Survey of Earl’s Hill
16 December 2008
The Team:

John Barnard, Graham Jackson and Myrddyn Phillips
1) Introduction

Earl’s Hill (Section 38A, OS 1:50000 Map 126, Grid Ref. SJ409048) is a subMarilyn with a listed drop of 149m, very close to the 150m required to promote it to Marilyn status and thus making the hill a prime candidate for surveying.  It is situated near the village of Pontesbury just SW of Shrewsbury and the col is about 1.5km distant from the summit separating Earl’s Hill from Stiperstones, its near neighbour.  This col lies in a field of short grass near a farm in the hamlet of Habberley.
The purpose of this survey was to measure accurately the heights of the hill and the col in order to determine the 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 24 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 only receive up to 12 satellites and each at a single frequency 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 software.

Conditions for the survey, which took place between 11.00hr and 15.00hr, were fair. The weather was cool, 5 to 10 degrees Celsius and the wind was light.
3. The Survey
3.1) Character of Hill 

Earl’s Hill rises steeply from the surrounding countryside and therefore is a distinct feature of the landscape in this area.  It is wooded on its lower slopes, but the summit, which is an ancient hill fort, comprises short grass.  There is limited parking in Habberley, but this is a convenient place from which to survey the col and the summit can then be reached on paths via the South ridge of Earl’s Hill.

3.2) Summary of Survey Method
The survey was carried out in two parts.
The position of the col was identified as a field near the farm.  Sightings through the level from this area quickly showed that the ground was descending in both N and S directions.  Having identified the area of the col, a detailed survey was next carried out to locate its exact position.  The level was set up at a convenient place on the West side of the col, and then a line of points marked by small flags was laid down in a North – South direction at a distance that was obviously on the higher East side of the col.  The highest of these, as measured by the level, was marked with a different coloured flag.  Next a second parallel line was marked out 5m nearer the level and again the highest point identified by the level and marked with a different coloured flag.  This process was repeated until there was a line of flags that was clearly on the West side of the col.  The resulting array of flags, with a line of different coloured ones marking the highest points of each line, gave a very clear picture of the geography of the col.  By surveying the highest points of each line and determining the lowest of these the position of the col was fixed to within about 10m.  Finally, the staff was used to pinpoint the position of the col to the nearest metre. 
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 30 minutes with an epoch time of 5 seconds.
3.3) The Col
The col was surveyed with level and staff as described in Section 3.2 and we are confident this was achieved to within +/-0.1m of height.
The ten-figure Grid References for the col were:-

Garmin Map60CSx 

SJ 40192 03523

Accuracy 3m
Height = 179m

Garmin Venture

SJ 40192 03524

Accuracy 5m
Height = 177m

Garmin Etrex 


SJ 40191 03523

Accuracy 6m
Height = 175m
Magellan Explorist 100
SJ 40192 03528

Accuracy 5m
Height = 190m

The position and height data for the col that were recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-

	System
	Easting

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

	SR 530
	340190.273
	0.001
	303516.720
	0.004
	173.469
	0.005


3.4) Summit of Earl’s Hill
The exact position of the summit was established using the level and staff and is by the trig point.  The trig point itself sits in a small depression of about 2m radius and the summit is a semi-circular arc running from North through West to South. .  The highest point is 0.32m lower than the flush bracket on the trig point and about level with the top of its concrete base.  The rocks 20m North of the trig point are 13cm lower than the summit.
The ten-figure Grid References for the summit are:-

Garmin Map60CSx 

SJ 40948 04842
Accuracy 3m
Height = 321m

Garmin Venture

SJ 40949 04843
Accuracy 5m
Height = 321m
Garmin Etrex 


SJ 40947 04844
Accuracy 6m
Height = 323m

Magellan Explorist 100
SJ 40951 04842
Accuracy 4m
Height = 325m
The position and height data for the summit recorded by the Leica 530 and post-processed with Leica GeoOffice using imported OS RINEX data were:-

	System
	Easting

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

	SR 530
	340946.443
	0.003
	304838.053
	0.005
	319.522
	0.013


(The Ordnance Survey lists the height of the trig point flush bracket as 320.04m and from this the height of the hill is calculated to be 319.72m in agreement with our measured result)

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.  We also estimate that the summit height was measured to better than +/-0.04m. Therefore the overall error in drop measurement for the hill is no more than +/-0.11m. 

The drop measurement is 146.1+/-0.1m and therefore Earl’s Hill does not achieve the 150m required to give it Marilyn status. 

5) Summary and Conclusions

The summit of Earl’s Hill is at grid reference * SJ 40949 04843 and is 2m north of the trig point.  Its height is 319.52m.
The col separating Earl’s Hill from Stiperstones is at grid reference *SJ 40192 03525.  Its height is 173.47m.
The re-ascent from the col to the summit is 146.1m and therefore the Earl’s Hill is not promoted to Marilyn status.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.
John Barnard and Graham Jackson, 7 January 2009. 
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