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1) Introduction
Mynydd Garth-pwt (Hill Number 15031, Section 31A, OS 1:50000 Map 136, OS 1:25000 Map
215E, Grid Ref. SN981941) is listed as a Tump (Thirty & Upward Metre Prominence) in the
Database of British and Irish Hills (DoBIH). Allt y Genlli, a hill about 1km NNE, has a spot height
of 394m on the 1:25000 OS map, 3m lower than the 397m spot height on Mynydd Garth-pwt. The
bwlch between the two hills has no spot height on any map but lies well above the 365m contour on
the online OSMap. This gives Allt y Genlli an estimated drop of 28m at most, insufficient for Tump
status.
Recent analysis by Aled Williams of LIDAR (Light Detection and Ranging) data for the two hills
suggested that they should be reclassified. The summit height of Allt y Genlli from the DTM (Digital
Terrain Model) was 398.9m, which is higher than the 397.8m height for Mynydd Garth-pwt. The
bwlch between the two hills was 367.3m, implying that both hills have a drop greater than 30m and
therefore each qualifies as a Tump.
The summit area of Allt y Genlli is covered by a dense conifer plantation, which affects the accuracy
of LIDAR as well as photogrammetry. Although LIDAR uses modelling techniques to remove
vegetation and tree cover, the algorithms can perform poorly when the canopy limits the penetration
of laser pulses. DoBIH editors have found some substantial discrepancies in forestry; errors of up to
several metres have been reported in the scientific literature. On this particular hill, anomalies in the
data led us to regard the DTM as suspect. We therefore decided to survey Allt y Genlli and Mynydd
Garth-pwt to resolve their status.
2) Equipment used and Conditions for Survey
A Leica NA730 Professional Automatic level (X30 telescopic system)/tripod system and a “1m” Estaff extendable to 5m were used to locate the summit and bwlch positions, and to line survey from
these positions to where the Leica GS15 had been set up to collect GNSS data so that the appropriate
height corrections could be made.
The absolute heights of summits and bwlch were measured using a Leica Viva GS15 receiver. This
receiver is a dual-frequency, multi-channel instrument, which means it is capable of locking on to a
maximum of 12 GPS and 8 GLONASS satellites, as availability dictates, and receiving two signals
(at different frequencies) from each of these satellites. The latter feature reduces inaccuracies that
result from atmospheric degradation of the satellite signals. As a stand-alone instrument it is capable
of giving position and height to an accuracy of about two metres and five metres respectively.
Despite the on-board features of the GS15 receiver, there are still sources that create residual errors.
To obtain accurate positions and heights, corrections were made to the GNSS (Global Navigation
Satellite System) data via imported RINEX data from Ordnance Survey which were post-processed
using Leica GeoOffice 8.3. Repeated measurements with the Leica Viva GS15 instrument made on
the same point yield a height precision of ±0.06m for a one-hour collection time.
Note that small hand-held GPS receivers used for general navigation can only receive up to 12 GPS
satellites and each at a single frequency. Garmin instruments have a positional accuracy of ±8 metres
and a height accuracy of no better than ±15 metres. The more recent models can also receive signals
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from GLONASS satellites which greatly improve the speed at which these instruments can achieve a
satellite “fix”, but in good reception conditions do not improve the accuracy. Satmap Active
instruments are more accurate than the current Garmin models.
Conditions for the survey, which took place between 10.00hr and 17.00hr GMT, were fair. The
temperature was about 6 - 8 degrees Celsius, but with no wind. Visibility in the forest was limited,
but since optical surveying was required only over short distances, this did not interfere with the
survey.
3) Character of Hill
An extract of the Ordnance Survey 1:25000 scale map (Crown Copyright Ordnance Survey) is
presented below. It shows the two hills, Allt y Genlli and Mynydd Garth-pwt, with the summits
about 1km apart and lying in a NNE–SSW line. These hills are very different in character. Mynydd
Garth-pwt, with a spot height of 397m, is a grass-covered open hill used for grazing sheep. Allt y
Genlli is covered in mostly mature conifer forest making access quite difficult. This hill has a spot
height of 394m which might not be on the summit. OS Maps, an online product based on different
photogrammetry that gives 5m contours in upland areas, shows a 395m ring contour of 50m diameter
just to the NE of the 394m spot height. The 1903 6-inch map shows a 1297ft (395m) triangulation
point considerably further to the NE. The bwlch between the two hills is near the forest boundary,
possibly where the stream running in a SW direction down the lower flank of Allt y Genlli turns 90°
to flow from the hill–hill direction to the valley–valley direction.

Access to Allt y Genlli is possible from any direction but requires the crossing of private agricultural
land. We approached the hill from the SE side along a minor road from Clatter. At the start of a
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Right of Way about 350m North of the farm, Gwynfryn-uchaf, there is limited parking. The direct
route to the hill is through fields of short grass where field gates provide access through all but one
of several barbed wire fences that mark field boundaries. Once at the col, a gate provides access to a
ride that, after about 200m, arrives at a forest road. This is followed up the hill to a junction where
the left hand West road is taken for a further 250m to a felled area (Google Earth shows forest here).
From there a route North is taken for about 150m over difficult terrain comprising brushwood, fallen
trees and bog. Half-fallen trees hide the entrance to a narrow forest ride that leads NE to the area of
the spot height and to within 20m of the summit, as shown by LIDAR. The summit area is covered in
dense conifer forestry, except for the narrow forest ride upon which the 394m spot height is located,
and a small clearing about 30m to the South of the ride. Access to Mynydd Garth-pwt and the col
from the gate into the forest was straightforward and not obstructed by barbed-wire fencing.
4) LIDAR Analysis
LIDAR data from the Environmental Agency were analysed independently by Dave Marshall of the
DoBIH editorial team. The data are supplied as a Digital Surface Model (DSM) and a Digital Terrain
Model (DTM). The DSM is derived from heights reflected by the laser, which may include the tops
of buildings and other man-made objects, tree branches and other vegetation. The DTM is a ‘bare
earth’ model created by algorithmically stripping out such features. Data for the SN9894 square were
available at a spatial resolution of 2m.
Elevation maps produced in Excel from the DSM and DTM data are shown below, with coloring to
denote height ranges. They cover an area 167 x 124 metres at the summit of Allt y Genlli.

DSM for the summit of Allt y Genlli
3

DTM for the summit of Allt y Genlli
The four colours depict, in order of increasing depth, heights above 370, 390, 395, 397 and 398
metres respectively. The highest point in the DTM is marked with a red border. The coordinates of
the 394m spot height on the 1:25000 map and the trig station on the old 6-inch map were carefully
measured and marked in the LIDAR.
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Satellite imagery from March 2009 on Google Earth, shown above, is consistent with the DSM
(dataset dated November 2010) apart from at a felled area extending northwards from the junction of
the rides in the bottom left corner.
The 394m spot plots on the edge of the southern firebreak and is 394.0m in the DTM. The mapped
height of the old trig, 395.3m, agrees exactly with the DTM height of 395.3m (DSM 393.4m). If the
DTM is to be believed, there is a pronounced "mound" about 5m high and 50m diameter enclosed on
two sides by the southern and eastern firebreaks, roughly within the 395m contour on the OS Maps
online product. However, two anomalies in the data led us to doubt the model. Firstly, the
differences between the DTM and DSM heights at the summit were suspiciously small. Secondly,
the DTM height profile implied some improbably steep ground under the trees. N–S and E–W
transects were taken across the summit area and moving averages of width 6m calculated. Slopes of
up to 22 degrees were found in the E–W transect and 15 degrees in the N–S transect. The former is
two-thirds as steep as the northern face of the hill between 250m and 350m and seemed improbable
on what looks like a rounded top.
These observations, together with substantial DTM errors found by us on some other afforested hills,
led us to conclude that the LIDAR summit height should be disregarded without supporting evidence
obtained on the ground.
5) Summary of Survey
The first task was to locate the summit position of Allt y Genlli, since the measurement of its height
was the most critical part of the survey. Prior to the survey we had entered into our hand-held GPS
receivers ten-figure grid references for the summit, the 394m spot height and the old trig point.
These were obtained from LIDAR data and from previous visitors to the hill. By continuing along
the ride described in Section 3 we came to a junction with another ride progressing in a NW–SE
direction. We followed this ride NW for approximately 50m looking for easier access to the summit
area. Regrettably, the forestry was denser here. There was a young plantation to our right in the
region of the old trig point location. The vegetation there was dense and impenetrable; the area is
shown as a clearing on the satellite image. However, we were able to confirm that the ground was
falling to the North and to the East.
From here we retraced our steps back to the junction and the NE ride and to the closest point on that
ride to the summit. Its approximate position could clearly be seen through the trees and we made our
way to it. We estimated that it could not be more than two metres higher than ground on the ride,
considerably less than the 5m rise implied by the LIDAR. A photograph of the summit area is shown
in Appendix 1 where it may be seen that it comprises raised furrows into which the trees had been
planted and the whole area is thickly overlaid with spruce needles. The tree canopy at the summit
was dense and provided no view of the sky and consequently we needed to find another location to
set up the Leica Viva GS15 receiver.
Having located the summit area we returned to the ride and to the clearing we had found earlier that
lay about 30m South of the ride. The surrounding trees here were mature and about 30m high, but
this was the only place where the receiver could be sited and a line survey between summit and setup position successfully executed. We concluded that setting up the receiver on a tall tree stump and
using a 2m pole would give us the best chance of a satisfactory dataset. We also decided that a 2hr
collection time would be prudent to achieve this end.
Having found a suitable position for the Leica Viva GS15 receiver and started data collection, we
returned to the summit and set up the Leica NA730 level at a convenient position. We then
proceeded to take staff readings in the vicinity of the summit area to determine its exact position.
The summit area was found to be quite small, being very approximately 10m in an East-West
direction and 5m in a North-South direction. At each prospective staff position the layer of spruce
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needles was removed prior to placing the staff. Readings taken at the top of the furrows and in the
trenches differed by approximately 10cm.
Once the summit had been located we carried out a line survey to the position of the Leica Viva
GS15. Fortunately, the thick forestry did not hamper this task significantly as the low light levels
resulted in the lower branches being dead and devoid of foliage. During the line survey we also took
a staff reading in the area of the 394m spot height.
Once data collection was complete, we moved to the grassy ridge of Mynydd Garth-pwt where the
summit position was quickly found using the Leica NA730 level and staff. The Leica Viva GS15
was set up and data collection begun while we visited the bwlch to locate its position. This was
found to be close to the trees and on the forest side of the boundary fence. The ground rose quite
steeply behind the trees (hill to hill direction) and was level for about 20m in the valley to valley
direction. Unsurprisingly, the ground was very boggy in the region of the bwlch. Consequently,
having completed its data collection on the summit of Mynydd Garth-pwt, the Leica Viva GS15 was
set up on firmer ground for data collection at the bwlch. The site chosen was South of the fence and
about 30m from the location of the bwlch. The Leica NA730 was used to determine the height
difference between the bwlch and the GS15 set-up position.
5.1) Survey of the summit of Allt y Genlli
The results for the line survey from the summit of Allt y Genlli to the Leica GS15 set-up position are
shown in Appendix 2 where it may be seen that the height of the summit is 4.102m higher than the
Leica GS15 set-up position.
To obtain an absolute measure of height the Leica Viva GS15 receiver was mounted on a 2.000
metre pole supported by a Leica “Quickset” tripod (see photograph in Appendix 1) over the tree
stump. GNSS data were collected at the point for 2 hours with an epoch time of 15 seconds.
The data were processed in Leica GeoOffice 8.3 using the ten nearest base stations and the Hopfield
model for tropospheric correction. The results are given in the table below: -

System

Easting

error(1SD)

GS15

298497.092 0.001

Northing

error(1SD)

Height(m)

error(1SD)

294968.045

0.001

391.661

0.008

The summit height of Allt y Genlli is 391.661 + 4.102 = 395.76m.
The line survey to the position of the 394m spot height showed this to be 1.648m lower than the
summit and therefore its height was measured to be 395.763 – 1.648 = 394.12m.
The ten figure grid references recorded by hand-held Garmin GNSS receivers for the summit were: Garmin Oregon 450

SN 98514 95047

Accuracy: averaged

Height = 409m

Garmin Etrex 20

SN 98506 95043

Accuracy: averaged

Height = 414m
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5.2) Survey of the Summit of Mynydd Garth-pwt
To obtain an absolute measure of height the Leica Viva GS15 receiver was mounted on a 2.000
metre pole supported by a Leica “Quickset” tripod (see photograph in Appendix 1). GNSS data were
collected at the point for 1 hour with an epoch time of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using the ten nearest base
stations and the Hopfield model for tropospheric correction. The results are given in the table below:
System

Easting

error(1SD)

GS15

298154.807 0.001

Northing

error(1SD)

Height(m)

error(1SD)

294173.614

0.001

397.769

0.006

The summit height of Mynydd Garth-pwt is 397.77m
The ten figure grid reference recorded by a hand-held Garmin GNSS receivers for the summit was: Garmin Oregon 450

SN 98157 94178

Accuracy: averaged

Height = 400m

5.3) Survey of the Bwlch
To obtain an absolute measure of height the Leica Viva GS15 receiver was mounted on a 2.000
metre pole supported by a Leica “Quickset” tripod (see photograph in Appendix 1). GNSS data were
collected at the point for 1 hour with an epoch time of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using the ten nearest base
stations. The results are given in the table below: System

Easting

error(1SD)

GS15

298365.758 0.001

Northing

error(1SD)

294417.668 0.001

Height(m)

error(1SD)

368.811

0.004

Staff reading at Leica GS15 set-up position = 0.377m
Staff Reading at Bwlch = 2.134m
Therefore, the Bwlch is 2.134 – 0.377 = 1.757m LOWER than the Leica GS15 set-up position.
The Bwlch height is 368.811 – 1.757 = 367.05m
Using the staff extended to 5 metres, the distance between the Leica GS15 set-up position and the
bwlch was measured to be 28.7m on a bearing of 50 degrees, as measured by compass from the setup position. This allows a correction to be made to calculate the position of the bwlch.
Easting for bwlch is 298365.758 + 28.7* Sin (50) = 298387.7
Northing for bwlch is 294417.668 + 28.7*Cos (50) = 294436.1
The ten figure grid references recorded by hand-held Garmin GNSS receiver for the bwlch were: Garmin Etrex 20

SN 98389 94444

Accuracy: averaged

Height = 369m

Garmin Etrex 20

SN 98389 94444

Accuracy: averaged

Height = 369m

Garmin Etrex 20

SN 98390 94442

Accuracy: averaged

Height = 371m

If these grid references are averaged and the mean converted to OSGM15 the result is Easting 98387
and Northing 294439 which is in agreement with the compass/staff measurement above within the
accuracy of Garmin GNSS receivers.

7

6) Summary of Operating Conditions
The latest geoid model OSGM15 was employed and 60 minutes of GNSS data were collected at the
bwlch between the two hills and on the summit of Mynydd Garth-pwt. However, the GNSS data
collection time at the clearing in the forest near the summit of Allt y Genlli was increased to 2 hours
to compensate for the poorer satellite visibility due to the surrounding high trees. The cut-off angle
of 15 degrees prevents data from satellites close to the horizon being employed in the processing; at
these low angles errors due to atmospheric effects compromise the accuracy of the data.

Parameter

GS15 (set-up)

GS15
(summit)

GS15 (set-up)

Allt y Genlli

Mynydd
Garth-pwt

Bwlch

Data Collection summit (min)

129

61

65

Number of Base Stations used
in Processing for all points

10

10

10

Epoch Time (sec)

15

15

15

Tropospheric Model

Hopfield

Hopfield

Hopfield

Geoid Model

OSGM15

OSGM15

OSGM15

Cut off Angle (degs)

15

15

15

Max distance between different
solutions – Position (m)

0.075

0.075

0.075

Max distance between different
solutions – Height (m)

0.075

0.075

0.075

7) Coordinate Recovery Analysis
In order to verify the precision and consistency of a GNSS dataset, Ordnance Survey recommends a
procedure called Coordinate Recovery Analysis. Instead of processing the data with reference to all
the nearest OS Base Stations under approximately100km distance, as used in this report, the data are
first processed with reference to only the nearest Base Station, in this case Machynlleth (MACY).
The data are then reprocessed with the survey point taken as a Reference Point and all the remaining
Base stations taken as survey points. These measured values for the OS Base Stations can then be
compared directly with the actual OS values for position and height. (This has been carried out via
an Excel spreadsheet supplied to us by Ordnance Survey).
Although the spreadsheet calculates a number of different parameters, two important ones are
presented in the tables below. “Height Difference U metres” is the vertical height difference between
the height of the Base Station as measured in this survey compared with the actual OS value.
“Separation Dij metres” is the distance in 3-d space between the measured and actual OS values for
each Base Station. The results for the summit measurement for Allt y Genlli are presented below.
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Base Station

Code

Distance to
Survey Point
km.

Height Difference
U metres

Separation
Dij metres

Machynlleth

MACY

24

Reference

Reference

Shobdon

SHOD

54

-0.0014

0.0015

Shrewsbury

SHRE

57

0.0021

0.0041

Brecon

BREC

66

-0.0093

0.0102

St Asaph

ASAP

78

0.0170

0.0181

Aberporth

ABEP

85

-0.0195

0.0211

Aberdaron

ADAR

88

-0.0056

0.0082

Droitwich

DROW

95

0.0036

0.0074

Stone

STON

97

-0.0625

0.0633

Crewe

CREW

97

-0.0620

0.0647

The results show a consistent dataset, as all measured OS Base Stations are within 0.02m distance
and height of the OS actual values for distances up to 95km. Even for Base Stations between 96 and
100km distance recovery is still better than 0.07m and below the 0.1m requirement of OS. These
results are better than might be expected considering the GNSS data were collected in a position
where some of the sky up to about 30 degrees above horizontal was shielded by conifer trees.
8) Discussion of Results
For the Leica Viva GS15, two independent repeatability studies have shown that a 60-minute data
collection time with good satellite reception gives heights with a measurement uncertainty of ±0.06m
(3 standard deviations). Allt y Genlli was surveyed in conditions of poorer satellite reception but
with 120 minutes collection time. We conservatively estimate the corresponding uncertainty in its
measured height as ±0.1m. The errors associated with the line surveys are negligible in comparison.
We estimate the height error associated with locating the summit or bwlch as ±0.02m, ±0.2m and
±0.1m for the summits of Mynydd Garth-pwt and Allt y Genlli and the bwlch, respectively.
Factoring in the instrumental error gives an overall uncertainty for the three measurements of
±0.06m, ±0.2m and ±0.12m, respectively.
The Environmental Agency’s published specification for the accuracy of their LIDAR data states
that the root mean square (rms) error is required to be within 0.15m for absolute height and is
expected to be within 0.05m for relative height (random error). It furthermore states that in recent
surveys the absolute height rms error is seen to fall to c.0.05m. These statistics imply that for
practical purposes the accuracy of absolute heights would be ±0.15 for recent data and up to ±0.45m
for older data, and ±0.2m for the difference between two proximal heights. We presume the
specification pertains to the DSM data, as DTM heights will have additional modelling error that
varies considerably with the nature of the terrain. For the purpose of determining the height of a
summit or col, additional error will accrue from the spatial resolution of the grid, i.e. the horizontal
distance between sampling points (2m in this case), especially in uneven ground.
The LIDAR DTM summit height of Allt y Genlli was 398.9m, an error of 3.1m. Such errors are not
unusual in reported scientific studies, where it is recognised that special data collection and
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modelling techniques are required for accurate LIDAR surveys in forestry. Currently the
Environment Agency’s main uses of LIDAR are to assess flood risk and detect illegal dumping of
waste, so it can be assumed that accuracy in upland forestry is not a priority.
9) Summary and Conclusions
The summit of Mynydd Garth-pwt is at grid reference *SN 98154 94173 and is unfeatured ground
on grass. Its height is 397.77 ± 0.06m.
The summit of Allt y Genlli is at grid reference *SN 98508 95041 and is unfeatured ground within
mature conifer trees. Its height is 395.76 ± 0.2m.
Mynydd Garth-pwt is the higher hill and with a drop of ca. 74m retains its Tump status.
The bwlch of Allt y Genlli is at grid reference *SN 98387 94436 and is unfeatured ground on the
northern side of a fence. Its height is 367.05 ± 0.12m
The drop to the bwlch for Allt y Genlli is 28.7m and therefore this hill does not qualify as a Tump.
*Grid References in OSTN15
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Appendix 1

Summit Area of Allt y Genlli

Set-up position of Leica Viva GS15 in clearing on Allt y Genlli
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Leica Viva GS15 on the summit of Mynydd Garth-pwt

Leica Viva GS15 at set-up position near bwlch of Mynydd Garth-pwt.
Bwlch lies over the fence by the trees and to the right of the GS15
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Appendix 2
Title:-

Allt y Genlli

Instrument:-

Leica NA730

Date:-

Horizontal Line
Lower Stadia Line
Backsight R Foresight F
Height H Backsight R Foresight F Height H
metres
metres
metres
metres
metres
metres
Summit to Leica GS15 setup position ( GJ Staff, JB Level and CC Data recording)
1
0.800
1.497
1.447
2
0.430
1.463
0.404
1.421
3
0.733
3.105
0.626
2.909
Point Number

21-Feb-18
Upper Stadia Line
Backsight R Foresight F
Height H
metres
metres
metres

0.455
0.838

1.547
1.504
3.299
Sum =

Summit to 394m Spot Height position ( GJ Staff, JB Level and CC Data recording)
1
0.800
1.497
1.447
2
0.430
1.463
0.404
1.421
3
0.733
0.650
0.626

0.455
0.838

1.547
1.504

Sum =

13

Mean BS Mean FS Height Difference BS Distance FS Distance
metres
metres
metres
metres
metres
0.800
0.430
0.732

1.497
1.463
3.104

1.962

6.064

0.800
0.430
0.732

1.497
1.463
0.650

1.962

3.610

-4.102

-1.648

10.000
5.100
21.200

10.000
8.300
39.000

36.300

57.300

10.000
5.100
21.200

10.000
8.300
15.000

36.300

33.300

