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1) The Hill

Ward’s Stone is the highest Marilyn in Lancashire and occurs in Section 36 of “The Relative Hills of Britain” (RHB) by Alan Dawson. The hill lies in the north west region of the Trough of Bowland and is part of a long west to east stretch of moor land than runs for many kilometres. Ward’s Stone itself has a trig point at each end, 690m apart, on the summit plateau. Near the westerly trig point (560m) there is a large boulder, (Ward’s Stone?) whose summit is about 2 metres higher than the base of the trig point. In between the two trig points there are a number of peat hags that are contenders for the highest point of the hill. Near the easterly trig point (561m), there is a rock with a small cairn on it, not placed on the highest point of the rock, which looks a similar height to the trig point.
The reference in RHB for the summit at 561m and SD 592587 refers to the position of the 561m trig point. In the past there have been several references to this not being the summit position. The most recent note is from Chris Bienkowski in “MARHOFN 153.08  - May 2006”. He writes “Near to the 561m trig is an elevated peat hag, with a pile of stones on the top, which is about 2m higher than the base of the trig.  According to my GPS the trig is at 59255 58728 and the peat top at 59194 58738. There is another cairned top on a rock outcrop the other side of the trig, but this looked lower. I’d guess that the rock outcrop by the 560m trig point is about the same height as the peat top”.
2) Equipment used and method
Positions were recorded using Garmin hand held GPS Venture model. The instrument was allowed to “stabilise” for several minutes, mostly more than 10, before any readings were taken. All grid refs are recorded to 10 figures but I acknowledge that the 5th figure in each direction is probably meaningless. Also as many measurements I have taken suggest GPS height measurements cannot be trusted, I do not use them as the basis for any conclusions.

The main surveying was done using a Leica Runner 20 Automatic level (X20 telescopic system)/tripod system with a 5m extendable staff used when appropriate. Automatic levels of this type have “100:1 ratio stadia lines” These are two horizontal lines on the vertical axis top and bottom of the main levelling line as seen through the telescope. These additional lines are used by surveyors to take readings to check for mistakes and also to measure distances of object to level. For example, if readings taken from a staff show the measured difference in height for the two stadia lines is 40cm then the level is 40 X 100 cm, i.e. 40m, from the staff.  I am using this technique in reverse. I can measure the distances between points using GPS and then by dividing by 100, have a vertical height scale to quantify height differences. This means making visual estimates through the telescope. However, we have improved this method by positioning a digital camera, in my case a Fuji FinePix F450, on a tripod behind the automatic level to take photographs of the images that can then be printed out from my PC for subsequent analysis. This also means I am generating a photographic record of the survey that is available for scrutiny.
Standard techniques to eliminate systematic errors, measuring A to B and B to A and measuring from the “mid point” between A and B were used. Since no readings were taken at distances greater than 700m, corrections for the curvature of the earth, 4cm in this case, can be ignored. The day was overcast and still with no heat haze evident, so refraction errors were ignored even though our techniques used would have made them “second order” anyway.
3) Objectives and Approach to the problem
Our primary objective was to locate the position of the highest point and measure its height relative to the base of the trig points. The height difference between the two trig points was also to be measured. As the surveying distances were not large, 700m max but more usually less than half that, we were confident that accurate height measurements would be possible.
We started at the westerly trig point with a plan to move east taking forward and back ward readings to reach the easterly trig point and then repeat in the reverse direction. Any higher ground around each trig point would be surveyed from the trig point itself, or as near as possible for convenient setup. 
4) The Survey
4.1)  Westerly trig point 560m, eastwards.

The level was set up close to the trig point. Without taking any quantitative measurements at this point, it was clear that the easterly trig point and points on the ground between the two trig points were higher than 560m. It was not possible to make any measurements of the height of the boulder near the 560m trig since the set up was too close to take a reading, but it was obvious that the top would be more than about 2m from the base of the 560m trig to make it a contender for the summit position.
The GPS gave the position of the 560m trig as SD 58587 585 48 (height 563m). 

The concrete trig point stands 1.27m high above the base as measured by a rule.

4.2) Forward and Backward Measurements from a Peat hag at SD59118 58706 between the two trig points.
The set up from this position allowed us to make quantitative measurements of the relative heights of the two trig points, measure the height of the boulder relative to its nearby 560m trig and locate the highest point on the hill. Digital photographs were taken in both directions for subsequent analysis. The position of this surveying point is 554 and 137 metres respectively from the 560 and 561m trig points.
It was easy to confirm that the 561m trig point was higher than the 560m trig point. (I think I would have been a bit concerned if this had not been the case!!) From the digital photographs the tops of the 560m and 561m trig points were 1.20m and 0.16m lower respectively than our horizontal datum. Knowing that both trig points are 1.27m high as measured by a rule, the height difference between the trigs works out at 1.04m. Therefore, taking into account the largest error which is the judgement on the position of the bases of the trigs, I would say that the height difference is 1.0 +/-0.1m.
The photograph of the westerly 560 trig also allows an analysis of the height of the boulder close by. Its top was measured to be 0.56m lower than our horizontal datum. So the boulder’s height is 560 +1.27+1.20-0.56 = 561.9m.

Although a quantitative measure was not taken at this stage, it was clear that the peat hag near the 561m trig and the cairn on the rock also near it would need more detailed surveying.
4.3) The 561m Trig Point and adjacent cairned Rock and Peat Hag.
The level was set up on the cairned rock away from its highest point so that the tripod height could be adjusted so that the level was exactly at the height of the highest point on the rock, not in fact the cairn but close to it. Using the staff we measured that the base of the trig point at 561m was 0.3m higher. Therefore the highest point on the rock is 560.7m. This was confirmed by setting up the level at the trig point and measuring to the rock.
The relevant GPS measurements were:-
Trig point at SD 59253 58731 (GPS height 565m)
Rock at SD 59312 58680 (GPS height 555m)
4.4) Measurements from summit Peat Hag.
At this stage our qualitative and semi-quantitative measurements were suggesting that this peat hag crowned with a small cairn was the highest point on the hill. The level was set up on the side of the peat hag so that its height could be adjusted to be exactly level with the base of the cairn. Using the staff we measured this point to be 2.0m higher than the base of the 561m trig point. We also measured with the staff the peat hag at SD 59118 58706, from which we carried out the measurements as described in Section 4.2, to be 1.0m lower.

GPS for this point is SD 59193 58737 (GPS height 561m) and measured height at 563.0m. This confirmed the highest point of the hill.
4.5) Measurements form Peat Hag at SD 588586
This peat hag provided another intermediate position for a further set of readings as a check on the data measured so far. The GPS gave the position of this set up point as SD 58854 58598 and is 366m and 271m respectively from the highest point and the top of the boulder near the 560m trig. As well as a data check we wanted a direct measurement to confirm the relative height of the boulder to the summit. Digital photographs were taken from here and used for the height analysis.

The hill summit and top of the boulder measure at 2.26m and 1.11m respectively above the horizontal datum. Therefore, the boulder is 2.26-1.11 = 1.15m lower than the hill summit. As the summit has already been measured as 563.0m, this gives the height of the top of the boulder to be 563.0-1.15 = 561.9m. This result is in exact agreement with the height of the boulder as measured previously and described in Section 4.2.
5) Summary and Conclusions
The highest point of the hill at 563.0m is the cairned peat hag at SD 59193 58737.
The second highest point is the top of the peat hag 562.0m at SD 59118 58706.
The third highest point is the boulder near the 560m westerly trig with height 561.9m.

The cairned rock at SD 59312 58680 is at 560.7m 

I would estimate that these measurements are accurate to +/- 0.15m. The largest error is in the unevenness of the ground at the set up points.

The GPS measurements taken here are in agreement with those measured by Chris Bienkowski and this survey confirms his assessment of the hill.

This set of GPS height measurements again shows that the measurements cannot be trusted to infer accurate height differences of less than 10m.

John Barnard, 28 June 2006. 
