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1) Introduction
G&J Surveys has agreed a project with the Scottish Mountaineering Trust (SMT) to measure accurate
heights for a range of Scottish mountains. The aim of the project is the resolution of anomalies that
currently exist in several lists of the hills that are of interest to both the Scottish Mountaineering Club (SMC)
and the wider hillwalking community. One such list is the Grahams, hills in Scotland of height between
2000 and 2500 feet with a drop of 150m or more. Ordnance Survey (OS) is the national authority
responsible for the maintenance of Britain’s geographical features and both the SMT and SMC feel it is in
the interest of the hillwalking community that the heights of hills are officially verified by OS for inclusion
on their mapping for the benefit of all.
Biod an Fhithich (Hill Number 724, Section 10A, OS 1:50000 Map 33, OS 1:25000 Maps 413N,414N,414S,
Grid Ref. NG950147) is listed in the Database of British and Irish Hills (DoBIH) as a Marilyn, Graham and
Simm. Both of the above Ordnance Survey Maps and Geograph have a spot height of 644m marked for the
summit position and therefore this hill clearly exceeds 2000 feet in height. The col area to the south on the
1:25000 and Geograph maps is marked with a spot height of 496m which would give a drop of 148m. From
the contours on these maps the col is likely to be between 490m and 500m, again raising the doubt whether
there is sufficient drop for the Graham and Marilyn classification.
The heights of the col and summit of Biod an Fhithich have been measured by Alan Dawson using a Leica
RX1250 and he found them to be 645.85m and 491.72m giving a drop of 154.1m.
Therefore, the purpose of this survey was to measure accurately the height of the col and summit of Biod an
Fhithich using a methodology acceptable to Ordnance Survey.
2) Equipment used and Conditions for Survey
All optical work to locate the positions of summits and cols is carried out using a Leica NA730 automatic
level and an aluminium “E” staff extendable to 5m. The NA730 level is regularly checked to make sure that
the calibration is correct.
The absolute height of the summit was measured using a Leica Geosystems Viva GS15 Professional
receiver. This instrument is dual-frequency and multi-channel, which means it is capable of locking on to a
maximum of 12 GPS and 8 GLONASS satellites as availability dictates and receives 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 Viva GS15 receiver, there are still sources that create residual errors. To obtain accurate positions
(± 0.01m) and heights (± 0.05m), corrections were made to the GNSS (Global Navigation Satellite System)
data via imported RINEX data from Ordnance Survey and this dataset was post-processed using Leica Geo
Office 8.3 software.
Note that most small hand-held GNSS receivers used for general navigation in the UK can receive signals
from up to 12 GPS and 8 GLONASS satellites and each at a single frequency. Therefore, these instruments
have a poorer positional accuracy of ± 8 metres and a height accuracy of no better than ±10-15 metres –
accuracy reported as three times standard deviation. Some older and “bottom of the range” handheld
receivers can only receive signals from GPS satellites. However, their accuracy is very similar but
GLONASS greatly improves the speed at which modern receivers can achieve a satellite “fix”, particularly
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in areas where the view of the sky may be limited. Satmap Active instruments are more accurate than the
current Garmin models.
We also regularly check the functioning of the Leica Viva GS15 GNSS receiver against Statistical Quality
Control (SQC) charts generated for a marked position. The chart associated with height measurement is
shown below. The mean height above ODN (Ordnance Datum Newlyn) for a fixed point (measured on 20
different occasions for 30mins of data collection at each time) was calculated to be 136.392m. Further height
measurements have been made on separate occasions over a period of 5 years using the same process
parameters. The penultimate and last measurements were carried out before and after the surveys described
in this report. The results shown on the graph are all within a range of ± three SD (Standard Deviation), in
this case one SD is ± 0.018m and the moving average is within 1SD. This demonstrates that our Leica Viva
GS15 GNSS receiver is giving consistently precise results within the expected errors for the measurements
(all points are within a range of 0.07m of one another).
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In addition, we check the instrument periodically by taking measurements on an Ordnance Survey
Fundamental Bench Mark, processing the data and comparing it with the OS derived values. Height should
agree within about 0.02-0.03m.
Checks were carried out on 15 July 2019 and 06 August 2019 at the Daresbury Fundamental Bench Mark
and the results in the table below show excellent agreement between the Ordnance Survey measurement and
our own. (Note that these results have been measured according to the latest Geoid Model OSGM15 and will
differ by about 0.03m from previously quoted results)
Processing

Date

OS measurement

Height(m)
73.27

JB/GVJ GeoOffice 8.3

15-07-2019

73.23

JB/GVJ GeoOffice 8.3

06-08-2019

73.25

Conditions for the Biod an Fhithich survey, which took place between 10.30hr and 18.00hr BST on 18th July
2019, were fair. The temperature was about 15 degrees Celsius. Although cloudy, the cloud base was over
800m so visibility was good. The wind speed was about 20mph and the weather was initially dry but
deteriorated during the day.
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3) Character of Hill
An extract of the Ordnance Survey 1:25000 scale map (Crown Copyright Ordnance Survey) showing Biod
an Fhithich is presented below.

Biod an Fhithich is a high point on a long and undulating ridge that rises from the shore of Loch Duich at
Shiel Bridge and forms the steep west side of Glen Shiel. Beyond Biod an Fhithich the ground drops to a
col before rising again to the summit of The Saddle. The final section to The Saddle, known as the Forcan
Ridge, provides exhilarating scrambling opportunities and its reputation is well deserved. The whole of
Glen Shiel is a favourite area for many hill walkers, with the Five Sisters of Kintail, The Brothers and the
South Cluanie Ridge, as well as The Saddle itself offering classic and exhilarating walking.
Our route started from a lay-by just to the north of a gate which is the entrance to a footpath that rises
steadily to the col between Biod an Fhithich and the ridge that leads to its neighbour, The Saddle. A heavy
shower began as we left the car, but this lasted only a few minutes and the excellent path allowed us to make
good progress to the ridge and the col that we were to measure. The plan was that two of us would progress
to the summit, determine the highest point and then set up the Leica Viva GS15, whereupon one would stay
with the equipment while the other descended to the col and, with the third member of the party, survey it in
preparation for setting up the Leica Viva GS15 there once data collection on the summit was finished.
4) Survey of the Summit of Biod an Fhithich
The first task was to locate the position of the summit. Normally this would be done with a Leica NA730
level and staff, but in this case the summit is clearly at the top of an outcrop with no other candidate
positions. This outcrop supported a small cairn which was removed to make sure there was no hidden higher
ground. (The cairn was rebuilt after the survey). There was a vertical drop of about 3 or 4 metres on the east
side of the outcrop and the ground was also steep on its south side. Consequently this limited our ability to
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set up the Leica Viva GS15 exactly on the highest point with the Quickset tripod. The best position
available to us was about 10cm to the south (bearing 300 degrees) and about 5cm lower. A flat stone was
placed on this position which made up this height difference and allowed us to set up the Leica Viva GS15
level with the highest point, although 10cm away (see photograph in the Appendix).
To obtain an absolute measurement of height the Leica Viva GS15 receiver was mounted on a 1.000m
pole/Quickset tripod assembly and GNSS data were collected at this position for 2 hours with an epoch time
of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using the six nearest base stations
under 100km distance: (Lochcarron – LCAR 28km, Arisaig – ARIS 40km, Fort Augustus – FAUG 43km,
Inverness – INVR 79km, Oban – OBAN 80km and Ullapool - ULLO 83km). We used Broadcast Ephemeris
data received by the GPS during the survey rather than Precise Ephemeris data, since we have found this
makes little difference to the height results. The computed Tropospheric model was chosen for the
calculations to suit the data collection times and the wide difference in height between the base stations and
the summit of the mountain.

Considering that only six Base stations at less than 100km distance for Biod an Fhithich are available, these
are reasonably evenly distributed around the survey points. Heights measured from each of these Base
stations were within 0.045m of the mean result.
The results are given in the table below: -

System

Easting

Northing

GS15

195082.414 814737.783

Height(m)

645.895

5) Surveys of the Cols of Biod an Fhithich
An extract below from the 1:25000 scale Ordnance Survey Map (Crown Copyright) shows the area south of
the summit of Biod an Fhithich that contains the critical col. There is a spot height of 496m in an area
showing ground that stretches for about 200m in a north-south direction that lies in-between the 490m and
500m contours. However, the photograph in Appendix 1 taken in a southerly direction from the slopes of
Biod an Fhithich shows this col area to be more complex. There are in fact three distinct possible critical
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cols but since ground between them does not rise more than about 5 metres, the 10 metre contour map does
not show these features. These possible cols are labelled A, B and C in a south to north direction.
The first task in the survey was to see if it was possible to eliminate from the survey any of the cols that
were clearly too high. Since Cols A and B are quite close together, it was possible to set up the Leica NA730

optical level on its tripod on the higher ground between the two cols so that they could be both surveyed
from this position.
For each of the two cols A and B, staff readings were taken in the valley to valley direction to find the
highest points which would be the positions of the cols. The final staff readings were:Col A:- Staff reading = 1.95m
Col B:- Staff reading = 3.01m
These results show that Col B is lower than Col A by 1.06m and therefore Col A can be eliminated as the
critical col.
The Leica NA730 level on its tripod was then set up on high ground approximately mid-way between cols B
and C. In order to be able to view the staff placed on both cols it was necessary to place the level on the
eastern side of the line of cols. Staff readings were then taken with the staff placed on the approximate
position of each col. The final readings were: Col B:- Staff reading = 3.21m
Col C:- Staff reading >5.0m (estimate as staff below horizontal level line = 5.5m)
As the staff reading for Col C was greater than 2m higher than that for Col B, then Col C is clearly the
lowest col and the critical one for Biod an Fhithich.
The Leica NA730 level on its tripod was then moved to a convenient position on the south side of the
ground sloping down to Col C when staff readings were taken in a valley to valley direction in order to
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precisely locate the col position. This was then marked with a flag, as were the other two cols previously
when similar measurements were taken.
Finally, a line survey was carried out from Col C to Col B in order to measure accurately the height
difference between these two cols. The normal procedure for a line survey was carried out but staff readings
were only taken from the horizontal level line and recorded to the nearest 0.01m. The results are shown in
the spreadsheet in Appendix 2. Col C was measured to be 2.35m LOWER than Col B and therefore Col C is
the critical col.
The Leica GS15 was set up on the short tripod assembly over the position of Col C. (see photograph in
Appendix 1 with a photograph of the tape measurement of 0.661m). GNSS data were collected at the point
for 2 hours with an epoch time of 15 seconds.
The data for the Leica Viva GS15 were processed in Leica GeoOffice 8.3 using the six nearest base stations
under 100km distance: (Lochcarron – LCAR 28km, Arisaig – ARIS 40km, Fort Augustus – FAUG 43km,
Inverness – INVR 79km, Oban – OBAN 80km and Ullapool - ULLO 83km) as for the summit. Heights
measured from each of these Base stations were within 0.045m of the mean result.
The results are given in the table below: -

System

Easting

Northing

GS15

195170.985 814203.078

Height(m)

491.698

Summarising the data for the cols (grid references are given as OSTN15):Height of Col A is 491.70 + 2.35 + 1.06 = 495.11m
Grid Refs for Col A are:Garmin Montana 600
Garmin Etrex 20
Garmin Oregon 450
Satmap Active 20

NG 95204 14000
NG 95198 13999
NG 95203 13998
NG 95202 14000

Accuracy: averaged
Accuracy: averaged
Accuracy: averaged
Accuracy: 1.3m

Height = 498m
Height = 497m
Height = 500m
Height = 499m

Height of Col B is 491.70 + 2.35 = 494.05m
Grid Refs for Col B are:Garmin Montana 600
NG 95192 14036
Garmin Etrex 20
NG 95191 14040
Garmin Oregon 450
NG 95192 14039
Satmap Active 20
NG 95191 14040

Accuracy: averaged
Accuracy: averaged
Accuracy: averaged
Accuracy: 1.0m

Height = 490m
Height = 495m
Height = 499m
Height = 499m

Height of Col C is 491.70m
Grid Ref for Col C are:Garmin Montana 600
Garmin Etrex 20
Garmin Oregon 450
Satmap Active 20

Accuracy: averaged
Accuracy: averaged
Accuracy: averaged
Accuracy: 1.4m

Height = 492m
Height = 495m
Height = 499m
Height = 495m

NG 95172 14204
NG 95171 14204
NG 95172 14204
NG 95170 14207
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6) Summary of Operating Conditions

GS15

GS15

Summit

Col C

Data Collection summit (min)

123

120

Number of Base Stations used
in Processing for all points

6

6

Epoch Time (sec)

15

15

Tropospheric Model

Computed

Computed

Geoid Model

OSGM15

OSGM15

Cut off Angle (degs)

15

15

Parameter

7) Coordinate Recovery Analysis
In order to verify the precision and consistency of a GNSS dataset, Ordnance Survey (OS) 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 Lochcarron (LCAR). 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 OS).
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 and col measurements for Biod an Fhithich calculated using the Computed tropospheric model are
presented below.
Summit

Summit

Col C

Col C

Base Station

Code

Distance to
Survey
Point km.

Height Diff.
U metres

Separation
Dij metres

Height Diff.
U metres

Separation
Dij metres

Lochcarron

LCAR

28

Reference

Reference

Reference

Reference

Arisaig

ARIS

40

-0.0226

0.0260

-0.0164

0.0177

Fort Augustus

FAUG

43

-0.0234

0.0319

0.0017

0.0105

Inverness

INVR

79

-0.0809

0.0809

0.0619

0.0645

Oban

OBAN

80

0.0226

0.0292

0.0334

0.0335

Ullapool

ULLO

83

-0.0560

0.0612

0.0081

0.0181

Killin

KILN

103

0.0579

0.0607

0.0104

0.0124

Tiree

TIRE

118

-0.0331

0.0359

-0.0017

0.0182

Braemar

BRAE

123

0.0277

0.0319

0.0148

0.0219

Benbecula

BENB

123

-0.0157

0.0314

0.0750

0.0774
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The results show consistent datasets, as all measured OS Base Stations are within 0.08m distance and height
of the OS actual values for Base Station distances up to about 140km. and are below the 0.1m requirement
of OS. Normally coordinate recovery is only considered up to 100km distance but there are only six Base
stations in this part of Scotland that can satisfy that requirement. Therefore, for this survey we extended the
distance to 123km to increase the number of Base Stations used to ten with no apparent loss in accuracy.
8) Discussion of Results
For the Leica Viva GS15, two independent repeatability studies have shown that a 120-minute data
collection time with good satellite reception gives heights with a measurement uncertainty of ± 0.05m (3
standard deviations).
Since the summit position was easily identified as the top of a rock, we estimate the corresponding
uncertainty in height to be ± 0.01m. Combined with the above data, the overall uncertainty in the height
measurement of the summit is ± 0.05m.
We estimate that we found the position of Col C to a height uncertainty of ± 0.03m. Therefore, the overall
height uncertainty in the col measurement is ± 0.06m.
9) Verification by Ordnance Survey
The GNSS data for the height of Biod an Fhithich and the Coordinate Recovery Data were sent to Mark
Greaves at Ordnance Survey. The height has been verified by Ordnance Survey and the appropriate change
will be made to Ordnance Survey maps.
10) Summary and Conclusions
The summit of Biod an Fhithich is at grid reference *NG 95082 14737 and is the top of a rock. Its height is
645.90 ± 0.05m.
The col of Biod an Fhithich is at grid reference *NG 95170 14203 and is on unfeatured ground. Its height is
491.70 ± 0.06m.
The drop from summit to col is therefore 154.20 ± 0.08m and Biod an Fhithich retains its classification as a
Graham, Marilyn and Sim.
*Grid References in OSTN15
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Appendix 1
View south from Biod an Fhithich showing the area of the col

Leica GS15 setup at the height of the summit
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Leica GS15 set up on the critical col

Tape reading for short tripod assembly at the critical col
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Surveyor keeping a watchful eye on the equipment during inclement weather
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Appendix 2
Title:-

Biod an Fhithich

Instrument:-

Leica NA730

18-Jul-19

Horizontal Line
Point Number

Backsight R
metres

Foresight F
metres

Height
Difference
metres

Col C to Col B JB Staff, DM Level and
Data Recording
1
2
3

2.97
2.14
1.48

0.72
1.52
2.00

2.25
0.62
-0.52

Sum =

2.35

1.95

1.06

Sum =

1.06

Col B to Col A JB Level and Data
Recording, DM Staff
1

3.01
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