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1. Purpose 
The purpose of this document is to provide a standard procedure for identifying, documenting, 
adjusting and reporting geodetic marks that are found disturbed or physically moved to ensure 
continuity and reliability of geodetic network in Western Australia.  

As a Land Information Authority, Landgate manages the geodetic infrastructure to provide an 
accurate and a reliable geodetic system for all users in WA. Geodetic marks are regularly 
inspected and maintained after its establishment to ensure their accuracy, long-term stability, and 
usability.  

The geodetic marks are categorised into Standard Survey Marks (SSM) or Benchmarks (BM) 
based on their use and horizontal and vertical positional accuracy requirements. As per the 
requirements provided in GSU-01 – Landgate Requirements for Placement of Geodetic 
Survey Marks, the SSMs and BMs are referenced by at least three and two physical marks set 
in the ground, respectively, which are called Reference Marks (RMs).  

 

2. Definitions and abbreviations 
Abbreviation Definition 

BM Bench Mark 

Geodetic Survey Mark SSM or BM or RM 

GESMAR Geodetic Survey Mark Register 

RM Reference Mark 

RTK Real Time Kinematic 

SSM Standard Survey Mark 

TCM Temporary Control Mark 

VRS Virtual Reference Station 

 

3. Identification 
3.1.1 A Standard Survey Marks (SSM) or a Bench Marks (BM) must be validated from its 

Reference Marks (RMs) before commencing any geodetic survey. This validation process 
helps to determine whether the SSM or the BM is stable and suitable for use in geodetic 
surveys. All the information on the Station Summary should be verified and 
annotated on the Station Summary or Redline Markup to ensure that the information 
is correct and up to date. 

3.1.2 A Primary Mark (i.e., SSM or a BM) is said to be disturbed, if it’s found in good condition 
but its horizontal and/or vertical position has changed significantly due to physical ground 
movement. Such positional changes may arise from  
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i) apparent movement of the Primary Mark, or  

ii) apparent movement of one or more RMs affecting relative measurements, or  

iii) apparent movements of all the marks (Primary Mark as well as the RMs) in 
different directions. 

3.1.3 Where a Primary Mark or the RM(s) is suspected of physical movement, all existing RMs 
must be searched and located and their associated measurements including distances, 
angles and height differences observed.  

3.1.4 Where RM(s) have moved, new azimuth(s) must be calculated based on the measured 
angle(s) and azimuth(s) to one or all of the stable RMs. If none of the RMs are found 
stable, new azimuths can be established based on GSU-01 – Landgate Requirements 
for Placement of Standard Survey Marks.  

3.1.5 All new observations (e.g., distances, angles, and height differences) and calculated 
values (such as azimuths) should be abstracted in GSU-3A – Abstract for Class C 
Levelling (Levelling abstractv3.xlsm). 

3.1.6 If the Primary Mark is found to be disturbed or physically moved up on validation, its 
entire history of previous observations and validations must be compiled and reviewed 
to re-establish its new position, if applicable.   

 

4. Procedure for Reference Marks 
4.1. Distance  
4.1.1 If the observed distance to the RM is within 10 mm of the original value, it is deemed 

equal. No record of this new measurement will be updated in GESMAR unless other 
conditions are met.  

4.1.2 If the observed distance to the RM differs by more than 10 mm but less than 21 mm to the 
original value, and it is conclusively proven that the RM has physically moved or shifted, 
the new distance is adopted. The original RM number is retained.  

4.1.3 If the observed distance to the RM differs by more than 21 mm to the original value, and 
it is conclusively proven that the RM has physically moved or shifted, then a new RM 
number is assigned.   

4.1.4 If the original distance is proven to be incorrect due to a gross error, the original RM 
number is retained, and the distance is amended to reflect the correct value, regardless 
of the magnitude of the change. 

Note – The procedure for determining changes on disturbed or physically moved RMs are 
provided in Figure 1.   
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4.2. Azimuth  
4.2.1 If a RM is identified as disturbed due to physical movements exceeding 10 mm, a new 

azimuth shall be observed or calculated. This can be done either using the observed angle 
from another RM that has not identified as disturbed or by using the method described in 
Clause 3.1.5.  

4.2.2 However, if the combined vector shift of the RM is less than 14 mm, the original azimuth 
and/or the angle may be retained.  

4.2.3 If the original azimuth or the angle between the RMs is proven to be incorrect due to a 
gross error, the new azimuth is amended to reflect the correct value, regardless of the 
magnitude of difference. 

 

4.3. Height Difference 
4.3.1 If the observed height difference to the RM is within 10 mm of the original value, it is 

deemed equal. No record of this new measurement will be updated in GESMAR unless other 
conditions are met.  

4.3.2 If the observed height difference to the RM differs by more than 10 mm but less than 21 
mm to the original value, and it is conclusively proven that the RM has physically moved or 
shifted, the new height difference is adopted. The original RM number is retained.  

4.3.3 If the observed height difference to the RM differs by more than 21 mm to the original 
value, and it is conclusively proven that the RM has physically moved or shifted, then a new 
RM number is assigned.   

4.3.4 If the original height difference is proven to be incorrect due to a gross error, the original 
RM number is retained, and the height difference is amended to reflect the correct value, 
regardless of the magnitude of the change. 

Note – The procedure for determining changes on disturbed or physically moved RMs are 
provided in Figure 1.   
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Figure 1 - RM adjustment flowchart 

 

 
Figure 2: Flow chart for adjustment of vertical position 

 

5. Procedure for Primary Marks  
5.1.1 The horizontal and/or vertical position of a Primary Mark shall be re-adjusted to a new 

position when it is suspected or confirmed to be disturbed or physically moved by more than 
10 mm. This can be determined either from: 
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a. Distance and azimuth measurements or height difference measurements or 
combination of both measurements to all existing RMs and that the existing RMs are 
not disturbed.  

b. GNSS baseline observations or height difference measurements or combination of 
both measurements to at least two nearby Primary Marks and that these Primary 
Marks are not disturbed.  

5.1.2 A Primary Mark subject to seasonal variations are typically identified through predictable 
changes in height difference. Users should check for special notes of possible warnings at 
the end of a Geodetic Mark Report, if the mark used is located on sites subject to seasonal 
ground fluctuations.     

5.1.3 A Primary Mark re-adjusted for vertical position will retain their original name regardless 
of the magnitude of difference in the observed value unless condition in Clause 4.3.4 is met. 
The flowchart in Figure 2 describes the process for adjusting and updating changes resulting 
from vertical movements. 

5.1.4 A Primary Mark re-adjusted for horizontal position will retain their original name 
regardless of the magnitude of difference in the observed value. However, it will become a 
new mark with a next available alpha character assigned to its original name, it has moved 
by more than 20 mm and no relativity can be established to its original position. The 
flowchart in Figure 3 describes the process for adjusting and updating changes resulting 
from horizontal movements.   

Note – Two examples are provided at the end of this document to show how the coordinates of 
physically moved marks are maintained in GESMAR.   

 

Figure 3: Flow chart for adjustment of horizontal position 
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6. Example 1 – Re-coordination of a SSM 
from RMs [Horizontal & vertical] 

In this example, SSM GN 145 was found to have conclusively moved by more the 21 mm in April 
2013 during a Survey Expedition (JN20182238) and its existing RMs were found to be stable. In 
the Appendix, the Redline Markup or mark validation is shown indicating the new observations 
inked in blue colour.  

Using the existing and new observations to the RMs, GN 145 is re-coordinated, and a vector 
(pseudo-baseline) is calculated between the old position and the new position.  

The new vector or the pseudo-baseline is loaded as a special note in GESMAR with the date of 
update, corresponding to when the new observation was carried out.  

 

1. Prepare an input adjustment file in GeoLab format 

• Use the following PADJ record to have dX dY dZ printed in the output 

PADJ NO  NO  YES YES YES NO  NO  NO 

• For convenience, a new name is assigned to record the new position of GN 145. It will be 
called GN 145A.  

• GN 145 has also moved vertically by 0.073 m. This is recorded in the abstractv3.xlsm.  

• The input adjustment file is shown below: 
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2. Adjust & Output 

• The adjustment is done in DynAdjust, which produces the following output, including the 
cartesian coordinates (X, Y, Z).  

 

 

• The cartesian coordinates are then used to calculate the displacement vector (ΔX, ΔY, 
ΔZ) from old position (GN 145) to the new position (GN 145A).  

 

 

• Finally, the calculated vector or the discontinuity is placed as a [internal] special note in 
GESMAR with the date that of the new observation date or when the movement is 
detected (see Figure 4). 
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Figure 4: Discontinuity note created in GESMAR. 

 

7. Example 2 – Re-coordination of a SSM 
[Vertical] 

In this example, SSM BBN 14 was re-established in the same horizontal position but at slightly 
lower height in June 1998 after it was found damaged.  

The height difference between the old and new position was -0.145 m with no change in horizontal 
position.  

The height difference of -0.145 is now the ΔZ component with 0, 0, in ΔE, ΔN. The vector (pseudo-
baseline) will then become 0.000, 0.000, -0.145, which is placed as a special note in GESMAR 
with the date of when the repair/re-establishment was conducted as shown in Figure 5. 

 
Figure 5: Special note created in GESMAR indicating the vertical displacement of 0.145 m 
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For Landgate Use Only –  

If a Reference Mark (RM) is confirmed to exhibit seasonal movement after reviewing, the 
following actions must be recorded in GESMAR: 

a) Untick the “stable” box for the height difference associated with the RM. 
b) Add a special note indicating that the RM may be unstable due to seasonal 

variation. 

For Landgate Use Only –  

In line with Geoscience Australia’s National Adjustment (NADJ) procedure, Landgate uses 
a term called “discontinuity” to describe the change in position of a geodetic mark due to 
physical movement and a clear relationship can be established between the old and the 
new position. 

Previously, a pseudo-baseline was calculated and loaded to GESMAR as a normal baseline 
and the mark name is changed to the next available alpha character. This is no longer 
continued due to complexities of mark identification unless no clear relationship can be 
established.   

Landgate’s modified approach is as follows: 

a) Calculate the relationship between the old and the new position as a vector (ΔX, 
ΔY, ΔZ) 

b) Insert a special note [internal] in GESMAR with a creation date that of the new 
observation made or when the physical movement was detected. See the mark 
validation in the Appendix.   

c) The JDAJ (Jurisdictional Adjustment) performs the geodetic network adjustment for 
the whole of WA, and the coordinates are updated in GESMAR, including the 
changes in the moved mark.  
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8. Appendix – Redline Markup 
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