Lovely Seat is reclassified to subMarilyn status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 15 May 2010. 
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