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1) Introduction

We carried out a survey on 15 April 2010 using a Leica 530GPS which measured the height of Calf Top (Section 35B, OS 1:50000 Map 98, Grid Ref. SD664856) to be 609.61m. This measured height is only 0.01m above the benchmark of 2000 feet, and if confirmed, would make Calf Top a candidate for promotion to the Nuttall and Hewitt lists.
The measurement uncertainty in the GPS height determination is about +/-0.1m, and on the advice of Mark Greaves at Ordnance Survey, we have carried out a second survey of Calf Top in order to improve the accuracy of the height measurement.
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 to 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.

Conditions for the survey, which took place between 12.30hr and 17.00hr BST, were good. The weather was warm, 15 - 20 degrees Celsius, but with no wind. At first it was misty on the summit but that cleared as the day progressed.  
2.1) Character of Hill 

See previous survey report for the description.
2.2) Summary of Survey Method
The summit position had been identified previously in the first GPS survey and had been marked with a cairn. This cairn was dismantled and the Leica 530GPS was set up over the summit position, with the antenna on a 2.000m pole, and data were collected for 4 hours with an epoch time of 5 seconds.  We were careful to remove vegetation from this small area and ensure that the pole supporting the antenna rested flush with the true level of the ground. 
2.3) The Summit
The photograph bellows shows the Leica 530 GPS set up over the summit position with the Trig Point visible on the opposite side of the stone wall/fence.

A few metres away from the position we identified as the summit, the photograph shows the crumbling stone wall and many of the stones at the base of this wall are completely covered with vegetation.  We were not able to determine unequivocally if any of these stones or the ground at the base of the wall were natural features without further damaging the remains of the wall.  We concluded they were associated with the wall structure and consequently did not consider them as summit candidates, even though some were slightly higher than the chosen summit.
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A  ten-figure Grid Reference was measured for the summit using the “average” mode on the Map60CSx and the result quoted below is a mean of 4000 readings taken at a rate of one per second:-
Garmin Map 60CSx

SD 66451 85622
Accuracy 0.6m
Height = 608m
Below we tabulate the results from both our surveys.  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 ten OS Active Base stations were:-
	Date
	System
	Easting

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

	20/05/10
	SR 530
	366448.97
	0.002
	485623.73
	0.001
	609.62
	0.003

	15/04/10
	SR 530
	366448.96
	0.001
	485623.70
	0.001
	609.61
	0.005


The GPS data files from this survey and the previous one were sent to Ordnance Survey for further scrutiny and processing.  The result obtained from Bernese Software is:

- 
	System
	Easting

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

	SR 530
	366448.96
	
	485623.72
	
	609.58
	


Ordnance Survey concluded that the datasets were both of very high quality with the 4hr set, not surprisingly, showing a higher percentage ambiguity resolution.  The three processed results were all considered equally valid and therefore we are advised by Ordnance Survey that the final result is 609.60m.  

3) Discussion of Results

In this second survey of Calf Top we have measured its height to be 609.62m compared with the result from the previous survey which was 609.61m. Agreement between the two results to 0.01m is excellent and demonstrates the precision of differential GPS measurements. The mean, calculated on a collection time weighted basis, for all the results for Calf Top is 609.596m.  With an estimated uncertainty of better than +/-0.1m, this means there is a slightly less than 50% chance that Calf Top is equal to or exceeds 2000feet (609.600m). 
In previous surveys where we have heights computed by ourselves using Leica GeoOffice software and the OS using their Bernese software, the OS calculated heights have always been 1-3cm lower. Also we have always taken the OS results as the definitive ones. Adopting this principle for Calf Top, the height would be 609.58m and just below 2000 feet.  If the ground by the wall were taken into consideration then, of course, Calf Top would comfortably exceed 609.6m.
Following its critical assessment of the data, Ordnance Survey will round the height result up to the nearest metre and therefore will mark the height of Calf Top as 610m on future editions of 1:25000 and 1:50000 maps. 
4) Summary and Conclusions

The summit of Calf Top is at grid reference * SD 66451 85622 and is a marked with a small cairn. Its height was measured to be 609.6+/-0.1m
The slight balance of probability calculated from our datasets is that the height of Calf Top is less than 2000 feet and it is not a candidate for promotion to Hewitt/Nuttall status.
The Flush Bracket height of the adjacent trig point was measured to be 609.76m, 0.16m higher than that reported in the OS database.

Ordnance Survey has confirmed the new height of Calf Top as 610m and the maps will be altered accordingly.

* NB hand-held Garmin determination is quoted in this summary.
John Barnard and Graham Jackson, 27 July 2010. 
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