
                           Levelling Notes 

 
Vertical Control 

 

Site levels may be undertaken relative to a Local Datum or relative or Ordnance 

Datum Newlyn.  

 

Vertical control is typically set out using an automatic level, whether optical, digital, 

or rotating laser level. 

 

In the case of optical and digital levels, the level should be checked prior to use in 

case it is out of adjustment, this check is known as the two peg test. (see two peg test 

details) 

 

Levels set using the GPS (GNSS) kit are typically not accurate enough for anything 

other than earthworks and even in that instance may not be considered accurate 

enough. 

 

Total Stations can be used to set levels on site but the accuracy of the Total Station 

and distances being sighted over must be considered. 

 

Using a 2 or 5 second Total Station may be considered accurate enough to use on site, 

a 20 second or even less accurate Total Station will not.  

 

 

Levelling Datum’s 

 

 

The Level datum used, can include: 

 

1. A Local Datum, for example, an arbitrary value on an existing floor level or 

manhole cover. 

2. Ordnance Datum Newlyn, where levels are taken relative to an Ordnance 

Datum Bench mark and relate to mean sea level at Newlyn in Cornwall, the 

0.000m mark for the datum.     

 

 

Whichever Datum is used, the same methodologies are used to transfer the level to 

additional points.  

 

 

The two levelling methods used when using a digital or optical level are: 

 

1. The Rise and Fall method 

2. Height of Collimation method 
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Ordnance Datum Newlyn 

 

 

 
 

 

Ordnance Datum Bench Mark (OSBM) located on the boundary wall of the Court 

House, Aberdare. 

 

 

In this instance the OSBM is a cut mark, although in other instances, it could be a 

rivet on a bridge parapet or flush bracket attached to the side of a building.  

 

 
Ordnance Survey Bench Marks, were previously shown on the Ordnance Survey (OS) 

mapping, now their location and values can only be located on the Ordnance Survey 

website, using the Bench Mark locator provided. 
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OSBM’s shown on OS mapping early 2000’s, on Welsh Water’s GIS system 
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OSBM’s not shown on current OS mapping, only the arrows identifying their 

location, however spot levels are shown to one decimal place. 

(Aberdare town centre, 2023) 
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The location and values of OSBM’s located in Aberdare, as provided by the OS 

 

 
Typical Optical Level 
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Staff  readings are taken where the main horizontal cross hair, cuts across the staff, 

(see examples above). 

 

It must be ensured that the staff is vertical before taking any readings, this can be 

achieved with the use of a staff bubble, or by rocking the staff towards and away from 

the optical level and taking the lowest reading on the staff.  

 

When levelling between points, the level should whenever possible be set up midway 

between them, so as to cancel out any errors where the line of sight is not horizontal, 

for instance the line of site may be diverging from the horizontal and sighting above 

or below the horizontal line of collimation. 

 

Where the level is out of adjustment and the line of site diverges from the horizontal, 

the apparent difference in level between points will differ from the actual level 

difference, if the level is not exactly midway between the points. 

(see the two peg test) 
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Levelling methods 

 

As stated previously, two levelling methods can be used when using a digital or 

optical level. 

 

Rise and Fall method 

 

A reading is taken on the staff located at the back sight A and another reading taken 

to the fore sight or intermediate point B. Subtracting the fore sight or intermediate 

reading from the back sight reading gives you the difference in level, if it is positive it 

goes into the rise column, if it is negative it goes into the fall column by adding the 

rise or fall to the original back sight reduced level, you obtain the level at the fore 

sight and so on. 

 

See booking sheet below: 
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Height of Collimation method 

 

A reading is taken on the staff located at the back sight (BS.) A and added to the 

reduced level of A, the calculated value equates to the level of the horizontal line of 

sight (collimation level), subtracting the staff reading at intermediate points or fore 

sight (FS.)  gives you the reduced level (RL.) of the ground at the base of staff at these 

locations. 

 

 

Setting vertical level using Height of Collimation method 

 

Where you establish the height of collimation (HC.) of the instrument you can 

subtract the proposed ground level from the height of collimation, to calculate the 

staff reading required to set out the proposed ground level at that point. 

 

Note:    

 

Height of Collimation =  Reduced level at back sight + staff reading at back sight 

 

RL. (at intermediate or FS. position) = HC. -  staff reading at intermediate /  FS.  

 

The use of the Rise and fall method is more commonly used to transfer level control 

between control stations on site or to determine the level of individual points on site. 

 

The Height of Collimation method is more commonly used to survey kerb heights rail 

track levels where readings have to be taken at set intervals ie where you have lots of 

intermediate readings. 

 

The Height of Collimation method is the method typically used to set levels on site. 

Once you have determined the Height of collimation of the laser on the rotating laser 

level, the staff reading can be calculated to set the proposed ground level, bracket 

level etc. by subtracting the proposed level from the instruments height of 

collimation. 

 

 

See booking sheet below: 
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Height of collimation booking sheet 
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The two peg test 

 

To check, if the horizontal line of collimation is diverging from the horizontal. 

 

The automatic level is set up midway between 2 pins, about 30 metres apart, let’s call 

them A and B. A will be the back sight and B the fore sight, using the rise and fall 

levelling method the difference in level between the two pins is measured. We then 

set the automatic level directly adjacent to the back sight pin A and retake our 

readings between pin A and pin B and recalculate the difference in level between the 

two pins, if it is the same as the initial difference in level, all is good, however if the 

vertical interval has changed the automatic level is not sighting a horizontal line, it 

may be sighting high or low dependent on the figures shown. In the event of the 

instrument failing this check it should be sent for a service and recalibration. 

 

 

 
 

 

If   A1 – B1  equals  A2 – B2 then the instrument is in adjustment. 

 

Where the level has not been checked using the two peg test, back sight and foresight 

lengths should be kept equidistant, so that errors caused by the horizontal line of 

collimation diverging from the horizontal cancel themselves out.   
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Errors and Mistakes while levelling 

 

Common errors include. 

 

1. Setting the level up on ground that is not stable. 

2. Using unstable change points. 

3. Not opening the staff properly and checking that the appropriate poppers are 

engaged. 

4. Allowing dirt or other material to stick to the bottom of the staff, which can 

subsequently fall off, resulting in readings which are not relative to each other. 

5. Not holding the staff vertically, with the use of a staff bubble, or allowing the 

surveyor to take the lowest staff reading by rocking the staff back and forth. 

6. Omitting a zero when taking a staff reading, for example booking 3.030 

instead of 3.003. 

7. Transposing the figures when taking a staff reading, for example booking 

7.420 instead of 7.240 

8. Booking a reading in the wrong column or row. 

9. Sighting too near the ground where the reading can be affected by heat 

shimmer 

 

 

 

 

Good practice while levelling 

 

These include: 

 

1. Wherever possible, keep fore sight and back sight points equidistant, so has to 

cancel out errors due to diverging horizontal line of sight. 

2. Closing the levelling loop by levelling back to the start point and checking 

your closing error. 

3. Carrying out all checks when you close the loop. 

The sum of the back sights, equal the sum of the fore sights. 

The sum of the rises, equal the sum of the falls. 

 

 

Since you will really have a perfect result the difference is known as the closing error 

or misclosure and should normally be expected to be a few mm.   

Should it be anything greater, the difference in level should be adjusted in proportion 

to the individual lengths of the loop (see handout Sources of error in levelling).  
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Note: Consider an inverted staff readings as a minus figure 

 (remembering that a minus, minus equals a plus)   
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