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1) Introduction

Glyder Fawr (Section 30B, OS 1:50000 Map 115, Grid Ref. SH642579) is situated about 2km South of the western end of Llyn Ogwen on the A5 and is the highest point in the Glyderau, a range of impressive and varied mountains sandwiched between the Carneddau to the North and the Snowdon range to the South. About 1km East of Glyder Fawr lies Glyder Fach with Castell y Gwynt (Castle of the Winds) between. This area of ridge is one of the most interesting in the Snowdonia National Park since it is dotted with rocky outcrops which provide sporting short scrambles. Apart from the rocky outcrops the whole area is covered with shattered rocks giving the feel of a desolate “lunar” landscape. (The word “Glyder” is thought to be derived from the Welsh “cludair” meaning “heap (of stones)”)
On OS maps Glyder Fawr is given a height of 999m just missing the “super league” of 1000m mountains in Wales; namely Snowdon, Crib y Ddsygl, Carnedd Llewelyn and Carnedd Dafydd. Given the measurement uncertainty of +/-3m in spot heights, as determined by photogrammetry, there is a strong possibility that Glyder Fawr is actually higher than 1000m. Moreover, the highest point, a rocky outcrop, could easily have been missed by the cartographer examining the three-dimensional aerial photograph of the summit area.
If the height of Glyder Fawr is 1000m or greater, then this has implications for the route of the 1000m Welsh Mountain Challenge.   The organisers would have to choose either a new route for the event or consider the possibility of running a new route and old route in parallel.   

The purpose of this survey was to determine accurately the height of Glyder Fawr using survey grade GPS equipment.  The project was jointly planned with CREAD, a media company engaged in making radio and television documentaries about our surveying activities in the Welsh Mountains.
2) Equipment used and Conditions for Survey 

The summit position was confirmed using an Abney level and a “1m” E-staff extendable to 5m. 
The absolute height was measured using a Leica Geosystems 530 GPS receiver. It is a dual-frequency, 24channel 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 1 to 3 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 at best 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 which took place between 12.00hr and 17.00hr BST were good. Initially there was some cloud on the summit area, but this cleared up to give splendid views. The temperature was about 10 to 15 degrees Celsius on the summit, but there was a chilling wind. However the abundance of rock outcrops on the summit provided adequate shelter for the long wait during data collection.  
3)   The Survey of Glyder Fawr
3.1)  Character of Mountain 

Glyder Fawr is the highest point of the cwm that surrounds Llyn Idwal. The emphasis here is rocky grandeur. The high cliffs of the cwm seem to bar all access to the summits but there are a number of excellently maintained “scrambly” paths that provide access to the summit ridge of the Glyders. The most direct routes to the summit of Glyder Fawr from Llyn Idwal are either via Y Gribin ridge, which provides an exciting easy scramble, or by the steep main path that passes under the gash in the rocks known as the Devil’s Kitchen. If the latter route is followed, as for this survey, the path eventually reaches the summit ridge where turning East another 300m of grinding ascent leads up to the rocky mountain summit. Another alternative for access is to take the path from Pen-y-Pass on the South side of the mountain. Although slightly shorter in ascent, this route does not have the scenic quality of the paths from Llyn Idwal. 
The summit of Glyder Fawr is a mass of stones and jagged rocky outcrops, a characteristic of most of the Glyderau. Without any surveying equipment the summit outcrop is fairly obvious, but there is another outcrop about 40m South West of it which could be a contender. A wide track leads along the ridge from the rocky summit to Glyder Fach and is widely used by walkers as it is probably one of the most popular routes in Snowdonia.
3.2) Summary of Survey 
Although there are several rocky outcrops in the summit area, there are only two obvious contenders for the highest point. However, the exact summit was quickly identified with an Abney Level and was in accord with previous visits to the mountain by J Barnard and Simon Edwardes, who on those occasions both used Abney Levels to locate the summit. The rocky outcrop about 40m South West of the summit, the other contender, was measured by Abney Level and staff to be 1.45m lower. 
The Leica 530GPS antenna was secured to the summit rock on a telescopic pole as shown in the photograph below and was adjusted to be exactly level with the top of the summit rock using an Abney Level. The rock to the left of the photograph was estimated to be only 2-3mm LOWER than the summit.
Data were collected for 4 hours with an epoch time of 30 seconds and a vertical offset of 0.000m.
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3.3) Results for Glyder Fawr
The ten-figure grid references for the summit recorded with hand-held GPS units were:-
Garmin Etrex


SH 64246 57957
Accuracy 7m 
Height = 1007m

Results recorded on previous visits to the summit were:-

Garmin Etrex


SH 64247 57956
Accuracy 5m
Height = 1001m 
Garmin Map 60CSx

SH 64245 57959
Accuracy 5m
Height = 1003m
Garmin Etrex


SH 64247 57958 

The ten-figure grid reference for the lower rocky outcrop 40m SSW recorded with a hand-held GPS unit was:-

Garmin Etrex 


SH 64230 57923
Accuracy 6m
Height = 1008m
The GPS data were processed with Leica GeoOffice Version 7 Software using a dongle, an electronic key needed to unlock the processing modules of the software. RINEX “correction” data were imported from the Ordnance Survey Website for the 6 nearest Active Base Stations. We used Broadcast Ephemeris data picked up by the GPS during the survey, rather than Precise Ephemeris data, since we have found in practice this makes little difference to the height results. The computed Tropospheric model was chosen for the calculations to suit the data collection time and the wide difference in height between the base stations and the summit of the mountain.  The results are tabulated below:
	System
	Easting

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

	SR 530
	264242.903
	0.003
	357952.562
	0.003
	1000.827
	0.006


The individual height calculations to each base station were within a range of 0.03m giving strong evidence for the good quality of the recorded dataset. It must be borne in mind that the Easting and Northing coordinates do not correspond exactly to the summit as the antenna need to be positioned about 0.25m from it to be able to maintain verticality.
3.4) Discussion of Results

The measured height for Glyder Fawr is 1000.83m, 1.8m higher than that recorded on the OS Maps. Therefore Glyder Fawr is a new 1000m Welsh mountain and its presence now needs to be considered by the organisers of the Welsh 1000m Mountain Challenge. The exact position of the summit could be identified very easily and to a height error of about +/-0.002m. Therefore the only real error affecting this height result is in the GPS measurement itself which, from our knowledge of work carried out with 4 hour datasets, we would estimate to be better than +/-0.08m
4) Summary of Heighting Results
Glyder Fawr was measured to be 1000.83m+/-0.08m, the summit being a rocky outcrop at 
SH 64246 57958.
Glyder Fawr becomes a 5th peak in Wales to exceed 1000m
John Barnard and Graham Jackson, 22 September 2010. Bottom of Form
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