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1) Introduction

Moel Famau (Section 30C, OS 1:50000 Map 116, Grid Ref. SJ161626) is the highest point of the Clwydian Hills in North East Wales and is also listed in Michael Dewey’s list of 500m hills. The summit is distinctive as it bears the remains of the Jubilee Tower, started in 1810 to celebrate the golden jubilee of George III, but never completed and blew down in 1862. The remains were stabilised and tidied by the local council but they nevertheless dominate the skyline of these hills. To the East of the tower, there is an Ordnance Survey trig point with a flush bracket height of 554m.

As most of the summit area has been significantly altered in the last 200 years, it is impossible to pinpoint the natural summit of the hill. In the Database of British Hills, the centre of the tower has been quoted as the summit position at a height of 561.5m surveyed from the trig point. However, recently in a document entitled “Summits and Cols”, we have established by consensus a set of rules that define the positions for summits and cols. These rules exclude the centre of the tower, as this is clearly a man-made feature, and consider instead the actual summit to be the highest ground of the grassy area around the wall that now constitutes the base of the tower.

The purpose of this survey was to measure the absolute height of Moel Famau at its newly identified summit position and at the same time check the height of the centre of the tower to compare with the previous survey.

2) Equipment used and Conditions for Survey 

The line survey was carried out using a Leica NA730 automatic level and a 1m staff extendable to 5m.

Absolute heights were measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 12-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 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 Version 7 software.

Conditions for the survey were good. The sky was clear and there was no wind. The survey took place between 10.30 and 13.30 GMT. 

3) Character of Hill 

Moel Famau is the most popular hill in the Clwydian range and is situated about 3km SW of the village of Cilcain. It is part of a chain of hills that runs about 35km from near the North Wales coast South of Prestatyn to Moel y Accre before dropping into the Alyn valley on the A5104.  All sides of Moel Famau are covered with heather and have become an area where conservationists are trying to re-establish the Black Grouse. As already stated, the grassy summit is crowned with the remains of the Jubilee Tower where metal plates have been inset into the stonework to point out the surrounding countryside features.

Access to this hill is not a problem and there are numerous footpaths that lead to the summit from all directions. The Long Distance Offa’s Dyke path passes over the summit in a North to South direction. The easiest access is from Bwlch Penbarras to the South where the Offa’s dyke path is joined. This gives a walk of about 2.5km and an ascent of just under 200metres. For those wanting a longer walk, access can be obtained from the lower car park East of Bwlch Penbarras where the colour-coded woodland walks can be followed according to taste.

4) Summary of Survey Method

The first objective of the survey was to make a comparison between the OS data and our measurement for the height of the flush bracket on the trig point. The Leica 530GPS was set up with tripod support to hold it firmly over a convenient point a few metres away from the trig point.  Previously, level and staff readings had been taken on this point and at the flush bracket of the trig point to enable a levelling correction to be made. While the GPS was collecting data, a line survey was carried out to the base of the tower and then around its circumference. The purpose of this was to find the highest point around the base of the tower which, according to our “Summit and Cols” document, would be the considered summit of Moel Famau. Finally the GPS was set up at the centre of the tower to measure the height of this point and so obtain a comparison with an earlier survey carried out using an Abney level and Leica Disto A8.

5) The Trig Point

The position and height data for the set up position 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
	316161.987
	0.002
	362648.693
	0.004
	554.078
	0.008


The levelling readings were:-

Staff reading at flush bracket on trig point = 0.691m

Staff reading at GPS set up position = 1.007m.

Therefore, the flush bracket is higher than the GPS set up position by 1.007 – 0.691 = 0.316m

GPS measured height of flush bracket = 554.39m

Previous GPS survey carried out on 12 September 2008 for height of flush bracket = 554.38m

OS data for height of flush bracket = 554.33m

6)   The Summit

The data for the line survey carried out around the base of the tower is presented in Appendix 2. Each of the staff placements were, where possible, positioned at a high point since the purpose of this line survey was to find the summit of the hill. By line surveying completely around the tower we obtained a closing error of 0.002m. As can be seen from the cumulative height differences in the data table, the second staff placement is the highest point around the circumference of the tower being 0.237m higher than the starting point for the survey.

The levelling readings from the GPS position to the start of the line survey were:-

Staff reading at GPS position = 1.007m

Staff reading at first staff placement = 0.479m

Therefore summit is 1.007 – 0.479 + 0.237 = 0.765m higher than GPS set up position.

Height of summit = 554.078 + 0.765 = 554.84m

Ten figure grid references of the summit position were taken using a Garmin 60CSx and Garmin Etrex and the average grid reference was SH 16125 62674. 

The summit position is shown in the photograph in Appendix 1.

7)   Centre of Tower

The position and height data for the centre of the tower 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
	316109.092
	0.001
	362661.402
	0.001
	561.335
	0.008


8)  Discussion of Results
The difference between our surveys for the height of the flush bracket for the two surveys we have carried out and the data from Ordnance Survey is 0.05m and 0.06m. This is typical of results we have obtained when measuring the heights of other flush brackets on trig points where there is usually a difference of up to about 0.1m. On rare occasions we have measured differences up to 0.3m. 

The closing error of 0.002m for the line survey around the perimeter of the tower was very satisfactory. We are confident within our terms of what constitutes a summit point (as defined in “Summits and Cols”) that we have located its position to a height uncertainty of better than +/-0.05m. Combined with an uncertainty of +/-0.08m for GPS measurements taken over a period of 1 hour, the overall uncertainty in the height of Moel Famau is estimated to be +/-0.1m. 

The measured height for the centre of the tower is 561.34m and we would expect a height uncertainty for the measured position to be +/-0.08m. In a previous survey the height of the centre of the tower was measured by levelling using an Abney Level to the base of the tower and then using a Leica Disto A8 laser measuring system to obtain the vertical height. This survey gave a height of 561.5m with an uncertainty of +/-0.5m and therefore is in agreement with our more recent and more accurate measurement.

9)   Summary

The summit of Moel Famau is at grid reference * SH 16125 62674 and has no feature marking it. (See photograph in Appendix 1)  The hill’s height was measured to be 554.8+/-0.1m.

The height of the centre of the tower was measured to be 561.34+/-0.08m.

*NB average hand-held Garmin GPS grid refs.

John Barnard and Graham Jackson, 14 November 2011 
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Appendix 2
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Instrument:- Leica NA730 Automatic level  Date:- 20/10/2011

        Horizontal Line Cumulative

Point Number Backsight BSForesight FSHeight Difference Height Difference

metres metres metres metres

Survey around base of Tower(Level JB, Data collection JB, Staff GJ)

1 0.879 0.642 0.237 0.237

2 0.119 2.025 -1.906 -1.669

3 0.679 0.595 0.084 -1.585

4 1.963 0.971 0.992 -0.593

5 0.971 0.380 0.591 -0.002
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