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1) Introduction

Esgair Gelli (Section 34C, 1:50000 Maps 146, 147, Grid Ref SN776577) is an unclassified hill in West Central Wales. It is 1km due South of Cefn y Cnwc (527m) and the critical bwlch lies between the two hills. The latest 1:25000 OS Map shows a summit spot height of 505m and contour lines indicating the bwlch to lie between 470m and 480m.  However, Vector mapping 

(http://www.ordnancesurvey.co.uk/oswebsite/opendata/viewer/) which has recently become accessible on the internet gives a spot height of 475m in the bwlch, as well as the 505m spot height for the summit.  This suggests a drop of 30m and therefore there is a good chance that Esgair Gelli should be included in Michael Dewey’s list of 500m hills.

The purpose of this survey was to measure accurately the drop from summit to bwlch.

2) Equipment used and Conditions for Survey
Ground surveys to find the positions of the summit and bwlch were carried out using a Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” E-staff extendable to 5m. 
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 and 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.  In the circumstances of this survey, the maximum error in height associated with the 530 GPS receiver data after post-processing (ignoring errors from locating summit or col) is ± 0.08m
Conditions for the survey, which took place between 11.30hr and 16.00hr, were excellent. The weather was dry and warm, 15-20 degrees Celsius, with a light wind between 5 and 10mph. Visibility was good all day.
3) The Survey

3.1) Character of Hill

Esgair Gelli lies in a remote part of West Central Wales.  From Tregaron a narrow minor road traverses this area eventually meeting the A483 at Beulah.  The hill lies 7 miles from Tregaron along this road, which conveniently traverses just beneath the summit on the southern side.  Parking is very limited, but there are one or two locations along this stretch of road that allow a car to be parked without impeding other vehicles.  The lack of roads and their poor quality enhances the feeling of the remoteness of this area.
The slopes of Esgair Gelli comprise short turf near the road, where grazing sheep congregate, but after a few metres the vegetation becomes rougher with patches of tussock grass.  The summit area itself comprises rough grass and is quite boggy in places.  Esgair Gelli comprises two broad ridges, one orientated in an East-West direction and the other in a SW-NE direction.  To the unaided eye the latter appears to contain the highest ground.  

The bwlch connecting Esgair Gelli to its higher neighbour, Cefn y Cnwc, is very broad, very boggy, and contains much thick vegetation, which comprises mainly broad-leaved grass species including tussock grass.  In addition there are several small pools interspersed within the boggy sections of the bwlch. 
3.2) Survey of Summit
The summit position was found with the level and staff. A cursory examination of the area showed that the higher ground lay along the east-west ridge where the 505m spot height is situated as shown on the 1:25k and Vector maps.  A more systematic survey of this area was then conducted by taking a line of staff readings along the spine of the ridge.  This quickly identified the summit position to within 10metres.  This area was then itself surveyed to locate the exact summit position.  Despite the vegetation we are confident that the summit position was located to within 0.05m of height.  Next the Leica 530 GPS was set up over this point with the antenna on a 2.000m pole and data collected for 1 hour with an epoch time of 30 secs.

The ten-figure grid references measured for the summit were:-

Garmin Map 60CSx
SN 77647 57772
Accuracy 4m
Height 509m

Garmin Venture
SN 77646 57773
Accuracy 3m
Height 510m

Garmin Etrex 

SN 77646 57773
Accuracy 5m
Height 510m

Explorist 100

SN 77646 57773
Accuracy 4m
Height 510m
The position and height data for the summit that were recorded by the Leica 530 GPS were post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest seven OS Active Base stations and the Hopfield Tropospheric model:  The results were:-
	System
	Easting

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

	SR 530
	277643.942
	0.002
	257766.777
	0.002
	504.46
	0.005


The combined uncertainty in height of the summit from all sources is ± 0.1m
3.3)  Survey of Bwlch
The first impression of the bwlch is of a wide expanse of very flat ground.  The Leica NA730 automatic level was set up at a convenient point within this area where the ground was relatively dry and stable.  Preliminary measurements with the level and staff quickly showed that the ground to the West was falling away; that to the East was approximately level for several tens of metres before it too began to fall towards the valley below.  Having established the approximate area in which the bwlch lay in the valley to valley direction, the survey next concentrated on the hill to hill direction. Four line surveys about ten metres apart were carried out starting from the lower slopes of Esgair Gelli and working towards Cefn y Cnwc.  The results, combined with the valley to valley survey identified an area of boggy ground of radius about 20 metres in which the bwlch lay.  Further more detailed surveying of this area revealed local height variations of +/-0.05m, but no overall gradient in either valley to valley or hill to hill direction.  Considering the nature of the terrain we would claim to have found the position of the bwlch to no better than +/-0.2m of height and +/-20 metres in position.
The ten-figure grid references measured for the position at which the Leica 530 GPS was set up in the bwlch were:-

Garmin Map 60CSx
SN 77478 58285
Accuracy 3m
Height 486m

Garmin Venture
SN 77478 58283
Accuracy 2m
Height 484m

Garmin Etrex 

SN 77477 58287
Accuracy 5m
Height 482m

Explorist 100

SN 77476 58286
Accuracy 4m
Height 481m

Note that the grid reference is only accurate to eight places because the bwlch area was quite extensive as described above.  The Leica 530 GPS was set up at this point and position and height data recorded.  These were post-processed with Leica GeoOffice 7 using imported OS RINEX data from the nearest seven OS Active Base stations and the Hopfield Tropospheric model.  The results were:-

	System
	Easting

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

	SR 530
	277476.986
	0.003
	258279.784
	0.002
	476.31
	0.009


The combined uncertainty in the height of the bwlch from all sources is ± 0.2m
4) Discussion of Results

The value of drop calculated from these results is 28.2+/-0.2m and consequently Esgair Gelli does not qualify for Michael Dewey’s list of 500m hills.  It is interesting though to examine where the discrepancy between the experimental data and the map data arises.  Below are the positions exported into MemoryMap of the summits of Esgair Gelli and Cefn y Cnwc and also the bwlch, as measured by our hand-held GPS units on the day (blue dots).  Next to this is an extract from the Vector map which shows the positions of the spot heights.  It may be seen that, within measurement error, our positions agree with the spot heights on the Vector map.  The major discrepancy therefore arises from the difference between the bwlch spot height and the measured height of the bwlch.
5) Summary
The summit of Esgair Gelli is at grid reference SN 77646 57773 and has no feature. Its height is 504.5+/-0.1m.
The bwlch for Esgair Gelli is at grid reference SN 7747 5828 and is at a height of 476.3+/-0.2m. 

The drop for Esgair Gelli is 28.2m. As this does not exceed 30m, Esgair Gelli does NOT have sufficient drop to qualify for Michael Dewey’s list of 500m hills.

* NB average hand-held Garmin/Magellan GPS grids are quoted in the summary.

J Barnard and G V Jackson, 16 June 2011.

Diagram: Comparison of surveyed summit & col positions with Vector Map spot heights
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